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EDITORIAL

International Journal of Cardiovascular Sciences. 2018;31(2)87-89
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Relationship between Social Factors and Cardiovascular Diseases
Claudio Tinoco Mesquita
Universidade Federal Fluminense, Niterói, RJ – Brazil

Cardiovascular Diseases / mortality; Cardiovascular 
Diseases / epidemiology; Cardiovascular Diseases / 
prevention and control; Myocardial Ischemia; Risk Factors; 
Socioeconomic Factors.

Keywords

“It’s a recession when your neighbor loses his job; 
it’s a depression when you lose your own.”

– Harry Truman

For decades, western countries have witnessed 
cardiovascular diseases leading the statistics for cause of 
death. In Brazil, diseases of the circulatory system (DCS) 
represent a major cause of death, accounting, in 2011, for 
28.6% of all mortality causes.1 

In a multinational endeavor, the reduction in the risk of 
premature death due to cardiovascular diseases has been 
defined as a United Nations Organization sustainable 
development goal for 2030.2 Although DCS are the major 
cause of death worldwide, industrialized countries have 
shown a decline in death due to DCS. This reduction 
in cardiovascular mortality has also occurred in Brazil. 
Mansur & Favarato3 have shown that significant and 
constant reduction from 1980 to 2012, probably secondary 
to the easier diagnosis and treatment of systemic arterial 
hypertension, the main cardiovascular risk factor. Of the 
several actions that contributed to decrease cardiovascular 
mortality, the following stand out: cardiovascular 
prevention with better control of risk factors; access to new 
drugs to manage dyslipidemia and prevent myocardial 
infarction, such as aspirin; fighting smoking and sedentary 
lifestyle; and the most effective treatment of cardiovascular 
diseases already established, cardiovascular surgeries and 
percutaneous procedures.2  

In this  issue of  the International  Journal  o f 
Cardiovascular Sciences, Soares et al.4 report on relevant 

and innovative data in cardiology: the relationship 
of cardiovascular mortality with macroeconomics 
indicators. Correlating gross domestic product per 
capita (GDPpc) data from several municipalities of the 
Rio de Janeiro state in recent decades with the reduction 
in mortality due to DCS, those authors have reported 
that the decline in mortality has been preceded by a 
GDPpc elevation, with a strong correlation between 
that indicator and the mortality rates. Those authors 
have concluded that the GDPpc variation associated 
strongly with the decline in mortality due to DCS.4

Although relevant, the association between social 
factors and cardiovascular diseases has been little 
studied. In 2015, the American Heart Association 
published a document aimed at raising awareness about 
the influence of social factors on the incidence, treatment 
and outcomes of cardiovascular diseases.5 The World 
Health Organization defines the social components of 
health as “the circumstances under which individuals 
are born, grow, live, work and age, in addition to the 
systems used to cope with diseases”. Of the several social 
factors related to cardiovascular diseases, education 
stands out, and studies have shown that individuals 
with lower educational levels have greater prevalence 
of cardiovascular risk factors, higher incidence of 
cardiovascular events and higher cardiovascular 
mortality rate regardless of other demographic factors.5 
A lower educational level is associated with several 
risk factors, such as higher sedentary lifestyle rates.6 
Other studies have pointed to the combination of 
emotional stress and low socioeconomic status in patients 
experiencing an episode of acute coronary syndrome 
as a determinant of greater vulnerability to subsequent 
anxiety and depression, factors associated with worse 
prognosis.7 Andrade et al.8 have reported that certain 
social factors, such as the number of elderly people, 
the illiteracy rate and the human development index, 
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contribute to mortality due to ischemic heart disease in 
Brazil. Those authors have found an inverse relationship 
between GDP and cardiovascular mortality, as well as a 
lower cardiovascular mortality rate in the most populous 
cities, which might have more resources to cope with 
acute complications of ischemic heart disease. It is worth 
noting that those authors have found a relationship of 
cardiovascular mortality with the distance between the 
patients’ household and the healthcare centers, indicating 
that patients living on the periphery of larger cities have 
higher cardiovascular complication rates.8 

Figure 1 shows worrisome data by illustrating 
the behavior of GDP in Brazil in recent decades.  
After a variable period of GDP growth, Brazil faced 
two consecutive years of GDP reduction, and the Rio 
de Janeiro state was particularly affected from the social 

viewpoint, with regression in several social development 
indicators, consequent to the significant crisis in the oil 
sector. Such data added to the increase in obesity and in 
the prevalence of diabetes in Brazil might have accounted 
for the interruption in the decline in cardiovascular 
mortality reported by Mansur & Favarato3 since 2010 
in Brazil, contributing to the unprecedented increase 
in cardiovascular mortality after years of progressive 
drops. In the United States, a similar phenomenon 
has been recently observed and has raised adverse 
expectations regarding the cardiovascular mortality 
decline trajectory.9 We congratulate the authors on their 
study that evidences the importance of improving the 
population’s life conditions to reduce cardiovascular 
mortality. Public health managers should strive not to 
miss any opportunity in that area.
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Abstract

Background: Cardiovascular diseases are a major cause of mortality and morbidity. Myocardial revascularization 
surgery may be indicated for the relief of symptoms and to reduce mortality. However, surgery is a costly procedure 
and the impact of the number of cardiovascular risk factors on the cost of the procedure has not been established.

Objectives: To identify the impact of risk factors for coronary artery disease on myocardial revascularization surgery cost.

Methods: We selected 239 patients undergoing myocardial revascularization surgery at the National Institute of 
Cardiology in the period from 01 January to 31 December 2013. We included patients aged over 30 years, with 
indication for the procedure. Patients undergoing combined procedures were excluded.

Results: Seven patients had only one risk factor, 32 patients had two risk factors, 75 patients had 3 risk factors, 
78 patients had four risk factors, 36 patients had 5 risk factors and 11 patients presented 6 risk factors. The total 
costs, on average, was R$ 14,143.22 in the group with 1 risk factor, R$ 18,380.40 in the group with 2 risk factors,  
R$ 21,229.51 in the group with 3 risk factors, R$ 24,620.86 in the group with 4 risk factors, R$ 21,337.92 in the group 
with 5 risk factors and R$ 36,098,35 in the group with 6 risk factors (p = 0.441).

Conclusion: This study demonstrates that, in a public referral center for highly complex cardiology procedures, 
there was no significant correlation between the number of cardiovascular risk factors and hospitalization costs. 
(Int J Cardiovasc Sci. 2018;31(2)90-96)

Keywords: Coronary Artery Disease; Myocardial Revascularization / economics; Risk Factors; Hospital Costs; 
Unified Health System.

Introduction

Cardiovascular diseases are a major cause of mortality 
and morbidity.1 In a national context, the prevalence of 
ischemic heart disease has increased in the past years, 
leading to an increase in hospitalizations and health costs.2 
Myocardial revascularization surgery (MRS) is an expensive 
therapy, indicated to selected patients. Clinical conditions 
of patients prior to MRS can have an important influence 
on the procedure costs. However, there is little information 
regarding the impact of cardiovascular risk factors related 
to the development of coronary artery disease (CAD) on 

MRS costs at a national level. The aim of this study was to 
investigate the impact of risk factors on MRS costs in the 
Brazilian Unified Health System (SUS).

Methods

This was an observational, prospective, unicenter 
study. A total of 239 consecutive patients who had 
undergone MRS at the National Institute of Cardiology 
were selected. This is a public tertiary hospital that 
serves SUS users referred for high complexity cardiology 
procedures from 01 January 2013 to 31 December 2013.
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We included patients aged over 30 years, of both 
sexes, with indication for MRS and CAD confirmed by 
coronary angiography. Patients who had undergone MRS 
combined with other surgeries including valve surgeries, 
carotid endarterectomy, vascular surgeries were excluded. 
Systemic hypertension, diabetes mellitus, dyslipidemia, 
current or past smoking, sedentary lifestyle, chronic 
renal failure and obesity were considered risk factors 
for CAD. Hospitalization costs related to medications, 
laboratory tests, imaging tests, materials, and healthcare 
professionals, provided by the cost center, were collected 
from patients’ medical records. We used the micro-costing 
method, in which each intervention performed was 
individually counted for the total hospitalization costs. 
The values used as basis of cost estimation were obtained 
from the Table of Procedures and Medications of SUS 
Managing System (SIGTAP).

Exploratory analysis of the frequencies of categorical 
variables was performed. Continuous variables were 
presented as mean, median and other measures of central 
tendency, dispersion and data ordering, as appropriate. 
Categorical variables were analyzed by the chi-square 
test. P-values < 0.05 were considered statistically 
significant. The SPSS 20.0 (IBM) was used for the analysis. 
The present study was approved by the Ethics Committee 
(approval number 648089), and the study was performed 
according to the Helsinki declaration.

Results

A total of 239 patients presenting from 1 to 
6  cardiovascular risk factors were evaluated. Seven 
patients had only one risk factor, 32 patients had two 
risk factors, 75 patients had three risk factors, 78 four 
risk factors, 35 had five risk factors and 11 patients had 
six risk factors.

Patients’  characteristics and definitions of 
cardiovascular risk factors are described in Table 1 and 
Table 2, respectively.

Patients with a higher number of comorbidities 
showed higher BMI as compared with patients with less 
risk factors (p < 0.001). Mean age was not significantly 
different between the groups.

The prevalence of cardiovascular risk factors was 
variable among the subjects, and the most frequent 
ones were systemic arterial hypertension and 
dyslipidemia, found in 95.8% and 76.6% of patients, 
respectively. The prevalence of the risk factors 
analyzed in the study is shown in Figure 1.

Table 3 displays hospitalization costs analyzed by 
the micro-costing approach, stratified as medications, 
laboratory tests, imaging tests, materials, professionals 
and common costs.

The occurrence of complications during hospitalization 
was not significantly different between the groups 
(Table  4). Deaths were proportional to the number of 
subjects in each group, with no significant differences 
between the groups. The numbers of hospital days and 
ICU days were not different between the groups.

Discussion

Results of this study represent the costs of MRS alone, 
encompassing the whole hospitalization period, in a 
referral hospital for cardiology diseases in the SUS.

A number of studies have suggested that demographic 
characteristics of patients, including older age, female 
sex, left ventricular ejection fraction, number of 
coronaries involved, previous surgeries and high number 
of comorbidities, may significantly affect MRS hospital 
costs.3 However, an analysis under this perspective has 
not been performed in Brazil yet.

Patients of the present study showed a higher prevalence 
of hypertension, diabetes mellitus, and left coronary artery 
lesion as compared with patients of similar reports.4

In all categories, there was a direct relationship 
between costs and the number of risk factors, with no 
statistical significance though. Other studies have shown 
a positive correlation between cardiovascular risk factors 
and hospital costs.5,6 Nevertheless, there is evidence 
suggesting that local factors, such as the country and 
even the level of hospital complexity may influence the 
effects of cardiovascular risk factors on hospital costs.7

In the present study, no significant differences in 
demographic variables, cause of hospitalization, ventricular 
function or angiographic data were found between the 
groups. There were differences in the clinical history and 
comorbidities between the groups; these differences, though, 
were expected, since the characterization of the groups was 
based on the presence and the number of comorbidities.

In addition, no differences were found with respect to 
patients’ complications, which account for a considerable 
percentage of hospitalization costs, not only for the 
increase in the hospital or ICU stay, but also for the 
increased use of resources.8 Nevertheless, other studies 
have reported a correlation between risk factors and 
complications during hospitalization,9 which may lead 
to higher hospital-related costs.
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Table 1 – Patients’ characteristics

Number of cardiovascular risk factors

1 2 3 4 5 6 p

Demographic profile

Number of patients /group 7 32 75 78 36 11

Age, mean (± SD) 62.6 (8.7) 63.6 (8.0) 62.0 (10.0) 62.0 (8.1) 59.3 (8.2) 59.3 (8.8) 0.387

Male, n 6 24 51 52 28 7 0.699

Anthropometric data, mean (± SD)

Weight (Kg) 67.1 (10.0) 73.8 (16.4) 73.1 (11.9) 77.7 (13.1) 79.9 (15.4) 87.6 (15.4) 0.002

Height (m) 1.62 (0.09) 1.66 (0.10) 1.65 (0.10) 1.64 (0.08) 1.62 (0.06) 1.67 (0.12) 0.421

BMI (kg/m2) 25.7 (3.3) 26.5 (4.0) 26.9 (3.8) 28.9 (4.2) 30.3 (5.4) 31.4 (4.3) < 0.001

Cause of hospitalization, n

Stable CAD without angina 0 3 4 2 2 1

Stable angina 5 18 40 45 18 3

Unstable angina 0 4 14 14 6 2 0.743

NSTEMI 1 4 11 7 5 3

STEMI 1 2 5 8 5 2

Others 0 1 1 2 0 0

Clinical history, n

Systemic arterial hypertension 2 29 73 78 36 11 < 0.001

Diabetes mellitus 0 5 25 44 26 10 < 0.001

Dyslipidemia 2 11 60 69 31 10 < 0.001

Current smoking 2 3 12 26 19 5 < 0.001

Past smoking 1 10 25 28 13 6 0.624

Sedentary lifestyle 0 1 5 14 21 10 < 0.001

Previous myocardial infarction 2 16 43 40 19 7 0.710

Previous coronary angioplasty 0 1 6 11 3 1 0.479

Arrhythmia 0 0 2 2 1 0 0.930

Family history of CAD 0 2 10 11 12 4 0.009

Peripheral artery disease 0 1 6 7 4 2 0.615

Carotid artery disease 0 0 2 4 0 0 0.495

Chronic kidney disease 0 0 3 9 5 2 0.087

Chronic obstructive pulmonary disease 0 1 6 1 3 0 0.299

Alcoholism 0 2 5 4 1 0 0.869

Illicit drug use 0 0 1 3 0 0 0.588

Previous stroke 0 1 3 2 3 0 0.681

Hypothyroidism 0 1 1 5 1 0 0.571

Obesity 0 3 12 33 17 8 < 0.001
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Table 2 – Definitions of cardiovascular risk factors

Risk factor Definition

Systemic arterial hypertension Arterial pressure ≥ 140x90 mmHg (measured by the physician)

Diabetes mellitus Fasting glucose ≥ 126 mg/dL on more than one occasion or non-fasting glucose ≥ 200 mmHg

Dyslipidemia LDL-cholesterol ≥ 130 mg/dL or total cholesterol total ≥ 200 mg/dL or Triglycerides ≥ 150 mg/dL

Current smoking Self-reported use of any tobacco product within the last 30 days

Past smoking Self-reported use of any tobacco product in the past, and cessation at least 30 days before the study

Sedentary lifestyle Practice of physical activities for less than 150 minutes a week

Family history of CAD CAD in first-degree relatives younger than 55 years (men) or 65 years (women)

Chronic kidney disease Glomerular filtration rate lower than 90 mL/min

Obesity Body mass index ≥ 30 kg/m2

LDL: Low density lipoprotein; CAD: coronary artery disease

Continuation

Left ventricular function, n

Normal 3 17 44 49 21 5

Mild dysfunction 2 7 11 4 5 4 0.998

Moderate dysfunction 2 7 9 10 2 1

Severe dysfunction 0 1 11 15 7 1

Mean left ventricular ejection fraction (%) 56 56 56 56 55 56 0.999

Angiographic data, n

LCA lesions 1 11 26 22 7 7 0.112

Three vessel disease 5 23 46 52 24 5 0.453

Hospitalization data

Days of hospital stay 22.8 29.8 31.4 34.1 31.1 41.1 0.527

Days of ICU stay 5 5 6 8 8 17 0.080

Duration of ECC (minutes) 115 96 101 99 85 93 0.102

Surgeries without ECC 1 4 3 6 3 1 0.695

BMI: body mass index; CAD: Coronary artery disease; NSTEMI: non-ST segment elevation myocardial infarction; STEMI: ST-elevation acute 
myocardial infarction; ICU: intensive care unit; LCA: left coronary artery; ECC: extracorporeal circulation

Also, we found no significant differences in 
hospitalization data between the groups. This finding 
is relevant, since duration of hospital stay and ICU stay 
are strong determinants of total hospitalization costs.10

In this study, the micro-costing method enabled 
a more accurate estimation of the hospitalization 
costs at patient level, including a more refined 

analysis of the costs related to medication, laboratory 
tests, complementary imaging tests, materials 
and professionals.

Clinical scores used to assess complication and 
mortality risk in MRS, such as EuroSCORE11 and the 
STS score,12 estimate the occurrence of events based on 
the presence of comorbidities and cardiovascular risk 
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Table 3 – Hospitalization costs (in Brazilian reals) by number of cardiovascular risk factors

Number of cardiovascular risk factors

1 2 3 4 5 6 p

Medications 1,809.58 3,358.82 4,372.45 5,461.54 4,090.17 7,661.63 0.946

Laboratory tests 451.24 530.30 613.99 563.60 601.21 824.16 0.685

Complementary imaging tests 284.30 547.22 609.90 534.02 598.29 872.86 0.448

Materials 2,170.45 2,181.64 2,535.56 2,616.95 2,213.19 3,279.91 0.600

Professionals 5,835.67 7,346.73 7,996.76 9,137.31 8,276.91 12,874.42 0.393

Common costs 3,591.97 4,415.69 5,100.86 6,307.44 5,558.16 10,585.36 0.186

Total costs 14,143.22 18,380.40 21,229.51 24,620.86 21,337.92 36,098.35 0.441

Table 4 – Complications during hospitalization by number of cardiovascular risk factors

Number of cardiovascular risk factors 

1 2 3 4 5 6 p

Infectious complications 1 5 11 9 7 3 0.763

Cardiovascular complications 1 6 11 12 6 1 0.984

Arrhythmias 2 3 8 5 6 2 0.329

Bleeding 0 3 7 6 1 0 0.664

General complications 3 13 35 23 17 5 0.317

Death 1 4 11 6 3 2 0.998
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factors. However, in this study involving patients with 
one to six risk factors, complications rates and costs were 
not different between the groups.

One limitation of this study was the fact that the 
groups with the highest and the lowest numbers of risk 
factors were also the groups with the lowest number of 
patients, which may make the detection of significant 
differences between the groups difficult. In addition, the 
lack of significant differences may be due to the small 
number of patients in some groups.

Our results may contribute to a better control of costs 
and optimization of resource allocation by public health 
managers. The use of the micro-costing approach places 
the costs of each patient as a priority, taking into account 
the costs of each intervention the patient receives during 
hospital stay.

Further studies may use the micro-costing method to 
get a more detailed understanding of the costs of the MRS 
procedure in the public and in the private health systems.
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Abstract

Background: By observing the high prevalence of failures in the surgical treatment of myocardial revascularization 
(MR), with the use of the Left Internal Thoracic Artery (LITA) as a graft, evidenced by the international literature, it 
was sought to demonstrate the prevalence of lesions that would not allow the use of LITA as a graft in myocardial 
revascularization surgery, with possible alteration in the surgical management performed by the cardiac surgeon, 
and reduction of the morbimortality of these patients.

Objectives: To evaluate the prevalence of atherosclerotic lesions of the LITA, through selective preoperative 
angiography, in patients submitted to coronary angiography and indicated for myocardial revascularization. 
We also analyzed other lesions that made the use of LITA unfeasible as a main graft in cases of myocardial 
revascularization surgery (MRS).

Methods: This was a cross-sectional, prevalence study that evaluated, through selective angiography, the LITA of 
39 patients with a median age of 63 years, submitted to coronary angiography, with indication of Coronary Artery 
Bypass Graft (CABG). Categorical variables were compared by chi-square test and Fisher's exact test. The single 
continuous variable, age, was tested for normality by the Kolmogorov-Smirnov test, described in median (P25; P75) 
and the groups compared with the Mann-Whitney test. The level of statistical significance adopted was p < 0.05. 
The analyzes were performed in SPSS® software version 20.

Results: It was identified the presence of 7.7% of disorders in the LITA that made it unfeasible to be used. In all of 
the patients there was no specific symptomatology evidencing the lesion. No variable was shown as a predictor for 
the occurrence of the outcomes.

Conclusion: The prevalence of the lesions found in the study was significant, indicating that a preoperative evaluation 
of LITA could bring future benefits to the patients submitted to CABG. (Int J Cardiovasc Sci. 2018;31(2)97-106)

Keywords: Atherosclerosis; Myocardial Revascularization; Mammary Arteries; Coronary Angiography.
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Introduction

Among the principal means available for the diagnosis 

of atherosclerotic coronary disease, coronary angiography, 

an invasive imaging method, is the choice to examinate the 

evaluation of patients with high cardiovascular risk, calculated 

through non-invasive scores. Coronary angiography is also 

indicated in patients who present angina and symptoms of 

heart failure, and these recommendations are based on a high 

degree of evidence.1

After the diagnosis of coronary artery disease is 

established, and according to the characteristics perceived 

by analyzing the images, three main therapeutic approaches 

are recommended: clinical treatment, percutaneous coronary 

intervention, and myocardial revascularization surgery.
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Following the establishment of the criteria for surgical 

indication, one should proceed to choose the type of graft 

to be used by the surgeon. Among the arterial options, the 

best choice is the internal thoracic artery.2

In 1986, a study performed at the Cleveland Clinic 

demonstrated superiority in the use of the LITA, or 

left internal thoracic artery, compared to the use of the 

saphenous vein when anastomosed to the left anterior 

descending branch of the left coronary artery, with patency 

indices (90%) in 10 years.3 This study was confirmed by 

Boylan MJ et al,4 with a 20-year follow-up and maintenance 

of patency rates of around 90% of patients undergoing LITA 

graft surgery. Studies indicate that only 4% of LITA present 

atherosclerosis, and only 1% are considered major stenoses.5

The possible disadvantages are the presence of spasms, 

possibility of atrophy when used to revascularize an artery 

without significant stenosis, and in case of bilateral use (LITA 

and right internal thoracic artery), a possible increase in the 

incidence of sternal infections in obese and diabetic patients.2

On the other hand, the PREVENT IV study observed 1539 

patients undergoing myocardial revascularization, with 

LITA grafting for 12-18 months after surgery, evidencing 

a considerable rate of graft failure in LITA of about 8.6%.6 

Recently, Shavadia et al.7 (2015), followed 5276 patients 

who underwent coronary artery bypass grafting, where 

281 patients had graft failure after 12 months of follow-up, 

demonstrating the presence of lesions that made the use of 

the LITA unfeasible.

This is an analytical, cross-sectional, prevalence study 

performed through the analysis of images by interventional 

cardiologists obtained through angiography, which 

quantified the prevalence of left internal thoracic artery 

stenosis in patients submitted to coronary artery bypass 

grafting (CABG). The images analyzed were from patients 

who were admitted to the hemodynamic service between 

January 2012 and August 2016.

Methods

The study was carried out with patients who underwent 

coronary angiography at the hemodynamics department of 

the Centro de Diagnósticos Paraná - CEDIPAR - Hospital 

Paraná, in the city of Maringá, PR.

Patients were selected independently of age, sex and 

comorbidities, and were indicated by interventional 

cardiologists of the CEDIPAR hemodynamic service to 

surgical correction of the lesions, CABG, based on the 

severity of the coronary artery lesions found.

After completion of the cardiac catheterization 
examination by radial route, and  the need for coronary 
artery bypass grafting was confirmed, a Simmons 1 or 2 
catheter was inserted, depending on the conformation of the 
aortic arch of the patient, and a selective catheterization of 
the artery left subclavian and internal thoracic with manual 
injection or through injection pump, of approximately 10 mL 
of contrast, iodixanol.

Data were collected from all patients in the study, 
including comorbidities and life habits, such as smoking, 
sedentarism, diabetes mellitus type 1 and 2, systemic 
arterial hypertension, hypercholesterolemia, previous 
history of AMI with supra-ST-segment elevation, without 
ST-segment elevation, and previous ischemic and 
hemorrhagic stroke. The degree of stenosis of the LITA was 
not evaluated, considering only the presence or absence of 
lesion. This data was organized and tabulated using the 
Microsoft Excel 2010® program.

The primary objective of this study was to identify the 
presence of atherosclerotic lesions in the LITA, analyzed 
by means of angiography, in patients with indication for 
coronary artery bypass grafting, and the quantification of 
lesions that would not allow LITA to be used as a graft for 
the anterior descending branch of the left coronary artery.

The following study respected ethical standards, since it 
was submitted to the ethics and research committee, through 
the Plataforma Brasil® applying the free and informed 
consent form for all patients, and its approval was registered 
by opinion 1,651,761 (CAAE: 57529416.0.0000.5539).

Statistical analysis

Patients were divided into groups with and without 
changes in the LITA. Categorical variables were described 
in percentages and groups compared with chi-square test 
and Fisher's exact test. The only continuous variable, age, 
was tested for normality by the Kolmogorov-Smirnov test 
and, because it had no normal distribution, was described 
in the median (P25; P75) and the groups compared with 
the Mann-Whitney test. The level of statistical significance 
was p  <  0.05. The analyzes were performed in SPSS® 
software version 20.

Results

This study analyzed the prevalence of atherosclerotic 
lesions and other lesions that made the use of the LITA 
unfeasible in 39 patients who were candidates for CABG. 
The median age (25th percentile, 75th percentile) of the 
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Table 1 – Values of p

Values for p

Gender 0.508

Sedentarism 0.480

Family history for CHD 0.711

Smoker 0.101

Ex-smoker 0.674

High blood pressure 0.457

Type 2 diabetes mellitus 0.637

AMI without supra ST 0.597

Unstable angina 0.457

Dyslipidemia 0.444
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patients was 63 years, being 79.5% male and 20.5% female. 

The prevalence of 7.7% of lesions in the LITA was identified 

(Graph 1). A case of LITA stenosis was observed, with 

> 70% of obstruction, and two lesions that made the LITA 

unfeasible as a graft, being collateral circulation to lower 

limbs through the LITA and epigastric, and a total occlusion 

of the subclavian artery in a portion proximal. The analysis 

of categorical variables using the chi-square test, and 

Fisher's exact test of predictors for outcomes, took into 

account patient's age, smoking, sedentary lifestyle, type 1 

and type 2 diabetes mellitus, systemic arterial hypertension, 

hypercholesterolemia, previous history of AMI with 

supra‑ST segment elevation, without ST-segment elevation, 

and previous ischemic and hemorrhagic encephalic vascular 

accident, where no variable was shown as a predictor factor 

for the occurrence of outcomes (Table 1). All patients were 

asymptomatic with regard to LITA alterations.

Discussion

After the determination of the degree of coronary lesions, 

evidenced by the cinecoronariography examination, and 

based on its severity, the conduct to be taken is determined 

by choosing among: clinical treatment, percutaneous coronary 

intervention or myocardial revascularization surgery.

The criteria for indication of myocardial revascularization 

surgery are based on two main objectives, being them the 

improvement of survival and improvement of symptoms. 

When we think of improved survival, the main indication 

(Class IB) is for patients with significant stenosis (> 50% 

of the diameter) of the trunk of the left coronary artery.8-9 

When analyzing other anatomical regions out of the trunk 

of the left coronary artery, there is a surgical indication for 

improvement of survival (Class IB) in cases of significant 

stenosis (> 70% of diameter) in three main coronary arteries, 

without involvement of the proximal region of the anterior 

descending artery, or if there is involvement of the proximal 

region of the anterior descending artery, the association with 

a major coronary artery.10-11 Still related to the improvement 

of survival, the surgical procedure is indicated for patients 

post cardiac arrest with presumed ischemia, mediated by 

ventricular tachycardias due to significant stenosis (> 70% of 

the diameter) in coronary artery (Class IB).12 Related to the 

improvement of symptoms, there is indication for surgery 
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when one or more significant stenosis of coronary arteries 
may be revascularized, or cases of unacceptable angina in 
patients undergoing drug treatment.2

After the establishment of the criteria for surgical 
indication, one should proceed to choose the type of graft 
to be used by the surgeon. The arterial options include 
the internal thoracic, radial, gastroepiploic, and inferior 
epigastric, and among the veins, the saphenous vein is 
chosen. The efficacy of the procedure is directly related 
to graft viability. According to the American Heart 
Association's latest Guideline for coronary artery bypass 
grafting (CABG), the use of the left internal thoracic 
artery (LITA) is preferred to revascularize the left anterior 
descending artery (AD) when indicated (Class IB). In cases 
of non-viability of the LITA, it is recommended to use the 
right internal thoracic artery (Class IC).2

The internal thoracic artery, described by the Jena 
Nomina Anatomica in 1936, originates in the subclavian 
artery, appearing antero-inferiorly in the first part of the 
subclavian, about 2 cm above the clavicle, medially to the 
first rib.13 In 4-30% of patients may arise from a common 
trunk along with other arteries that also originate in the 
subclavian, such as the thyrocervical trunk, suprascapular 
and lower thyroid arteries.14 After its origin, it continues its 
course posterior to the brachiocephalic vein and medially 
to the scalene muscle anteriorly, descending vertically 
near the sternal border, and later crossing the six upper 
costal cartilages, ending at a bifurcation at the level of 
the sixth rib, giving rise to the superior epigastric and 
musculophrenic arteries.15

The PREVENT IV study analyzed 1539 patients through 
selective angiography, in order to describe the number 
of LITA grafts for the anterior descending (AD) graft, 
in a period of 12 to 18 months after being submitted to 
coronary artery bypass grafting. We found 132 patients with 
significant stenosis of LITA, being considered as significant, 
a stenosis greater than or equal to 75% of the vessel diameter. 
Among the patients under study, 61 had total occlusion of 
the LITA, three had a subtotal stenosis, between 95 and 99%, 
and a stenosis between 75-95%. The same study carried 
out a four-year follow-up of these patients, in order to 
evaluate the rate of major outcomes, such as death, AMI, and 
revascularization, and to compare it with the group without 
significant stenosis.16 In cases of stenosis (32% vs. 16.5%), 
clearly demonstrating the negative impact of graft patency 
on the prognosis of patients submitted to surgical treatment. 
The study considers as one of the main predictors of failure, 
non-significant left-sided stenosis, less than 75%; however, 
the study did not evaluate the presence of previous lesions 

through a control angiography performed prior to surgery, 
and it was not possible to relate the non-viability after 
previous atherosclerotic disease, or even its contribution to 
the long-term stenosis process.16

The results of our study show that in the selected 
population of patients who are candidates for CABG, 
the prevalence of atherosclerotic lesions and lesions that 
impair LITA is significant, and this artery is not routinely 
evaluated by interventional cardiology, and it is difficult 
to make a clinical diagnostic, since patients are usually 
asymptomatic, and the changes are only evidenced by 
selective angiography. In one patient in our study, who 
underwent selective angiography during catheterization, the 
presence of atherosclerotic lesion in LITA was evidenced, 
with stenosis >70% (Figure 1). In order to differentiate from 
a possible vasospasm, infusion of 200mcg intra-arterial 
nitroglycerin was performed, where the subocclusive 
lesion remained (Figure 2). Taking into account the small 
number of the sample, 39 patients underwent cardiac 
catheterization with indication of CABG, the result is 
relevant, since in this patient the graft alteration used for 
myocardial revascularization was chosen, excluding the use 
of the LITA , due to the great risk of treatment failure and 
increased mortality.

In 1993, Sons et al.17 demonstrated the high prevalence of 
atherosclerotic lesions of LITA in patients with functional 
heart disease. The study analyzed 117 patients, all of 
whom had coronary artery disease (CAD), associated with 
valve abnormalities, or some other cardiac pathology. 
Atherosclerosis of the LITA was found in 11.1% of all 
patients investigated, indicating that risk factors such as the 
presence of peripheral arterial disease and hyperlipidemia 
deserve special attention in a patient with an indication for 
CABG, due to the high prevalence of the association of these 
factors with atherosclerosis of the main graft used for this 
surgery at the present time.

Chen et al.18 carried out a prospective study of LITA 
in eighty-six patients with indication for performing 
CABG. The investigation was performed through selective 
angiography of the LITA, during cardiac catheterization, 
seeking to evidence the presence of significant stenosis that 
could render the graft unfeasible. A significant lesion in 
the internal thoracic artery (1.2%) was found at the right 
subclavian artery, along with five other lesions (5.8%) 
that made its use unfeasible. The author considers as the 
only and important risk factor, the female sex. The study 
concludes that selective angiography of LITA during 
catheterization, especially in patients with indication for 
CABG, is a safe and necessary procedure, and should be 
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Figure 1 – LITA with stenosis.

Figure 2 – LITA with stenosis after nitroglycerin infusion.
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performed due to the high prevalence of lesions that may 
make it unfeasible, with possible future complications to 
the patient submitted to the surgical treatment.

In contrast, Perić et al.19 also analyzed by means of 
selective angiography the characteristics of LITA and its 
anatomical variations, in 80 randomly selected patients, and 
different from that found in the studies cited previously, no 
patient presented atherosclerosis in LITA. However, the 
degree of anatomical variations was greater, about 13.25% of 

the LITAs evaluated, proving that the indication of selective 
angiography in all patients who would use the LITA graft 
for myocardial revascularization may be necessary.

The disagreement regarding the presence of 
atherosclerosis between the studies, and even in our study, 
can be attributed to the population used as the basis for 
each author, since Sons et al.17 and Chen et al.18 evaluated 
patients candidates for surgical correction of myocardium, 
as the present study, unlike Perić et al.19, who randomly 
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Figure 3 – LITA with presence of collateral circulation.
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selected patients. All the studies present a reduced number 
of patients evaluated, which hinders both the homogeneity 
of the data and the agreement between the prevalence of the 
lesions. What is clear is the need to evaluate preoperative 
LITA in patients candidates for CABG, since in addition 
to diagnosing lesions that will impair the effectiveness 
of CABG, it is also possible to identify possible changes 
that cause consequences for patients , such as lower limb 
ischemia in cases of IAC acting as collateral circulation, 
and subclavian steal syndrome in patients with significant 
subclavian occlusion or stenosis.

The presence of chronic aortoiliac occlusive disease is 
considered an important predictor for the development 
of anatomical alterations involving LITA. Usually these 
patients develop collateral perfusions in order to reconstruct 
the arterial system of the pelvis and lower limbs, avoiding 
the ischemia of the same. The LITA, together with the 
superior and inferior epigastric arteries, work as the main 
parietal collateral pathway in the reconstruction of the 
external iliac artery, and if this graft is used for myocardial 
revascularization, the patient may have an acute ischemia 
of the lower limbs in the post-surgery.20-25 The presence of 
this collateral pathway is of such importance that the LITA 
becomes one of the main arteries responsible for irrigation 
of the lower limbs, accounting for 38% of the blood flow 
in the region, and doubling the volume of blood (LITA) 
every minute.26 Studies show that the presence of LITA 
and epigastric as a collateral route to the lower extremities 
is not an uncommon finding in patients with AOD, and its 

prevalence is estimated in up to 12% of cases in that AOD 
was greater than or equal to 75% of the vessel diameter.25 
In our study, one patient presented LITA and epigastric 
as a collateral route for irrigation to the legs (Figure 3), 
alteration identified by preoperative selective angiography 
in patients with coronary artery bypass indication, without 
the presence of clinical changes which give evidence of the 
existence of AOD.26 The identification of LITA as a collateral 
route occurred through the progression of contrast to lower 
vessels, upper and lower epigastric arteries (Figure 3), 
and continuity to the level of the pelvic vessels (Figure 4). 
We did not investigate alterations that might indicate the 
presence of AOD in the present study. However, authors 
such as Kim et al.25 point out that the presence of weakened 
femoral pulses in the affected extremity, with decreased 
amplitude and volume, and alterations in the ankle index 
doppler probe, less than 0.7, are important indicators of 
the presence of AOD. After identification of the presence 
of collateral circulation to the lower limbs by LITA and 
epigastric lesions, the presence of aortoiliac-atherosclerotic 
lesions at the site was demonstrated by selective aorto-iliac 
angiography (Figure 5).

Another alteration found in our study was a patient 
with total occlusion of the subclavian artery, characterized 
by complete interruption in contrast progression, at the 
proximal level of the subclavian, evidenced by selective 
angiography (Figure 6). Such alteration may compromise 
the results of CABG, where the presence of occlusion is one 
of the main causes of recurrent angina in the postoperative 
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Figure 4 – Collateral circulation of the LITA to the pelvic region.

Figure 5 – Aorta with suboclusive atherosclerotic lesions.
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period, leading the patient to perform a myocardial 

revascularization surgery  without effectiveness, since the 

blood flow of the LITA has its inverted direction, due to 

subclavian occlusion.27 In addition, patients may have a 

characteristic clinical presentation, due to vertebral artery 

flow also being directed to the subclavian, with symptoms 

such as dizziness, syncope and vertigo due to the ischemia 

generated by the deviation of the blood supply. The entire 

clinical picture generated by this pathophysiology is called 

the subclavian steal syndrome, and these patients can be 

screened for both upper limb blood pressure difference, as 

well as for murmur survey at subclavian level, and pulse 

difference. Patients with total occlusion of the subclavian 

artery are at high risk of developing this syndrome 

before and after CABG.28-30 The patient in this study was 

asymptomatic when submitted to angiographic evaluation.

The limitation of this study was the small population 

analyzed, resulting in an absence of relationship between 
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Figure 6 – Total occlusion of the left subclavian artery.
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the predictors and the outcome. However, we consider this 
prevalence value to be significant, since a CABG with arterial 
graft failure can lead to serious complications, increasing 
mortality, and decreasing the effectiveness of the procedure.

Conclusion

In this study, the prevalence of atherosclerotic lesions 
and lesions that made the use of the LITA as an arterial 
graft unfeasible in patients candidates for CABG, 
evidenced by coronary angiography, were 7.7%. Thus, it is 
prudent to consider the preoperative assessment of the 
LITA in patients with indication for CABG, especially in 
the presence of clinical evidence of subclavian occlusion 
and AOD.
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Introduction

Myocardial ischemia and, consequently, acute 
myocardial infarction (AMI) are mentioned as one of the 
main causes of worldwide morbimortality. Estimated at 
around 30% in the 1950s, hospital mortality due to AMI 
showed a significant decline in the last decades, both 
in Europe and the United States, as well as in Brazil.1-3 
Currently, with the use of thrombolytics or primary 
angioplasty, its occurrence is estimated at between 8 and 
10%, mainly due to the benefits of early recanalization of 
the coronary artery related to the event.

The Delta Time (∆-T) between the onset of the first 
symptoms and the arrival at the emergency service 
is directly related to the disease morbimortality, 
and rapid specialized care is essential. However, it 
is estimated that only 20% of individuals with chest 
pain reports reach the emergency unit within 2 hours 
of symptom onset.4

Among the prehospital factors that hinder the 
early care of AMI are: the patient's lack of awareness 
of chest pain symptoms as being a sign of infarction; 
attributing the symptoms to other conditions or to a 
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Abstract

Background: Acute myocardial infarction is one of the main causes of morbidity and mortality in the world, and 
one of the factors with the greatest prognostic impact is early specialist care, but there are still many factors that 
delay patient's arrival at the hospital.

Objective: To correlate social, educational, cognitive and clinical factors with time to hospital arrival after the onset 
of acute myocardial infarction's first symptoms.

Methods: Time interval to search for medical care was measured by patient's report of the onset of infarction's 
first symptoms and hospital admission verified through electronic medical data of the emergency service.  
The correlation between delta-T and other variables was performed through Kendall's correlation. Values of 
p < 0.05 were considered statistically significant.

Results: There was no correlation between delta-T and scholarity, or between delta - T and Mini Mental State 
Examination performance, as well as no association between the presence of hypertension, diabetes mellitus, 
dyslipidemia, family history, sedentary lifestyle or smoking with arrival time at the hospital. Comparisons between 
delta-T and marital status were also not statistically significant. Transfer from another health service and city of 
origin were the most determinant delay factors in our population's arrival at the hospital. 

Conclusion: The present study suggests that, in our population, educational, social and cognitive factors are not 
directly related to the delay in arriving at the hospital. (Int J Cardiovasc Sci. 2018;31(2)107-113)

Keywords: Myocardial Infarction; Indicators of Morbidity and Mortality; Myocardial Ischemia; Chest Pain; 
Emergency Medical Services; Risk Factors.
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common illness (influenza or muscle pain, for instance); 
lack of knowledge on the benefits of early diagnosis 
and treatment; and non-availability of standardized 
extra‑hospital emergency care to all.5

Previous studies have already shown a correlation 
between low level of schooling and delay in seeking 
medical care after chest pain onset.6 Supposedly, 
individuals with greater intellectual capacity would be 
more capable to recognize their symptoms as potentially 
severe and would seek health care earlier.

This study aims to correlate social, educational, 
cognitive and clinical factors with the time of arrival at 
the hospital after the onset of AMI first symptoms.

Methods

This research used the Catherine database Heart 
Study, a prospective cohort study with registration on 
ClinicalTrials.gov NCT03015064, which exclusively 
used its database.

Briefly, this is a prospective cohort in which patients 
from Instituto de Cardiologia de Santa Catarina (ICSC) 
with a diagnosis of the first AMI are being evaluated. 
Data have been collected since July 2016, and the 
study is expected to be completed by December 2020, 
also intending to include other public hospitals in 
the State of Santa Catarina. All patients included in 
the database until December 2016 participated in the 
current analysis.

The inclusion criteria were age older than 18 years; 
AMI diagnosis established by the presence of suggestive 
precordial pain, associated with electrocardiogram 
with a new ST-segment elevation at the J point in two 
contiguous leads, with limits of ≥ 0.1 mV in all leads, 
except for leads V2 and V3, to which the limits of 
≥ 0.2 mV in men ≥ 40 years, ≥ 0.25 mV in men < 40 years 
and ≥  0.15 mV in women are applied; or the presence 
of precordial pain suggestive of AMI associated with 
elevation in troponin I or creatine kinase MB Isoenzyme 
(CKMB) levels above the 99th percentile of the upper 
reference limit. The exclusion criteria considered for the 
study were the absence of the established criteria for 
AMI, presence of previous AMI, and disagreement with 
the Free and Informed Consent Terms.

Data collection was performed through an individual 
interview and complemented with data obtained from the 
Micromed® electronic medical record. The questionnaire 
included different clinical and social variables, as well as 

a specific test for cognitive assessment, the Mini‑Mental 
State Examination (MMSE), which was applied to all 
study patients during the length of stay at the institution, 
usually between the second and the fifth days. Among the 
social variables, gender, age, marital status, origin and 
level of schooling were assessed. The clinical variables 
included the presence of classic risk factors, physical 
activity, drug and alcohol consumption, and time of 
symptom onset, among others. Additionally, all study 
participants are being followed up at 30 days and 1 year, 
through medical records or by telephone contact, when 
the records are not available, to assess relevant clinical 
events such as acute intrastent thrombosis, restenosis, 
AMI, unstable angina, cerebrovascular accident, 
bleeding, rehospitalization and death. Such assessments, 
however, will be addressed in a future study of the 
Catarina Heart Study.

The primary outcome of this study was the correlation 
between years of schooling with the ∆-T, characterized 
by the interval between the onset of the first ischemic 
symptoms and the time of admission at the referral 
hospital emergency unit, as documented in the electronic 
medical record. The secondary outcomes were the 
correlation between ∆-T and MMSE performance, as well 
as the association between ∆-T and marital status and 
∆-T and the presence of classic risk factors for coronary 
artery disease (systemic arterial hypertension, diabetes 
mellitus, dyslipidemia, smoking, sedentary lifestyle and 
family history).

Statistical analysis

For the analytical evaluations, a sample of 92 patients 
was calculated to find a correlation of 0.3, with 90% power 
and alpha of 0.05. The obtained data were tabulated and 
analyzed through the Statistical Package for Social Science 
(SPSS), version 13.0 for Windows. Continuous variables 
were expressed as mean and standard deviation, or median 
and interquartile range, and evaluated by the two‑tailed 
Mann-Whitney U test. Normality was assessed by the 
Kolmogorov-Smirnov test. Age was the only variable that 
showed a normal distribution and, thus, it was expressed 
as mean and standard deviation. Variables such as level 
of schooling, ∆-T and MMSE performance did not show 
a normal distribution, being expressed as median and 
interquartile range. Associations  between quantitative 
variables were evaluated by the Kendall correlation, 
since the correlated variables did not have a parametric 
distribution. Categorical variables were expressed 
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Table 1 – Characteristics of the studied population

Variables Values

Age, mean ± SD 59.32 ± 11.57

Male, n (%) 75 (69.4)

Ethnicity n (%)

White 96 (88.9)

Black 3 (2.8)

Mixed-race 9 (8.3)

Marital status, n (%)

Single 7 (6.5)

Married/in a stable relationship 75 (69.4)

Divorced 14 (13.0)

Widowed 12 (11.1)

STEMI, n (%) 51 (47.2)

Origin, n (%)

São José 29 (26.9)

Other municipalities 79 (73.1)

Referred, n (%) 57 (52.8)

Risk factors, n (%)

Systemic arterial 
hypertension

62 (57.4)

Diabetes Mellitus 24 (22.2)

Dyslipidemia 35 (32.4)

Family history, n (%) 44 (40.7)

Smoker 34 (31.5)

Ex-smoker 31 (28.7)

Sedentary lifestyle 59 (54.6)

SD: standard deviation; STEMI: ST-elevation myocardial infarction

as numeric values with the respective percentages, 
and analyzed by the chi-square test or Fisher’s test. 
Values  of  p  <  0.05 were considered significant, and 
confidence intervals were set at 95%.

The study was carried out in accordance with 
Resolution 466/2012 of the National Health Council 
and was approved by the institution's ethics committee. 
All participants signed the Free and Informed 
Consent form.

Results

We evaluated 107 patients who were admitted to 
the ICSC from July to December 2016, in addition to a 
single patient admitted to another public hospital in the 
city of Florianópolis, Santa Catarina, Brazil. The sample 
consisted of 75 men (69.4%), and the mean age was 
59.32  ±  11.57 years. Most of them were married/in 
a stable relationship (69.4%) and self-reported their 
ethnicity as White (88.9%). Regarding the origin, 
29 patients (26.9%) came from São José (SC), where the 
institution is located, while 79 (73.1%) came from other 
municipalities. These and other characteristics of the 
studied population are shown in table 1.

The median duration of schooling was 5 years, with 
an Interquartile Range (IQR) of 3 to 8 years. The median 
score in the MMSE was 25 (IQR: 22 to 27).

The median ∆-T was 4 hours and 51 minutes (IQR: 2 hours 
and 11 minutes - 13 hours and 45 minutes), with a minimum 
∆-T of 26 minutes, and a maximum of 90 hours and 
39 minutes. These values were significantly lower when 
only ST-elevation myocardial infarctions were considered, 
with a median of 3 hours and 49 minutes (IQR: 1 hour and 
56 minutes - 11 hours and 46 minutes), when compared 
to 9 hours and 40 minutes (IQR: 2 hours and 40 minutes - 
18 hours and 01 minute) for non-ST elevation MI (NSTEMI) 
(p = 0.04). Additionally, patients from São José took less 
time to arrive at the hospital, with a median of 2 hours and 
17 minutes (IQR: 1 hour and 21 minutes - 12 hours and 
19 minutes), when compared with the median of 6 hours 
and 17 minutes (IQR: 2 hours and 42 minutes - 14 hours and 
03 minutes) from other municipalities (p = 0.02); patients 
who were transferred from other health services had a 
greater median time (9 hours and 04 minutes; IQR: 3 hours 
and 19 minutes - 16 hours and 33 minutes) compared to 
those who spontaneously came to the hospital (2 hours 
and 57 minutes ; IQR: 1 hour and 45 minutes - 6 hours and 
07 minutes), with p = 0.007.

There was no correlation between years of schooling 
and ∆-T (r = -0.032, p = 0.645), or between MMSE 
performance and ∆-T (r = -0.073; p = 0.283), even 
when infarctions with and without ST-elevation were 
evaluated separately (Table 2). When the risk factors 
were analyzed, there was no association between the 
presence of systemic arterial hypertension, diabetes 
mellitus, dyslipidemia, family history, smoking or 
sedentary lifestyle with time of arrival at the hospital 
(Table 3). Comparisons between ∆-T and marital status 
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Table 2 – Correlations between arrival time, schooling and Mini-Mental State Examination (MMSE) *

Type of AMI

∆-T

STEMI NSTEMI All

Value of r Value of p Value of r Value of p Value of r Value of p

Schooling level - 0.009 0.933 - 0.067 0.495 -0.032 0.645

MMSE - 0.061 0.545 - 0.140 0.146 - 0.073 0.283

* Evaluated by Kendall's correlation. STEMI: ST-elevation myocardial infarction; NSTEMI: non-ST-elevation myocardial infarction

were also not statistically significant, with married 
individuals showing a median time of 4  hours and 
49 minutes (IQR: 2 hours and 07 minutes - 12 hours and 
9 minutes), whereas the single, divorced and widowed 
individuals showed a median time of 5 hours and 
20 minutes (IQR: 2 hours and 47 minutes - 17 hours and 
59 minutes), with p = 0.335.

There was, however, a statistically significant 
association between the presence of systemic arterial 
hypertension and a worse performance in the MMSE, 
with the patients with systemic arterial hypertension 
obtaining a median score of 23 (IQR: 20.75 - 26.00), 
whereas those without systemic arterial hypertension 
had a median score of 27 (IQR: 25-28), with p < 0.001. 
The hypertensive group also had lower educational 
levels, with patients with systemic arterial hypertension 

showing a median of 4 years of schooling (IQR: 2 - 8), 
whereas those without systemic arterial hypertension 
had 8 years (IQR: 4 - 11), p = 0.002. Moreover, the women 
in our sample had fewer years of schooling, with a 
median of 4 years (IQR: 2.5 - 7.5), compared to men, 
who had a median of 7 years (IQR: 4-8), with p = 0.04. 
The MMSE score was 23 (IQR: 21-26) for women and  
26 (IQR: 23-28) for men (p = 0.04).

Discussion

This study showed no correlation between the time 
of arrival at the hospital and the level of schooling or 
performance in the MMSE, as well as no association 
between ∆-T and marital status, or between ∆-T and the 
presence of risk factors for coronary disease.

Table 3 – Comparisons between the presence of risk factors and time of arrival

Risk Factor

∆-T*

Yes No p value†

Systemic arterial hypertension 5h10min (2h13min - 12h44min ) 4h20min (2h10min - 16h41min) 0.805

Diabetes Mellitus 3h53min (1h54min - 16h30min) 5h03min (2h15min - 13h19min) 0.979

Dyslipidemia 7h02min (2h08min - 17h12min) 4h20min (2h17min - 12h19min) 0.413

Family history 4h00min (1h46min - 9h58min) 6h17min (2h24min - 18h22min) 0.093

Smoking 5h20min (2h44min - 13h39min) 4h47min (2h07min - 14h05min) 0.843

Sedentary lifestyle 4h49min (2h07min - 12h44min) 6h43min (2h37min - 16h32min) 0.359

* Values are shown as median (interquartile range); †assessed by the two-tailed Mann-Whitney test. h: hours; min: minutes

Takagui et al.

Infarction and delay in hospital care

Int J Cardiovasc Sci. 2018;31(2)107-113

Original Article



111

These data are different from those reported by 
Franco et al.,7 who assessed 112 patients with STEMI, 
with baseline characteristics similar to ours and 
showed a weak to moderate correlation (r = 0.24) 
between ∆-T and level of schooling. The comparison 
of marital status by the same authors showed that 
married, divorced and widowed patients had a higher 
∆-T than the single individuals, but also without 
statistical significance (p = 0.06).

The MMSE median score found in our population 
was of 25, noting that it is considered a normal score 
when  ≥  27, and cognitive dysfunction (dementia) 
when ≤ 24 or ≤ 17 for illiterate or time of schooling less 
than 4 years.8 This result reflected the low educational 
levels in our sample, which were even lower in the 
group of women.

The ∆-T medians found in our study were 4 hours 
51 minutes for the general population and 3 hours and 
49 minutes, considering only patients with STEMI, similar 
to that reported by other national studies, such as the 
one by Bastos et al.4 in São José do Rio Preto (4 hours and 
08 minutes) and by Franco et al.7 in Porto Alegre (3 hours 
and 11 minutes). Our result is also similar to that found 
in an international study, which found a median ∆-T of 
3 hours and 30 minutes in the United States, 4 hours and 
24 minutes in South Korea, 4 hours and 30 minutes in 
Japan and 30 minutes in England.9 However, our ∆-T is 
still much higher than that recommended by the American 
Heart Association guidelines.10 When available in a timely 
fashion (< 2 hours), primary angioplasty results in a benefit 
regarding mortality of 25 to 30%. The benefit of thrombolysis 
is maximal when administered within 2 hours of symptom 
onset, especially within the first 70 minutes, since resistance 
to thrombolysis is time-dependent.11

The GRACE study found that individuals with a 
previous history of AMI had arrived earlier at the 
hospital when compared to those without a history 
of angina, diabetes, heart failure, or hypertension.12  
Our study did not include patients with prior AMI, but 
most individuals were aware of at least one risk factor 
for coronary heart disease and it was expected that 
they would seek care faster because they associated 
their symptoms with the heart; however, this was not 
confirmed in this study. Nevertheless, it was observed 
that the patients with arterial hypertension had a 
worse performance in the MMSE. This result may be 
simply related to the lower level of schooling observed 
in this group, or even suggest that hypertension is a 
factor associated with the identified cognitive decline.  

The role of systemic arterial hypertension in determining 
loss of cognitive function, in the absence of a previous 
cerebral vascular accident, is still not a consensus in 
the literature. Some clinical studies have shown that 
hypertensive individuals show a poor performance 
in neuropsychological tests.13 Reports from the 
Framingham study observed an inverse association 
between blood pressure and cognition, concluding 
that elevated blood pressure might be related to the 
presence of cognitive decline.14 Other investigations 
found the inverse, that is, systemic arterial hypertension 
was associated with better cognitive function in the 
elderly.15 Finally, other studies did not demonstrate 
this association.16

The results of our study suggest that factors such as 
level of schooling, cognitive performance and marital 
status were not determinant for the delay in hospital 
arrival, similar to the data reported by Dracup and Moser.17

It is known that other prehospital factors influence 
the patient’s time of arrival, such as the region of origin, 
the availability of their own means of transportation or 
ambulance availability for transportation to the hospital, 
and the search or transfer to the closest health service, 
which, in most cases is not a specialized one and does 
not have the recommended resources for the care of 
infarction victims.18,19 Our study reflected the logistical 
and operational obstacles faced in the care of infarction 
in the public health system, since the factors that most 
often determined the delay in the specialized treatment 
of our population were the transfer from another health 
service and the region of origin.

Among this study limitations, the fact that we 
exclusively evaluated patients treated by the Brazilian 
Unified Health System and mostly in a single institution 
(only one patient was treated in another public 
hospital in Florianópolis), may have disregarded a 
portion of the population that, supposedly, could have 
better socioeconomic conditions and higher levels of 
schooling. Additionally, the small sample size may 
have influenced the lack of statistically significant 
associations, although there was enough power to 
evaluate the suggested correlations. Also, according 
to Bonnet and Wright,20 perhaps the data would be 
more accurate if the correlation had been calculated 
with a confidence interval, which was not used in the 
present study. However, these biases do not invalidate 
our study, because even if the sample were larger, it is 
possible that any found correlation would be weak and 
without clinical significance.
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Abstract

Background: Functional foods such as flaxseed have been commonly consumed to prevent atherosclerosis.

Objectives: To assess the effects of flaxseed in atherogenesis in rabbits consuming a high-cholesterol diet.

Methods: Thirty male albino rabbits were randomized to three groups based on a 12-week dietary treatment: 
control group (G1), standard diet; high-cholesterol diet (G2), standard diet plus 0.25% cholesterol from lyophilized 
eggs; and high-cholesterol plus flaxseed (G3), similar diet as G2 plus flaxseed. Biochemical (total cholesterol 
[TC], high-density lipoprotein [HDL-C], low-density lipoprotein cholesterol [LDL-C], and triglycerides) and 
immunohistochemical (intercellular adhesion molecule 1 [ICAM-1] and tumor necrosis factor alpha [TNF-α]) 
analyses were performed in all groups. P values < 0.05 indicated statistical significance.

Results: At 12 weeks, serum TC levels increased significantly in G2 and G3 compared with G1. Serum LDL-C levels 
were higher in group G2, and the increase in group G3 was approximately six times lower than that in G2. HDL-C 
levels increased in all groups, with the highest increase observed in G2. Triglycerides levels in G3 decreased by 
~70% and differed significantly in G1 and G3 (p = 0.034) and G2 and G3 (p = 0.015). ICAM-1 levels increased only 
in aortic segment 4 in G3. TNF-α levels in G3 were similar to those in the control group, while the levels in G2 were 
greater than twice as those in the control group (p < 0.05).

Conclusions: The group fed with a functional diet (flaxseed) showed decreased development of atherosclerosis, reduced 
serum triglycerides levels, and lower TNF-α levels on immunohistochemistry. (Int J Cardiovasc Sci. 2018;31(2)114-122)

Keywords: Rabbits; Flax / seeds; Atherosclerosis / prevention & control; Diet, Atherogenic; Cholesterol, Diet; 
Obesity, Sedentary Lifestyle.

Introduction

Atherosclerosis is a chronic inflammatory disease 
marked by endothelial dysfunction affecting the intimal 
layer of medium- and large-caliber arteries.1 This process 
occurs slowly over the course of decades and has the 
potential of evolving into more advanced lesions, which 
may rupture and trigger thrombus formation, potentially 
leading to acute myocardial infarction and death.2

Several factors are implicated in the etiology of 
atherosclerosis, including persistent elevation of 

atherogenic serum lipoproteins (such as low-density 

lipoprotein cholesterol [LDL-C]), which are associated 

with lifestyle factors such as poor eating habits, sedentary 

lifestyle, and obesity, as well as deposition of these 

lipoproteins in the inner tunica.2,3

Many food products with functional/nutraceutical 

properties have been studied with the aim of preventing 

the development of atherosclerotic plaques and promote 

positive cardiovascular effects. These products contain 

dietary fibers, phytosterols, omega-3 fatty acids, 
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antioxidants, and polyphenols,4 which can significantly 
decrease the effect of atherosclerotic factors. One such 
product is flaxseed (Linum usitatissimum L.).

The nutritional composition of flaxseed comprises 
fats (41%), dietary fibers (28%), proteins (21%), moisture 
(7.7%), ashes (3.5%), and soluble sugars (1 – 2%),5,6 and 
their lipid content includes 51 – 55% of alpha-linolenic 
acid.7 Additionally, flaxseed is the richest source of lignan 
secoisolariciresinol-diglucoside (SDG), which has potent 
antioxidant and antiatherogenic properties.

Based on these considerations, the study of the 
functional properties of flaxseed becomes essential for 
the scientific community and the general population. 
The aim of the present study was to assess the potential 
effects of flaxseed on atherogenesis in rabbits subjected to 
a high-cholesterol diet (containing 0.25% cholesterol) of 
lyophilized eggs. For this purpose, we analyzed the lipid 
levels and performed immunohistochemical analysis of 
inflammatory markers in the aortic segments of the rabbits.

Methods

The present study was approved by the Animal 
Research Ethics Committee of PUC-PR under the protocol 
number 720/2012 and was conducted in the Laboratory of 
Experimental Surgery at Hospital Angelina Caron (HAC), 
the Experimental Pathology Laboratory at PUC‑PR, and 
the Central Animal Facility at PUC-PR.

Animals

Thirty male New Zealand white rabbits (Oryctolagus 
cuniculus) weighing approximately 3 kg and with a 
mean age of 4 months were selected for the experiment. 
Calculation of the sample size was based on the study 
by Prim et al. (2008).8 The rabbits were kept in the 
animal facility at PUC-PR in a macroenvironment with 
light/dark cycles of 12/12 hours, fresh air changes, 
and temperature controlled between 19°C and 23°C. 
The animals were identified on an individual basis and 
maintained in individual cages cleaned daily.

Experimental period and group distribution

The study was conducted over 12 weeks (84 days). 
The animals were maintained in individual cages 
and randomized to three groups according to dietary 
treatment. The control group (G1, n = 10) received 

a standard diet for rabbits (Nuvital® Nutrientes 
S.A., Colombo, PR, Brazil). The high-cholesterol diet 
group (G2, n = 10) received a standard diet for rabbits 
(Nuvital®) plus 0.25% cholesterol from lyophilized eggs. 
The high-cholesterol plus flaxseed diet group (G3, n = 9) 
received a standard diet for rabbits (Nuvital®), 0.25% 
cholesterol from lyophilized eggs, and 8 g of ground 
flaxseed per kg of body weight. 

Preparation of supplementary feed

The high-cholesterol diet offered to groups G2 and 
G3 throughout the experimental period contained 0.25% 
cholesterol, which was added to induce atherosclerotic 
lesions in the aorta. In order to achieve that, 5 kg of 
standard feed (Nuvital®), weighed and ground for 
each animal group, was added to 1,800 g of egg powder 
diluted in 2,000 mL of water.

The flaxseed concentration was 8 g per kg of body 
weight. The seeds were ground in a food processor and 
stored under refrigeration before added to the feed.

The feed given to groups G2 and G3 was supplemented 
with lyophilized eggs. This mixture was processed using 
an industrial meat grinder (Poli®, model PCP-22LR-N, 
feeder #10, Siemsen, Brusque, SC, Brazil). For group G3, 
the mixture was supplemented with ground flaxseed. 
After grinding the mixture, the feed was pelleted, and 
the pellets were heated in an electric oven for 10 min at 
a temperature of 180°C.

The prepared feed was stored under refrigeration 
until use.

Animal preparation and sample collection

The animals were anesthetized, and blood was 
collected according to the method described by 
Précoma et al.9 and Alessi et al.10 Xylazine (Coopazine; 
Schering‑Plough‑Coopers, Cotia, SP, Brazil) at 
5 mg/kg mixed with ketamine (Vetanarcol , 
König, Mairinque, SP, Brazil) at 30 mg/kg was 
administered intramuscularly into the rabbits’ thigh 
area. Biochemical analyses performed on days 1 and 
84 included total cholesterol (TC), LDL-C, high-density 
lipoprotein (HDL-C), and triglycerides (TG), which 
were assessed using an automated equipment (ADVIA 
1200, Siemens Healthcare Diagnostics, Inc., Newark, 
DE, USA) and commercial kits.
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Histological analysis

The thoracic aorta was removed at the level of the 
aortoiliac bifurcation following a midline thoracotomy 
and laparotomy, and cross sections with a thickness 
of 2 to 3 mm were cut from different aortic segments. 
Each segment was labeled, placed in a microtome 
(Leica® RM2145, Leica Microsystems Nussloch GmbH, 
Germany) for overnight processing, and dehydrated with 
a graded ethanol series (70%, 80%, and 90%). The tissue 
samples were subsequently diaphanized for 12  hours 
in xylol containing serial concentrations of paraffin. 
Paraffin blocks were obtained by embedding the samples 
in hot paraffin using a tissue embedding console system 
(Leica® EG1160, Leica Microsystems Nussloch GmbH, 
Germany), according to the standard procedure.

The paraffin blocks were cut into 5 μm sections using 
the microtome (Leica® RM 2145). Each section was stained 
with hematoxylin and eosin (HE) and orcein (elastic 
tissue staining) according to conventional techniques 
and mounted on permanent slides.

Blocks with four aortic segments were prepared by 
selecting one proximal segment near the aortic arch 
(point  1), one segment located in the thoracic aorta 
(point 2), one proximal segment in the abdominal aorta 
(point 3), and one distal segment in the abdominal aorta 
(point 4). These segments were selected according to the 
histological findings in HE staining.

Immunohistochemical analysis

The tissue microarray (TMA) technique was used 
for immunohistochemical analysis. The samples were 
incubated with intercellular adhesion molecule 1 (ICAM-1) 
monoclonal antibodies at a dilution of 1:50, and mixed with 
tumor necrosis factor alpha (TNF-α) monoclonal antibody 
for 1 hour. The antibodies were detected by incubating 
the slides with the substrate 3,3'-diaminobenzidine-
tetrahydrochloride‑dihydrate (DAB; DakoCytomation 
A/S, Glostrup, Denmark). Counterstaining was 
performed with Mayer’s hematoxylin, followed by sample 
dehydration with different concentrations of 100% ethanol 
and deparaffinization with xylol. The slides were mounted 
with Canada balsam. The protocol described above was 
standardized at our department. Positive and negative 
controls were used for each reaction.

The histological sections were digitized with a scanner 
(Axio Scan Z1, Zeiss, Jena, Germany) and the images were 
analyzed using Image-Pro Plus® software, version 4.5. 
The color morphometry method was applied, staining 

the areas with positive antibody imaging in pink and 
those with negative imaging in brown. The data were 
transferred to an Excel spreadsheet and subjected to 
statistical analysis.

Statistical analysis

The results are expressed as mean, median, minimum 
and maximum, and standard deviation values.  
The assumption of normality of the variables was assessed 
using the Kolmogorov-Smirnov test. The variables not 
meeting the normality assumption were analyzed using the 
Kruskal-Wallis nonparametric test. P values below 0.05 were 
considered statistically significant. The data were analyzed 
using the IBM SPSS Statistics software, version 20.0.

Results

One death occurred in group G3 at experimental 
week 12, resulting in a total of 29 rabbits in the final 
study sample.

Lipid profile

Total cholesterol

Serum TC levels increased significantly in groups G2 
and G3 compared with G1. This result demonstrates that 
the diet was effective in increasing cholesterol levels in 
the rabbits (Table 1).

LDL-C and HDL-Cl

There were no significant differences in the levels of 
LDL-C and HDL-C among the groups (Tables 2 and 3). 
However, serum LDL-C levels in the biochemical analysis 
were higher in group G2 at the end of the experiment. 
The increase in LDL-C in group G3 was approximately 
six times lower than that in G2. HDL-C levels increased 
in groups G1 (12.93 mg/dL), G2 (82.26 mg/dL), and G3 
(12.03 mg/dL), with the highest increase observed in G2. 

Triglycerides

The diet did not increase the TG levels in the 
study groups. In addition, TG levels in G3 decreased 
by approximately 70% (Table 4). At the end of the 
experiment, the results indicated significant differences 
in TG levels between G1 and G3 (p = 0.034), and between 
G2 and G3 (p = 0.015).
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Table 1 – Mean, median, minimum and maximum, standard deviation, and p values for total cholesterol in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*

Total cholesterol 
(baseline)

Control (G1) 10 35.60 34.00 14.00 69.00 15.13

Cholesterol (G2) 10 24.60 24.50 12.00 43.00 9.51

Flaxseed (G3) 9 28.33 24.00 15.00 54.00 13.51 0.174

Total cholesterol 
(end of the study)

Control (G1) 10 23.64 21.50 8.90 57.00 15.72

Cholesterol (G2) 10 62.09 24.54 12.90 336.00 100.23

Flaxseed (G3) 8 36.21 34.20 16.40 72.00 17.32 0.204

Difference (end of 
the study - baseline)

Control (G1) 10 -11.96 -13.50 -31.00 6.00 12.50

Cholesterol (G2) 10 37.49 2.55 -28.00 305.00 97.79

Flaxseed (G3) 9 3.86 3.00 -19.00 18.00 10.83 0.029

*Nonparametric Kruskal-Wallis test, p < 0.05.

Immunohistochemical analysis

Immunohistochemistry was used to investigate the 
presence of ICAM-1 and TNF-α in all four aortic segments.

The results indicated that ICAM-1 levels increased 
only in aortic segment 4 in group G3; however, there 
was no significant difference in relation to median 
levels (Figure 1).

A similar result was found for TNF-α, that is, the level 
of this marker was significantly increased in the aortic 
segment 4 (Figure 2). TNF-α levels in group G3 were 
similar to those in the control group, while the levels in 
group G2 were greater than twice as those in the control 
group (p < 0.05).

Discussion

Atherosclerosis is a major cardiovascular disease, 
and the understanding of its development is required 
for its prevention and treatment. This knowledge 
can be acquired using experimental models. In this 
respect, several animal studies have shown that a 
high-fat diet leads to obesity, hypercholesterolemia, 
and other complications such as endothelial lesions.11  
The experimental protocol in the present study was an 
early model of atherosclerosis and involved the addition 
of 0.25% cholesterol from lyophilized eggs to the diet 
of rabbits aiming at causing atherosclerotic lesions.12 
The use of rabbits as an experimental model suits the 
objectives of this study because these animals develop 
aortic lesions fast.

This  s tudy assessed the  b iochemical  and 
immunochemical changes caused by a high-cholesterol 
diet with and without flaxseed, which is considered a 
functional food.

The increase in TC found in the biochemical analysis 
in groups G2 and G3 was not expected in the group 
treated with flaxseed. A similar result was obtained 
by Dupasquier et al.,13 who observed no changes in 
TC in animals receiving a diet with 10% of flaxseed. 
This unexpected result may be explained by several 
factors, including the concentration of flaxseed used, 
the form of flaxseed administration (ground seeds), feed 
heating for the incorporation of components, and the 
duration of seed intake. Previous results have indicated 
that alpha‑linolenic and linoleic acids are sensitive to 
light, heating, and oxygen, and undergo oxidation 
when exposed to temperatures between 120°C and 
270°C.14 Therefore,  the process of production of feed 
containing flaxseed in the present study may have 
caused a decrease in the level of these acids, thereby 
compromising their nutraceutical function.

LDL-C levels increased in the groups treated with 
high cholesterol; however, the levels remained similar 
between these groups. Similar results were obtained 
in a study in humans involving the consumption 
of flaxseed, in which the levels of TC and LDL-C 
remained unchanged,15 even though the experimental 
period of 4 weeks may not have been sufficient to 
cause this reduction. Zheng et al.16 conducted a 
randomized clinical trial in individuals diagnosed with 
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Table 2 – Mean, median, minimum and maximum, standard deviation, and p values for LDL-C in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*

LDL-C (baseline)

Control (G1) 10 8.64 8.45 2.90 18.10 5.61

Cholesterol (G2) 10 7.83 6.30 1.20 27.10 7.60

Flaxseed (G3) 9 11.92 7.40 4.50 27.30 7.94 0.305

LDL- C (end of 
the study)

Control (G1) 10 21.57 16.45 3.90 81.00 21.49

Cholesterol (G2) 10 90.09 32.00 7.50 348.00 123.47

Flaxseed (G3) 8 26.95 22.00 2.40 93.00 29.82 0.145

Difference (end of 
the study - baseline)

Control (G1) 10 12.93 11.65 -5.70 63.50 19.71

Cholesterol (G2) 10 82.26 21.95 4.90 341.80 124.45

Flaxseed (G3) 9 12.03 0.50 -27.30 79.40 30.61 0.085

* Nonparametric Kruskal-Wallis test, p < 0.05.

Table 3 – Mean, median, minimum and maximum, standard deviation, and p values for HDL-C in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*

HDL-C (baseline)

Control (G1) 10 19.29 16.45 10.30 37.30 8.60

Cholesterol (G2) 10 17.15 17.70 9.80 25.40 5.78

Flaxseed (G3) 9 15.79 13.40 7.70 33.50 8.35 0.475

HDL-C (end of 
the study)

Control (G1) 10 21.55 22.50 1.00 41.90 12.80

Cholesterol (G2) 10 48.76 25.65 4.30 290.70 85.99

Flaxseed (G3) 8 28.16 26.25 4.20 60.00 17.71 0.780

Difference (end of 
the study - baseline)

Control (G1) 10 2.26 -2.15 -13.30 14.90 10.39

Cholesterol (G2) 10 31.61 9.00 -15.30 278.70 87.50

Flaxseed (G3) 9 9.24 8.00 -16.50 46.60 17.48 0.570

* Nonparametric Kruskal-Wallis test, p < 0.05.

hypercholesterolemia and used a lignan extract from 
flaxseed during an 8-week period. The LDL-C levels in 
the group that received 600 mg of the extract decreased 
between weeks 6 and 8. These authors concluded that the 
lignan extract decreased the concentration of cholesterol 
in a dose-dependent manner. One study investigated 
the effect of phytosterol intake and indicated that blood 
cholesterol levels decreased after 4 weeks.17 In addition, 
cholesterol levels remained unchanged between weeks 
8 and 12,18,19 which suggested that seasonal factors may 
have affected the results.

In the present study, TC increased in all tested 
groups. Studies have shown that lignans present 
in flaxseed reduce serum cholesterol. This effect 
is probably related to their antioxidant properties, 
provided by secoisolariciresinol lignan (SDG), 
enterolactone, and enterodiol, which inhibit the 
peroxidation of polyunsaturated fatty acids in 
vitro and favor the decrease in cholesterol levels.20  
One hypothesis to explain the discrepancy between 
the results of this study from others in the literature 
is the high concentration of ingested cholesterol. 
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Table 4 – Mean, median, minimum and maximum, standard deviation, and p values for triglycerides in all groups

Variable Group n Mean Median Minimum Maximum Standard deviation p value*

Triglycerides 
(baseline)

Control (G1) 10 65.30 50.00 36.00 206.00 50.87

Cholesterol (G2) 10 59.50 56.50 25.00 146.00 32.74

Flaxseed (G3) 9 79.44 78.00 32.00 149.00 38.20 0.308

Triglycerides - (end 
of the study)

Control (G1) 10 67.50 65.00 7.00 228.00 63.27

Cholesterol (G2) 10 64.60 44.50 20.00 204.00 53.31

Flaxseed (G3) 8 22.50 14.00 11.00 53.00 15.26 0.042

Difference (end of 
the study - baseline)

Control (G1) 10 2.20 13.50 -56.00 47.00 33.98

Cholesterol (G2) 10 5.10 -17.50 -98.00 148.00 66.92

Flaxseed (G3) 9 -59.44 -63.00 -149.00 16.00 48.12 0.022

* Nonparametric Kruskal-Wallis test, p < 0.05.

Another hypothesis is the duration of the functional 

diet (8 weeks), which may have been too short to 

induce a significant reduction in LDL-C and TC.

In the present study, no differences in HDL-C levels 

were observed among the three groups. Higher levels of 

HDL-C increase the protection against the development 

of atherosclerotic plaques in the heart. Studies have 

shown that flaxseed intake at a dose of 15% was strongly 

associated with protection from inflammation, estrogens, 

and genotoxicity.21

The results that we found most fascinating were 

those of TG levels. There was a significant decrease (by 

approximately 70%) in this biochemical parameter in 

group G3, which demonstrates that the administration of 

feed containing flaxseed (a functional food that contains 

primarily omega-3 fatty acids, fibers, and lignans) was 
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effective in decreasing TG levels. This result is in line with 
those from previous studies and suggests that dietary 
supplementation with omega-3 via the consumption 
of flaxseed helps decrease TG levels, possibly via 
the decrease of remaining chylomicron particles and 
the inhibition of the synthesis and secretion of very 
low‑density lipoprotein (VLDL-C) by the liver.22

Cintra et al.23 tested the effect of the consumption 
of a high-fat flaxseed-based diet in Wistar rats and 
observed a reduction in TC and TG levels, higher fecal 
excretion of lipids, and lower deposition of cholesterol 
in the liver. This result was similar to that obtained by 
Bhathena (2003).23

Immunohistochemistry was used to investigate the 
presence of two markers involved in inflammation, a cellular 
adhesion molecule (ICAM-1) and a proinflammatory 
cytokine (TNF-α). Several studies have used ICAM-1 
as a marker of inflammation. In a study with 60 rabbits  
(10 in the control group and 50 in the atherosclerotic 
group), animals fed a high-fat diet exhibited higher levels 
of ICAM-1 in the aorta compared with those in the control 
group (p < 0.01), which indicates a role for ICAM-1 as a 
predictor of cardiovascular disease.25

The importance of the present study lies in the analysis 
of ICAM-1 in four aortic segments. The results indicated 
an increase in ICAM-1 levels in all animal groups and all 
tissue sections; however, the results were not statistically 

significant. A similar result was obtained in an animal 
study conducted by Prim et al.,8 and in human studies, 
which also showed nonsignificant reductions in the levels 
of ICAM-1 and VCAM-1 markers.26

We should emphasize that no antiinflammatory 
activity was observed in the group that received 
flaxseed (G3), suggesting that the findings of the 
antiinflammatory effect of omega-3 fatty acids are 
contradictory. In addition, the results of ICAM-1 
suggest that this activity is dependent on the duration 
of consumption of omega-3 fatty acids.

The results of the TNF-α analysis indicated a 
significant difference among the groups. TNF-α levels 
were higher in G1 than G3. This result demonstrated an 
effect of flaxseed, but was not statistically significant. 
Moreover, the levels of TNF-α increased in G2, which 
indicates that this marker is associated with stress 
and inflammation. A similar result was observed in a 
previous study,27 in which the elevated levels of TNF-α 
were associated with recurrent coronary events after 
myocardial infarction.

Levels of the inflammatory marker TNF-α decreased 
significantly in group G3 (flaxseed group), which favors 
the hypothesis that flaxseed components can reduce 
antiinflammatory and antiatherogenic activity. A previous 
study has observed a decrease in TNF-α levels after the 
consumption of omega-3 fatty acids by most patients.28
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Conclusion

The results of this study are aligned with others in 
the literature and showed a decreased development of 
atherosclerosis in the group fed a functional diet.

The results obtained in the flaxseed group showed 
significant changes in serum TG and decreased TNF-α 
levels on immunohistochemical analysis. These findings 
corroborate observations from previous studies that 
have shown flaxseed as having a strong tendency to act 
effectively in reducing TNF-α levels, thus preventing 
injury and development of atherosclerotic plaques in the 
intima of coronary arteries.

However, several differences may arise when changes 
are made to the experiment or study protocol, so it 
we suggest that a larger number of studies should be 
conducted directly comparing these functional seeds.
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Abstract

Background: Diseases of the circulatory system are the leading cause of death in Brazil and the world, falling 
progressively during the twentieth century, preceded by an increase in Gross Domestic Product.

Objective: To correlate balanced and adjusted mortality rates from circulatory system diseases in the municipalities 
of Rio de Janeiro state between 1979 and 2010 with the gross domestic product per capita (GDPpc) beginning in 1950.

Methods: Population and death data were obtained from the Department of Information and Computer Services 
at the National Health System/Brazilian Ministry of Health (Departamento de Informática do Sistema Único de 
Saúde - Ministério da Saúde - DATASUS-MS). Mortality rates were calculated for Ischemic Heart Disease (IHD), 
Cerebrovascular Disease (CBVD), and Circulatory System Disease (CSD); adjusted by the direct method; and balanced 
for ill-defined causes. The GDPpc data were obtained from the Institute of Applied Economic Research (Instituto 
de Pesquisas Econômicas Aplicadas - IPEA). Mortality rates were correlated with socioeconomic indicators using 
Pearson's linear correlation coefficient to determine the annual optimized lag time. Regression slope coefficients 
between the dependent disease and independent socioeconomic indicator were estimated.

Results: In recent decades, there has been a reduction in mortality from CSD in all Rio de Janeiro state municipalities, 
mainly due to a decline in mortality from CBVD. The decline in mortality from CSD was preceded by an increase 
in the GDPpc, and a strong correlation was observed between this index and mortality rates.

Conclusion: The evolution of the variation in GDPpc demonstrated a strong correlation with the reduction in CSD 
mortality. This relationship demonstrates the importance of improving the living conditions of the population to 
reduce cardiovascular mortality. (Int J Cardiovasc Sci. 2018;31(2)123-132)

Keywords: Stroke / complications; Mortality; Risk Factors; Gross Domestic Product.

Introduction

The health conditions of the populations are 
influenced in a complex way by social determinants, 
such as income and wealth distribution and education, 
as if these indicators were interdependent risk factors 
for the occurrence of diseases.1 During the 20th 
century, almost the entire world has experienced 
an improvement in socioeconomic indicators, in 
addition to a drop in the general mortality rates, 
with a consequent increase in the life expectancy of 

the populations. Furthermore, there was a change in 
the epidemiological profile, in which communicable 
diseases were no longer the major causes of death, 
being replaced by non-communicable diseases, mainly 
diseases of the circulatory system (DCS), which are the 
leading cause of mortality worldwide, corresponding 
to approximately one third of all deaths. Nevertheless, 
the deaths from DCS have shown a progressive 
reduction from the mid-20th century in developed 
countries, and, in Brazil, that reduction has been 
observed since the 1970s.2-5
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In 2010 and according to data from the Brazilian 
Institute of Geography and Statistics (IBGE), the Rio de 
Janeiro State, then divided into 92 municipalities, had 
15,989,929 inhabitants, with a population density of 365.23 
inhabitants/km2. The Gross Domestic Product (GDP) 
of the Rio de Janeiro State corresponds to 11.3% of the 
Brazilian GDP.6 The Rio de Janeiro State municipalities 
have a very heterogeneous socioeconomic structure. 
Some municipalities, such as Porto Real, have a GDP per 
capita (GDPpc) that exceeds R$ 200,000.00, and others, such 
as Japeri, have a GDPpc of R$ 5,000.00, similar to that of 
some countries, such as Congo, Samoa and Swaziland, 
and much lower than that of the Brazilian mean of  
R$ 19,000.00.6 Some Rio de Janeiro State municipalities, 
such as São Francisco de Itabapoana, have a poverty 
index greater than 36%, while others, such as Niterói and 
Volta Redonda, have a poverty index lower than 10%.  
The poverty index considers three variables: the short 
duration of life (the population percentage that does not 
reach the age of 40 years), the lack of elementary education 
(the illiterate percentage of the population), the lack of 
access to public and private resources (the population 
percentage that has access to neither health care service 
nor potable water, and of malnourished children).7

Some studies have assessed the evolution of mortality 
from DCS and its major two subgroups in Brazil, ischemic 
heart diseases (IHD) and cerebrovascular diseases 
(CBVD),5, 8-11 however, studies correlating that mortality 
with socioeconomic indicators per municipality are rare.

Therefore, a study with the Rio de Janeiro State 
municipalities, which have a varied and heterogeneous 
socioeconomic structure, will allow us to build models 
about the evolution of the mortality rates from DCS and 
of GDPpc, estimating correlations between those variables 
aiming at suggesting factors involved in reducing the 
mortality rates from DCS, IHD and CBVD.

Methods

This study collected data on GDPpc and mortality in 
Rio de Janeiro State municipalities, which were analyzed 
according to the geopolitical structure of the year 1950, 
gathering the emancipated municipalities with their 
original headquarters from that date on. Those aggregates 
of municipalities caused a reduction in the total number 
of Rio de Janeiro State municipalities from 92 in 2010 to 
56 aggregates for this study analysis.

In addition, those aggregates of municipalities were 
analyzed by region. This study used the regional division 

proposed by the Rio de Janeiro State Secretariat of Health 
with a change, subdividing the Metropolitan region into 
the Metropolitan Belt, which comprises all municipalities 
in the region except for the municipalities of Rio de 
Janeiro and Niterói, which constituted two autonomous 
regions. The other regions, Mid-Paraíba, Mountain, 
Northern, Coastal Lowlands, Northwestern, Southern-
Central, and Ilha Grande Bay, are those defined by the 
Rio de Janeiro State Secretariat of Health.12 

The GDP data were obtained from the Applied 
Economic Research Institute (Instituto de Pesquisa Econômica 
Aplicada)13 for the years 1949, 1959, 1970, 1975, 1980 and 
1985 to 2010. The population data were obtained from 
the IBGE6 for the general census years (1950, 1960, 1970, 
1980, 1991, 2000 and 2010) and population counting (1996). 
Intercensal population estimates were calculated with the 
arithmetic method by use of the census years or population 
counting immediately before or after. Those estimates were 
performed for the fractions corresponding to the age groups, 
at 10-year intervals, for each sex. The GDPpc was calculated 
by dividing the absolute and the municipality GDP by the 
population in the corresponding year. Then  the GDPpc 
was converted into dollars (1 dollar = 3.2 reais, currency 
exchange rate of April 2015).

To calculate the mortality rates, the mortality data 
restricted to adults aged 20 years and older from the 
database DATASUS-MS were analyzed.14 Such data were 
divided into the major fractions of interest in this study: 
DCS, corresponding to the codes listed in chapter VII of 
ICD-915 or chapter IX of ICD-10;16 IHD, corresponding to 
the codes 410-414 of ICD-9 or codes I20-I25 of ICD‑10; 
CBVD, corresponding to the codes 430-438 of ICD-9 or 
codes I60-I69 of ICD-10. In addition, the deaths from 
ill-defined causes (IDC), listed in chapter XVI of ICD‑9 
and chapter XVIII of ICD-10, as well as the total of 
all‑cause (AC) deaths were used in the analysis. The 
ICD-9 was in force until 1995, while ICD-10 has been 
since 1996. The crude and sex- and age-adjusted mortality 
rates were calculated by use of the direct method17 per 
100,000  inhabitants. The mortality rates from IDC in 
Rio de Janeiro State have increased significantly since 
1990,8 thus, compensation was performed, consisting in 
assigning to deaths from DCS, IHD and CBVD their part of 
deaths from IDC, corresponding to the fractions observed 
in the defined deaths, that is, excluded those from IDC.  
After compensation of the deaths from DCS, IHD and 
CBVD for those from IDC, sex- and age-adjusted mortality 
rates were estimated. The standard population for the 
adjustments was that of Rio de Janeiro State registered 
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in 2000 by the census, stratified into seven age groups 
(20‑29  years; 30-39 years; 40-49 years; 50-59 years; 
60‑69 years; 70‑79 years; and 80 years or older) for each sex. 
Those rates were denominated compensated and adjusted. 

The mortality rates and GDPpc were correlated by 
estimating the Pearson coefficients of correlation18 in 
all combinations of time series allowed to determine 
the optimal annual lag, according to the availability of 
socioeconomic data, which could be 29 years maximally. 
The optimal annual lag was that with the highest Pearson 
linear coefficient in all series combined. In addition, the 
regression slope coefficients were estimated between the 
dependent variable mortality (DCS, IHD, CBVD) and the 
independent variable (GDPpc), multiplied by 100 dollars, 
in series with optimal lag, according to the coefficient of 
linear correlation.

The quantitative analyses were performed with the 
Excel-Microsoft19 and STATA programs.20

Results

The optimal GDPpc time lags (Table 1) with the 
mortality from DCS group and with the mortality 
from CBVD subgroup were very close, with respective 
means of 20.4 and 20.3 years in the Rio de Janeiro State; 
however, that with the mortality from IHD subgroup 
was lower, with a mean of 18.1 years. Regarding the 
regions, the highest time lags were of GDPpc with DCS 
in the Southern-Central region (mean of 24.3 years), and 
the lowest, of GDPpc with IHD in the Northern region 
(mean of 11.5 years). The highest time lag of GDPpc in 
the municipalities, which was 29 years, the maximum 
limit allowed by the data available, occurred with DCS 
in the municipalities of São Pedro da Aldeia, Paraíba 
do Sul, Vassouras, Nilópolis, São João de Meriti and 
Niterói; with CBVD, in Cabo Frio, Nilópolis, São João 
de Meriti and Niterói; and with IHD, in Vassouras, 
Nilópolis and Niterói. Some municipalities showed 
no time lag between the variable ‘mortality rate’ and 
GDPpc, which occurred with DCS in Porciúncula, with 
CBVD in Silva Jardim, Miracema and Porciúncula, and 
with IHD in Saquarema and Sapucaia.

The coefficients of correlation (Table 1) of GDPpc with 
DCS and CBVD were closer to the extreme value (-1.0), 
with means of -0.84 and -0.83, respectively; however, the 
coefficients of correlation of GDPpc with IHD were closer 
to absence of correlation (0), with mean of -0.62. The most 
extreme of those coefficients was that with DCS in Niterói 
(-0.99). Only the municipalities of São Pedro da Aldeia 

and Cambuci showed positive coefficients of correlation 
of GDPpc with IHD, +0.49 and +0.20, respectively, but 
closer to the level of absence of correlation.

The evolution of the GDPpc in the Rio de Janeiro 
State municipalities over the past six decades showed 
a GDPpc elevation with heterogeneous distribution 
of the mean GDPpc values between the regions and 
the municipalities (Figure 1). The highest GDPpc 
values over the years were found in the capital of the 
Rio de Janeiro State, in Niterói, and in some more 
industrialized municipalities of inner state, such as 
Resende and Barra Mansa; and, in the past decade, in 
the coastal municipalities of the Northern and Coastal 
Lowlands regions, which concentrate the oil industry.

The death variations at every 100-dollar increment in 
GDPpc (Figure 2) were higher in the group of deaths from 
DCS, because that group includes the two subgroups, 
CBVD and IHD, showing an important mortality reduction 
related to GDP elevation. Such mortality reduction related 
to GDPpc elevation was very heterogeneous: there are 
municipalities where a 100-dollar increment in GDPpc 
correlated with a reduction by more than 60 deaths from 
DCS, such as in Cordeiro, a municipality of the Mountain 
region. However, in only two small municipalities, with 
less than 40,000 inhabitants aged 20 years or older in 2010, 
São Pedro da Aldeia and Cambuci, the GDPpc elevation 
correlated with a mild increase in the number of deaths 
from IHD. In addition, in four municipalities (Valença, 
Niterói, Rio de Janeiro and Nova Friburgo), the 100-dollar 
increment in GDPpc correlated with a higher reduction 
in deaths from IHD than from CBVD, a pattern that is 
opposite to those of the other municipalities, where the 
GDPpc increment correlated with a higher reduction in 
deaths from CBVD.

Discussion

Reductions in the mortality rates from DCS have been 
shown in the Rio de Janeiro State municipalities for the 
past three decades.21 In addition, GDPpc elevations have 
been observed in all municipalities studied (Figure 1) since 
1950. They reflect the improvement in the socioeconomic 
indicators occurring all over Brazil, where the following 
aspects have been observed: income increase; mortality 
rate decrease; life expectancy increase; fertility decrease; 
child mortality reduction; and educational level increase 
resulting from illiteracy reduction. In addition, the 
improvement in the indicators in Brazil is also associated 
with the great income concentration.22-24
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Table 1 – Optimal time lag and Pearson coefficients of correlation between mortality from DCS, CBVD and IHD per 
100,000 inhabitants and GDP per capita in the aggregates of the Rio de Janeiro State municipalities from 1979 to 2010

Regions/municipalities DCS OAL DCS Correl CBVD OAL CBVD Correl IHD OAL IHD Correl

Ilha Grande Bay

Angra 21 -0.90 21 -0.86 23 -0.78

Mangaratiba 21 -0.73 17 -0.68 23 -0.40

Parati 22 -0.77 22 -0.72 21 -0.47

Means 21.3 -0.80 20.0 -0.75 22.3 -0.55

Coastal Lowlands

Araruama 22 -0.90 22 -0.89 19 -0.31

Cabo Frio 21 -0.85 29 -0.82 20 -0.75

Casimiro 14 -0.83 17 -0.80 14 -0.65

São Pedro da Aldeia 29 -0.76 21 -0.81 12 0.49

Saquarema 24 -0.79 20 -0.68 0 -0.38

Means 22.0 -0.83 21.8 -0.80 13.0 -0.32

Southern-Central Region

Paraíba do Sul 29 -0.91 25 -0.86 3 -0.69

Sapucaia 16 -0.79 17 -0.81 0 -0.40

Três Rios 23 -0.90 24 -0.85 20 -0.80

Vassouras 29 -0.99 28 -0.97 29 -0.89

Means 24.3 -0.89 23.5 -0.87 13.0 -0.69

Metropolitan Belt

Duque de Caxias 26 -0.96 26 -0.93 20 -0.89

Itaboraí 6 -0.90 6 -0.85 15 -0.88

Itaguaí 21 -0.93 21 -0.84 20 -0.85

Magé 26 -0.76 26 -0.80 26 -0.58

Maricá 18 -0.93 20 -0.78 18 -0.78

Nilópolis 29 -0.95 29 -0.90 29 -0.90

Nova Iguaçu 26 -0.97 26 -0.96 27 -0.86

Rio Bonito 24 -0.92 25 -0.87 23 -0.69

São Gonçalo 23 -0.98 26 -0.98 20 -0.97

São João de Meriti 29 -0.95 29 -0.91 28 -0.84

Silva Jardim 1 -0.64 0 -0.60 5 -0.32

Means 20.8 -0.90 21.3 -0.86 21.0 -0.78

Mid-Paraíba Region

Barra do Piraí 23 -0.92 23 -0.93 26 -0.90

Barra Mansa 17 -0.84 17 -0.85 16 -0.83

Pirai 25 -0.72 26 -0.67 26 -0.64

Resende 23 -0.95 23 -0.95 25 -0.87

Rio Claro 26 -0.74 24 -0.73 6 -0.40
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Continuation

Rio das Flores 17 -0.70 19 -0.65 16 -0.36

Valença 22 -0.93 21 -0.88 28 -0.87

Means 21.9 -0.83 21.9 -0.81 20.4 -0.69

Niterói

Niterói 29 -0.99 29 -0.97 29 -0.98

Northwestern Region

Cambuci 13 -0.82 19 -0.84 18 0.20

Itaocara 21 -0.88 22 -0.91 22 -0.67

Itaperuna 24 -0.89 25 -0.89 24 -0.69

Miracema 3 -0.81 0 -0.79 14 -0.50

Natividade 20 -0.79 22 -0.88 17 -0.72

Porciúncula 0 -0.78 0 -0.66 6 -0.54

Santo Ant de Padua 24 -0.90 25 -0.90 20 -0.92

Means 15.0 -0.84 16.1 -0.84 17.3 -0.55

Northern Region

Campos 21 -0.89 22 -0.92 28 -0.78

Macaé 5 -0.93 9 -0.93 3 -0.88

São João da Barra 19 -0.76 21 -0.80 12 -0.33

São Fidelis 19 -0.83 20 -0.80 3 -0.40

Means 16.0 -0.85 18.0 -0.86 11.5 -0.60

Rio de Janeiro

Rio de Janeiro 25 -0.98 25 -0.97 25 -0.95

Mountain Region

Bom Jardim 17 -0.85 22 -0.90 13 -0.80

Cachoeiras 29 -0.79 29 -0.71 7 -0.25

Cantagalo 21 -0.65 18 -0.67 22 -0.33

Carmo 18 -0.93 19 -0.93 19 -0.54

Cordeiro 28 -0.72 29 -0.79 27 -0.52

Duas Barras 15 -0.67 20 -0.60 13 -0.49

Nova Friburgo 18 -0.92 22 -0.91 17 -0.90

Petrópolis 24 -0.90 22 -0.88 29 -0.91

Santa Maria Madalena 19 -0.72 12 -0.77 25 -0.20

São Sebastião do Alto 17 -0.74 23 -0.88 19 -0.54

Sumidouro 23 -0.70 3 -0.67 17 -0.53

Teresópolis 22 -0.95 23 -0.97 19 -0.86

Trajano de Morais 13 -0.74 6 -0.70 9 -0.38

Means 20.3 -0.79 19.1 -0.80 18.2 -0.56

Means of the Rio de Janeiro State 20.4 -0.84 20.3 -0.83 18.1 -0.62

DCS: diseases of the circulatory system; CBVD: cerebrovascular diseases; IHD: ischemic heart diseases; OAL: optimal annual lag; Correl: coefficient of correlation.
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Figure 1 – Evolution of decennial GDP per capita in the Rio de Janeiro State municipalities from 1950 to 2009.

This study was aimed at demonstrating a correlation 
between the reduction in the mortality rates from DCS 
and their major subgroups, IHD and CBVD, occurring 
since 1980, and the improvement in socioeconomic 
indicators from the second half of the 20th century. 
Although GDPpc is a good socioeconomic indicator 
portraying an overview of the socioeconomic conditions 
of a certain place, it is not the best; however, because 
the GDP data of the Rio de Janeiro State municipalities 
are available and organized by municipality since 1920, 
we chose to correlate them with those mortality rates, 
considering the several time lags between those indices.13

In the period analyzed, from 1950 to 2010, the GDPpc 
increased in all municipalities, but heterogeneously.  
The highest GDPpc values were found in the municipalities 
of Rio de Janeiro and Niterói, the former is the current 
state capital, former capital of Brazil from 1763 to 196025 
and of the extinct Guanabara State until 1975, while the 
latter was the former capital of the Rio de Janeiro State 
until 1975.26 Other municipalities had high GDPpc, being 
directly related to certain industrial activities as follows: 
Barra Mansa, related to the steelworks industry (Volta 
Redonda, which houses the headquarters of the Brazilian 
Steelworks Company, was aggregated to Barra Mansa 
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Figure 2 – Variations (linear regression model) in the deaths from diseases of the circulatory system (DCS), cerebrovascular diseases (CBVD) and 
ischemic heart diseases (IHD) per 100,000 inhabitants at each 100-dollar increment in the GDP per capita in the aggregates of the Rio de Janeiro State 
municipalities from 1979 to 2010.
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because it was emancipated only in 195527); Angra dos 

Reis, related to the naval industry; Resende, related to the 

automotive industry; and municipalities related to the oil 

industry, such as Duque de Caxias, Macaé, Campos dos 

Goytacazes, Casimiro de Abreu, Cabo Frio and São João 

da Barra.28 However, the big GDPpc increase of those 

municipalities occurred only in the last years of the study, 

probably not correlating with the reduction in deaths 

from DCS, whose influence might be felt in future years.

We demonstrated that the mean coefficient of 

correlation between GDPpc elevation since 1950 and 

mortality from DCS in adults since 1979, with a time 

lag of a little more than 20 years, of all Rio de Janeiro 

State municipalities was negative and high (-0.84). 
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Being negative indicates an inverse relationship, that 
is, the higher the GDPpc, the lower the mortality 
from DCS. This evidences that the improvement in 
the socioeconomic indicators preceded the reduction 
in cardiovascular deaths. The behavior of the CBVD 
subgroup was similar to that of the DCS, regarding 
both the correlation index of GDPpc and the time lag. 
Regarding the IHD subgroup, the correlation indices, 
although significant, were not that close to the negative 
maximum value, and the optimal time lag was also 
a little shorter, around 18 years. These differences in 
IHD as compared to DCS and CBVD might be due 
to the lowest mortality rates from IHD in almost 
all municipalities throughout the study period.21 
This might have caused greater fluctuations in the IHD 
rates than in the others, which is even more evident 
when we observe that the municipalities with smaller 
populations have the lowest correlation indices and the 
greatest variations in optimal time lag.

The increase in GDPpc might have influenced on the 
reduction of the deaths from DCS. This impact varied in 
the different Rio de Janeiro State municipalities, in the Rio 
de Janeiro State regions, and even in the municipalities 
within the same region. In some municipalities, such 
as Carmo and Cordeiro in the Mountain region, and 
Nilópolis in the Metropolitan Belt, the 100-dollar 
increment in GDPpc was related to a reduction of more 
than 50 deaths per year from DCS. In other municipalities, 
however, such as Angra dos Reis in the Ilha Grande Bay 
region, Macaé in the Northern region, and Cantagalo 
in the Mountain region, that same increment in GDPpc 
related to a reduction of less than 10 deaths per year from 
DCS. In two of those municipalities, that phenomenon 
can be explained by the great elevation in the GDPpc of 
Macaé and Angra dos Reis in the study period, because, 
despite having a reduction in death from DCS similar 
to that of other municipalities, their great elevation in 
GDPpc made the variation in deaths as compared to the 
GDPpc increase smaller. The CBVD as compared to the 
IHD stand out as the group with the highest reduction 
in the number of deaths per year, although the higher 
mortality rates from CBVD in the initial years of the study 
should be considered. In addition, one can infer that the 
costs to prevent and reduce mortality from CBVD are 
lower than those estimated for IHD, because the reduction 
in the incidence of stroke, the major cause of death from 
CBVD, is closely related to the improvement in primary 
health care and arterial hypertension control, conditions 
affected by the global economic improvement reflected in 

GDP increase.29-31 By providing important details when 
analyzing the Rio de Janeiro State municipalities, this 
study corroborates the clear inverse relationship between 
cardiovascular mortality rates and GDPpc. The inverse 
relationship of those variables has been suggested in 
the study32 relating the Brazilian GDPpc between 1947 
and 2004 to the mortality from IHD in the Rio de Janeiro 
State between 1980 and 2002, also showing the time 
lag between those variables. In addition, the use of the 
Human Development Index (HDI) showed an inverse 
relationship with the mortality rates from CBVD in the 
administrative regions of the Rio de Janeiro municipality, 
and to every 0.05 reduction in the HDI, there was a 65% 
increase in the number of deaths from CBVD.33 

 One limitation of this study is the quality variation in 
the completion of death certificate over time and in the 
municipalities studied. However, death certificates are 
the best mortality data source available. A more serious 
limitation was the difficulty to obtain the economic 
data of the years before 1980, because they sometimes 
had a decennial periodicity and only those of the years 
of the IBGE census could be found, which determined 
the use of interpolation for the unavailable years. 
The compensation of the number of deaths from DCS, 
CBVD and IHD considering the deaths from IDC might 
have caused inaccuracy in the estimated mortality rates. 
Another limitation is the analysis with possible maximal 
time lag of 29 years, because, in some municipalities, the 
optimal time lag coincided with that value, and, thus, 
the actual value might have been greater; however, that 
happened in only 5 of 56 municipalities.

Conclusion

From 1979 to 2010, there was an important reduction 
in mortality from DCS in the Rio de Janeiro State 
municipalities, especially in the CBVD subgroup.  
The decrease in mortality from DCS was preceded 
by periods of GDPpc elevation, and the evolutionary 
variation of that indicator showed an important 
correlation with the reduction in mortality. A regional 
pattern for that correlation that indicated the importance 
of improving the population life conditions to reduce 
cardiovascular mortality could not be identified.
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Abstract

Background: Cardiogenic Acute Pulmonary Edema (APE) is considered one of the main medical emergencies, and it 
is the extreme manifestation of acute heart failure. The main etiology of heart failure is ischemic heart disease. To date, 
the definition of ischemic etiology in acute pulmonary edema was based on criteria such as: clinical history of ischemic 
heart disease, noninvasive examinations and, in other patients, coronary angiography. Classified as such, ischemic heart 
disease has been shown to be its main etiology. The high prevalence between these two diseases was evaluated, but not 
by the exclusive angiographic criterion, the gold standard of this pathology and the reason of this study.

Objective: To evaluate the predictors of obstructive coronary artery disease in patients with acute pulmonary 
edema of unclear origin.

Method: Patients admitted to a cardiovascular disease referral emergency unit were recruited to undergo coronary 
angiography if the acute pulmonary edema etiology was not adequately elucidated. Obstructive coronary disease 
was considered if at least one epicardial vessel had 70% of occlusion.

Results: Obstructive coronary disease was classified by coronary angiography in 149 consecutively evaluated 
patients, and coronary artery obstruction was the outcome variable of the predictor model. Among the variables 
related to coronary disease, the predictor variables were the history of coronary artery disease (p < 0.001) and 
myocardium segmental deficit at the echocardiogram (p < 0.02).

Conclusion: The antecedent of coronary disease and the myocardium segmental deficit at the echocardiogram 
were able to discriminate patients with acute pulmonary edema associated with obstructive coronary disease. 
Troponin values classified by two cardiologists as secondary to an acute non-ST-segment elevation myocardial 
infarction, and chest pain preceding the clinical picture were not able to discriminate patients with or without 
coronary obstruction and thus, the diagnosis of obstructive coronary disease should not be pursued based on the 
troponin value and/or chest pain preceding the clinical picture. (Int J Cardiovasc Sci. 2018;31(2)133-142)

Keywords: Heart Failure; Pulmonary Edema; Coronary Artery Disease; Risk Factors; Myocardial Ischemia.

Introduction

Acute Pulmonary Edema (APE) is the extreme 
expression of acute heart failure (HF) in the emergency 
room, being classified as cardiogenic (APE) or 
non‑cardiogenic (Acute Respiratory Distress Syndrome – 
ARDS). The etiology and pathophysiological mechanisms 
differ between them. The first occurs due to the increase 

in hydrostatic pressure within the pulmonary capillary, 
and the second type is a consequence of the increased 
permeability of the alveolar-capillary membrane. 
It is important to consider the clinical history to identify 
each of these types, as the diseases related to each type 
are well recognized; however, misdiagnosis can occur 
due to the coexistence of diseases in the same clinical 
scenario. APE corresponds to the second highest hospital 
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cost among the modalities of acute HF, with the first 
one being cardiogenic shock.1 APE 30-day mortality is 
still considered high. In the study by Figueras et al.,2 it 
was observed that the mortality rate in 216 consecutive 
patients admitted with APE in a single center was 14.1%.

Severe Coronary Artery Disease (CAD) is often the 
anatomical substrate in patients with APE, as shown 
by Graham et al.3 in a study of 119 patients with APE, 
of which 71 (60%) had a significant coronary lesion;  
35 (49%), lesion in three epicardial vessels; and 7 (10%), 
left coronary trunk lesion.

Ischemic heart disease is the most frequent etiology of 
chronic HF worldwide4 and in Brazil.5 APE is a severe clinical 
expression of acute HF and obstructive CAD (arterial lumen 
mostly occluded) is often related to this clinical syndrome. 
The present study aimed to determine the predictors of 
obstructive CAD in this extreme HF clinical condition. 
We believe that we can contribute to the decision‑making 
concerning patients who have this syndrome and with a 
suspected ischemic substrate for its occurrence.

Methods

An observational, cross-sectional, diagnostic study 
with prospective data collection was performed, 
analyzing 149 patients between 40 and 80 years of age, 
consecutively admitted to a public emergency unit, 
specialized in cardiology, after registration in the hospital 
admission authorization form and patient history was 
reviewed by the research team. If the APE etiology was 
not clearly defined, such as uremic syndrome, previously 
known valvulopathy, well-defined cardiomyopathy at the 
echocardiogram and ST-segment elevation myocardial 
infarction, the patient was invited to participate in the 
study. Kidney dysfunction with creatinine >2 mg% was 
an exclusion criterion.

Creatinine values ​​above 2mg% were included in 
the study if a coronary angiography (CA) had been 
requested by the attending physician prior to the study 
protocol evaluation. After signing the Free and Informed 
Consent form (CAAE 05503912.6.0000.5544), the CA was 
requested, aiming at defining the degree of coronary 
obstruction. Patients who had undergone the examination 
1 year prior to the study and had normal results or had 
CAD definition without new therapeutic possibilities 
were not submitted to a new examination. The CA was 
analyzed by a single physician who was only aware of 
the reason for the hospitalization, APE. Obstructive CAD 
was considered severe if more than two-thirds (70%) of 

the arterial lumen, including total vessel occlusion, were 
occupied and if an epicardial vessel was affected: right 
coronary artery and its branches, circumflex artery and 
its branches, anterior descending artery, diagonal artery 
and 50% if the left main coronary artery was affected.  
The CA was part of the research protocol because, as part 
of the primary objective, it was necessary to determine 
the predictors of severe obstructive coronary disease, and 
this is the gold standard examination for the investigation 
of this pathology.

The electrocardiogram was performed on the first and 
second days, and was analyzed by an arrhythmologist, a 
specialist on the subject. All patients underwent Doppler 
echocardiography. Ultrasensitive troponin (Roche 
laboratory equipment) was performed on the first and 
second days and two cardiologists were asked to interpret 
the results if the obtained values were compatible with APE 
precipitated by or associated with an acute coronary event. 
The diseases considered to be present, such as systemic 
arterial hypertension, diabetes mellitus, prior stroke, 
valvulopathy, asthma and chronic obstructive pulmonary 
disease, were taken into account based on the information 
provided by the patient. Smoking was considered when 
the patient was a current smoker, or when the patient had 
been an ex-smoker for less than 2 years.

Statistical analysis

To create the explanatory model for the occurrence 
of obstructive coronary disease, the following variables 
were collected: age, gender, presence of chest pain on 
admission, suggestive of myocardial ischemia prior 
to dyspnea, presence of previous dyspnea, history of 
coronary disease (classic angina pectoris, history of acute 
myocardial infarction, surgical or percutaneous myocardial 
revascularization); electrocardiographic alteration 
suggestive of myocardial ischemia (ST depression ≥ 0.05 mV 
− or negative T wave ≥ 2 mm in leads correlated to a coronary 
artery occlusion on admission and/or electrocardiographic 
evolution of an acute ischemic event, such as a new q 
wave and/or dynamic change in ST or T); high-sensitivity 
troponin T value and its evolution in the first 48 hours, 
with measurements made on the first and second days; 
ejection fraction at the echocardiogram and myocardium 
segmental deficit at the echocardiogram; blood pressure 
at admission, and risk factors for atherosclerotic disease 
and atherosclerosis-related diseases, such as peripheral 
obstructive arterial disease and stroke, systemic arterial 
hypertension, diabetes mellitus and smoking.
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To characterize the study population and perform 
the bivariate analysis, the continuous variables were 
shown as means and standard deviation, when they had 
a normal distribution, or by medians and interquartile 
ranges. The normality hypothesis was verified by the 
Kolmogorov-Smirnov test. When searching for an 
association between the obstructive coronary artery 
disease predictive variables, Pearson's chi square test 
was used for the comparison of proportions, whereas 
the Mann-Whitney test was used for the comparison 
of medians and the Student's t test for the comparison 
of the means. The variables that showed statistical 
significance of up to 10% (p < 0.10) were eligible for the 
multivariate model. The logistic regression model was 
applied. The Hosmer-Lemeshow test was used for the 
model assessment, and model performance was assessed 
through the area under the curve (AUC) of the Receiver 
Operating Characteristic (ROC) curve. The statistical 
software Stata for Windows, version 12, was used for 
the statistical analyses.

Results

Of the 149 patients, 89 (59%) had severe obstructive 
CAD. Most patients were elderly and female (Table 1).

A moderate lesion alone was observed in 9 patients 
(6%) of the 149 coronary angiograms evaluated. In most 
cases, the affected coronary artery was restricted to an 
epicardial vessel, with the right coronary artery being 
the one most frequently involved. An affected left main 
coronary artery and the involvement of three vessels 
were observed in 11 (12%) and 15 (17%) of the 89 patients, 
respectively, as described in Table 2.

Table 3 shows the detailed involvement of the 
epicardial vessels. It was observed that severe coronary 
artery disease more often affected the population with 
diabetes, peripheral obstructive arterial disease, those 
with a history of coronary artery disease and stroke.

As for the ejection fraction at the echocardiogram, 
the mean value was above 45% and in most cases, it 
was evaluated using the Teichholz method. The median 
troponin I on the first day was 0.086 ng/mL (normal 
value 0.014 ng/mL), and the interquartile range was 
0.036 and 0.201 ng/mL in patients with APE. Troponin 
was considered positive when two independent 
cardiologists classified it as suggestive of an APE-related 
acute coronary event, a fact observed in 77 patients 
(51.3%) (Table 1).

Mean systolic and diastolic blood pressures were high. 
The most often found alteration in the electrocardiogram 
was ST depression, verified in most assessed patients (53.5%).

An intracoronary thrombus was visualized in 4 (3%) 
of the 122 patients in which CA was performed during 
hospitalization. One had elevation of CK-MB mass and 
troponin, with very high values – respectively, 86 mg/mL  
(reference value of 4.54 mg/mL) and 1.29  ng/mL  
(reference value of 0.014 ng/mL) –, suggesting 
values compatible with coronary artery occlusion.  
The electrocardiogram showed ST depression of 1 mV 
in the inferior wall, V4 to V6 and ST elevation of 1 mV in 
aVR and V1. The CA showed a thrombus in the anterior 
descending artery and severe lesions in the diagonal and 
right coronary arteries.

The univariate analysis of the possible predictors of 
obstructive CAD is described in Table 4. Ischemic chest 
pain, diabetes mellitus, systemic arterial hypertension, 
history of CAD, history of obstructive peripheral arterial 
disease, stroke, ejection fraction, myocardium segmental 
deficit at the echocardiography, presence of Q wave and 
evaluation of the absolute measurement of troponin on the 
first day were associated with obstructive CAD (p < 0.1).

The variables that were included in the multivariate 
model and the independent variables of obstructive 
CAD were history of CAD (p < 0.000) and myocardium 
segmental deficit (p < 0.02), as described in Table 5.

The model performance was evaluated by the area 
under the curve (AUC) of receiver operating characteristic 
(ROC) curve, as shown in Figure 1. The AUC was shown 
to have a good discriminatory power with a C-statistics 
of 0.905 (95% confidence interval - 95%CI: 0.862-0.954).

Discussion

APE is a severe expression of acute heart failure 
(AHF) in the emergency room. It has been commonly 
interpreted in the presence of a positive necrosis marker 
as an expression of unstable coronary disease, as defined 
by Figueras et al.2 and Pena-Gil et al.6 However, it is 
known that AHF, alone, alters the marker – either CKMB 
or troponin – and therefore it is not a reliable marker for 
the diagnosis of acute coronary syndrome.7 Thus, this 
diagnosis is difficult in the absence of clear and evident 
electrocardiographic alterations of an arterial occlusion, 
such as ST-elevation with its respective classical evolution 
at the electrocardiogram.
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Table 1 – Baseline characteristics of patients with acute pulmonary edema of unclear origin

Characteristic Total (149)

Age 65.4 ± 10.2

Male gender 54 (36.2)

Previous dyspnea 118 (79.2)

Ischemic pain 30 (20.1)

Diabetes 71 (47.6)

Hypertension 121 (81.2)

Smoking 86 (57.7)

History of CAD 44 (29.5)

History of POAD 16 (10.7)

Previous Stroke 18 (12.1)

SBP on admission 171.8 ± 42.7

DBP at admission 99.6 ± 23.3

Ejection fraction 46.4 ± 14.6

Ejection fraction <40% 56 (37.6)

Segmental myocardium deficit 53 (35.6)

Creatinine> 1.2 mg% 44 (29.5)

Creatinine mg% (131 patients) 1.0 (0.8; 1.31)

BNP pg / mL (123 patients) 3.856 (1.441; 6.634)

ST depression *, in mm 54 (53.5)

ST elevation *, in mm 32 (31.7)

Negative T wave * ≥ 2 mm 44 (43.6)

Q Wave ≥ 0.03" 53 (52.5)

Positive troponin ng/mL 76 (51.0) 

Value of Troponin ng/mL (1st measurement) 0.087 (0.036; 0.201)

ECG

Atrial fibrillation 9 (6.0)

RBBB 3 (2.0)

LBBB 28 (18.8)

LVH 72 (48.3)

Results shown as n (%), mean ± standard deviation or median (P25, P75). * Among patients without left bundle branch block (101 patients). This elevation was 
not considered as acute myocardial infarction with ST-elevation, but elevation of other etiologies, such as left ventricular hypertrophy and early repolarization. 
CAD: coronary artery disease; POAD: peripheral obstructive artery disease; SBP: systemic arterial pressure; DBP: diastolic blood pressure; BNP: B-type 
natriuretic peptide; ECG: electrocardiogram; RBBB: right bundle branch block; LBBB: left bundle branch block; LVH: left ventricular hypertrophy.

The mean systolic and diastolic blood pressures were 

high in the APE population, and the majority had an 

ejection fraction above 45% (Teichholz method). As for 

the troponin values, which are indicative of a probable 

acute myocardial infarction associated with APE, were 

assessed by two independent cardiologists and these 
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Table 2 – Coronary angiography in patients with acute pulmonary edema of unclear origin

Coronary disease %

Without coronary disease 61 (41%)

Exclusive moderate CAD 9 (6%)

Moderate and severe CAD* 30 (20%)

Severe CAD 89 (59%)

ADA Lesion 46 (52%)

LMCA 11 (12%)

CX Lesion 47 (53%)

RCA Lesion 55 (62%)

* Severe CAD ≥ 70% or sub-occluded artery. CAD: coronary artery disease; ADA: anterior descending artery; LMCA: left main coronary artery; 
CX: circumflex artery; RC: right coronary artery.

Table 3 – Detailed topography of the 89 patients with severe obstructive lesions in patients with acute pulmonary 
edema of unclear origin

Coronary artery vessels n (%)

With LMCA 11 (12)

1 vessel with obstructive CAD 37 (42)

2 vessels with obstructive CAD 26 (29)

3 vessels with obstructive CAD 15 (17)

Topography

RCA (55 patients with severe lesion) 55 (62)

Proximal 20 (36)

Medium 27 (49)

Distal 13 (24)

ADA (46 patients with severe lesion) 46 (52)

Proximal 22 (48)

Ostial 9 (20)

Distal 11 (24)

Cx Artery (47 patients with severe lesion) 47 (53)

Proximal 13 (28)

Distal 23 (48)

Marginal of Cx 34 (72)

LMCA: left main coronary artery; CAD: Coronary artery disease; RCA: right coronary artery; ADA: anterior descending artery; Cx: circumflex artery.
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Table 4 – Predictors of obstructive coronary artery disease (CAD) in acute pulmonary edema of unclear origin

Predictors

Obstructive CAD 

OR (IC95%) p value

Yes (n = 89) No (n = 60)

Agea 65.9 ± 9.1 64.7 ± 11.7 1.01 (0.98-1.05) 0.459

Male gender 31 (34.8) 23 (37.7) 0.88 (0.45-1.74) 0.719

Previous dyspnea 68 (76.4) 51 (83.6) 0.63 (0.28-1.46) 0.287

Ischemic pain 25 (28.1) 5 (8.2) 3.18 (0.83-12.3) 0.093

Diabetes 53 (59.5) 19 (31.1) 3.25 (1.64-6.47) 0.001b

Hypertension 77 (86.5) 45 (73.8) 2.28 (1.00-5.25) 0.053

Smoking 54 (60.7) 33 (54.1) 1.38 (0.71-2.70) 0.346

History of CAD 40 (44.9) 4 (6.6) 11.4 (3.81-34.2) 0.000†

History of POAD 15 (16.8) 1 (1.6) 12.2 (1.56-94.7) 0.017†

Previous Stroke 16 (18.0) 2 (3.3) 6.56 (1.44-29.7) 0.015†

SBP on admissiona 170.6 ± 37.7 175.6 ± 51.8 1.00 (0.99-1.01) 0.496

DBP on admissiona 100.9 ± 24.0 99.4 ± 25.8 1.00 (0.99-1.02) 0.714

Ejection fractiona 44.1 ± 13.6 50.1 ± 15.6 0.97 (0.95-0.99) 0.018†

Myocardium segmental deficit 46 (51.7) 7 (11.5) 8.33 (3.41-20.4) 0.000†

Creatinine ≥ 1.2 mg% 32 (36.0) 12 (19.7) 2.12 (0.97-4.66) 0.060

ST depression, mmd 34 (38.2) 20 (32.8) 1.13 (0.50-2.55) 0.763

Dynamic ST depression mmd 27 (30.3) 16 (26.2) 1.17 (0.53-2.57) 0.699

ST elevation mmd 22 (24.7) 10 (31.2) 1.52 (0.40-1.79) 0.356

Q wave > 0.03"d 38 (42.7) 15 (24.6) 2.53 (1.11-5.77) 0.027†

Negative T wave mmd 30 (33.7) 14 (23.0) 1.73 (0.75-3.94) 0.194

Dynamic T waved 18 (20.2) 10 (16.4) 1.24 (0.50-3.07) 0.638

LBBB 17 (19.1) 12 (19.7) 0.89 (0.38-2.07) 0.788

LVH 34 (38.2) 24 (39.3) 0.84 (0.37-1.89) 0.672

Positive troponin ng/mL 48 (53.9) 29 (47.5) 1.29 (0.67-2.48) 0.442

Troponin (1st day) ng/m 0.11 (0.056; 0.35) 0.054 (0.025; 0.13)  2.69 (1.30-5.58) ‡ 0.008†

BNP 4.586 (1.862; 9.064) 2.223 (965; 4.960)  1.07 (1.01-1.15) // 0.047

a Mean ± standard deviation; b statistically significant association (p < 0.05); c median as reference; d in patients without left bundle branch block (101 patients); 
this elevation was not considered as acute myocardial infarction with ST elevation, but elevation of other etiologies, such as left ventricular hypertrophy and early 
repolarization; f increased chance of obstructive coronary disease at each increase of 1,000 BNP units. Results expressed as n (%), mean ± standard deviation 
and median - P25; P75. OR: odds ratio; 95% CI: 95% confidence interval; POAD: peripheral obstructive arterial disease; SBP: systemic blood pressure; 
DBP: diastolic blood pressure; LBBB: left bundle branch block; LVH: left ventricular hypertrophy; BNP: B-type natriuretic peptide.

values were not able to differentiate between obstructive 

and non-obstructive CAD. The troponin elevation 

occurred, respectively, in 63% and 48% of the cases.  

This points to the following question: were more 

than half of the patients with APE going to have 

an acute myocardial infarction? Probably not, since 

the association between APE and acute myocardial 

infarction was more expected to be found during a 
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Figure 1 – Receiver operating characteristic (ROC) curve of the multivariate predictive model of obstructive coronary disease in patients with acute 
pulmonary edema of unclear origin. 95%CI: 95% confidence interval.

Table 5 – Predictors of obstructive coronary disease in patients with acute pulmonary edema of unclear origin

Predictors ORajustada (IC 95%) p-value

Isquemic chest pain 2.48 (0.38 – 15.9) 0.339

Diabetes 2.37 (0.85 – 6.58) 0.098

Hypertension 1.70 (0.50 – 5.75) 0.392

History of CAD 13.4 (2.81 – .63.6) 0.001

History of POAD 6.76 (0.63 - 72.5) 0.114

History of  Stroke 5.62 (0.86 - 36.7) 0.071

Ejection fraction 0.97 (0.93 - 1.01) 0.100

Segmental myocardial contractility deficit 6.21 (1.92 - 20.1) 0.002

Creatinina ≥ 1.2 mg% 2.08 (0.65 – 6.62) 0.214

Q wave 1.53 (0.45 - 5.21) 0.497

Ultrasensitive troponin (1st measure ng/ml) 2.76 (0.41 – 18.8) 0.299

BNP 1.01 (0.99 - 1.03) 0.417

* Goodness-of-fit of the model: Hosmer-Lemeshow test - p = 0.378. * Area under the curve “0.905 (95%CI: 0.862-0.954)”.
CAD: coronary artery disease; POAD: peripheral obstructive arterial disease; BNP: B-type natriuretic peptide"
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myocardial infarction with ST elevation, due to the 

greater extent of myocardial involvement. In that 

study, in a target population of 256 consecutively 

admitted patients with APE, 3 (1%) had acute 

myocardial infarction with ST elevation and APE 

in the emergency room, but they were excluded 

because the etiology of APE, in this clinical context,  

is well defined.
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In the study by Figueras et al.,2 acute myocardial 
infarction with ST elevation was present in 30% of 
patients admitted with this pathology.

Classifying serial troponin measurements, increased 
in APE, as secondary to an acute coronary event is not 
reasonable in this model and brings costly consequences 
for the health system,8 since the presence of CAD in 
acute HF increases the time and costs of hospitalization, 
according Purek et al.9

It is noteworthy the fact that alterations in the 
electrocardiogram, which may suggest ischemia, such as 
changes in ST (depression) and T wave, were not part of 
the predictor model, suggesting that such changes can 
be found with or without obstructive CAD.10 This was 
verified in the series of nine cases by Littmann,11 in which 
negative and deep T waves and QT increase were not 
associated with coronary disease at the electrocardiogram 
after 24 hours of APE. One must always consider that other 
causes of ST depression may occur, such as left ventricular 
hypertrophy and drug use (such as digoxin) and, perhaps, 
the relative ischemia itself, which may occur during an 
episode of APE, where hypoxia is invariably present 
and, when associated with an increase in troponin, can be 
considered a type-2 acute myocardial infarction.10

The exact mechanism of the found alterations is 
poorly defined, attributing the electrophysiological 
responses of myocardial cells to adrenergic stimulation 
and myocardial hypoxia, which usually accompany the 
clinical condition of APE. In this series, only four patients 
underwent invasive investigation.

That study was not intended to evaluate mortality, 
but it was 15% over a one-year period – emphasizing 
that contact was established with only 48% of the study 
population. In the study by Figueras et al.,2 mortality at 
30 days was 14%. That demonstrates disease severity, 
even in the present day.

Severe valvular disease occurred in 15 cases (10%).  
It is worth remembering that no prior valvulopathy was 
known and that 11 cases (73%) had severe aortic stenosis, 
which is characteristic of the study population’s profile, 
whose mean age was 65.4 ± 10.2.

This study shows that severe obstructive coronary 
disease was present in most patients with acute 
pulmonary edema, but variables commonly used in the 
emergency room to identify its presence failed, such 
as the interpretation of troponin levels and chest pain 

preceding the clinical picture. Of course, we expect to 
find the predictors related to this condition – such as 
history of coronary disease and the segmental deficit at 
the echocardiogram – in this pathology.

Study limitations and prospects

The present study showed that obstructive coronary 
disease is prevalent in patients with APE: 59% of 
patients had some artery with severe obstructive lesion 
as demonstrated by the invasive hemodynamic study. 
Percutaneous intervention was not performed in most 
individuals with this condition, that is, increased 
troponin and obstructive CAD; as previously mentioned, 
the research was not designed to answer this question.

Moreover, considering the high frequency of troponin 
positivity in all the acute conditions affecting the heart, and 
the intersection of symptoms in the different etiologies, 
one expects a misdiagnosis when there is no specific 
marker for a given disease, such as the electrocardiogram 
in acute myocardial infarction with ST elevation and total 
atrioventricular block. This has occurred in clinical practice, 
in which symptoms associated with myocardial ischemia 
and positive troponin have elicited the request for a CA, 
interpreting the whole set as an acute ischemic syndrome.

Another limitation would be the CAD progression 
in patients who were submitted to CA in less than 
1  year and the disease occurred during this period. 
It  is  assumed, however, that any research process 
restricted to a single research center results in 
limitations, considering the differences of conduct and 
clinical interpretations found in health units.

Conclusion

In hospitalized individuals with acute pulmonary 
edema of unclear origin, prior history of coronary artery 
disease and segmental myocardial contractility deficit 
were the independent predictors of obstructive coronary 
disease. Of these two predictors, the previous history 
of coronary artery disease is the main probabilistic 
determinant, practically guaranteeing the presence of 
obstructive coronary disease. However, in the absence 
of a previous history of coronary artery disease or stroke, 
the probability of obstructive coronary disease is an 
intermediate one, being modulated by two independent 
predictors: ejection fraction and myocardial contractility 
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deficit. The value of troponin did not independently 
predict the presence of obstructive coronary disease in 
a scenario of acute heart failure, and the identification of 
the presence of obstructive coronary disease involved few 
revascularization procedures. This raises questions about 
the usefulness of pursuing the diagnosis of coronary 
disease in this clinical scenario.
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Abstract

Background: Few studies have used portable gas analyzers during the 6-minute walk test (6MWT) in patients with 
heart failure and normal ejection fraction (HFNEF).

Objectives: To analyze the kinetics of hemodynamic, ventilatory, and metabolic variables in patients with HFNEF 
during the T6m using a portable gas analyzer.

Methods: Prospective, analytical study with an intentional, non-probabilistic, convenience sample. In total,  
24 patients with HFNEF and past hospital admissions due to a clinical diagnosis of heart failure (HF) were included 
using the 2007 criteria established by the European Society of Cardiology. Three assessments were performed: 
6MWT familiarization, 6MWT with the portable gas analyzer, and cardiopulmonary exercise test (CPET).

Results: The heart rates (HRs) and the peak VO2 at the end of the 6MWT corresponded to 85.7% and 86.45% of the 
values obtained during the CPET. The final HRs after the T6m were equivalent to those obtained at the CPET anaerobic 
threshold (AT), with relative VO2 values at the end of the 6MWT above the VO2 of the CPET AT. There was no difference 
between the maximum respiratory quotient (RQ) values in these two tests, which were both above 1.0. The VE/VO2 slope 
descended initially and then ascended significantly after the fifth minute of the test, estimating the identification of the AT.

Conclusions: In patients with HFNEF, the 6MWT represents an almost maximum effort, and is performed above 
the CPET AT and 85% above the maximum HR and the CPET peak VO2, with a maximum RQ similar to that in the 
CPET. (Int J Cardiovasc Sci. 2018;31(2)143-151)

Keywords: Heart Failure; Blood Gas Analysis; Stroke Volume; Exercise; Walk Test.

Introduction

Heart failure (HF) evokes the image of a dilated 

heart with reduced systolic function and ejection 

fraction (HF with reduced ejection fraction, HFREF). 

However, the study by Burkhoff et al.1 has shown that a 

large proportion of patients with HF symptoms has an 

ejection fraction within the normal range, and are then 

classified as having HF with normal ejection fraction 

(HFNEF).2,3 The limited tolerance to physical effort in 

HF is often the first and main clinical characteristic 
of the disease.4 In the identification of this exercise 
intolerance, the 6-minute walk test (6MWT) has been 
used as an instrument to evaluate the progression after 
different interventions.5

Only a few studies have been conducted using portable 
gas analyzers to describe and analyze the behavior of 
variables in the 6MWT and possible characteristics or 
markers that may help guide the therapy and improve the 
prognosis in HF,6-10 particularly in patients with HFNEF.
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The aim of this study was to describe and analyze 
the kinetic behavior at each minute of hemodynamic, 
ventilatory, and metabolic variables in patients with 
HFNEF during the 6MWT using a portable gas analyzer, 
and to compare the findings with those obtained during 
a cardiopulmonary exercise test (CPET).

Methods

Prospective, analytical study with a non-probabilistic, 
intentional, and convenience sample, as set by the 
adopted criteria, carried out at the Hospital Universitário 
Antônio Pedro (HUAP) of the Universidade Federal 
Fluminense (UFF) between March 2010 and July 2013. 
The study project was approved by the Ethics Research 
Committee at HUAP under the number 152A/2010, and 
all participants signed an informed consent form.

The inclusion criteria adopted to characterize HFNEF 
were those described by Paulus et al.,11 in addition to 
the following factors: (A) complaints suggestive of HF 
(dyspnea, fatigue, and/or edema); (B) report of prior 
hospitalization due to decompensated heart disease, but 
at the moment of the test presenting with a functional 
class II to III according to the New York Heart Association 
(NYHA); (c) age > 18 years; (d) disease duration greater 
than 6 months; (e) use of medication; and (F) stable disease.

The exclusion criteria adopted were: (A) chronic 
obstructive pulmonary disease (COPD) based on 
clinical criteria, (B) functional class IV or other criteria 
contraindicating the CPET,12 and (C) participation in 
supervised cardiac rehabilitation programs.

The patients were instructed to maintain the current 
medications. The tests comprised three moments: 
conventional 6MWT (6MWT1), 6MWT coupled to a 
portable gas analyzer (6MWT2), and CPET on a treadmill. 
Due to a matter related to the hospital's flow, some 
patients were first assigned randomly to the 6MWT and 
others to the CPET.

The 6MWT was performed in a hallway with an 
extension of 30 meters. The first 6MWT (6MWT1) had 
a learning effect as objective, as recommended in the 
literature.6 The second 6MWT (6MWT2) was performed 
at least 3 days and no more than 3 weeks after the first, 
when the patients repeated the 6MWT, but this time they 
were connected to a portable gas analyzer. The maximum 
interval between the 6MWT and the CPET was also 
3 weeks. Both the 6MWT and the CPET were scheduled 
by the same evaluator and applied by the same team to 
avoid application variability.

We used for the assessments the metabolic analyzer 
MedGraphics (MGC) VO2000 (Imbrasport, Porto 
Alegre, RS, Brazil), the system Ergo PC Elite 13, and 
the treadmill Centurion 300 (MicroMed, Brasília, DF, 
Brazil). The gas analyzer was calibrated before each 
test by the autocalibration system in a ventilated 
environment. The biological control of the calibration was 
performed monthly and the control by the equipment's 
representative (CAEL, Rio de Janeiro, RJ, Brazil) was 
conducted every 3 months.

In the CPET, each patient underwent a 2-minute 
baseline collection followed by a 1-minute warm-up at 
1 km/h and 0º slope before starting the ramp protocol. 
In order to analyze and assess the CPET variables, 
we used the software ErgoPCElite for Windows 13W 
(MicroMed, Brasília, DF, Brazil). The perceived exertion 
(PE), assessed by the Borg scale (variation 0-10), and the 
hemodynamic and electrocardiographic variables were 
recorded at every minute. During the recovery phase, 
the patient remained seated. Two referees analyzed the 
report of the test to obtain the following information: 
VE/VCO2 slope value, presence of oscillatory breathing 
(OB), and establishment of the ventilatory threshold I, 
referred from now on as the anaerobic threshold (AT). 
In order to determine the AT, we used the curves of the 
ventilatory equivalents of the VO2 and VCO2, in addition 
to the curves of VO2 and VCO2 expired fractions, as 
recommended by the CPET guideline of the American 
Heart Association (AHA).13

The evaluations were performed while the patients 
maintained the use of their usual medications, during 
the same time of the day, and at least 2 hours after the 
last meal. Peak VO2 was defined as the highest VO2 
value obtained up to the final 30 seconds or 10 seconds 
into the immediate recovery. In order to determine 
the occurrence of OB and the value of the VE/VCO2 
slope, we followed the AHA guideline13 and the 
recommendations by Guazzi et al.14 Since spirometry 
was not performed, the ventilatory reserve was 
not considered in the analysis. Only one CPET was 
performed, as recommended by Scott et al.15

The maximum estimated heart rate (HR) was obtained 
using the formula by Tanaka et al.16 and was used to 
calculate the chronotropic index.

During the 6MWT, we recorded the HR (Polar 
monitor, model T31, Oulu, Finland) at each minute, 
along with the PE according to the Borg scale and the 
capillary O2 saturation using a pulse oximeter (Onyx, 
Minneapolis, MN, USA).
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Table 1 – Clinical characteristics of the study population

Variables n = 24 %

Sex
male 7 29.2

female 17 70.8

Mean SD

EF (%) 64.7 8.2

Weight (kg) 84.3 16.6

Height (cm) 160.2 7.4

BMI 32.9 6.7

Waist (cm) 104.4 13.3

Hip (cm) 110.8 11.6

W/H 0.944 0.086

Age (years) 59.6 10.2

Abbreviations: EF: ejection fraction; BMI: body mass index; W/H: waist-to-hip ratio; SD: standard deviation.

In order to analyze the gases expired during the 6MWT 
and obtain the values of the variables, we used the same 
VO2000 in a portable mode connected wirelessly to a 
computer. We used the software Aerograph, version 4.3 
(Imbrasport, Porto Alegre, RS, Brazil), which organized 
the data for later analysis.

During the 6MWT, the patient connected to the gas 
analyzer remained seated for 4 minutes and 30 seconds. 
After the values of the variables were collected during this 
resting period, the patient stood up for 30 seconds before 
initiating the 6MWT, which was performed according to 
the guidelines of the American Thoracic Society (ATS).5

All patients completed the 6 minutes of walk. The gas 
analysis ended after the fifth minute of recovery. 
The maximum blood pressure (BP) considered in the 
analysis was the one obtained immediately after the 
effort, i.e., after the sixth minute of the walk when 
the patient sat down and the BP was then measured 
between 30-40 seconds during recovery.

Statistical analysis

The numerical data are expressed as mean ± standard 
deviation (SD) since all the variables included had 
an approximately normal distribution (p value of the 
Kolmogorov-Smirnov test > 0.05). Categorical data are 
expressed as frequency (n) and percentage (%).

The variation of the hemodynamic, metabolic, 
and ventilatory measurements between the tests 
(assessments) CPET and 6MWT were analyzed by 
Student's t test for paired samples.

A descriptive graphic analysis was performed, 
presenting the mean and SD values of the measurements 
obtained at each minute of the variables HR and VO2, 
indicating, for each one of these variables, the maximum 
CPET values and values equivalent to the AT.

In order to evaluate the correlation levels between the 
6MWT distance and the peak VO2 and CPET peak VO2, 
we used Pearson's correlation coefficient (r).

We adopted a significance level of 5%. The statistical 
analysis was performed using the software SAS 6.11 (SAS 
Institute, Inc., Cary, NC, USA).

Results

A total of 24 patients were evaluated. Of these,  
22 underwent both tests (CPET and 6MWT) while two 
underwent only the CPET; thus, the comparison between 
the CPET and 6MWT included only data of 22 patients. 
Table 1 shows the baseline characteristics of the study 
population. There was a predominance of the female 
gender (70.8%) and obesity (58.3%). Hypertension was 
present in 100.0% of the patients.
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Most patients (70.8%) used beta-blockers. The profile 
of the medications used by the patients showed the usual 
therapeutic approach for hypertension: beta‑blockers, 
angiotensin-converting enzyme inhibitors (25.0%) 
or angiotensin receptor blockers (54.1%), calcium 
channel blockers (37.5%), thiazides (29.1%), and 
vasodilators (48.5%).

A stratification of the patients according to the results 
of the CEPT and following the classification by Weber17 
showed a higher percentage of patients categorized as 
class B (30.4%).

The patients had a mean E/E' of 15.9 ± 4.3, which 
fulfilled one of the criteria for diagnosis of HFNEF.11

The mean walked distance was 419.2 ± 76.5 meters 
during the 6MWT1 and 446.2 ± 67.7 meters during the 
6MWT2, with a significant difference between both 
groups (p = 0.002).

Table 2 shows the maximum values of the variables 
obtained in the 6MWT2 and in the CPET. There was no 
difference between the maximum respiratory quotient 
(RQ) values of the two tests, and their maximum 
values were greater than 1.0. The results showed 
increased values at the end of the 6MWT2 (1.04), and 
of 22 patients who underwent the 6MWT2, 11 had 
an RQ ≥ 1.0 (50% of the group). Of these 11 patients,  
7 obtained an RQ ≥ 1.10 (31.8% of the sample).

Since BP measurement during the 6MWT was not 
feasible, BP was only measured in the baseline condition 
and immediately after the 6MWT. Considering that 
prior spirometry was not performed, other ventilatory 
parameters were not assessed.

The longitudinal analysis of the HR during the 6MWT2 
showed that the group reached stable HR values after the 
second minute of the 6MWT2 (T3). The maximum HR 

Table 2 – Maximum variables obtained in the 6-minute walk test (6MWT) and the cardiopulmonary exercise test (CPET) (n = 22)

Mean values - 6MWTversus CPET

6MWT SD CPET SD p < 0.05

Max SBP 187.04 26.60 215.3 27.4 0.002

Max DBP 97.80 13.7 104.1 16.0 0.09

Max DP 20951 5497 27524 6130 0.0004

CircPot 2533 957 3462 1266 0.002

Max HR 110.9 18.1 125.4 19.6 0.004

HR1Rec 23.1 10.1 17.2 10.1 0.035

ChronI 0.42 0.2 0.57 0.1 0.002

O2 pulse 10.5 3.6 10.5 3.5 0.95

Max RQ 1.06 0.24 1.08 0.09 0.47

VE/VCO2 slope 22.3 4.8 23.2 4.4 0.10

VP 8.31 1.92 9.59 2.11 0.0002

Peak VO2 (mL.kg-1. min-1) 13.8 4.1 15.9 5.4 0.025

T1/2 61.4 16.5 111.2 25.7 0.0001

OUES 1.26 0.74 1.34 0.59 0.10

AT VO2 11.76 3.79

Max SBP: maximum systolic blood pressure; Max DBP: maximum diastolic blood pressure; Max DP: maximum double product; 
CircPot: circulatory power; Max HR: maximum heart rate; HR1Rec: heart rate in the first minute of recovery; ChronoI: chronotropic index; 
O2 pulse: oxygen pulse (mL.kg-1.min-1/bpm); Max RQ: maximum respiratory quotient; VE/VCO2 slope: ventilation minute to carbon dioxide 
production ratio; VP: ventilatory power; peak VO2 (mL.kg-1. min-1): oxygen consumption peak; T1/2: time (in seconds) of the recovery kinetics 
of oxygen consumption up to half of the value of peak effort; OUES: oxygen uptake efficiency slope; AT: anaerobic threshold; 6MWT2: second 
6-minute walk test; CPET: cardiopulmonary exercise test; SD: standard deviation. All heart rate values are represented in beats per minute.
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during the 6MWT2 (108.9 bpm) was similar to the HR 
at the CPET AT (108 bpm), shown by the dashed line 
(Figure 1), and 85.7% compared with the CPET maximum 
HR (126 bpm), highlighted in the Figure.

The longitudinal progression of the relative VO2  
(mL.kg-1.min-1) during the 6MWT2 in the study 
participants is shown in Figure 2. Note in the dashed line 
the VO2 value of the CPET AT (11.76 mL.kg-1. min-1) and 
in the highlighted area, the value of 15.9 mL.kg-1. min-1 
of the CPET peak VO2 (Figure 2).

The longitudinal progression of the production of 
carbon dioxide (VCO2) during the 6MWT2 occurred in a 
similar way to that of the VO2, reaching maximum values 
in the 6MWT2 of 11.5 mL.kg-1.min-1 (not displayed).

Pearson's correlation (r) levels found between the 
maximum walked distance in the 6MWT2 with the 
peak VO2 obtained in the same test and between the 
walked distance with the CPET peak VO2 were r = 0.528 
(p = 0.014) and r = 0.532 (p = 0.013), respectively.

Discussion

A review of the literature on the subject of this study 
– 6MWT and HFNEF – has shown that most studies in 
this area are focused on HFREF. Therefore, it became 
difficult to compare the results found in the present 
study, which included patients with HFNEF, with data 
from the literature. Due to that, the discussion below will 
be based on similar results found in studies with HFREF.

Riley et al.,6 Foray et al.,7 Faggiano et al.,8 and 
Kervio et al.10 analyzed the kinetics of variables using a 

portable gas analyzer and demonstrated that the kinetics 
and other cardiovascular parameters are decreased in 
HFREF in response to the effort imposed by the 6MWT. 
However, no studies have described how the kinetics of 
patients with HFREF respond during this test.

Among the study patients, there was a predominance 
of patients of the female gender, with hypertension, 
and with an increased body mass index (BMI),3,11 
characteristics that confirm the typical clinical profile of 
patients with HFNEF.

The average distance walked is within the values 
that indicate a good prognosis, i.e., above 300 meters.5,18  
A significant percentage (81.81%) equaled or increased in 
the 6MWT2 the distance walked during the 6MWT1 but 
did not obtain values of clinical significance, i.e., above 
50 meters.5 This reinforces the importance of conducting 
at least one learning and familiarization test due to a 
potential influence on the results of the 6MWT.6,19

The distances obtained are aligned with the average 
values found in studies with patients with HFREF, 
such as those by Kervio et al.10 (452.6 ± 18.7 meters), 
Faggiano et al.8 (419 ± 120 meters), and Guimarães et al.9  
(470 ± 48 meters).

The correlation levels found between the 6MWT2 
and the peak VO2 in the 6MWT1 and with the CPET 
peak VO2 are aligned with findings in the literature, 
despite some discrepancies. Some authors report a good 
correlation between the distance of the 6MWT and the 
peak VO2, with an average of 0.73 in patients with HF6,19 
(all with HFREF). Riley et al.6 found a high correlation 
(r = 0.63), whereas Lucas et al.20 and Roul et al.21 found a 
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low correlation with the walked distance in the 6MWT 
(r = 0.28 and r = 0.24, respectively). Such discrepancies 
could be attributed to different methodologies of the 
6MWT and the type of ergometers used.

The HFREF studies found in the literature assessing 
the 6MWT with portable gas analyzers and performed in 
a hallway were: Riley et al.,6 Foray et al.,7 Faggiano et al.,8 
and Kervio et al.10 Guimarães et al.9, in turn, used the 
gas analyzer during two 6MWT tests performed on a 
treadmill, also in patients with HFREF.

In regards to HR parameters, the study group 
showed more stable values after the second minute 
of the 6MWT (T3). Kervio et al.10 highlight that earlier 
achievement of a stable state reflect better clinical 
conditions and, therefore, less severe ones.

The HR at the end of the 6MWT was 85.7% of the 
CPET maximum HR, which is similar to the percentage 
values of the peak VO2 in the 6MWT in relation to the 
CPET peak VO2.

It is noteworthy that the final HR in the 6MWT was 
similar to the HR in the CPET AT, reinforcing that the 
6MWT represents an intense effort, carried out at the 
level of or above the CPET AT in patients with HF.6-8,10

Despite the authors’ claim that patients with 
HFNEF present HR alterations in the first minute of 
recovery (HR1Rec)22 and the fact that there are no data 
in the literature related to the 6MWT, if we consider 
the recommended value of 12 bpm, this value was 
within the normal limits both in the T6M as well as 
in the CPET.23

The chronotropic index analysis demonstrated a 
chronotropic incompetence, even if we consider the use 
of beta-blockers (normal > 0.60), both in relation to the 
6MWT as well as to the CPET, as found in the literature.24

The maximum O2 pulse in the 6MWT and the CPET 
showed no difference between the two tests, yielding 
reduced pulse O2 values in relation to the predicted 
one (< 85%), around 70%, and with absolute values 
below 12 mL.kg-1.min-1/bpm, which is considered of 
poor prognosis.25

In relation to the two ventilatory variables analyzed, 
no difference in the VE/VCO2 slope was observed. 
The VE/VCO2 slope values are within the values cited 
as indicative of good prognosis (< 30),13 and this fact 
associated with the lack of difference between the two 
tests can reinforce the prognostic ability of the 6MWT. 
The ventilatory power (VP) analysis also showed a 
difference between the two tests, with higher values for 
the CPET. The VP, which combines the response of the 
SBP with the VE/VCO2 slope (VP = SBP x VE/VCO2 

slope)26 showed a difference probably due to the higher 
SBP in the CPET. However, good prognosis values  
(> 3.5) were observed for both tests.26

The RQ is a criterion to obtain intense (> 1.0) or 
maximum effort in exercises of increasing intensity 
(> 1.15).13 There was no difference between the maximum 
RQ values between the two tests. The data found here 
are in agreement with those found by Kervio et al.,10 who 
consider the RQ in the 6MWT as reflecting intense effort. 
Both in the population with HFREF10 and in patients with 
HFNEF in the study, 50% of each sample obtained an 
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RQ > 1.0. Other authors agree and claim that the greater 
the functional deficiency of the studied cohort, the more 
the 6MWT would be executed close to the maximum.6-8

In the analysis of the VE/VO2, the curve first 
descended and then ascended, which became 
significant after the fifth minute of the test (T6 and T7). 
Such progression is one of the criteria used to identify 
the CPET AT.13,24 When this concept is transferred to the 
6MWT, it confirms that it represents an effort similar 
to or slightly above the AT.

In regards to the VE/VCO2, the values stabilized after 
the second minute of effort (T3), with peak values slightly 
above those of the CPET AT (24.5 ± 3.1 in the 6MWT 
versus 23.6 of the CPET AT).The VE/VCO2 stabilized in 
values that do not reflect ventilatory inefficiency.

The relative VO2 in the 6MWT showed stable values 
and its progression in patients with HFNEF did not 
differ from that found in similar studies in patients 
with HFREF, both in terms of progression during the 
6MWT as well as in regards to the percentages obtained 
in relation to the CPET:6-8,10 it reached values above the 
VO2 corresponding to the CPET AT and of significant 
percentages of the CPET peak VO2 (86.45%).

The variable VCO2 tended to stabilize after T5 (the 
fourth minute of the 6MWT), which contrasts with the 
data presented by Kervio et al.,10 in which this variable 
did not reach a stable state until the end of the 6MWT in 
patients with HFREF.

The patients with HFREF in the study by Kervio et al.10 
performed their 6MWT above the relative VO2 of the 
CPET AT, which is aligned with findings in patients with 
HFNEF in this study. The VO2 at the CPET AT obtained 
by Kervio et al.10 (11.7 ± 0.6 mL.kg-1.min-1) is also very 
similar to that found in this study (11.76 mL.kg-1.min-1).

It is interesting to note that 7 out of 22 patients in the 
present study had peak VO2 in the 6MWT equal to or 
greater than the CPET peak VO2, representing 31.8% 
of the total sample. This percentage value is aligned 
and supersedes those by Faggiano et al.8 (27.0%) in a 
HFREF population.

The high intensity of the 6MWT for patients with HF 
is reinforced by findings from the study by Kervio et al.,10 
Faggiano et al.,8 and Foray et al.,7 which demonstrated 
that the 6MWT leads to a demand above 85% of the values 
of the CPET relative peak VO2.

Faggiano et al.8 found a peak VO2 at 86% of the CPET, 
which represented 73.0% of the VO2 of the CPET AT.  
The present study showed similar percentages in 

relation to the CPET, but the VO2 at the CPET AT 
presented higher percentages, corresponding to 85.03% 
of the peak VO2 in the 6MWT in patients with HFNEF. 
Guimarães et al.9 analyzed the results of a single 
CPET and 6MWT on a treadmill, with the participants 
connected to a gas analyzer and, using an incentive, 
found a peak VO2 at 90% of the CPET.

The values of the CPET relative peak VO2 are aligned 
with the findings by Guazzi et al.27 These authors 
found CPET peak VO2 values of 15 mL.kg-1.min-1 in 
HFNEF patients.

The oxygen uptake efficiency slope (OUES) showed 
lower values in the 6MWT, but no difference in values 
was observed between the 6MWT and the CPET. 
Although the literature indicates that reduced values in 
both HFREF and HFNEF,13 the HFNEF patients evaluated 
obtained values above 1.2, which are considered to be of 
poor prognosis.28

The metabolic variable with the most difference was 
the kinetics of oxygen consumption during recovery 
(T1/2), which showed a significantly greater recovery 
time in the CPET. The T1/2 values in the 6MWT 
did not fulfill the criteria of poor prognosis.13,24,29 
Considering that the value of 90 seconds29 in the CPET, 
the study participants exceeded this value.

Conclusion

There is an actual possibility of patients with HFNEF 
to be are able to perform a 6MWT at maximum or 
almost maximum intensity. This estimate is based on 
the following observations: high percentages obtained 
in peak values in the 6MWT in relation to the maximum 
value of the variables HR (85.7%) and relative VO2 (86.4%) 
in the CPET, similar RQ values, similar peak VO2 values 
in the 6MWT and at the CPET AT, and the progression 
of the VE/VO2, which after reaching a nadir, showed a 
trend to curve upward.

It should be noted that in relation to the reviewed 
studies, all conducted in patients with HFREF, the 
assessed variables in HFNEF showed, on average, an 
equal profile during the 6MWT.

Study limitations

Some limitations in this study are identified:

•	 Reduced size of the study sample. Further studies 
with an increased number of patients are suggested 
to validate some of the conclusions.
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•	 The predominance of the female gender and 
overweight/obesity, characteristic of HFNEF, may 
have influenced the variables related to functional 
capacity in both 6MWT and CPET.

•	 The peripheral determinants of peak VO2, such 
as the oxygen transportation system or changes 
in peripheral muscles, were not considered in the 
functional assessment.

•	 The use of beta-blockers and other medications may 
have influenced the interpretation of variables that 
integrate HR or BP in their calculation.
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Abstract

Background: The choice between percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) 
remains controversial.

Objective: To conduct a meta-analysis of randomized studies comparing drug-eluting stents (DES) and CABG in 
multivessel disease or obstruction of the left main coronary artery.

Method: Electronic databases were searched systematically to evaluate results of randomized trials comparing PCI with 
DES versus CABG in multivessel disease and obstruction of the left main coronary artery. Ten studies were identified.

Results: In the aggregated results (n = 9268), mortality at 30 days and incidence of stroke favored PCI (0.8% versus 1.5%,  
p = 0.005; 0.4% versus 1.5%, p < 0.0001, respectively). There was no difference in mortality at 1 year (3.4% versus 3.5%, 
p = 0.50). The late mortality favored CABG (10.1% versus 8.5%, p = 0.01). In patients with diabetes derived from four 
studies (n = 3830), late mortality favored CABG (12.5% versus 9.7%, p < 0.0001). In six studies of left main coronary artery 
obstruction (n = 4700), the incidence of stroke favored PCI (0.3% versus 1.5%, p < 0.001) and there was no difference in 
mortality at 30 days (0.8% versus 1.3%, p = 0.15), mortality at 1 year, or late mortality (8.1% versus 8.1%). The subgroups 
with high SYNTAX score and diabetes were those influencing most strongly and adversely the PCI results.

Conclusion: When compared with PCI, CABG was superior in regards to late mortality and inferior in regards 
to 30-day mortality and incidence of stroke. Diabetes and SYNTAX score strongly impacted the results. (Int J 
Cardiovasc Sci. 2018;31(2)152-162)

Keywords: Myocardial Revascularization; Drug Eluting Stents; Randomized Controlled Trials as Topic; Meta-Analysis.
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Introduction

Percutaneous coronary intervention (PCI or angioplasty) 

and coronary artery bypass grafting (surgery or CABG) 

are well-accepted, safe, and effective alternatives in the 

treatment of coronary insufficiency. A large number of 

randomized clinical trials has been published comparing 

both procedures.1-12 In light of these studies, there seems to 

be a slight superiority of surgery over PCI in the ability to 

reduce anginal symptoms and a significant difference in its 

ability to prevent new revascularization procedures. Such 

studies are generally undersized to evaluate outcomes like 

death, stroke, and acute myocardial infarction (AMI).

The objective of this study was to perform a meta-analysis 

of randomized clinical trials comparing PCI and CABG in 

multivessel disease and obstruction of the left main coronary 

artery in the era of drug-eluting stents, with emphasis on 

mortality and stroke.

Methods

Randomized studies comparing PCI with drug-eluting 

stents versus CABG in multivessel lesions and/or obstruction 

of the left main coronary artery published between January 

2002 and November 2016 were searched in the databases 

MEDLINE and Cochrane Library, and in bibliographical 
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references of reviews published on the subject. The date 
of January 2002 was chosen as the initial period since 
drug‑eluting stents began to be established as a therapeutic 
method after that. Clinical trials were included in the review 
if they were randomized, had compared surgery and 
coronary angioplasty, used drug-eluting stents, involved 
exclusively multivessel disease or left main coronary artery 
obstruction, had a minimum follow-up of 1 year, and were 
published in international journals with an impact factor 
> 2.0. We used the following terms in the search: coronary 
artery bypass surgery, coronary stents, and randomized controlled 
trials. Studies exclusively using balloon or bare-metal stents, 
or which assessed predominantly one-vessel disease were 
not included. Studies using drug-eluting and bare-metal 
stents1,4 were included as studies of the drug‑eluting stent 
era. Works resulting from observational studies (registries) or 
only published as meetings proceedings were not considered. 

We identified 10 randomized studies that satisfied the 
requirements: LE MANS,1 SYNTAX,2-3 CARDia,4 Boudriot 
et al.,5 PRECOMBAT,6 VA CARDS,7 FREEDOM,8 BEST,9 
NOBLE,10 and EXCEL.11 Three authors (PJNA, BAAF, and 
JLAAF) evaluated the studies, which were all considered 
to be of high quality.

The main outcomes of interest were mortality and 
stroke. The incidence of AMI was not evaluated because the 
definition of this event varied widely in the studies. We also 
did not evaluate the incidence of new revascularization, 
because the superiority of surgery on this outcome is well 
established. Mortality was divided into early mortality, 
mortality at 1 year, and late mortality. Early mortality 
was defined as death occurring up to 30 days after the 
procedure, including deaths occurring after randomization 
but before the procedure. This mortality was obtained from 
seven studies, whereas three studies did not provide this 
information.2,4,7 Mortality at 1 year was defined as death 
occurring up to 1 year after the procedure, including 
early mortality. This mortality was obtained from nine 
studies, while one study did not provide such information.9 
Late mortality was defined as death recorded at the end 
of follow-up, after at least 3 years. This mortality was 
obtained from eight studies, six of which performed a 
follow-up for 5 years, one for 3 years2 and one for 10 years.1 
We were unable to obtain this information from two 
studies.5,7 For the incidence of stroke, we considered the 
events occurring up to 1 year after the procedure. In eight 
studies, we obtained the results up to 30 days and in one 
of them,2 up to 1 year, while in one of the studies, this 
information was unavailable.9 We evaluated separately 
the results of studies in the left main coronary artery and 

late mortality in the subgroup of patients with diabetes.  

We also performed analysis of combined major adverse 

cardiac and cerebrovascular events (MACCE) and 

assessed the variables age, gender, presence of diabetes, 

SYNTAX score, and compromised ejection fraction in 

subgroups based on data published in five trials.2,4,6,8,9 

Combined  MACCE comprised death, AMI, and new 

revascularization in two of these trials,6,9 and death, AMI, 

and stroke in the remaining ones.

In order to aggregate the outcomes of mortality and stroke, 

as well as those of MACCE (in subgroups), we considered 

whenever possible the absolute number of events and the 

number of patients followed up. Otherwise, percentages were 

transformed into absolute numbers.

Statistical analysis

We measured the relative risk and the risk difference 

after grouping the results of each outcome. In order to assess 

the statistical significance of the differences between the 

drug-eluting stent and the surgery groups, we performed 

a meta-analysis using the Mantel-Haenszel method, with 

a fixed-effect model. We calculated the heterogeneity of 

the studies using Cochran's Q test and the significance of 

the measure of the meta-analytic effect using the Z test. 

The differences between the results in the stent and CABG 

groups were considered significant if p < 0.05.

The statistical analyses were performed using the 

program Review Manager (RevMan), version 5.3 

(Copenhagen: The Nordic Cochrane Centre, The Cochrane 

Collaboration, 2014).

In order to represent the heterogeneity of the studies, we 

constructed Forest plots. We used the risk difference to plot 

these graphs since this is a more stable index. We refrained 

from using odds ratio or relative risk due to the inclusion of 

some clinical trials with zero or near zero events.

Results

Characteristics of the trials are shown in table 1

The studies included a total of 9268 patients (4642 in 

the stent group and 4626 in the CABG group). The mean 

age of the patients was 64 years, 75% were male, 51% 

were diabetic, 24% were smokers, 64% were hypertensive, 

and 31% had unstable angina. The mean ejection fraction 

(reported in seven studies) was 59%, the mean EuroSCORE 

(reported in five studies) was 2.9, and the mean SYNTAX 
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Study or Subgroup
Stent

Events Total Events Total
CABG

Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI M-H, Fixed, 95% CI

–0.2 –0.1 0.20 0.1
Favours stent Favours CABG

Heterogeneity: Chi2 = 3.65, df = 6 (p = 0.72); I2 = 0%
Test for overall effect: Z = 2.83 (p = 0.005)

Total events 26 51

BEST 2015 3 438 7 442 9.7% –0.01 [–0.02, 0.00]
Boudriot et al. 2011 0 100 1 101 2.2% –0.01 [–0.04, 0.02]
EXCEL 2010 9 948 10 957 21.9% –0.00 [–0.01, 0.01]
FREEDOM 2012 8 953 15 947 20.9% –0.01 [–0.02, 0.00]

NOBLE 2016 2 592 7 592 13.0% –0.01 [–0.02, 0.00]

Subtotal (95 CI) 3383 74.7%3392 –0.01 [–0.01, –0.00]
PRECOMBAT 2011 4 300 9 300 6.6% –0.02 [–0.04, 0.01]

LE MANS 2008 0 52 2 53 1.2% –0.04 [–0.10, 0.02]

Figure 1 – Mortality at 30 days: stent versus coronary artery bypass grafting.
The size of the squares is proportional to the number of patients. The bars represent 95% confidence intervals. The diamond represents the synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; LE MANS: Left Main Coronary Artery Stenting; FREEDOM: Future Revascularization 
Evaluation in Patients with Diabetes Mellitus; BEST: Bypass Surgery and Everolimus-Eluting Stent Implantation in the Treatment of Patients 
with Multivessel Coronary Artery Disease; PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery versus Angioplasty Using 
Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL: Coronary Artery Bypass Surgery for Effectiveness of Left Main 
Revascularization; NOBLE: Nordic-Baltic-British Left Main Revascularization; Boudriot: study by Boudriot et al.: J Am Coll Cardiol. 2011; 57: 538-545. 
Graph obtained using the software Review Manager (RevMan), version 5.3.
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score (reported in seven studies) was 26. In regards to the 
number of affected vessels, 7% affected only two vessels, 43% 
affected only three vessels, and 50% presented obstruction of 
the left main coronary artery, associated or not with disease 
in other vessels. Some characteristics of the studies deserve 
special mention: the LE MANS1 used drug-eluting and 
bare-metal stents, reserving the drug-eluting stents for left 
main coronary arteries with a reference diameter < 3.8 mm; 
CARDia4 used initially bare-metal stents and only assessed 
patients with diabetes and multivessel disease; SYNTAX2 
evaluated left main coronary artery obstruction and 
multivessel disease and used first‑generation drug-eluting 
stents (TAXUS); FREEDOM8 and VA CARDS7 exclusively 
assessed patients with diabetes and multivessel disease; 
BEST9 evaluated patients with multivessel disease and used 
only everolimus-eluting stents; the study by Boudriot et al.5 
evaluated left main coronary artery obstruction and used 
only sirolimus-eluting stents; EXCEL11 evaluated left main 
coronary artery obstruction and used only everolimus-
eluting stents; NOBLE10 evaluated left main coronary artery 
obstruction and used mostly a biolimus‑eluting stent.

Outcomes

The outcomes are summarized in Figures 1 to 6. 
The incidence of stroke up to 1 year had a low heterogeneity 
(I2 = 0). The results favored PCI (0.4% versus 1.5%, 
p < 0.00001). In regards to 30-day mortality, the studies 

showed low heterogeneity (I2 = 0) and favored the stent 
group (0.8% versus 1.5%, p = 0.005). As for mortality up to 
1 year, the studies presented low heterogeneity (I2 = 0%) 
and no difference between the groups (3.4% versus 3.5%, 
p  =  0.50). In late mortality, the studies showed low 
heterogeneity (I2 = 0%) and favored CABG (10.1% versus 
8.5%, p = 0.01). After exclusion of patients with diabetes 
from four studies (SYNTAX,2 FREEDOM,8 BEST,9 and 
CARDIa4), the differences in late mortality tended to 
disappear (8.5% versus 8.1%, p = 0.6).

In the six studies evaluating left main coronary 
artery obstruction (LE MANS,1 SYNTAX LEFT MAIN,12 
PRECOMBAT,6 EXCEL,11 NOBLE,10 and the study by 
Boudriot et al.5) totaling 4700 patients, there was no 
difference in mortality at 30 days (0.8% versus 1.4%, 
p  =  0.15), 1 year (3.0% versus 3.7%, p  =  0.18), or in late 
mortality (8.1% versus 8.1%). There was a significant 
difference in favor of the stent group in the incidence of 
stroke (0.3% versus 1.5%, p < 0.0001).

Four studies reported late mortality in patients with 
diabetes (SYNTAX,3 CARDIa,4 FREEDOM,8 and BEST9). In the 
combined results (n = 3223), mortality up to 5 years was 12.5% 
in the stent group versus 9.7% in the surgery group (p < 0.0001).

Five studies provided the outcomes of the late incidence of 
combined adverse events (MACCE) divided into subgroups, 
which are represented in Figure 7. The combined MACCE 
outcomes in these subgroups (Figure 7) show that a SYNTAX 
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–0.2 –0.1 0.20 0.1
Favours stent Favours CABG

Heterogeneity: Chi2 = 7.31, df = 8 (p = 0.50); I2 = 0%
Test for overall effect: Z = 0.25 (p = 0.080)

Total events 143 145
Subtotal (95% CI) 4191 70.3%4138 –0.00 [–0.01, 0.01]

Boudriot et al. 2011 2 100 5 101 1.7% –0.03 [–0.08, 0.02]
CARDIa 2010 8 254 8 246 4.2% –0.00 [–0.03, 0.03]
EXCEL 2010 38 948 38 948 16.0% –0.00 [–0.02, 0.02]
FREEDOM 2012 32 953 30 953 16.1% –0.00 [–0.01, 0.02]

NOBLE 2016 9 592 17 592 10.0% –0.01 [–0.03, 0.00]
PRECOMBAT 2011 6 300 8 300 5.1% –0.01 [–0.03, 0.02]
SYNTAX LM 2009 39 891 30 849 14.7% 0.01 [–0.01, 0.03]
VA-CARDIS 2013 8 101 5 97 1.7% 0.03 [–0.04, 0.10]

LE MANS 2008 1 52 4 52 0.9% –0.06 [–0.14, 0.02]

Study or Subgroup
Stent

Events Total Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI
CABG

Events Total M-H, Fixed, 95% CI

Figure 2 – Mortality at 1 year: stent versus coronary artery bypass grafting.
The size of the squares is proportional to the number of patients. The bars represent 95% confidence intervals. The diamond represents the synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; SYNTAX: Synergy between PCI with Taxus and Cardiac Surgery; CARDia: Coronary Artery 
Revascularization in Diabetes; LE MANS: Left Main Coronary Artery Stenting; FREEDOM: Future Revascularization Evaluation in Patients with 
Diabetes Mellitus; VA CARDS: Coronary Artery Revascularization in Diabetes; BEST: Bypass Surgery and Everolimus-Eluting Stent Implantation 
in the Treatment of Patients with Multivessel Coronary Artery Disease; NOBLE: Nordic-Baltic-British Left Main Revascularization; Boudriot: study 
by Boudriot et al.: J Am Coll Cardiol. 2011; 57: 538-545. Graph obtained using the software Review Manager (RevMan), version 5.3.

–0.2 –0.1 0.20 0.1
Favours stent Favours CABG

Heterogeneity: Chi2 = 6.85, df = 7 (p = 0.44); I2 = 0%
Test for overall effect: Z = 2.58 (p = 0.010)

Total events 435 353
Subtotal (95% CI) 4292 70.9%4175 0.02 [0.00, 0.03]

BEST 2015 28 437 22 440 7.3% 0.01 [–0.02, 0.04]
CARDIa 2010 35 254 31 248 4.2% 0.01 [–0.05, 0.07]
EXCEL 2010 71 913 53 903 15.2% 0.02 [–0.00, 0.04]
FREEDOM 2012 114 894 83 859 14.7% 0.03 [0.00, 0.06]

NOBLE 2016 36 592 33 592 9.9% 0.01 [–0.02, 0.03]
PRECOMBAT 2011 17 279 23 275 4.6% –0.02 [–0.07, 0.02]
SYNTAX LM 2009 123 871 92 805 14.0% 0.03 [–0.00, 0.06]

LE MANS 2008 11 52 16 53 0.9% –0.09 [–0.26, 0.08]

Study or Subgroup
Stent

Events Total Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI
CABG

Events Total M-H, Fixed, 95% CI

Figure 3 – Late mortality: stent versus coronary artery bypass grafting.
The size of the boxes is proportional to the number of patients. The bars represent 95% confidence intervals. The diamond represents the synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; SYNTAX: Synergy between PCI with Taxus and Cardiac Surgery; CARDia: Coronary Artery 
Revascularization in Diabetes; LE MANS: Left Main Coronary Artery Stenting; FREEDOM: Future Revascularization Evaluation in Patients with 
Diabetes Mellitus; VA CARDS: Coronary Artery Revascularization in Diabetes; BEST: Bypass Surgery and Everolimus-Eluting Stent Implantation 
in the Treatment of Patients with Multivessel Coronary Artery Disease; PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery 
versus Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL: Coronary Artery Bypass Surgery for 
Effectiveness of Left Main Revascularization; NOBLE: Nordic-Baltic-British Left Main Revascularization Study; Boudriot: study by Boudriot et al.: J 
Am Coll Cardiol. 2011; 57: 538-545. Graph obtained using the software Review Manager (RevMan), version 5.3.
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score in the upper tertile and the occurrence of diabetes had 

a strong negative influence on the PCI outcome. In patients 

in the lower SYNTAX tertile and in those without diabetes, 

there was no significant difference in terms of MACCE 

between the CABG and PCI groups. The elderly condition 

and the female gender contributed to the difference in results 

but to a lesser degree. An ejection fraction < 50% did not 

contribute significantly to the difference in results.
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–0.2 –0.1 0.20 0.1
Favours stent Favours CABG

Heterogeneity: Chi2 = 7.53, df = 8 (p = 0.48); I2 = 0%
Test for overall effect: Z = 5.37 (p = 0.00001)

Total events 16 65
Subtotal (95% CI) 4204 70.5%4184 –0.01 [–0.02, –0.01]

Boudriot et al. 2011 0 100 2 101 1.7% –0.02 [–0.05, 0.01]
CARDIa 2010 1 254 7 248 4.2% –0.02 [–0.05, –0.05]
EXCEL 2010 5 948 12 948 15.9% –0.01 [–0.02, 0.00]
FREEDOM 2012 3 953 16 947 16.0% –0.01 [–0.02, –0.00]

NOBLE 2016 1 593 4 592 10.0% –0.01 [–0.01, 0.00]
PRECOMBAT 2011 0 300 2 300 5.0% –0.01 [–0.02, 0.00]
SYNTAX LM 2009 6 903 19 897 15.1% –0.01 [–0.03, –0.00]
VA-CARDIS 2013 0 101 1 97 1.7% –0.01 [–0.04, 0.02]

LE MANS 2008 0 52 2 54 0.9% –0.04 [–0.10, 0.02]

Study or Subgroup
Stent

Events Total Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI
CABG

Events Total M-H, Fixed, 95% CI

Figure 4 – Stroke: stent versus coronary artery bypass grafting.
The size of the boxes is proportional to the number of patients. The bars represent 95% confidence intervals. The diamond represents the synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; SYNTAX: Synergy between PCI with Taxus and Cardiac Surgery; CARDia: Coronary Artery 
Revascularization in Diabetes; LE MANS: Left Main Coronary Artery Stenting; FREEDOM: Future Revascularization Evaluation in Patients with 
Diabetes Mellitus; VA CARDS: Coronary Artery Revascularization in Diabetes; BEST: Bypass Surgery and Everolimus-Eluting Stent Implantation 
in the Treatment of Patients with Multivessel Coronary Artery Disease; PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery 
versus Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL: Coronary Artery Bypass Surgery for 
Effectiveness of Left Main Revascularization; NOBLE: Nordic-Baltic-British Left Main Revascularization Study; Boudriot: study by Boudriot et al.: J 
Am Coll Cardiol. 2011; 57: 538-545. Graph obtained using the software Review Manager (RevMan), version 5.3.

–0.2 –0.1 0.20 0.1
Favours stent Favours CABG

Heterogeneity: Chi2 = 3.60, df = 5 (p = 0.61); I2 = 0%
Test for overall effect: Z = 1.33 (p = 0.18)

Total events 71 87
Total (95% CI) 2349 100.0%2341 –0.01 [–0.02, 0.00]

Boudriot et al. 2011 2 100 5 101 4.3% –0.03 [–0.08, 0.02]
EXCEL 2010 38 948 38 948 40.4% 0.00 [–0.02, 0.02]
LE MANS 2008 1 52 4 52 2.2% –0.06 [–0.14, 0.02]
NOBLE 2016 9 592 17 592 25.2% –0.01 [–0.03, 0.00]

SYNTAX LM 2013 15 357 15 348 15.0% –0.00 [–0.03, 0.03]
PRECOMBAT 2011 6 300 8 300 12.8% –0.01 [–0.03, 0.02]

Study or Subgroup
Stent

Events Total Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI
CABG

Events Total M-H, Fixed, 95% CI

Figure 5 – Studies including the left main coronary artery. Mortality at 1 year: Stent versus coronary artery bypass grafting.
The size of the boxes is proportional to the number of patients. The bars represent 95% confidence intervals. The diamond represents the synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; LE MANS: Left Main Coronary Artery Stenting; SYNTAX LM: left main coronary artery 
subgroup of SYNTAX (Synergy between PCI with Taxus and Cardiac Surgery); PRECOMBAT: Premier of Randomized Comparison of Bypass 
Surgery versus Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL: Coronary Artery Bypass 
Surgery for Effectiveness of Left Main Revascularization; NOBLE: Nordic-Baltic-British Left Main Revascularization; Boudriot: study by Boudriot et 
al.: J Am Coll Cardiol. 2011; 57: 538-545. Graph obtained using the software Review Manager (RevMan), version 5.3.
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Discussion

Several systematic reviews, collaborative studies, and 

meta-analyses13-18 have been published comparing PCI and 

CABG. The most important ones included studies of the 

balloon and bare-metal stent era or left out important recent 

studies.14-16 The main differential of the present meta-analysis 

is the large number of included studies and patients and 

the fact that it is up-to-date and included only trials of the 

drug-eluting stent era.
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Favours stent Favours CABG

Heterogeneity: Chi2 = 5.99, df = 4 (p = 0.20); I2 = 33%
Test for overall effect: Z = 0.01 (p = 1.00)

Total events 177 87
Total (95% CI) 2193 100.0%2171 0.00 [–0.02, 0.02]

EXCEL 2010 71 913 53 903 41.6% 0.02 [–0.00, 0.04]
LE MANS 2008 11 52 16 53 2.4% –0.09 [–0.26, 0.08]
NOBLE 2016 36 592 33 592 27.1% 0.01 [–0.02, 0.03]
PRECOMBAT 2011 17 279 23 275 12.7% –0.02 [–0.07, 0.02]
SYNTAX LM 2013 42 357 50 348 16.2% –0.03 [–0.08, 0.02]

Study or Subgroup
Stent

Events Total Weight
Risk Difference Risk Difference

M-H, Fixed, 95% CI
CABG

Events Total M-H, Fixed, 95% CI

Figure 6 – Studies including the left main coronary artery. Late mortality: stent versus coronary artery bypass grafting.
The size of the boxes is proportional to the number of patients in the trial. The bars represent 95% confidence intervals. The diamond represents the 
synthesis of the results.
Abbreviations: CABG: coronary artery bypass grafting; LE MANS: Left Main Coronary Artery Stenting; SYNTAX LM: left main coronary artery 
subgroup of SYNTAX (Synergy between PCI with Taxus and Cardiac Surgery); PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery 
versus Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL - Coronary Artery Bypass Surgery for 
Effectiveness of Left Main Revascularization; NOBLE: Nordic-Baltic-British Left Main Revascularization; Boudriot: study by Boudriot et al.: J Am Coll 
Cardiol. 2011; 57: 538-545. Graph obtained using the software Review Manager (RevMan), version 5.3.
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In the evaluation of the results, it is important to highlight 

the superiority of PCI in the mortality at 30 days. This is 

in line with a prior systematic review17 and with the New 

York registry.19 The difference is obviously not applicable 

to patients with lesions of high angiographic complexity, 

as seen in the analysis of the survival curves of aggregated 

results from SYNTAX LM and PRECOMBAT.20 A greater 

incidence of stroke in the surgical group had already been 

suggested in prior systematic reviews,14,17 and in the light of 

the data presented here, this fact becomes indisputable. It 

is worth mentioning a reduced incidence of stroke in more 

recent studies, reflecting a greater care taken by surgeons 

while manipulating the aorta. The similarity of the mortality 

results at 1 year is aligned with a prior systematic review, 

which included studies of the era prior to drug-eluting 

stents.17 The difference favoring surgery in regards to late 

mortality is consistent with another meta-analysis16 and also 

with a recently published collaborative study.21 It should be 

emphasized that the difference found was due to the large 

number of patients with diabetes in the studies of the drug-

eluting stent era, which disappeared in the aggregated results 

when these studies were excluded. These data confirm those of 

the collaborative study by Hlatki et al.15, which demonstrated 

a lower overall mortality at 5 years with surgery, but no 

difference among nondiabetic patients. We should emphasize 

that the study by Hlatki et al.15 included trials of the balloon 

era in which two-vessel disease predominated, while in the 

present review there was a predominance of three-vessel 

disease and obstruction of the left main coronary artery.

In regards to the results of obstruction of the left main 

coronary artery, it is important to remember that the group 

of patients with this type of obstruction comprised for a long 

time a forbidden territory for angioplasty. LE MANS was the 

first randomized study that attempted to compare stent and 

surgery in left main coronary artery obstruction, with results 

similar or even superior to those with PCI. However, this 

was a small study (105 patients), which has been criticized 

for not having used grafting of internal thoracic artery in 

approximately 25% of the cases. After that, emerged the 

results of the SYNTAX12 subgroup with left main coronary 

artery obstruction and of the PRECOMBAT trial and the 

study by Boudriot et al.5, which led to the improvement of 

the recommendations of PCI in left main artery obstruction. 

Despite that, the American guidelines only changed the 

recommendation to IIA in patients with a low SYNTAX 

score and IIB in patients with intermediate SYNTAX scores.18  

We should emphasize that such recommendations are 

restricted to patients with a high surgical risk. In the present 

study, which combined the results of six studies with 4700 

patients, the outcomes of PCI with drug-eluting stents were 

equal or even greater than those with CABG. In light of these 

evidence and recent results of NOBLE and EXCEL, we believe 

that the American and Brazilian guidelines22,23 may be soon 

modified to improve the classification of PCI with drug‑eluting 

stents, mainly in left main coronary artery obstruction.

In relation to the results in patients with diabetes, it is 

important to remember that the evidence contrary to PCI 

in diabetes has its origin in the balloon era, from occasional 
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Figure 7 – Combined adverse events outcomes (major adverse cardiovascular and cerebrovascular disease events, MACCE) in subgroups in five studies.
The size of each box is proportional to the number of patients in the subgroup. The bar is equal to the confidence interval. The diamonds represent the 
synthesis of the results. In the SYNTAX, FREEDOM, and EXCEL, the combined events were death, acute myocardial infarction (AMI), and stroke.  
In the remaining studies, they were death, AMI, and new revascularization.
Abbreviations: CABG: coronary artery bypass grafting; SYNTAX: Synergy between PCI with Taxus and Cardiac Surgery; FREEDOM: Future 
Revascularization Evaluation in Patients with Diabetes Mellitus; PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery versus 
Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease; EXCEL: Coronary Artery Bypass Surgery for 
Effectiveness of Left Main Revascularization. Graph obtained using the software Review Manager (RevMan), version 5.3.
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Table 1 – Overview of randomized studies comparing percutaneous coronary intervention (PCI) and coronary artery 
bypass grafting (CABG) in the era of drug-eluting stents

Study Origin
Year of 

publication

Number 

of 

patients

Disease 

extension

Patients 

with 

diabetes(%)

Unstable 

angina(%)

Mean 

ejection 

fraction (%) 

Type of 

stent

Follow-up 

Maximum

LEMANS1 Poland 2008 105 LMCA 25 32 53 ± 11
BMS and 

DES
10

SYNTAX2 International 2009 1800
LMCA and 
three-vessel 

disease
35 28 ND ‡ SF 5

CARDia4
United 

Kingdom
2010 510

Two- and 
three-vessel 

disease
100 22 59 ± 14

BMS and 
DES

5

Boudriot et al.5 Germany 2011 201 LMCA 30 ND ND DES 1

PRECOMBAT6 South Korea 2011 600 LMCA 42 45 60 ± 9 DES 5

FREEDOM8 International 2012 1900
Two- and 

three-vessel 
disease

100 30 65 ± 12 DES 5

Va-Cards7 USA 2013 198
Two- and 

three-vessel 
disease

100 ND ND† DES 2

BEST9 South Korea 2015 880
Two- and 

three-vessel 
disease

45 42 59 ± 9 DES 5

EXCEL11 International 2016 1905 LMCA 25 37 57 ± 10 DES 3

NOBLE10 Europe 2016 982 LMCA 18 18 60 ± 10 DES 5 

SYNTAX: Synergy between PCI with Taxus and Cardiac Surgery; CARDia: Coronary Artery Revascularization in Diabetes; LE MANS: Left Main Coronary 
Artery Stenting; FREEDOM: Future Revascularization Evaluation in Patients with Diabetes Mellitus; VA CARDS: Coronary Artery Revascularization 
in Diabetes; BEST: Bypass Surgery and Everolimus-Eluting Stent Implantation in the Treatment of Patients with Multivessel Coronary Artery Disease; 
PRECOMBAT: Premier of Randomized Comparison of Bypass Surgery versus Angioplasty Using Sirolimus-Eluting Stent in Patients with Left Main 
Coronary Artery Disease; EXCEL: Coronary Artery Bypass Surgery for Effectiveness of Left Main Revascularization; NOBLE: Nordic-Baltic-British Left Main 
Revascularization Study; Boudriot - study by Boudriot et al.: J Am Coll Cardiol. 2011; 57: 538-545; DES: drug-eluting stent; BMS: bare-metal stent; LMCA: left 
main coronary artery; USA: United States. †: 37% with ejection fraction < 55%; ‡: 3% with ejection fraction < 30%.

findings of the BARI study. The investigators of this study 
evaluated a subgroup of 343 patients with diabetes  and 
found a late mortality of 34.5% for PCI with balloon and 
19.4% for surgery (p = 0.03). In the era of conventional 
stent, studies such as SoS and ARTS have confirmed a 
trend toward greater mortality with PCI in patients with 
diabetes, even though it did not reach statistical significance. 
From there onwards, the presence of diabetes has become 
a criterion for preferential indication of surgery as a 
method for myocardial revascularization. There used to 
be a hypothesis that drug-eluting stents would eliminate 
the differences in mortality found in these studies, but the 
results presented here demonstrate that the difference in 

mortality between PCI and surgery in patients with diabetes 

continues in the era of drug-eluting stents. However, it 

should be noted a reduced risk difference compared with 

previous studies (3.5% risk difference as opposed to 7.3% in 

the study by Hclatki et al. and 15.1% in BARI). This should 

raise the hypothesis that it is not the metabolic disorder in 

itself, but the complexity of the lesions which is the factor 

leading to a higher mortality of angioplasty in patients with 

diabetes. This question could perhaps be explained by a 

meta-analysis of individual patient data involving a large 

number of studies. In this sense, a recent collaborative study 

categorizing the results of three studies (SYNTAX, BEST, and 

PRECOMBAT) corroborated this hypothesis.24
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The MACCE outcomes in subgroups (Figure 7) in the 

present study demonstrate that the SYNTAX score in the 

upper tertile strongly and negatively influenced the PCI 

outcomes, similarly to the presence of diabetes. The elderly 

condition and the female gender had a small influence on 

the results; an ejection fraction < 50% did not negatively 

influence the PCI outcomes, but an ejection fraction < 35% 

had a greater impact, even though it had no statistical 

significance. These results are in agreement with those of 

the collaborative study by Cavalcante et al.20 In that study, 

by aggregating the results of the SYNTAX LEFT MAIN and 

PRECOMBAT for combined adverse events (death, stroke, 

AMI, and new revascularization), a high SYNTAX score, like 

diabetes, had an important role. The female gender, elderly 

condition, ejection fraction < 50%, and renal insufficiency did 

not negatively affect the results compared with PCI. This same 

study showed that the subgroups most significantly affecting 

PCI‑associated mortality outcomes in obstruction of the left 

main coronary artery were those with two- or three-vessel 

disease and with a SYNTAX score > 32. Diabetes had a less 

important role, possibly related to the fact that only patients 

with left main coronary artery obstruction were evaluated.

Study limitations

This study has important limitations. Because the 

meta‑analysis included published data rather than individual 

patient data, we were unable to analyze the mortality 

outcomes in subgroups, except in those with diabetes. 

Additionally, the percentages had to be processed as absolute 

numbers, which may deserve criticism. The results apply only 

to patients in whom revascularization is possible by both 

methods and without a high surgical risk or history of prior 

surgical revascularization, and with the procedures carried 

out in institutions of excellence.

Conclusion

In combined results of randomized studies involving 

multivessel disease or obstruction of the left main coronary 

artery, PCI with drug-eluting stent was associated with 

a lower incidence of stroke, lower mortality at 30 days, 

and increased late mortality when compared with 

CABG. There was no difference in early, intermediate, 

or late mortality in the subgroup with left main coronary 

obstruction, but there was a difference in favor of PCI in 

regards to the incidence of stroke. The presence of diabetes 

and a high SYNTAX score were factors most strongly and 

negatively impacting PCI outcomes in terms of combined 

adverse results.
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Introduction

Mediastinitis is a severe post-median sternotomy 
infection, affecting the adjacent deep tissues, with clinical 
and/or microbiological evidence of retrosternal space 
involvement, which may be associated with sternal 
osteomyelitis, with or without instability.1,2 It has an 
incidence of 0.4% to 5% and high mortality (14% to 47%)3. 
Even with early diagnosis and treatment, it does not have 
a good prognosis, especially in the presence of sepsis and 
other health problems4.

The risk factors associated with mediastinitis 
are pre‑surgical, surgical and post-surgical ones.5 

Pre-surgical factors include older age, male gender, 
malnutrition, obesity, smoking, Diabetes mellitus (DM) 
and other diseases,5,6 as well as chronic renal failure (CRF) 
and/or creatinine serum levels > 1.5mg/dL and Left 
Ventricular Ejection Fraction (LVEF) < 40%.7,8

Surgical risk factors include the type of surgery 
(elective or urgent), prolonged surgical time, coronary 
artery bypass grafting (CABG) using bilateral 
mammary arteries, and intra-aortic balloon insertion9,10. 
Routine procedures such as hair removal and the 
time elapsed between hair removal and the surgical 
incision, in addition to the sterilization of the surgical 
materials and the number of people in the operating 
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Abstract

Background: Mediastinitis is a severe post-median sternotomy infection with poor prognosis, even with early 
diagnosis and treatment. 

Objectives: To evaluate the profile of patients submitted to sternotomy, identify the risk factors for the development 
of mediastinitis and evaluate the bacteriological diagnosis of patients with this infection.

Methods: Case-control study carried out in a large hospital in Belo Horizonte (MG, Brazil) in patients submitted 
to median sternotomy, from January 2015 to January 2018. The sample consisted of 65 patients, of which 13 were 
cases and 52, controls (1:4). For the statistical analysis, Student’s t test, Mann-Whitney test and Fisher exact test 
were used, in addition to logistic regression, with a level of significance of 5%.

Results: There was a predominance of males (63.1%), and the mean age was 58.8 ± 10.3 years. Evolution to death 
occurred in 9.2% of the patients and in 23.1% of those with mediastinitis. Myocardial revascularization was 
performed in 75.4% of the cases. Predominance of male gender, longer hospitalization time, post-surgical fever 
and death, and a greater number of risk factors were more frequent characteristics in patients who developed 
mediastinitis. The most common microorganism found in patients with mediastinal infection was Staphylococcus 
aureus (30.7%), in addition to a high occurrence of Gram-negative bacteria (46,2%).

Conclusion: The results are in accordance with the literature. Efforts should be focused on the control of risk factors 
prior to the procedure, in addition to improving measures that can decrease or eliminate the onset of mediastinitis, 
aiming at infection prevention and control. (Int J Cardiovasc Sci. 2018;31(2)163-172)
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rooms, are also mentioned.10,11 Other mentioned 
conditions are antibiotic prophylaxis, intraoperative 
complications,5 excessive electrocautery use and 
previous corticosteroid therapy.12,13

Postoperative risk factors include prolonged hospital 
stay and length of stay in Intensive Care Units (ICU), 
bleeding, respiratory, nephrological and gastrointestinal 
complications, and the need for surgical reintervention, 
as well as tracheostomy and sternal instability.5,9,12,13

Many risk factors have been associated with the 
development of mediastinitis; however, they vary among 
institutions, disclosing the need for studies in different 
hospitals. It is also necessary to verify the bacteriological 
diagnosis, generally with presence of Staphylococcus 
aureus or Staphylococcus epidermidis, responsible for 70% 
to 80% of cases.14

The aim of this study was to evaluate the profile 
of patients submitted to sternotomy for the treatment 
of heart diseases and identify the risk factors for the 
development of mediastinitis, as well as to evaluate the 
bacteriological diagnosis of these cases, in a large hospital 
in Belo Horizonte, state of Minas Gerais (MG), Brazil.

Methods

This is a case-control study, carried out in a large hospital 
in the city of Belo Horizonte (MG), with data obtained from 
medical records of patients older than 18 years submitted 
to cardiac surgery from January 2015 to January 2016.  
The sample consisted of 65 patients, with and 52 controls 
paired by gender and age at a ratio of 1:4.

The case group consisted of patients diagnosed with 
post-sternotomy mediastinitis confirmed by the Hospital 
Infection Control Service and by the attending surgeon. 
The control group consisted of patients submitted 
to sternotomy during the same period, who did not 
develop mediastinitis.

A data collection form was created, which contained 
information on the patient’s characteristics (gender and 
age), pre-surgical conditions (date of hospital admission 
and surgery), and pre-surgical risk factors (alcohol 
consumption, smoking, sedentary lifestyle, obesity, 
DM, dyslipidemia, hypertension, chronic obstructive 
pulmonary disease (COPD), CRF, class III congestive 
heart failure, cerebrovascular accident, coronary artery 
disease and previous cardiac surgery), in addition to the 
LVEF value. The assesses trans-surgical condition was 
time of Extracorporeal Circulation (ECC). In relation to 

the postoperative period, the following were assessed: 
date of hospital admission and hospital and ICU 
discharges; fever (> 38.3°C); post-surgical creatinine and 
death. Prophylactic drugs and bacteriological diagnosis 
were also evaluated in the cases.

Statistical analysis

Qualitative variables were described as counts and 
percentages, and the quantitative variables were described 
as mean ± standard deviation or median ± interquartile 
range, according to data normality, tested by the 
Shapiro‑Wilks test. For the comparison of means, Student's 
t-tests and Wilcoxon Mann-Whitney tests were used for 
independent samples, when appropriate. The association 
between categorical variables was assessed using Fisher's 
exact test. The level of significance was established at 5%.

The combined effect of the variables on the groups was 
assessed using the logistic regression model. The variables 
with p < 0.20 in the bivariate analysis were included in the 
multiple model, and the backward strategy was used for 
variable selection. The final model included the variables 
with p < 0.05 and the variable age, maintained at the 
researchers’ discretion. The results are shown as Odds 
Ratio (OR) and their respective 95% confidence intervals. 
(95%CI). The quality of the adjustment was assessed by 
the Hosmer-Lemeshow test. The analyses were performed 
using the free software R, version 3.1.3.

Results

The sample consisted of 65 patients. There was a 
predominance of the male gender (63.1%) with a mean age 
of 58.8 years (± 10.3). The most common type of surgery was 
coronary artery bypass grafting (CABG) (78.5%), followed 
by valve replacement (27.4%). The median number of 
preoperative risk factors was 4 (± 2). The most commonly 
used prophylactic antibiotics were cefuroxime (67.7%) and 
vancomycin (67.7%). Regarding cefuroxime, its use was 
lower in patients who had a diagnosis of mediastinitis 
(Table 1). Regarding diabetes mellitus, 45.2% of the cases 
were diabetic and 33.3% were insulin‑dependent, although 
no statistically significant differences were observed 
between the groups.

Previous cardiac catheterization was performed in 
93.8% of the patients. A median LVEF of 60 (± 19.3%) 
and mean ECC time of 80 ± 40.3 minutes were observed. 
The median time of post-surgical hospitalization was 
13 days (± 15), and this time was longer in patients 
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Table 1 – Characterization of the study patients

Variables Total (n = 65) Controls (n = 52) Cases (n = 13) p-value

Gender, n (%) 0.526* 

Female 24 (36.9) 18 (34.6) 6 (46.2)

Male 41 (63.1) 34 (65.4) 7 (53.8)

Age, years 58.8 ± 10.3 58.1 ± 10.4 61.6 ± 9.8 0.265†

Obesity, n (%) 13 (20) 11 (21.2) 2 (15.4) 1.000*

Number of pre-surgical risk factors 4 ± 2 3 ± 3 4 ± 1 0.056‡

Use of prophylactic antibiotics, n (%)

Cefuroxime 44 (67.7) 39 (75) 5 (38.5) 0.019*

Vancomycin 44 (67.7) 36 (69.2) 8 (61.5) 0.742*

Cefazolin 15 (23.1) 9 (17.3) 6 (46.2) 0.059*

Previous catheterization§ 61 (93.8) 49 (94.2) 12 (92.3) 1.000*

LVEF, % 60 ± 19.3 60 ± 16 54 ± 29 0.300‡

Type of surgery, n (%)

CABG 51 (78.5) 40 (76.9) 11 (84.6) 0.717*

Valve replacement 17 (27.4) 12 (24.5) 5 (38.5) 0.319*

Mitral 7 (11.3) 4 (8.2) 3 (23.1) 0.153*

Aortic 6 (9.7) 4 (8.2) 2 (15.4) 0.597*

Double replacement 4 (6.5) 4 (8.2) - 0.571*

Valve replacement reoperation§ 3 (4.8) 3 (6) - 1.000*

Mitral 2 (3.2) 2 (4) - 1.000*

Double replacement 1(1.6) 1 (2) - 1.000*

CABG + valve replacement 6 (9.7) 3 (6.1) 3 (23.1) 0.100*

Post-surgical hospitalization time, days 13 ± 15 12 ± 4.8 40 ± 21 <0.001‡

Extracorporeal circulation time§, minutes 80 ± 40.3 77.5 ± 43.5 82 ± 18.3 0.770‡

Post-surgical creatinine, mg/dL 0.86 ± 0.36 0.80 ± 0.32 1.13 ± 2.12 0.004‡

Death, n (%) 6 (9.2) 3 (5.8) 3 (23.1) 0.089*

Tests for p values: * Fisher exact test; † Student’s t test for independent samples; and ‡Wilcoxon Mann-Whitney test; § the variable has missing data. 
LVEF: left ventricular ejection fraction; CABG: coronary artery bypass grafting.

diagnosed with mediastinitis. The median creatinine 

level observed after surgery was 0.86 mg/dL (± 0.36), 

and it was significantly higher in the mediastinitis group. 

Death occurred in 9.2% of the patients and in 23.1% of 

those who had post-sternotomy mediastinitis.

No differences were observed in relation to gender 

and age, which confirms the pairing effectiveness.  

A greater median number of pre-surgical risk factors were 

observed among those with a diagnosis of mediastinitis, 

in addition to a higher proportion of patients who were 

submitted to CABG.

The most common microorganism found in 

the bacteriological diagnosis of patients with 

mediastinitis was Staphylococcus aureus (30.7%) and 

there was a high occurrence of Gram-negative bacteria 

(GNB) (46.2%) (Table 2).
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Factors associated with mediastinitis that were 
observed in the logistic model: longer time of post‑surgical 
hospitalization, occurrence of post-surgical fever and 
higher number of pre-surgical risk factors. Each increase 
of 1 day in post-surgical hospitalization increased the 
chance of developing mediastinitis by 3.2% and, with 
each increase of one pre-surgical risk factor, this chance 
increased by 57.3%. The occurrence of fever after surgery 
increases the chance of developing mediastinitis by more 
than ten-fold (Table 3).

Discussion

This work was motivated by a case-control study 
carried out in the same institution from January 2005 
to January 2007, with 54 patients, with a mean age of 
59.7 years, submitted to sternotomy (18 with mediastinitis). 
Most patients were males (72.2% for the whole sample 
and 66.7% among those who developed mediastinitis), 
and 86% were submitted to CABG. Mortality was 22.2% 
in the sample and 33.3% among those with mediastinitis.15  
The results of the present study showed similar results 
to those of the previous study regarding age, male 
predominance and type of surgery (CABG), with higher 
proportions among those who developed mediastinitis. 
Regarding death, mortality was lower than that previously 
observed, including among patients who had mediastinitis, 

but these values are still high, as shown in the literature 
(14% to 47%).3 The median time of post‑surgical 
hospitalization was higher in patients diagnosed with 
mediastinitis in both studies, showing greater severity 
of the cases and impact on hospital costs. The results 
indicate the need to investigate the factors responsible 
for the development of this complication, aiming at the 
prevention and control of health care‑associated infections, 
aiming to improve quality of care, patient safety and  
to reduce costs.

Regarding the patient profile, incidence of mediastinitis 
and mortality, Souza et al.4 evaluated patients submitted 
to surgical interventions between 1991 and 2000 and 
found a mean age of 51.9 years, most of them submitted to 
CABG (also among those who developed mediastinitis) 
and a predominance of female patients. The incidence of 
post-sternotomy mediastinitis was 1.6% and the mortality 
rate was 21.6%. Sá et al.1 evaluated patients submitted 
to CABG between 2007 and 2010, in whom the mean 
age was 62.14 years, with a predominance of males.  
The incidence of mediastinitis was 5.6% and the mortality 
rate was 32.1%. Magalhães et al.3 evaluated patients 
submitted to cardiac surgery, from 2007 to 2009; the 
mean age was 60 years and most of them were males.  
CABG was performed in 76.2% of the patients who 
developed mediastinitis; only 2.3% of the patients 
developed post‑sternotomy mediastinitis and 33% died.

Table 2 – Microorganisms found in the bacteriological diagnosis of patients with mediastinitis

Microorganism n = 13 n (%)

Gram-positive 6 (46.2)

Staphylococcus aureus 4 (30.7)

Coagulase-negative Staphylococcus 1 (7.7)

Coagulase-negative Staphylococcus, Streptococcus agalactiae* 1 (7.7)

Gram-negative 6 (46.2)

Enterobacter sp 1 (7.7)

Acinetobacter baumannii 1 (7.7)

Stenotrophomonas maltophilia 1 (7.7)

Klebsiella pneumoniae, Pseudomonas aeruginosa* 1 (7.7)

Klebsiella pneumoniae 1 (7.7)

Escherichia coli, Proteus mirabilis and Klebsiella pneumoniae* 1 (7.7)

No information 1 (7.7)

*Patients with more than one microorganism.
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Table 3 – Variables associated with the occurrence of mediastinitis

Variables OR (n = 65) 95% CI OR (n = 52) p-value*

Intercept 0.008 (4.3e-5 -0582) 0.042

Age 0.997 (0.918-1.086) 0.952

Post-surgical hospitalization time, days 1.032 (1.008-1.067) 0.019

Fever

No - - -

Yes 10.316 (2.124-61.738) 0.005

Number of risk factors 1.573 (0.978-2.640) 0.065

The p-values refer to the significance tests of the regression coefficients. Hosmer-Lemeshow test: p = 0.620 (non-rejection of model adequacy). OR = odds 
ratio; 95% CI: 95% confidence interval.

Similar results were observed in studies conducted 
in Brazil: Guaragna et al.8 evaluated patients submitted 
to cardiac surgery from 1997 to 2000. Most of them 
were males (also in the mediastinitis group, 71.1%).  
The incidence of mediastinitis was 2.9% and the mortality 
rate was 15.8%. Moreover, a study of patients submitted 
to CABG from 1996 to 2007 showed an incidence 
of mediastinitis of 3.3% and a 6% mortality rate.6  
Another study carried out in patients submitted to cardiac 
surgery, from 2007 to 2009, had 68.5% of the sample 
submitted to CABG and 31.5% to valve replacement.  
The mean age was 59.9 years and most of them were 
males. The incidence of post-sternotomy mediastinitis 
was 1.3%, and mortality was 42.8%.16

A study carried out in the United Kingdom evaluated 
patients submitted to CABG from 1999 to 2009.  
The mean age was 67 years and 77.3% were males.  
The incidence of patients who developed post-sternotomy 
mediastinitis was 0.59%. Mortality was higher in patients 
who developed mediastinitis.17

Regarding the profile of the patients described in 
these studies,1,3,4,6,8,15-17 most of them were males, mean 
age was around 52 to 67 years, and CABG was the most 
often performed surgery. Similar results were observed in 
both studies performed at the institution mentioned here, 
that is, the present study and the one by Coelho et al.15, 
regarding gender, mean age and type of surgery.

Male patients are more likely to develop mediastinitis 
and gender is even considered an independent risk 
factor for its development.18,19 One of the probable 
mechanisms is related with the anatomical aspects of the 

male chest (hair follicles in the region of the sternotomy), 
favoring bacterial growth and infection. Guaragna et al.8 
verified this association: most patients who developed 
mediastinitis were males. In the present study, it was not 
possible to evaluate this association, as gender was used 
for pairing of the controls.

Regarding the type of surgery, the correlation between 
CABG and the development of mediastinitis is well 
documented in the literature. More than 80% of the cases 
of infection were mentioned as a surgery-associated 
complication.3 The studies by Souza et al.4, Sá et al.1 and 
Magalhães et al.3 verified this association, as observed 
in this study in which CABG, besides being the most 
often performed surgery, showed a higher proportion 
of patients with mediastinitis, although it did not show 
statistical difference.

The incidence of mediastinitis in the evaluated studies, 
as described in the guideline of the American College of 
Cardiology/American Heart Association (ACC/AHA) in 
2012,11 is between 0.4 and 4.0%. In this study, it was not 
possible to evaluate the incidence of mediastinitis, due 
to the study design. However, in the cohort studies, the 
lowest incidence of mediastinitis was observed in the study 
of Ariyaratnam et al.17, carried out in the United Kingdom. 
Studies performed in Brazil showed an incidence varying 
from 1.3% to 3.3%, 3,4,6,8,16 except for the study by Sá et al.1, 
which showed an incidence of 5.6%. The authors justified 
the high incidence for having considered all types of 
cardiac surgeries including CABG, which is, according 
to them, associated with a greater risk of mediastinitis. 
Other studies1,3,4 also found an association between CABG 
and increased risk of mediastinitis, but they showed an 
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incidence within the reference values indicated by the 
ACC/AHA guideline.11 Regarding mortality, high rates 
have been described in the literature, with rates ranging 
between 14% and 47%.3 In Brazilian studies of patients 
submitted to cardiac surgeries, mortality rates ranged from 
15.8% to 42.8%.1,3,4,6,8,15. An international study showed a 
lower mortality rate (9.1%),17 but it was higher in patients 
who developed mediastinitis17 as observed in the present 
study. This variation suggests that both the incidence of 
mediastinitis and mortality rates may be related to the 
evaluated institution, and may be influenced by the routine 
of the institution, the use of prophylactic antimicrobials or 
the standardization of aseptic techniques.

Regarding the preoperative risk factors, no significant 
differences were observed in this study when the 
factors were evaluated alone, as in the previous study 
performed in this same institution.15 However, in the 
logistic regression model, a greater chance of developing 
mediastinitis was attributed to the higher number of 
preoperative risk factors. Each increase of one risk factor 
increased the chance of having mediastinitis by 57.3%.

A literature review aimed to identify the risk factors 
associated to the occurrence of post-sternotomy 
mediastinitis in adult patients submitted to CABG.  
The main risk factors identified were age over 65 years, 
DM, obesity, COPD and surgical reintervention.20

Tiveron et al.16 verified the pre-operative risk factors 
in patients (most submitted to CABG) and the occurrence 
of mediastinitis, and identified intra-aortic balloon, 
hemodialysis and extracardiac vascular intervention. 
Oliveira and Paula21 found DM, hospitalization time of 
more than seven 7 days preoperatively, smoking and 
obesity as risk factors. Guaragna et al.8 evaluated patients 
submitted to cardiac surgery, and the preoperative risk 
factors were: obesity, DM, COPD, previous cardiac 
surgery, smoking and gender – with obesity, COPD and 
DM being independent risk factors, even when analyzed 
by gender and age.

A study carried out in patients submitted to CABG 
showed independent preoperative risk factors related 
to mediastinitis, such as DM, obesity and smoking1.  
In a study carried out in the UK,17 the following factors 
were listed: age, body mass index, DM and COPD.

Many risk factors have been associated with the 
development of mediastinitis after cardiac surgery. 
However, it has been observed there is no definite 
consensus about the most important risk factors 
associated with mediastinitis, nor even if each factor 

can be considered an independent predictor of risk in 
the postoperative period. In general, the studies only 
describe the main risk factors associated with the disease 
in different health services.22

Studies carried out in different health services1,8,17,21 
showed similar results to those observed in the literature 
review,20 which showed age, DM, obesity, surgical 
reintervention and COPD as the main risk factors 
related to the occurrence of mediastinitis in adult 
patients submitted to CABG. COPD was identified as 
a risk factor for mediastinitis by Ariyaratnam et al.19 
and Guaragna et al.,8 who emphasize that patients 
with COPD are more susceptible to surgical wound 
infection due to tissue hypoxemia and the need for 
corticosteroid therapy in the pre- and/or postoperative 
period, facilitating the onset of infections.

Another risk factor related to mediastinitis is obesity, 
although it shows controversial results in cardiac 
surgeries.23 Obese patients may have worse evolution 
when submitted to major surgeries. Obesity can impair 
the healing of the surgical wound, due to the rupture of 
the surgical sutures, facilitating bacterial invasion of the 
surgical site.23-25 This is due to the propagation of high 
lateral traction forces at the edges of the skin incision in 
the supine position, as well as the folding of the skin in the 
distal third of the surgical incision in the inframammary 
region (area of extensive colonization of microorganisms) 
in the sitting position.26 Since obesity is a modifiable risk 
factor, it is important that measures for weight reduction 
be adopted in the preoperative period. Additionally, it 
must be considered that obesity can make it difficult to 
adjust antibiotic doses to the body mass, consequently 
leading to low tissue concentrations of the antibiotic.27,28 
In this study, the association between obesity and 
mediastinitis (p = 1,000) was not observed.

Two studies1,8 demonstrated that obesity and DM 
were associated with the occurrence of post-sternotomy 
mediastinitis. A multicenter study, called the Parisian 
Mediastinitis Study Group,29 also verified this association, 
in addition to showing that obesity was the only 
independent risk factor for mediastinitis. Regarding DM, 
Ledur et al.30 declared that high glucose levels were 
associated with an increase in the inflammatory process, 
leading to a significant increase in infection and organ 
dysfunction.30 Smoking, mainly associated with COPD, 
has also been considered one of the risk factors associated 
with mediastinitis.6 Some authors1 found smoking 
as an independent risk factor for the development  
of mediastinitis.
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Considering the trans- and postoperative variables, 
it was also demonstrated there was no consensus on the 
risk factors associated with mediastinitis. The increase in 
the time of post-surgical hospitalization and occurrence 
of fever after surgery were more common in patients 
with mediastinitis. The mean creatinine level was also 
considered an independent and higher risk factor in 
patients with mediastinitis. Other trans-operative and 
post-surgical risk factors, such as the use of pediculated 
internal thoracic arteries and CABG with ECC, have also 
been mentioned in the literature1, as well as a mammary 
bridge when associated with obesity.8 However, in this 
study, no difference was observed between the groups 
in relation to ECC (p = 0.770).

The trans-operative period of cardiac surgery is critical 
because of its complexity and the procedures inherent 
to it, such as ECC and prolonged intraoperative time. 
Several factors influence the onset of surgical wound 
infection, such as invasive procedures and insufficient 
primary defense caused by surgical trauma and ECC, 
which, in turn, causes physiological changes in the 
immune system, especially due to the use of hypothermia 
and hemodilution, predisposing to the onset of 
infections.31 Health professionals should be aware of 
them and prepared to intervene in situations of fluid 
volume imbalance, impaired gas exchange, protection 
changes due to coagulation system inhibition with 
systemic heparinization and sequestration of leukocytes 
from the circulation.32

As for the bacteriological diagnosis in this study, 
the most prevalent among gram-positive bacteria 
was Staphylococcus aureus (30.7%) in patients with 
mediastinitis. High occurrence of Gram-positive bacteria 
(46.2%) was also observed. Studies carried out in Brazil 
indicate Staphylococcus aureus as the predominant causal 
agent in mediastinitis. International studies have shown a 
predominance of Staphylococcus epidermidis and a variety 
of Gram-positive bacteria in 40% of cases.33

Fungal infections are infrequent.34 Staphylococcus 
aureus and Staphylococcus epidermidis account for 70% 
to 80% of cases.35 The presence of Staphylococcus aureus 
causes the infections to show a rapid clinical course and 
more aggressive characteristics; therefore, its elimination 
and the care required by the surgical team during the 
preoperative period are of utmost importance. In the study 
by Gib et al.36, who carried out a study in patients with 
postoperative mediastinitis, Staphylococcus aureus was also 

the most prevalent microorganism (58.1%). The same was 
observed by Sá et al.5, who evaluated the files of patients 
undergoing cardiovascular surgery from 2007 to 2009.  
The culture of the exudate was positive in 84% of the cases 
of mediastinitis, with Staphylococcus aureus being the most 
often identified pathogen (28.8%).

Souza et al.,4 who evaluated the files of patients 
submitted to cardiac surgeries between 1991 and 
2000, verified that Staphylococcus aureus was the most 
frequently isolated microorganism from the surgical 
wound (46.0%), followed by Pseudomonas aeruginosa 
(21.6%) and Staphylococcus epidermidis (8.1%). The cases 
with Staphylococcus epidermidis isolation developed 
chronic mediastinitis.

Charbonneau et al.37 carried out a study in patients with 
cardiac mediastinitis admitted to the ICU from 2000 to 2008 
in two hospitals in France, and found that 309 patients 
developed post-sternotomy mediastinitis, of which 29.4% 
had Gram-positive bacteria. The presence of Gram-positive 
bacteria was associated with drainage failure, secondary 
infection, need for prolonged mechanical ventilation  
and/or use of vasopressor agents.

There are several possibilities regarding the entry 
points for pathogens in patients submitted to thoracic or 
cardiac surgery, such as the sternal irrigation impairment 
using internal thoracic arteries during myocardial 
revascularization, use of prostheses in contact with 
the bloodstream, organic weakness and, in some cases, 
poor hemodynamic status in the patients' postoperative 
period, causing low immunological deficits, especially in 
diabetic, and elderly patients and/or those with severe 
myocardial dysfunction.10,38

Thus, preventive measures39 are crucial to avoid 
patient colonization by microorganisms, such as 
reducing hospitalization time, especially before surgery, 
avoiding colonization by microorganisms selected from 
the hospital environment; performing stringent patient 
asepsis; using the electrocautery as little as possible in 
the dieresis; handling tissues carefully; avoiding surgical 
trauma to the sternum as much as possible; performing 
rigorous hemostasis; periodically guiding the team and 
evaluating the equipment used in the surgical center or 
in the ICU; in addition to adequately handling drains, 
catheters and operative dressings.

This study had as limitations the short period of 
evaluation of an infection with low prevalence, which 
resulted in the recording of few cases. The use of 
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data obtained from paper medical records can show 
weaknesses such as missing data and inaccurate 
information. Additionally, the study was performed with 
data from a single hospital, and is not a representative 
sample of the state of Minas Gerais.

Conclusion

Many risk factors have been associated with the 
development of mediastinitis after cardiac surgery. 
However, it has been observed there is no definite 
consensus about the most important risk factors 
associated with mediastinitis and whether each factor 
can be considered an independent risk predictor for 
mediastinitis in the postoperative period.

This study showed a male predominance, mean age of 
58.8 years, and coronary artery bypass grafting (CABG) 
as the most common type of surgery, in agreement 
with the literature findings. The characteristics of the 
patients who had a diagnosis of mediastinitis comprised 
a higher proportion of males, a higher number of 
myocardial revascularization surgeries, and a higher 
death rate. Regarding the risk factors, the following 
were observed: a higher mean number of preoperative 
risk factors, longer time of hospital stay and greater 
occurrence of postoperative fever. The microorganism 
most frequently found in patients with mediastinitis was 
Staphylococcus aureus, and the presence of Gram-positive 
bacteria was elevated.

The results indicate the need to investigate the factors 
responsible for the onset of this complication, aiming 
at the prevention and control of healthcare‑associated 
infections to improve patient quality of care and safety. 
Efforts should focus on risk factor control prior to the 
procedure, as well as the improvement of measures 
that may reduce or eliminate the complication 
onset, aiming at the prevention and control of 
healthcare‑associated infections. Therefore,  it is 

necessary to train the health teams to control the 
risk factors associated with mediastinitis, as well as 
reinforcing preventive measures, to avoid patient 
colonization by microorganisms.
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Abstract

Chronic Chagas disease cardiomyopathy (CCC) is a result 
of low-intensity, but incessant, focal fibrosing myocarditis, 
caused by persistent T. cruzi infection associated with 
inflammation, mediated by adverse immune mechanisms. 
About 30 percent of infected individuals have developed 
throughout life the chronic cardiac form of Chagas' disease 
with protean clinical manifestations, such as sudden 
death, signs and symptoms of heart failure, cardioembolic 
events, arrhythmia and angioid symptoms. Sudden 
death and the progression of heart failure (HF) are the 
most common mechanisms of death in this condition. 
The most relevant prognostic aspects are symptoms of 
advanced HF (NYHA Fc III-IV), cardiomegaly, LV systolic 
dysfunction and nonsustained ventricular tachycardia. 
Preventing cardioembolic events is an important aspect in 
the management of patients with CCC. Oral anticoagulant 
agents must be prescribed for high-risk patients according to 
the presence of a set of risk factors: LV systolic dysfunction, 
apical aneurysm, altered ventricular repolarization by ECG 
and advanced age. The treatment of HF in patients with 
CCC follows the same principles applied to HF secondary 
to dilated cardiomyopathy of other etiologies.

Introduction

Chagas disease (ChD) is caused by the protozoan parasite 
Trypanosoma cruzi, which causes an acute myocarditis 
and subsequently a low-grade incessant chronic fibrosing 
myocarditis, which produces progressive myocardial 
damage and later results in chronic cardiomyopathy of 
chronic Chagas' disease (CCC). Cardiac impairment in 

patients in the chronic phase of the disease includes relevant 
morbidity and mortality, in addition to being the main cause 
of nonischemic cardiomyopathy in Latin America.

Epidemiology

Chagas Disease transmission cycle has been based 
mostly on triatomine species as main vectors of the 
disease. However, after several national campaigns and 
multinational initiatives, transmission by this means is 
partially controlled. In 2006, Brazil was certified by the 
World Health Organization (WHO) as an area free of ChD 
vectorial transmission by the most important domiciled 
vector, the Triatoma infestans.1,2 This in no way represents 
the disease eradication– an inherently unreachable goal 
– which continues to occur, through outbreaks mediated 
by other transmission mechanisms, such as the oral route. 
From 1975 to 1995, the Southern Cone Initiative against 
Chagas' disease detected an 89% reduction in the disease 
transmission.3 Mortality rates secondary to Chagas' disease 
have also been reduced to 75% since the 1990’s.4

However, WHO still estimates that 300,000 new 
cases of the disease are diagnosed each year in Latin 
America and believes that there are 8 million infected 
people worldwide. CCC is considered a major public 
health problem in the endemic areas of Latin America, 
and represents one of the greatest causes of heart failure 
and sudden death. Nowadays, due to globalization 
and migratory currents, it is also an emergent disease 
in nonendemic countries, such as the United States of 
America, Canada, Spain, France, Switzerland, Italy, 
Japan, and other countries in Asia and Oceania.1,5,6

National history and evolutive stages

The natural history of ChD includes acute and 
chronic phases. Most patients with the acute disease are 
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asymptomatic or have only the mild and non-specific 
symptoms of an infectious syndrome, and rarely present 
myocarditis or symptomatic meningoencephalitis.  
As soon as the acute phase collapses, generally after 4 to 
8 weeks, the patient evolves to a chronic phase, which 
includes two forms of the disease: an indeterminate 
(latent or preclinical) form, and a determined form, 
with clinical expression, which subdivides into cardiac, 
digestive or cardiodigestive. There may also be a direct 
evolution from the acute phase to the chronic phase, 
without the occurrence of the indeterminate form, in 
5 to 10% of cases.7 Reactivation of the chronic disease 
can also occur, presenting as an acute (exacerbated) 
disease, in individuals with natural immunosuppression, 
due to diseases such as AIDS, or iatrogenically (e.g. in 
solid‑organ-transplanted patients). Figure 1 represents 
the natural evolution of the disease.

The indeterminate form includes patients with 
evidence of T. cruzi infection (positive serological 
tests, based on the presence of antiparasite circulating 
antibodies), but without clinical manifestations of cardiac 
or digestive tract disease. About 30 to 50% of patients 
with the indeterminate form, which may usually last from 
10 to 30 years, will develop CCC throughout their lives.8 

CCC not only is the most common manifestation, but it is 
also the most severe, with morbidity rates of up to 30%.9,10

Also, considering that late evolution of CCC 
involves the appearance of a clinical picture of 
dilated cardiomyopathy, with global LV dysfunction, 
and heart failure syndrome, the Latin American 
guidelines for the diagnosis and treatment of Chagas 
cardiomyopathy have proposed a clinical classification 
of LV dysfunction in Chagas' disease which reflects 
the progression of evolutionary stages of heart failure 
adopted in the international guidelines for this 
syndrome. Thus, the chronic phase of CCC can be 
classified into 5 evolutionary stages (A, B1, B2, C and 
D) of LV dysfunction (Chart 1).

Etiopathogeny

In the acute phase, organic damage is clearly 
associated with parasitic infestation and multiplication 
in the myocardium, in addition to other commonly 
impaired tissues, such as the nervous system and the 
digestive tract. Lymphadenopathy and enlargement of 
the spleen and liver are a result of the systemic immune 
reaction and correlate with the high parasitemia.

Human exposure to T cruzi
(vectorial, via transfusion, congenital,
oral, via organ transplant, accidental)

No infection

Cure (50–80%
of cases)

Cure (20–60%
of cases)

Antiparasitic drug

Antiparasitic drug Antiparasitic drug

< 5–10% of
symptomatic casesAcute Chagas infection

(asymptomatic or symptomatic)
Death from myocarditis
or meningoencephallitis

Chronic phase in
indeterminate form

Chronic phase in
determinate form

10–30 years later Cure (lower proportion
of cases than for the
indeterminate form)

Permanent
indeterminate form

Immunosuppression

Reactivation

Cardiac Cardiodigestive Digestive

Figure 1 – Natural History of Chagas Disease. Reprinted from Rassi A.Jr et alii. Lancet. 2010:1388-402.
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Chart 1 – Clinical classification of left ventricular dysfunction in Chagas’ heart disease (apud Andrade J et alii)

Acute phase

Chronic phase

Indeterminate 

form

Cardiac form with no 

ventricular dysfunction
Cardiac form with ventricular dysfunction

A B1 B2 C D

Patients with 
findings compatible 
with acute 
Chagas disease

Patients at risk 
for developing 

CHF. They have 
positeve serology, 
neither structural 
cardiopathy nor 
CHF symptoms. 

No digestive changes

Patients with structural 
cardiopathy, evidenced 
by electrocardiographic 

or echocardiographic 
changes, but with 

normal global 
ventricular function 
and neither current 

nor previous signs and 
symptoms of CHF

Patients with 
structural 

cardiopathy 
characterized by 

global ventricular 
dysfunction, and 

neither current nor 
previous signs and 
symptoms of CHF

Patients with 
ventricular 
dysfunction 
and current 
or previous 

symptoms of 
CHF (NYHA FC 

I, II, III or IV)

Patients with 
refractory 

symptoms of CHF 
at rest, despite 

optimized clinical 
treatment, requiring 

specialized 
interventions

With remission of the parasitemia and systemic 
inflammatory reactions, the patient enters the chronic 
phase of the disease, in which it is believed that, a process 
of low-intensity, but incessant, focal myocarditis occurs 
since the indeterminate form, which causes progressive 
destruction of fibers and restorative myocardial fibrosis. 
This causes cumulative myocardial damage, and results 
in a picture of late dilated cardiomyopathy, usually 
accompanied by severe arrhythmias, thromboembolic 
complications and sudden death in a high proportion 
of cases. It is believed that chronic myocarditis in 
Chagas' disease is due to two main pathogenetic 
processes: myocardial damage associated directly with 
inflammation caused by parasitized cardiac fibers, with 
multiple but low-intensity outbreaks; and myocardial 
aggression caused by adverse immune reaction directed, 
and continuously fed, by the reiterated presentation of 
antigens linked to persistent cardiac parasitism.

In addition, there is evidence to support the idea that 
there are still two auxiliary and amplifying mechanisms of 
the myocardial injury: myocardial perfusion disorders due 
to the presence of abnormalities in coronary microcirculation 
and autonomic cardiac innervation (Figure 2).11

Acute phase

Signs and Symptoms

The acute phase begins after an incubation period usually 
of 1-4 week after exposure to T. cruzi. The lesions known 

as “chagomas”, including the typical, but non-specific, 
Romaña’s sign, are a result of mucosal or cutaneous 
edema at the site of inoculation. Most patients present 
asymptomatic or show systemic infection symptoms (fever, 
hepatosplenomegaly, diaphoresis, myalgia), accompanied 
by equally non-specific laboratory alterations, especially 
leukocytosis, with absolute lymphocytosis. A minority 
of patients present a clinical picture of myocarditis, with 
signs and symptoms similar to myocarditis of other causes: 
dyspnea, fatigue and other commemorative symptoms 
of heart failure. In these cases, the ECG may show sinus 
tachycardia, ventricular ectopic beats, low voltage of the 
QRS complexes, branch block, diffuse disturbances of 
ventricular repolarization, first-degree or more advanced 
AV block. Chest x-ray may show increased cardiothoracic 
ratio in more severe cases, which may be associated with 
increased heart chambers and/or pericardial effusion.  
The echocardiogram often shows pericardial effusion, 
segmental changes in parietal mobility and insufficiency 
of mitral and tricuspid valves and, less frequently, cavitary 
dilation and decreased global systolic performance. 
These abnormalities usually resolve in the majority of 
patients over the first year of follow-up.12,13

Diagnosis

Serological tests are usually negative in the first 
weeks of infection. The diagnosis is made by detection 
of circulating parasites or their genetic material (PCR) 
through a variety of methods, such as blood culture, 
direct visualization of the parasite in peripheral blood, 
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Low-grade chronic T. cruzi infection

Continuous antigen
presentation

Cross-reactive humoral
and cellular immune response

Autoimmune
aggression

Platelet
agrregation,
Thrombosis,
endothelial
dysfunction

Nervous Tissue
damage

Autonomic
denervation

Impaired hemeometric regulation
Hemodynamic overload

LV dilation and remodeling
Myocardial
ischemia

Microvascular
Derangement

Damaged cardiac fibers

Cardiac dilation
and failure

Figure 2 – Scheme showing the relationship between etiopathogenic mechanisms in chronic chagasic myocarditis. A) main mechanisms B) auxiliary 
and amplifying mechanisms of the myocardial injury. Adapted from Marin-Neto et alii. Circulation. 2007;115(9):1109-23.

xenodiagnosis, or the presence of parasite nests in 
amastigote form revealed by biopsy with histopathology 
of affected organs, or of cutaneous “chagomas”.

Endomyocardial biopsy is rarely used for the 
diagnosis, but may be necessary, especially in cases of 
suspected reactivation of Chagas disease after heart 
transplantation, in which a clear distinction from implant 
rejection is critical in patient management.14

Clinical Course

The clinical course of the acute phase in Chagas disease is 
often benign and the signs and symptoms typically resolve 
spontaneously over 1 to 3 months. It is estimated that fatal 
evolution occurs in < 5% of patients in the acute phase, when 
contaminated through classic vectorial transmission (via the 
bite of a triatomine bug), predominantly in patients with 
refractory heart failure. However, in acute cases resulting 
from contamination by the oral route (for example after 
ingestion of T cruzi contaminated sugar cane juice or açai), 
the acute disease is usually more severe and the rates of 

mortality are higher. This is probably due to inoculation 
of high parasite load and ease of penetration through the 
gastrointestinal mucosa, which is highly permeable to the 
parasite, in these cases.

Treatment

The treatment of clinical manifestations of myocarditis 
and heart failure is similar to the one recommended for 
cases of myocarditis of other etiologies, including intensive 
measures of circulatory support in more severe cases.

However, more specifically, although there is no 
conclusive evidence concerning possible clinically 
relevant benefits that could be achieved, antiparasitic 
treatment with benznidazole or nifurtimox is indicated 
for all cases of acute Chagas disease, independently of 
the infection route or the reactivation mechanism, since 
it may decrease the severity of the symptoms, reduce 
disease time and the duration of detectable parasitemia. 
The occurrence of parasitological cure, besides clinical 
cure, is estimated in 60 to 85% of cases.15,16
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Chronic phase

Indeterminate form

The indeterminate form of the disease is classically 
defined as the clinical situation of an individual with 
parasitological and/or serological evidence of chronic 
T. cruzi infection, but without symptoms or physical 
signs of the disease, with normal ECG and chest X-ray 
and without digestive tract (esophagus and colon) 
impairment seen in radiological exams.

However, more accurate complementary exams 
(i.e. echocardiography, nuclear angiocardiography, 
hemodynamic study and autonomic cardiac assessment) 
may demonstrate - usually subtle and of no prognostic 
relevance - cardiac alterations in this group of patients 
classified as indeterminate by classical criteria.17-19 In spite of 
these minor abnormalities verified in many patients, those 
classified as indeterminate by the classical criteria, while 
maintaining their normal ECG status, present excellent 
prognosis and mortality rates comparable to those of the 
control group of the same age without T. cruzi.4,20,21

Guidelines for monitoring chagasic patients in 
the indeterminate form

There are no formal guidelines in relation to the 
conduction of exams for early detection of left ventricular 
dysfunction in patients with the indeterminate form 
of Chagas disease. On the other hand, there are no 
identifiable factors in this phase that can distinguish the 
individuals who will develop the clinical cardiopathy 
from those who will remain asymptomatic during their 
whole lives, just keeping the serological positivity.

It is suggested that the ECG be repeated every 1 or 
2 years and a simple chest X-ray every 3 or 5  years. 
Though it is more controversial, one may also suggest 
that the transthoracic echocardiography can be 
performed initially, and later on at regular intervals as 
well, every 3 to 5 years.8,17,22,23

Cardiac Chronic Form

Asymptomatic condition in Chronic Chagas' 
disease cardiomyopathy

The absence of symptoms is most marked in individuals 
who are in incipient stages of the chronic disease, when 
(discrete) myocardial injury can be detected only due 
to alterations in complementary exams, such as ECG 

conduction disturbance, changes in LV segmental 
parietal mobility on ECG or Holter arrhythmias. In these 
individuals, however, sudden death may occur due to 
arrhythmic events, as evidenced by studies demonstrating 
a worsen prognosis in individuals with alterations in the 
ECG, even when asymptomatic.24 In a 10-year cohort study 
of 885 seropositive individuals, it was shown that T. cruzi 
infected individuals with normal ECG had a survival 
of 97.4%, comparable to the survival of seronegative 
individuals. On the other hand, survival of those with 
abnormal ECG was 61.3%, with a nine-fold increased 
risk in this group.25 It is estimated that 2 to 5% of patients 
without any apparent cardiopathy will develop new ECG 
alterations and evidence of cardiopathy each year.19,26,27

Clinical manifestations

The symptoms and physical signs present in the 
chronic phase of the Chagas disease cardiomyopathy 
are a result of four essential syndromes that can often 
coexist in the same patient: heart failure, arrhythmias, 
thromboembolism and anginal manifestations.

Heart Failure Syndrome

The clinical picture of CCC with ventricular dysfunction 
is described in a quite uniform manner in several literature 
reports, following the pioneering remarks of Chagas and 
Villela.28 In the early stages of manifestation, the most 
frequent symptoms are fatigue and dyspnea on exertion, 
but the registry of more intense symptoms of pulmonary 
congestion, such as paroxysmal nocturnal dyspnea and 
decubitus with orthopnea, are uncommon. In the disease 
evolution, there occur the symptoms of systemic venous 
congestion (jugular swelling, hepatomegaly, lower limb 
edema and ascites) and the evolution can still progress 
to anasarca, adynamia, or cardiac cachexia, similar to 
what happens in other cardiopathies with advanced 
ventricular dysfunction. At clinical examination, there 
are also signs of cardiomegaly resulting from deviation 
of the ictus cordis, there may be a muffled S1 heart sound 
in the mitral area, fixed doubling of second heart sound 
due to RBBB, third heart sound and atrioventricular valve 
regurgitation murmur, which may occur secondarily 
to the dilation of ventricular chambers. Signs of low 
systemic output may occur in advanced cases, such as 
filiform pulse, slow and oliguria peripheral perfusion. 
These signs are common to other clinical syndromes of 
heart failure. In contrast to these similarities, in heart 
failure of Chagasic etiology, pulmonary congestion is 
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commonly mild in the advanced stages of the disease, 
compared to the more exuberant systemic congestion, 
and the pulmonary semiology may be more affected 
by the signs of pleural effusion than by crepitations, as 
well as by lower systemic pressure levels in this group 
of patients. The progression to acute pulmonary edema 
in these cases is even more rare.20 These particularities in 
the clinical presentation may relate to the most frequent 
concomitance of biventricular dysfunction, with right 
ventricular heart failure, sometimes earlier and more 
pronounced than the left one in T. cruzi infected patients.

Thromboembolic manifestations

Pulmonary and systemic embolisms are common 
manifestations in patients with CCC, as a result of 
murine thrombosis from cardiac chambers and systemic 
vein thrombosis, and are a major cause of embolic stroke 
and other morbidities. Thromboembolic accidents are 
often the first manifestation of the disease and may 
occur in stages without ventricular dysfunction (Stage 
B2). However, as in several other cardiopathies, cavity 
dilation and HF syndrome are known associated risk 
factors. Nevertheless, it is chronic regional ventricular 
dyskinesia, mainly apical, such as the classic aneurysm 
of the glove finger, which has shown a special 
propensity for the formation of mural thrombi and the 
consequent embolic events, particularly the systemic 
ones. As predicted, atrial fibrillation, even when present 
in the minority of this population, as a relatively late and 
secondary manifestation to the ventricular dysfunction, 
also constitutes an additional thrombogenic factor. 
Pulmonary embolization, which can originate from 
peripheral venous thrombi and right cardiac cavities, 
is much less frequently clinically diagnosed, but its 
incidence is certainly underestimated, compared to its 
prevalence in necropsy material.29

There is a clear lack of data to provide an estimate 
of the actual incidence of clinical thromboembolism in 
CCC, but series of autopsies and clinical studies indicate 
high rates of intracardiac thrombi and thromboembolic 
events in this population. In a revision of 1345 necropsies 
of patients with chronic chagasic cardiomiopathy, 
thromboemboli and/or intracardiac thrombi were 
observed in 44% of cases.29 Thrombi were equally 
frequent in right and left cardiac cavities. Systemic 
circulation thromboembolism was more frequent, but 
more associated with fatal events.

A transthoracic and transesophageal echocardiography 
study showed that thromboembolism frequently 
originated from the heart in 75 T. cruzi chronically infected 
patients without symptoms of heart failure, or with mild 
symptoms. Left ventricular mural thrombi were found 
in 23% of patients and were associated with previous 
history of stroke. Apical aneurysm was identified in 
47% of patients and was significantly related to mural 
thrombosis and the occurrence of stroke. Left and right 
atrial appendage thrombosis was present in 4 and 1 patient, 
respectively. During the 24-month follow-up period,  
1 non-fatal stroke event and 13 deaths were observed,  
7 of which were sudden, 5 due to HF progression and  
1 death by stroke.30,31

Systematic revision of 8 observational studies, 
involving 4158 patients, addressed the association 
between CCC and the risk of stroke.32 The results indicate 
that chronically T. cruzi infected patients, when compared 
to the non-infected, had an excess risk of stroke of about 
70% (RR = 1.70; HF 95%: 1.06 to 2.71). When the analysis 
was limited to 3 studies, with more strict criteria for 
stroke, an even higher excess risk was found (RR = 6.02; 
HF 95%: 1.86 to 19.49).

The characteristics of stroke patients with CCC were 
explored in a study of 94 patients with acute ischemic 
stroke, compared with the characteristics of a control group 
of patients without CCC. T. cruzi infected individuals 
showed higher rates of cardioembolic stroke (56% versus 
9%), left ventricular dilatation (23% versus 5%), LV mural 
thrombosis (12% versus 2%), apical aneurysm (37% versus 
1%) and atrial fibrillation (14% versus 5%).23

Prevention of cardioembolic stroke in patients 
with CCC

The I Latin American Guideline for the Diagnosis 
and Treatment of Chagas Cardiopathy adopted 
recommendations for estimation and prevention of 
cardioembolic stroke risk through the use of oral 
antithrombotic agents,1 based on a prospective cohorte 
study of 1,043 patient with CCC. The total incidence 
reported in this event was 3.0%, or 0.56%/year. In the 
final risk model for cardioembolic stroke prediction, a 
score was calculated in which the presence of LV systolic 
dysfunction added two points, and apical aneurysm, 
alteration of the ventricular repolarization at the ECG 
and age > 48 years added one point for each alteration. 
Considering the risk-benefit ratio, warfarin would be 
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indicated for patients with 4-5 points (in this subgroup, 
there is incidence of 4.4% of stroke versus 2.0% of major 
bleeding per year). In the 3 point score group, stroke 
and major bleeding rates with OAC are equivalent, and 
acetylsalicylic acid (ASA) or warfarin can be indicated.32 
In 2 point patients with low incidence of stroke (1.2% 
per year), ASA was recommended, or no prophylaxis. 
Patients with 0-1 point, with incidence close to zero, 
would not require prophylaxis.33

Arrhythmic manifestations

C C C  i s  e s s e n t i a l l y  a n  a r r h y t h m o g e n i c 
cardiomyopathy, with pathophysiological peculiarities 
in this context, which makes it uniquely distinct from 
other cardiopathies. Virtually, all types of atrial and 
ventricular arrhythmia may occur, including sinus 
node dysfunction, intermittent or complete AV block 
and complex ventricular arrhythmias. The arrhythmias 
may course asymptomatic or present with non-specific 
malaise or sudden, fleeting and spontaneously resolved 
onset palpitation, at rest or by exertion. Symptoms of 
low cardiac output due to Stokes-Adams syndrome are 
less common, but more ominous, including presyncope, 
lipotimia, or even syncope, which can occasionally be 
preceded by palpitations. These episodes can either 
correspond to (sustained or nonsustained) ventricular 
tachycardia, with or without hemodynamic instability, 
or to bradyarrhythmias due to atrioventricular block.34

In some cases, the standard 12-lead ECG with 
rhythm strip shows premature and ectopic ventricular 
depolarization, and even ventricular tachycardia 
outbreaks, in addition to atrial fibrillation or complete 
atrioventricularblock (AVB). Tachycardic ventricular 
arrhythmias and AV conduction disorders leading to 
periods of bradycardia can often alternate, frequently 
coexisting during the same Holter recording.

At clinical examination, it is possible to detect fixed 
doubling of the second heart sound (at a pulmonary 
focus), irregular heart rhythm, or even bradycardia, 
often associated with typical signs of a-waves, 
periodically incremented in the jugular venous pulse 
and reinforcement of the first heart sound, in cannon 
waves, when there is a temporal correlation between 
atrial and ventricular systoles, which is suggestive of 
complete atrioventricular block.

The presence and density of arrhythmia correlate 
with the degree of ventricular dysfunction in many 
cases, but can also occur in patients with preserved 

global left ventricular function, constituting the "isolated 
arrhythmogenic form” of the disease. This characteristic, 
which distinguishes CCC from coronary artery disease 
in patients with ventricular dysfunction, as well as from 
other cardiomyopathies, and makes T. cruzi infected 
patients especially susceptible to early sudden death, 
derives from its pathophysiological peculiarities and 
peculiar pathogenesis.

In fact, the mechanism of severe ventricular arrhythmia 
in CCC is mainly associated with the presence of regional 
fibrosis (especially in the posterolateral regions of the LV) 
and macroreentry circuits formation.35 Recent studies 
using cardiac magnetic ressonance have reinforced the 
idea that the presence of regional fibrosis is a major factor 
for the arrhythmic mechanism in this disease.36-38

 Another relevant pathophysiological factor that 
potentially triggers severe ventricular arrhythmia and 
sudden death in CCC patients is regional myocardial 
extensive and early sympathetic denervation. In a study 
with patients with CCC and normal or slightly reduced 
LV function, the presence of sustained ventricular 
tachycardia has been associated with more extensive 
areas of viable denervated myocardium, detected 
through I-MIBG myocardial scintigraphy123.39

Sudden Death

It is estimated that sudden death is the leading cause 
of mortality throughout the various phases of CCC, 
corresponding to 55 - 65% of deaths.22 Sudden death is 
often triggered by physical effort and may be caused 
both by severe tachyarrhythmias, such as ventricular 
tachycardia and fibrillation (probably in 80-90% of cases), 
and (less frequently) by asystole or complete AV block.40 
The detection of nonsustained and especially of sustained 
ventricular tachycardias increases the chance of sudden 
death, but it occurs mainly in patients with advanced 
ventricular dysfunction.

Anginal manifestations

Complaints of precordialgia in patients with CCC 
are quite common. This pain has characteristics that 
are often atypical for myocardial ischemia, described as 
stabbing, fleeting, or, conversely, long lasting (hours or 
even days), poorly located, usually not related to efforts, 
sometimes caused by emotional stress and with recurrent 
patterns throughout the day. However, sometimes, the 
episodes may be more acute, with typically ischemic 
characteristics, making the diagnosis even more 
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difficult. Evidence of microcirculatory disorders 
as causes of anginal manifestations in this group 
accumulates in the literature.11,41,42

Clinical diagnosis

The diagnosis of Chagas' heart disease must 
be based on epidemiological criteria,  clinical 
manifestations, serological tests and on the results of 
some complementary tests.

Serological tests

Given the low parasitaemia in the chronic phase of 
the disease, the serological tests must be able to detect 
antibodies against T. cruzi antigens. The most commonly 
used tests are: immunoenzymatic assay (ELISA), indirect 
immunofluorescence (IFI), and indirect hemagglutination 
(HAI). When all 3 are performed, agreement (90-98%) 
was observed among them. Since ELISA and IFI have 
similar characteristics in terms of their accuracy, with 
higher sensivity, but slightly reduced specificity than 
the HAI assay, a positive result in two of these three tests 
is recommended for the diagnosis. However, when the 
first test is negative, in the current practice based on the 
high sensitivity of all serological tests, there is no need 
for a second test.43

Complementary cardiologic exams

The main complementary diagnostic tests used in 
Chagas' heart disease are briefly described below, with 
emphasis on those focusing on the characterization and 
gradation of ventricular dysfunction.

Electrocardiography and Holter Monitoring: 
The most prevalent electrocardiographic alterations in 
patients with CCC are right bundle branch disorders 
and the left anterior hemiblock, and may reach 50% in 
patients of this group.44 These changes in the cardiac 
conduction system may be evolutionary, such as AV 
conduction delays. Sinus node dysfunction can also 
cause bradycardia. However, atrial arrhythmias tend 
to occur in the evolution of the heart disease with 
advanced ventricular dysfunction. It is crucial to 
observe that, although ventricular ectopic beats can 
be seen in normal individuals during the recording of 
a standard ECG, when it is verified in patients with 
CCC, the meaning of this alteration is completely 
different and it usually indicates that the ventricular 
arrhythmia is an integral part of the syndrome and 

it constitutes an element of strong prognostic value. 
Symptoms  suggestive of arrhythmic syndromes also 
make ECG Holter monitoring mandatory, since it allows 
the assessment of episodes of both tachyarrhythmias 
and bradycardia for risk stratification in these patients.34 
Recording for at least 24 hours allows determining the 
density of ventricular ectopy, detecting episodes of 
nonsustainable or sustained ventricular tachycardia, as 
well as determining the duration of sinus pauses and of 
asystolia of different origins. It is worth recalling that, to 
compose the Rassi score, used for predicting mortality 
in patients with CCC, the 24-hour Holter test is essential 
to assess the prognostic criteria, with independent 
value, of nonsustained ventricular tachycardia, as it 
will be seen later.

Other frequent changes in ECG at rest are: diffuse 
T wave and ST segment abnormalities, pathological Q 
waves, prolongation of the QT interval and increased 
QT dispersion. The evaluation of fibrosis using the QRS 
score applied to the standard ECG correlates with the 
NYHA functional class and with the extent of myocardial 
fibrosis detected in Late Gadolinium Enhanced (LGE) 
cardiac magnetic resonance imaging.45

Chest X-ray: Advanced stages of the disease are 
marked by (often massive) cardiomegaly, which 
may include signs of not only increased LV, but also 
of increased RV and both atrial dilation; however, 
pulmonary congestion differs from other cardiopathies 
because it is often discrete, in contrast to the degree of 
cardiothoracic ratio. Cardiomegaly is also an important 
prognostic factor in these patients, stratified by the Rassi 
score, as discussed next.

Echocardiography: Echocardiography is a non‑invasive 
imaging method that allows the geometrical and 
functional diagnosis of both ventricles, which is essentially 
important in CCC. Alterations in segmental mobility in 
the inferior and inferolateral regions of the LV are quite 
common in patients with the cardiac chronic form.46-50 
Even though the detection of LV apical aneurysm (a 
very common alteration in patients with CCC)51 may 
be subject to operational limitations, it is one of the 
typical changes found in the disease, and may be filled 
with thrombus (Figure 3, A). Although early changes 
in LV regional mobility can be detected on ECG, both 
through conventional techniques17,52,53 and analysis of 
myocardial deformation, in some patients classified as 
having the indeterminate form, or even with CCC and 
function preserved by other methods,18,53,54 the prognostic 
value of these alterations is not well established yet.50,55 
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Figure 3 – Chart A: Echocardiography of apical two-chamber view of the left ventricle shows an image suggestive of a large apical aneurysm 
filled with thrombus (yellow arrow). Chart B: Point Tracking Technique (Speckle tracking) supporting the analysis of RV systolic function in a 
patient with Chagas’ disease. EDA: end-diastole area; ESA: end-systole area; FAC: Fractional area change; GLS-endo: Global longitudinal strain 
in the endocardial layer.

Two-dimensional echocardiographic evaluation of the 
right ventricle can be performed through an acquisition 
protocol with images dedicated to this investigation.56  
New methods for the assessment of right ventricular 
systolic function, such as the analysis of myocardial 
deformation (Figura 3, B), have already shown to 
correlate quite often to the quantification of RV ejection 
fraction by other methods, such as magnetic resonance 
imaging, in groups of patients with Chagas’ disease. 
Although three‑dimensional echocardiography presents 
the benefit of volumetric quantification of cavities and, as 
a result, of ventricular ejection fractions, its role in patients 
with CCC has not been adequately established yet.

Nuclear Medicine: Radioisotope ventriculography 
(RIV), also known as radionuclear angiocardiography, 
can be used as an alternative method to echocardiography 
to measure the LV ejection fraction (EF), and presents 
the advantage of being a quantitative method free from 
geometric inferences, thereby granting it the role of a real 
gold standard method in this context. When simultaneous 
measurement of the right and left ventricular ejection 
fraction (RVEF, LVEF) is required, RIV has been used 
successfully and may detect earlier and more severe RV 
dysfunction, including in patients with the digestive form 
of Chagas' disease.57

Myocardial perfusion scintigraphy may be required 
for non-invasive investigation of Chagas disease 
patients with precordialgia. Negative findings for 
myocardial ischemia virtually excludes the presence 
of significant coronary artery disease, indicating a 
high negative predictive value. However, reversible 
perfusion defects have been detected in 30 to 50% of 
patients, in the absence of atherosclerotic epicardial 
CAD.58-60 These perfusion changes have been attributed 
to coronary microcirculation in CCC and it has been 
postulated that such ischemic changes can contribute to 
regional myocardial damage in the chronic phase of the 
cardiomyopathy.37,60 Fixed perfusion defects, on the other 
hand, are also frequently observed in patients with CCC 
and, in general, represent areas of fibrosis caused by the 
typical pathophysiology of Chagas disease.42

Iodine-123-labeled meta-iodobenzylguanidine 
myocardial scintigraphy (123I-MIBG) allows the 
non‑invasive evaluation of the neuronal integrity of the 
cardiac sympathetic nervous system at a myocardial 
level. The use of this imaging technique allowed the 
identification of regional myocardial denervation in 
early stages of chronic Chagas' disease in patients with 
no apparent impairment of left ventricular function, 
involving mainly the basal parts of the posterolateral 
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Figure 4 – Illustrative example of patients with CCC, presenting Sustained Ventricular Tachycardia (SVT, documented on the ECG of image B) 
and presenting uptake defect in the inferior and posterolateral walls in the 123-I MIBG SPECT images (image C). Sestamibi Myocardial perfusion 
images (SMPI) were normal, with myocardial viability in denervated myocardial segments that correlate topographically with the site of origin of SVT. 
Reprinted from Gadioli, LP et al. Journal of Nuclear Cardiology March 23, 2016 (doi:10.1007/s12350-016-0556-6).

and inferior walls and of the apical region.61 The results 
of these studies suggest that the extension/severity of 
the regional myocardial denervation and the intensity 
of the global derangement of sympathetic innervation 
(detected in planar images) correlate with the severity 
of LV systolic dysfunction.61 A more recent study has 
shown that cardiac patients with preserved or slightly 
reduced systolic function and sustained ventricular 
tachycardia (SVT) presented greater extension of 
sympathetic denervation evaluated by 123I-MIBG 
myocardial scintigraphy, compared to individuals 
without SVT, which reinforces the idea that autonomic 
cardiac denervation can play an important role in the 
arrhythmogenesis of this myocardial disease - Figure 4.39

Magnetic Resonance Imaging: MRI is a methodology 
which allows analysis of morpho-functional parameters of 
the heart with high degree of two-dimensional detailing, 
and can be quite elucidative, especially in cases where the 
quality of the echocardiographic images is poor, or when 
there are ventricular cavities with advanced geometric 
changes, making it difficult to perform echocardiographic 
measurement with the usual techniques. It is a method 
with great capacity for quantitative analysis of ventricular 
volumes and accurate calculation of LV ejection fraction.62-66 
It can also be quite useful for specific analysis of the 
right ventricular cavity, according to recent studies.67 
More recent studies call attention for the potential of 

MRI for detecting the regions of myocardial fibrosis in 
patients with CCC and for being a potentially valuable 
non‑invasive risk prediction tool to assess sudden death 
risk in these patients, even in those with preserved left 
ventricular ejection fraction.38 The fibrosis pattern is 
varied, with the presence of focal or diffusely distributed 
fibrosis, and even with transmural impairment, simulating 
a fibrosis area usually seen in myocardial infarction due 
to obstructive coronary disease (Figure 5).

Electrophysiological study (EPS): The general 
indications for EPS apply for patients with CCC. The EPS 
is required for the evaluation of the sinus node function 
and AV conduction when the origin of symptoms, 
particularly syncope, remains uncertain after noninvasive 
evaluation. In most patients with preserved left 
ventricular function who have nonsustained ventricular 
tachycardia or without spontaneous arrhythmia, the EPS 
does not provide any relevant additional prognostic 
information. The use of EPS has been proposed in 
survivors of sudden cardiac death and those with SVT 
for prognostic evaluation and indication of drug therapy 
and implantation of antiarrhythmic devices, but the data 
on the efficacy of this approach are still limited.68-70

Cardiac catheterization: CCC can mimic several 
clinical aspects of ischemic heart disease. In fact, patients 
with CCC may show precordial pain, electrocardiographic 
changes of the ST-T segment and pathological Q waves, 
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Figure 5 – Delayed enhanced images where fibrosis can be seen as the white area inserted in the (dark) muscle, indicated by arrows. Left panel 
shows a small mesomyocardial area in the LV lateral wall in a four-chambered image. Right panel shows extensive transmural impairment of the 
posterolateral wall.

in addition to changes in LV segmental parietal mobility. 
Thus, the requirement of coronary angiography is not 
uncommon to rule out the presence of coronary artery 
disease in patients with risk factors for this condition.  
As stressed above, in the vast majority of patients referred 
for cardiac catheterization, with CCC, the subepicardial 
coronary arteries are essentially normal or have 
non‑significant hemodynamically obstructive lesions.42,59

Prognosis

The prognosis of CCC depends on various factors, 
among them the stage of the disease presented by each 
patient, as already described in this text.

In the chronic phase, in relation to the clinical form 
with LV impairment, several observational series have 
shown worse prognosis in patients with CCC compared 
to those with other heart diseases manifested by heart 
failure. In a recent prospective observational study, 
including 456 patients with heart failure, the 68 patients 
with CCC had lower survival compared to the ones with 
other etiologies.71 Several pathophysiological factors can 
explain this difference, but some prognostic markers 
have already been defined as independent predictors, 
among them LV contractile dysfunction, both evaluated 
by echocardiography and suggested by cardiomegaly 
on chest x-ray.4,72

The Rassi score, used for mortality risk stratification in 
patients with chronic chagasic cardiopathy,9,73-75 consists 
of points assigned to simple characteristics and obtained 

through basic assignment methods (Table 1). This score 
allows detecting relevant extracts on the risk of mortality 
in patients with CCC.

Over about 10 years of follow-up, patients classified 
as low risk (score from 0 to 6) had mortality of 9 to 10%; 
those with intermediate risk (score between 7 and 11) 
had mortality from 37 to 44% and those with high risk 
(score between 12 and 20) had mortality from 84 to 85%. 
The combination of LV systolic function (even if only 
regional) and NSVT was associated with a particularly 
elevated risk of mortality, of the order of 15.1 times. 
The detection of NSVT alone was associated with a 
2.15 times increase in death.

Figure 6 reproduces the algorithm for risk stratification 
in patients with CCC, derived from a systematic review 
of observational studies.73

Treatment

Etiological Treatment

The role of antiparasitic agents in the treatment of 
T. cruzi infection is considerably limited in the chronic 
phase of Chagas heart disease, since much reversal of 
established tissue damage should not be expected at 
these advanced stages of the disease.76

The BENEFIT study,77 released in 2015, was the 
only large-scale clinical trial carried out on Chagas 
Disease. The study randomized 2854 patients, who 
received benznidazole or placebo, with the essential 
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Table 1 – Rassi score for mortality risk stratification in patients with chronic chagasic cardiopathy

Clinical Characteristic Punctuation

Male Gender 2

ECG with low QRS voltage 2

Nonsustained ventricular tachycardia 3

Global LV alteration or LV segmental motion 3

Cardiomegaly on chest x-ray 5

Heart failure FC III-IV (NYHA) 5

objective of evaluating the efficacy of this treatment. 
Trypanosomicidal treatment was only effective to detect 
negative parasitological test results evaluated by the 
polymerase chain reaction technique (PCR) (66% in the 
treatment group versus 34% in the control group) even 
though a negative result did not correlate with clinical 
benefit over the 5-year follow-up.76 After  the  initial 
publication of the results, supplementary analysis 
comparing the outcomes verified in Brazil with the 
ones obtained in the other four countries allows the 
hypothesis that, probably due to the predominance 
of T. cruzi lineage  II, which is more sensitive to the 
trypanocidal action of benznidazole, in Brazil, the effect 
of the etiological treatment may turn out to have a clinical 
benefit for chronically infected Brazilian patients without 
very advanced heart disease.77 Thus, the treatment could 
be offered, on an individual basis, for patients with this 
profile, in order to reach a potential decision following 
sharing models with the responsible physician.

Heart Failure Treatment

Drug Therapy

There is a clear lack of evidence supporting the 
clinical benefit of conventional systolic heart failure 
drug therapy, based primarily on neurohormonal block, 
in patients with CCC. However, considering that the 
general phenotype of HF caused by CCC is that of a 
dilated cardiomyopathy, the treatment for heart failure 
of other etiologies is empirically extrapolated for the 
treatment of patients suffering from CCC. This position 
was ratified by the recommendations of the Brazilian 
Guidelines on Diagnosis and Treatment of Chronic HF 
according to which all treatment recommendations were 
extended to the etiology of CCC.78

However, certain particularities in the management of 
patients with HF secondary to CCC must be highlighted. 
Several studies suggest that these patients exhibit a 
higher risk of symptomatic bradycardia and AV block 
with the use of beta-blockers, thus the heart rate in these 
patients must be carefully monitored. This precaution 
is especially applicable when, due to antiarrhythmic 
indication, amiodarone has already been initiated for 
the patient. In spite of this aspect, the results of a recent 
prospective observational cohort study suggest that 
beta-blockers can have a positive effect on the survival 
in patients with chronic HF caused by CCC.79

Alternative therapies

Several clinical studies have shown that the efficacy of 
the cardiac resynchronization therapy, through multisite 
pacemaker implantation, depends on the presence of left 
bundle branch block on ECG, a pattern found in the vast 
majority of patients included in large multicenter studies 
who have tested this therapy. However, due to evident 
predominance of RBBB, the usefulness of CRT in patients 
with CCC has not been demonstrated.

Heart transplantation has been successfully used in 
patients with advanced HF secondary to CCC.80 In a study 
of 117 patients with CCC who received the transplant, the 
survival reported at 1, 4, 8 and 12 years after the procedure, 
was 71, 57, 55 and 46%, respectively. These observational 
studies show that the survival of patients with CCC was 
better than that observed in patients with HF of other 
etiologies,81 which seems to be a consequence of several 
aspects, such as less advanced age and lower number of 
comorbidities in transplanted patients with CCC.

This series of cases has also shown that the reactivation of 
the T cruzi infection is a common clinical problem, as a result 
of post-transplantation immunosuppression, and sometimes 
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Patients with positive serologic test results
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Figure 6 – Algorithm for risk stratification in patients with Chagasic Chronic Cardiopathy. Adapted from Rassi et al. Circulation. 2007;115:1101-8 
and reprinted from the I Latin American guideline for the diagnosis and treatment of Chagas cardiomyopathy.1

difficult to differentiate from organ rejection; however, results 
through the use of trypanosomicidal therapy were found.

Treatment of cardiac arrhythmias

Bradyarrhythmias and AV block

Patients with second- or third-degree AVB or 
symptomatic sinus node dysfunction require definitive 
pacemaker implantation. In this respect, CCC does not 
seem to differ from other etiologies, and usual guidelines 
for indicating these devices must be followed.

Arritmias ventriculares e morte súbita arrítmica

The optimal approach for the management of severe 
ventricular arrhythmias and resuscitated sudden cardiac 
death secondary to CCC is still uncertain due to absolute 
lack of data. The first therapeutic measure in patients 
with CCC under risk of malignant ventricular arrhythmia 
is the optimization of drug therapy for those who also 
have heart failure, preferably with the concomitant use 
of beta-blockers and amiodarone.

The ICD implantation is useful in the secondary 
prevention of sudden cardiac death, in survivors 
of sudden arrhythmic death or with sustained 
ventricular tachycardia, especially when accompanied 
by hemodynamic instability. For those who are not 
candidates for the implantation of this device, the use of 
amiodarone is recommended. In fact, there is acceptable 
evidence of potential benefit for this antiarrhythmic 
drug in patients with ventricular arrhythmias of 
Chagas disease etiology. The  concomitant use of 
amiodarone and beta-blockers is also recommended 
routinely to reduce the number of therapies, even 
when appropriate, due to ICD implantation in 
patients with CCC.

A multicenter randomized trial (CHAGASICS) is 
underway to assess the ICD benefit versus amiodarone, 
for primary prevention of sudden death in patients 
with CCC and high Rassi score.82 Amiodarone can 
be used, ideally associated with a beta-blocker, for 
patients with CCC, Rassi risk score of ≥10 points and 
nonsustained ventricular tachycardia detected on 
Holter monitoring.
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Introduction

Graves’ disease (GD) is an autoimmune disease 
and the most common cause of thyrotoxicosis,1,2 with 
multisystem involvement, that mainly affects women 
between 40 and 60 years of age. It is the most prevalent 
cause of autoimmune hyperthyroidism in pregnancy,1,2 
and it can be distinguished from gestational thyrotoxicosis 
due to the presence of diffuse goiter and previous history 
of hyperthyroidism.3 Clinical hyperthyroidism occurs in 
0.2% of pregnant women.4

Heart failure (HF) is a rare manifestation of 
decompensated GD and it represents a diagnostic challenge 
due to low clinical suspicion of this etiology.1 

We report a case of a pregnant woman with GD who 
presented thyrotoxicosis and HF with severe mitral 
dysfunction towards the end of pregnancy, but without 
ventricular dilatation.

Case Report

A 23 year-old female patient, 37 weeks pregnant, with 
a history of previous GD, under irregular treatment of 
Propylthiouracil for four years, was admitted into the 
emergency department due to dry cough and high fever. 
She was admitted to the maternity section at the hospital 
for investigation, where a FT4 level of 6.0 mg/dL and a 
TSH of 0.011 ng/dL were found. She denied previous 
surgeries, high blood pressure, diabetes mellitus, rheumatic 
fever, tuberculosis, illicit drug use, alcoholism or smoking.  
She progressed to labor and after four days a caesarean was 
indicated due to acute fetal distress. She was discharged 
five days after delivery on Tapazole 20 mg per day and 

Propranolol 80 mg per day. She was readmitted two days 
after discharge complaining of tiredness, prostration, 
orthopnea and paroxysmal nocturnal dyspnea. She was 
lucid, oriented, emaciated, tachydyspneic with accessory 
muscle use, pale (2+/4+), febrile and with mild tremor of the 
extremities. Blood pressure of 150/80 mmHg; HR 110 bpm; 
RR 32rpm; axillary temp 101.12°F (38.4°C); exophthalmos 
and goiter with fibroelastic consistency and no nodulation; 
regular heart rate, hyperphonetic sound, systolic murmur 
+++/6 in the mitral focus; fine crackles heard at the lung 
bases, without edema.

Hemoglobin of 7.4  g/dL; 18.800  leukocytes; 
TSH: 0.034 ng/dL and FT4: 1.92 ng/dL. Chest radiograph 
showing consolidation of the right hemithorax and 
pulmonary congestion. A transthoracic echocardiography 
was performed, which showed preservation of the 
ventricular cavity size and function, mildly increased biatrial 
size and severe mitral valve regurgitation, without structural 
damage, with eccentric jet. Severe mitral regurgitation (MR) 
was characterized by an eccentric jet, which occupied greater 
than 40% of the left atrial area. Color Doppler showed 
prominent holosystolic flow. (Figure 1). 

An antibiotic was started, furosemide 80  mg/day, 
methyldopa 750 mg/day, propranolol 120 mg/day and the 
tapazole dose was increased to 30 mg/day. On the eighth 
day of hospitalization, the patient was asymptomatic and 
a new echocardiography showed expressive regression of 
mitral regurgitation (Figure 2). The patient was discharged 
from the hospital asymptomatic, in NYHA functional 
class I, and clinically stable.

Discussion

It is reported the case of a pregnant woman, 
with previous hyperthyroidism without adequate 
treatment, who presented pulmonary infection and HF 
associated with severe mitral regurgitation, confirmed 
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Figure 1 – Initial color echocardiogram showing severe mitral regurgitation (maximum area greater than 8 cm2).

Figure 2 – Color echocardiogram performed one week after the first examination showing the disappearance of the regurgitant jet.
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by echocardiography, and who, after treatment 
optimization, showed complete regression. It is possible 
that anemia and lung infection have contributed to 
exacerbate the hemodynamic changes that caused the 
patient's high output.

The development of heart failure in these patients 
occurs due to changes in contractility, caused by poor 
oxygen supply optimization and changes in the myosin 
isoform expression in the cardiomyocyte.5-7 In addition, 
there is an increase in blood volume and in the final 
diastolic pressure and, therefore, increased cardiac 
work.5-7 The presence of functional RM in GD may occur 
secondary to an accumulation of glycosaminoglycans or 
intrinsic papillary muscle dysfunction.8

The patient presented elevated FT4 levels. However, 
the cardiovascular manifestations of hyperthyroidism 
may occur due to minimal changes in hormone 
levels and include an increased heart rate at rest, in 
myocardial contractility, in ventricular muscle mass and 
a predisposition to atrial arrhythmias.9

HR in GD is unusual and, when it occurs, it is often 
due to high biventricular rate with regular or reduced 
pulmonary and systemic vascular resistance. It affects 
mostly patients at extremes of age or those with 
previous heart disease - conditions not presented by 
the patient in this case.

MR in GD may be caused by ventricular dilatation. 
However, it is important to highlight that, unlike 
the case report written by NG Cravos et al.10, there 
was no evidence of such increase in this patient.  
The cause of MR, in this case, must be associated 
with an increased synthesis of glycosaminoglycans 

of the endocardium or with an intrinsic dysfunction 
of papillary muscle activity.8

In this case, there was a relation between the levels 
of circulating thyroid hormone and the severity of RM 
and HR. The use of diuretics and antithyroid agents led 
to regression of the clinical picture within one week, 
with the disappearance of mitral regurgitation.
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Introduction

Complete atrioventricular block (CAVB) is not an 
uncommon complication after surgical correction of 
tetralogy of Fallot (TOF). The choice of the ventricular 
pacing site in patients requiring pacemaker therapy 
depends on factors such as age, weight, presence of 
a venous anomaly, and intracardiac short -circuit. 
The harmful effects of ventricular pacing are most 
pronounced during right ventricular (RV) stimulation. 
Even then, RV pacing sites have been determined to be 
optimal in some patients with and without congenital 
heart disease.1

Case report

A 4-year-old boy with a history of surgically repaired 
TOF had a single-chamber pacemaker with rate response 
mode (VVIR) implanted in the left ventricular (LV) 
epicardium due to a postoperative CAVB (Figure 1a). 
During LV pacing, the electrocardiogram (ECG) 
demonstrated an increased QRS complex duration and 
a marked right bundle-branch block (RBBB) pattern 
with negative paced QRS complexes in inferior leads 
(Figure 1b). Subsequent echocardiographic evaluations 
showed interventricular and right intraventricular 
dyssynchrony, which was associated with progressive 
RV dilatation. After 1 year of ventricular pacing, 
the patient developed RV dysfunction with a 
fractional area change (FAC) of 28% and a tricuspid 
annular plane systolic excursion (TAPSE) of 12 mm. 

Furthermore,  two‑dimensional strain reflected an RV 
dyssynchrony index of 56 msec, with the worse QS 
delay at the RV mid-septum (195 msec). Considering 
the beneficial effects of septal stimulation,1,2 the patient 
underwent lead and pacemaker replacement. An active 
ventricular lead (Medtronic CapSureFix, Medtronic 
Limited, Watford, UK) was fixed in the RV mid-septum 
(Figure 2), obtaining appropriate sensing and pacing 
thresholds. Following single-site RV midseptal pacing, 
a 12-lead surface ECG revealed a shorter duration 
of the QRS complex and a left bundle-branch block 
pattern with positive paced QRS complexes in inferior 
leads. Additionally, there was an immediate decrease 
in interventricular dyssynchrony to 31 msec and RV 
dyssynchrony index to 27 msec. An echocardiographic 
assessment showed an increase in FAC (39%) and 
TAPSE (15 mm), with a reduction in the RV diameters 
3 months after the therapy.

Discussion

The LV is the optimal pacing site in the pediatric 
population.3 However, Karpawich et al.1 demonstrated 
that the optimal lead implantation site varies among 
patients and congenital heart diseases (CHD). In our 
case, LV pacing produced a dyssynchronous RV 
contraction, evidenced by an increased QRS duration and 
echocardiographic parameters.

Correction of TOF is often followed by RV conduction 
delay and RBBB. A study in an animal model of repaired 
TOF evidenced the activation sequence related with RBBB, 
first with activation of the basolateral LV region and last 
with activation of the area of the RV free wall.4 Moreover, LV 
pacing enhances a baseline RBBB, and the delayed electrical 
activation observed may induce a dyssynchronous RV 
contraction with a negative impact on the RV function. 
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Figure 1 – A 12-lead electrocardiogram showing (A) complete atrioventricular block with a right bundle-branch block, (B) VVIR pacing mode from 
the left ventricle with a wide QRS complex of 160 msec and a marked right bundle-branch block, and (C) VVIR pacing mode from the right ventricular 
mid-septum with a QRS complex of 120 msec and left bundle-branch block pattern.

Figure 2 – Fluoroscopic appearance showing the final position of the lead in the right ventricular mid-septum.
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This RBBB may actually respond better with pacing in the 
RV when compared with the LV. Placement of the pacing 
electrode in close proximity to the normal conduction 
system reestablishes the intraventricular synchrony and 
offers the potential to improve the ventricular function. 
Karpawich et al.1 evaluated the physiological variables 
of contractility (dP/dt and dP/dt/p) at various sites in 
younger patients with and without CHD.1 Their results 
demonstrated that the mid-septal ventricular implantation 
site offers the best paced ventricular contractility.1  
In addition, the authors recommend that biventricular (Biv) 
pacing may not be necessary if the pacing site associated 
with the best contractility response can be established.1 
Moreover, two studies evidenced that both RV and Biv 
pacing improved RV dP/dt in patients with repaired TOF 
and clinical signs of RV failure.4,5 These findings confirm 
the beneficial effects of RV stimulation in subjects with 
right heart dysfunction and RBBB, with a preference for Biv 
pacing when concomitant LV failure is present.

We advocate the use of single-site pacing based on 
the advantage that a single ventricular lead in small 
children prolongs battery longevity and reduces 
vascular complications and lead-associated problems. 
Data in children with LV failure suggest that single-site 
pacing may be sufficient for resynchronization therapy.6,7 
Changing the site of pacing should be considered if routine 
echocardiographic tests demonstrate ventricular dilatation 
or dysfunction. Nevertheless, an individual approach 
may be best to identify the optimal pacing site in order to 

prevent future negative effects on electrical activation and 
cardiac performance.

Stimulation from a midseptal site is associated with the 
best hemodynamic responses and ventricular synchrony 
compared with other RV pacing sites. This explains the 
successful resynchronization observed in our patient 
and confirms that the ventricular pacing site is the major 
determinant of cardiac pump function.
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