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Simplicity and Complexity of the Six-Minute Walk Test
José Antônio Caldas Teixeira
Universidade Federal Fluminense, UFF, Niterói, RJ - Brazil

Heart Failure; Bronchitis, Chronic; Walk Test; 
Running; Health Status Indicators; Reference Standards.

Keywords

The cardiopulmonary exercise testing (CPET) is 
known to be the gold standard method for the assessment 
of functional capacity. However, the method is expensive, 
often not well tolerated by the patients, and may not be a 
good strategy to evaluate activities of daily living (ADL). 
Functional tests are indirect method to assess functional 
status or functional capacity of an individual to perform 
ADL and meet their metabolic demands. These tests 
are considered objective measures that can monitor the 
clinical course of several diseases as well as responses to 
interventional therapies.

Walking and running tests were originally developed 
to evaluate and estimate aerobic physical fitness of 
healthy individuals and correlate it with maximal aerobic 
power (peak VO2). Balke, in the sixties, followed by 
Cooper and his 12-minute test, used to evaluate physical 
performance in healthy subjects, motivated, according 
to them, by the need of field tests for screening of large 
populations. These methods showed good correlation 
with laboratory measurements of aerobic capacity (peak 
VO2 and anaerobic threshold).1 

In 1976, McGavin et al.,2 adapted the Cooper test to an 
indoor modality of 12-minute walk test to estimate effort 
tolerance in patients with chronic bronchitis. However, 
application of this test in clinical conditions was limited 
by the low functional capacity or low capacity of most 
patients to maintain a predetermined effort for 12 
minutes. In 1982, Butland et al.,3 started to use shorter 
exercise periods (6 minutes) in the same population. In 
these tests, subjects were instructed to walk from one end 
to the other of a hospital corridor during a six-minute 
period. The distance covered during this time was then 

registered. The six-minute walk test (6MWT) was then 
created; originally used in lung disease patients and 
then in several randomized clinical trials for evaluation 
of functional, therapeutic and prognostic factors of heart 
failure (HF) patients.4

The 6MWT has lower personal and technical costs 
and is easy to perform. More importantly, the walking 
intensity required during the test is similar to that of 
everyday day activities, reflecting their ADL. In addition, 
the intensity of the exercise is determined by the own 
patient, which is an additional advantage for those with 
some physical limitations who would not tolerate well 
the maximum 30-minute CPET. The 6MWT is more 
reproducible than questionnaires and has been able to 
detect little, but clinically meaningful changes in patients’ 
functional capacity.5 The test can predict the prognosis 
in HF patients and has been used as an instrument to 
evaluate the outcome of many interventions.5 Absolute 
and relative contraindications of the 6MWT are the same 
of those reported for the maximal effort test.

Therefore, the 6MWT has been more and more used 
as an alternative to evaluate functional capacity in 
patients with HF. The SOLVD showed that the 6MWT is 
a safe method, and the distance covered during the test 
has predictive value for mortality and hospitalization 
rates.4 The distance covered is also an independent 
predictor of mortality and rehospitalizations in HF 
patients. Studies have reported that distances ≤  
300 meters have the worst prognosis in these patients.6 
Rostagno et al.,6 showed that event-free survival rates 
were significantly lower (62%) in patients who walked 
a distance shorter than 300 meters, as compared with 
those who walked an intermediate distance (300-450 
meters) and high-performance patients (> 450 metros). 
In severe HF, a distance < 210 meters was associated 
with a higher six-month mortality (50% vs 20%) than 
longer distances.

https://orcid.org/0000-0003-4759-9594
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There is a real possibility of more severe patients 
perform the 6MWT near or above the first threshold, 
which is reinforced by its correlation with the VO2 of 
the anaerobic threshold and of the VE/VCO2 slope, as 
demonstrated in studies using gas analyzers during the 
6MWT.7 The authors have found mean relative peak 
VO2 ≥ 85% of CPET in HF patients, similar to a Brazilian 
study.8 Based on these findings, the 6MWT has been 
suggested to be used for prescription of the training 
intensity in this population.9

Despite its high sensitivity, the 6MWT can be 
influenced by several factors, including motivational and 
learning factors. However, with adequate standardization 
of the method, the test can be highly reproducible. 
Possible sources of variability caused by the procedure 
itself should be controlled, following guidelines and 
quality-control programs.5 

Many factors have been reported to influence the 
6MWT results, including age, sex, height (which 
influences the step length), body mass (obesity), muscle 
mass, balance, reduced strength and musculoskeletal 
changes. All these are potentially determinants of the 
distance covered.5

Morais e Rassi,10 evaluating determinants of the 
6MWT in HF patients, showed important data in 
a Brazilian population. The authors correlated the 
distance covered in the 6MWT with clinical and 
socioeconomical parameters, comorbidity index, 
quality of life index, physical activity, depression 
and anxiety, respiratory functional tests, respiratory 
muscle strength, and handgrip strength. The authors 
also reported that age, female sex, vital capacity and 
dyspnea index for the ADL as the main negative 
predictors for performance of the ADL. Although a large 
percentage of patients had chagasic cardiomyopathy 
(43%), their findings corroborate previous studies 
on patients with HF caused by other conditions. For 
example, the American Thoracic Society guidelines5 
reported that these factors, in addition to the severity 
of underlying disease, musculoskeletal problems and 
cognitive impairment can reduce the distance covered 
in the 6MWT.

The 6MWT is here to stay. Its potential use in 
functional assessment, in therapeutic interventions and 
in prognostic estimation should be further explored in 
HF patients.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
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Biomarkers have been increasingly used in non-ST-
segment elevation acute coronary syndromes (NSTE-
ACS) for diagnosis, stratification, and short-and long-
term prognosis.1 However, they play a less decisive role 
in ST-segment elevation myocardial infarction (STEMI) 
where ST-segment elevation in ECG remains the most 
important tool for diagnosis and treatment decision.2 

Troponin has been the most widely used biomarker to 
evaluate the prognosis in STEMI,1 but other biomarkers 
may also be used to assess the potential causes and 
complications of myocardial infarction (MI).3 High 
sensitivity C-reactive protein (hs-CRP) is substantially 
increased in STEMI as a result of the inflammatory 
response to myocyte necrosis, and is associated with the 
subsequent risk for death or heart failure.4-6 Natriuretic 
peptides reflect the hemodynamic impact of MI and 
are associated with its prognosis.7 Although both 
natriuretic peptides and CRP enhance risk assessment, 
no clear guidance is available on how to direct specific 
therapeutic maneuvers in the setting of STEMI based on 
these biomarkers.3

Damman et al.8 studied the role of multiple biomarkers 
in a large cohort of STEMI patients. Glucose, estimated 
glomerular filtration rate (eGFR), and N-terminal pro-
brain natriuretic peptide (NT-ProBNP), but not hs-CRP 
were the strongest predictors for long-term mortality in 
1,034 STEMIs.8

Correia and Esteves9 performed a systematic review and 
meta-analysis on C-reactive protein and outcomes in 
acute coronary syndromes. After literature review, 
19 articles were included in the study, most of them 

addressing NSTEMI and unstable angina. In the analysis 
of short-term outcomes, nine studies were positive and 
six were negative, with an overall OR of 1.65 (95% CI: 1.2-
2.3). Nevertheless, overall multivariate OR of short-term 
follow-up was not obtained, since this measurement was 
described only in three heterogeneous studies. Only two 
short-term studies analyzed the incremental predictive 
value of CRP in relation to multivariate models, with 
contrasting results.

A study published in this issue by Milano et al.,10 
addresses the role of hs-CRP on in-hospital mortality in a 
single center in Brazil. A total of 118 patients admitted for 
STEMI in the emergency department or cardiac intensive 
care unit were included in a retrospective cohort study. 
Serum hs-CRP was measured at admission. Twenty 
patients (16.9%) died during hospitalization. Admission 
hs-CRP levels were higher among the patients who 
died (median 10.47 [IQR 23.99]) compared with those 
who survived (median 2.13 [IQR 5.66]). Binary logistic 
regression analysis revealed that in-hospital death was 
independently associated with higher concentration of 
hs-CRP and older age. A one-unit increase in hs-CRP 
increased the risk of death by 15%, after adjustment for 
established risk factors. 

The research question studied by Milano et al.10 seems 
relevant and the results contribute to the knowledge on 
prognostic factors in STEMI. However, the study has 
limitations and the findings should be interpreted with 
caution. It was a single- center retrospective study with 
a small sample, which could limit its external validity. 
In addition, the study did not establish a cut-off point 
for hs-CRP levels in relation to mortality, making it 
hard to interpret the assay results in clinical practice. 
The multivariate model did not include other known 
prognostic variables such as the Killip class,11 MI location, 
time to treatment, and cardiac arrest at admission. Also, 
the authors did not analyze the incremental value of hs-
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CRP to usual prognostic score systems in STEMI, such 
as GRACE12 and TIMI Risk13 scores. Another major issue 
is the absence of new treatments directly addressing hs-
CRP in STEMI.3

Despite these biases and limitations, we believe the 
study has some merits. The findings suggest that hs-CRP 
levels can be used as a measure of inflammatory response 
to myocardial ischemia after STEMI, which could lead to 

a more personalized prognosis and therapy to improve 
the outcome in this population. Prospective and larger 
cohort studies are needed to confirm these findings and 
to stablish a cut point for a wider clinical use of this tool. 
Randomized controlled trials are needed to establish 
the effectiveness of new treatment regimens guided by 
biomarkers in STEMI.

This is an open-access article distributed under the terms of the Creative Commons Attribution License
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Everything being a constant carnival, there is no 
carnival left. 

Victor Hugo

Every year, millions of people of different ages and 
origins go to the streets in many countries around the 
world to celebrate carnival (Figure 1). In Brazil, the most 
popular carnival celebrations and parades take place in 
the city of Rio de Janeiro and in the Brazilian states of 
Bahia and Pernambuco. Rio de Janeiro’s carnival alone 
drew more than 5 million people in the last years. One of 
the most common activities during carnival is taking part 
in the Samba Parade, a beautiful festival where people 
dance on the streets. 

Samba dance requires vigorous and varied movements 
that can promote happiness and intense chronotropic 
response. One study demonstrated that during samba 
sessions, individuals can reach 60-90% of maximal heart 
rate predicted for age at 86% of time.1 Drinking alcohol is 
also very frequent during carnival, and its combination 
with energy drink (ED) intake has increased lately. And 
what would be the effects of this combination to the heart 
of people that want to celebrate this festivity? 

Drinking is associated with atrial fibrillation (AF) in a 
situation called “Holiday Heart Syndrome”. Binge drinking 
and even mild-to-moderate alcohol (seven drinks per week 
or more) increases the incidence of AF.1 Some studies have 
shown that the use of other substances associated with 
binge drinking, such as the recreational use of marijuana, 
may contribute to the increase in AF incidence. In a recent 

study, Desai et al.2 observed that 2.7% of recreational 
marijuana users developed arrhythmia with a steadily 
increasing trend from 2010 through 2014, and that AF 
was the most common subtype of arrhythmia among 
hospitalized marijuana users.2 The association of alcohol 
and marijuana should be greatly avoided because it doubles 
the odds of drunk driving, negative social consequences, 
and harms to self besides cardiac adverse effects.3 

Energy drinks are legally allowed and can even be 
sold in schools. The marketing for ED consumption is 
targeted toward young adults aged between 18 and 34 
years, and this strategy succeeded because EDs have 
been one of the fastest growing segments in the beverage 
industry.4 These drinks can have very high amounts of 
caffeine and other “energy-boosting” additives that have 
been linked with many reports of atrial and ventricular 
arrhythmias.1 In addition to their proarrhythmic effects, 
the consumption of EDs is associated with significant 
hemodynamic overload. Grasser et al.5 demonstrated that 
the ingestion of one can ((355-mL) of a sugar-sweetened 
ED resulted in an augmented workload to the heart as 
evidenced by elevated blood pressure, heart rate, cardiac 
output, and double product values.5

The hallmark feature of EDs is their high caffeine 
content. Caffeine is a methylxanthine alkaloid that 
stimulates the central nervous system. Caffeine has a 
half-life of 5.7 h, nearly 100% bioavailability, and its 
maximum concentrations are reached within one hour of 
consumption.6 Caffeine activates the sympathetic nervous 
system and can act as an antagonist of the neuromodulator 
adenosine leading to elevations in blood pressure. It 
elevates the sinus rate by sympathomimetic effects 
mediated by phosphodiesterase inhibition and raises 
cytoplasmic calcium.6 ED ingestion has been associated 
with arrhythmias even in patients with structurally normal 
hearts. Fletcher et al.7 compared the effects of caffeine 
alone and EDs in healthy volunteers and demonstrated 
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Figure 1 - Brazilian carnival. Women wearing carnival costumes and dancing in Olinda, Pernambuco, Brazil.
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that the corrected QT interval and systolic blood pressure 
were significantly higher following high-volume ED 
consumption when compared with caffeine alone.7 
Patients with congenital long QT syndrome should be 
strongly advised not to ingest EDs because dangerous 
QTc prolongation of > 50 ms following ED consumption 
has been reported.8 Although there is no clearly defined 
threshold for ED use, the International Society of Sports 
Nutrition recommends that patients with pre-existing 
cardiovascular conditions who are taking medications that 

may be affected by caffeine and other stimulants refrain 
from EDs, and they warn that more than one ED/day, 
even in healthy individuals, may be harmful.9

Celebrating carnival is easy, fun and cheap. The potential 
risks of combining ED and alcohol or illicit drugs are high, 
and patients should be advised of this. Also, the intake of 
EDs alone can increase the risk of cardiac adverse effects and 
should be done with moderation. One of the best things in 
life are good memories and having a cardiac complication 
during holidays is one those nobody would like to have.

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

Background: Coronary artery bypass grafting (CABG) is a type of surgery where there is a compromise in one 
or more coronary arteries, with the objective of restoring function to the areas that have been compromised in 
the heart, possibly leading to respiratory compromise and postoperative complications. The return time of the 
pulmonary function to the preoperative condition is still indeterminate in the literature.

Objective: To describe the behavior of pulmonary function after hospital discharge in patients submitted to CABG.

Methods: This is a prospective cohort study. Only patients undergoing MRI, whose lung function was evaluated 
preoperatively, at hospital discharge and 30 days after surgery, were evaluated. This evaluation consisted of 
maximum inspiratory pressure (MIP) and expiratory (MEP), vital capacity (VC) and expiratory flow peak (EFP).

Results: A total of 30 patients were evaluated, of which 18 (60%) were males, mean age 62 ± 9 years. A reduction in 
lung function from preoperative time to hospital discharge was observed in all variables. There was improvement 
in MIP (88 ± 9 vs 109 ± 5, p < 0.001), MEP (67 ± 10 for 90 ± 8, p < 0.001) and EFP (310 ± 59 for 390 ± 32, p < 0.001), 
high for review. At the time of the review, no variables returned to their preoperative value: MIP (116 ± 5 for 109 ± 5,  
p = 0.43), MEP (111 ± 8 for 90 ± 8, p < 0.001), VC (45 ± 12 for 39 ± 7, p = 0.33) and EFP (430 ± 40 for 390 ± 32, p < 0.001). 

Conclusion: It is concluded that MRI surgery reduces lung function and is not reestablished after 30 days of the 
procedure. Being the expiratory muscular force and the peak of expiratory flow the most affected. (Int J Cardiovasc 
Sci. 2019;32(2)104-109)

Keywords: Cardiovascular Diseases/physiopathology; Coronary Artery Bypass, Myocardial Infarction; Myocardial 
Revascularization; Patient Discharge.

Introduction

Coronary artery bypass grafting (CABG) is a type of 
cardiac surgery where one or more impaired coronary 
arteries receive saphenous or mammary grafts and whose 
surgical goal is to reestablish a connection to areas that 
have been affected in the heart. Studies show that, in 
Brazil, in 2010, 21,000 coronary artery bypass grafting 
surgeries were performed and they have been some of 
the most performed cardiac procedures in recent years.1

Coronary artery bypass grafting (CABG) improves 
the patients’ quality of life, but there are associated 
factors that may compromise respiratory function. 
There is a great chance that these patients will develop 
postoperative complications, including the following 
most common ones: pulmonary edema, pneumothorax, 
pleural effusion, atelectasis and pneumonia.2 

Pulmonary function is significantly reduced in 
the immediate postoperative period and the reason 
for this is multifactorial and is not fully understood.3 
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Operative conditions such as cardiopulmonary bypass 
(CPB), surgical incision, anesthesia, the patient’s 
hemodynamics, type and duration of the procedure, 
length of drainage or pain can cause lung disorders. 
All of these components seem to lead to decreased 
pulmonary volumes and capacities, thoracic expansion 
and respiratory muscle dysfunction.2,4

The efficacy of respiratory physiotherapy is as an 
important marker for cardiac rehabilitation both inside 
and outside the intensive care unit.5 The physiotherapist 
contributes directly to the best prognosis, prevention and 
treatment in patients who undergo coronary artery bypass 
grafting, where rehabilitation treatments are applied, 
such as: manual, respiratory and pulmonary reexpansion 
maneuvers, postural advice and bed positioning.6

There is still little information on the behavior of lung 
function after cardiac surgery related to the time required 
to reestablish the lungs to preoperative values. Therefore, 
the objective of this study was to describe the behavior of 
pulmonary function after hospital discharge in patients 
undergoing CABG.

Methodology

This is a prospective study involving patients from a 
reference hospital in Feira de Santana - BA, Brazil, from 
August 2017 to April 2018. This study was approved by 
the research ethics committee of Faculdade Nobre (FAN) 
of Feira de Santana-Bahia under opinion no. 2.088.639. 
All patients signed an Informed Consent Form.

The inclusion criteria were individuals of both sexes, 
aged equal to or above 18 undergoing coronary artery 
bypass grafting procedure via median sternotomy and 
extracorporeal circulation. The exclusion criterion were 
patients who were readmitted to the hospital, patients 
who did not return for the review, who found it hard to 
understand or to collaborate, who present post-surgical 
complications, hemodynamic instability, previous 
cardiac surgery, previous neurological symptoms, cardiac 
arrhythmia, and who remained at least 6 days in hospital. 

After meeting all inclusion criteria, the patients had 
their pulmonary function assessed preoperatively. This 
evaluation consisted of maximal inspiratory pressure 
(MIP) and maximum expiratory pressure (MEP), and 
vital capacity (VC).

Respiratory muscle strength was tested with the patient 
sitting on a chair. Initially, the patient was asked to breathe 
close to the current volume and, after three breaths, to 
perform a maximal forced expiration (residual volume) and 

then a maximal static inspiration sustained for 3 seconds 
with nasal occlusion in order to get the MIP measure.

Subsequently, to measure the PEM, the patient had 
to breathe close to the current volume for three cycles 
and perform a maximal inspiration (total pulmonary 
capacity) followed by a maximum sustained expiration 
for 3 seconds. Both maneuvers were repeated at least 
three times with an interval of one minute and the 
highest value, which cannot be the one from the last 
measurement, was recorded. These measurements were 
performed using an analogue Instrumentation Industries 
manovacuometer model MV - 120, with a range of 0 to 
120 cmH2O.

Vital capacity was measured using the Wright Mark 
8 analogue ventilator (Ferraris) with a 35 mm display, 
two 0-1 l/min and 0100 l/min dials. The patients are 
required to perform a maximal inspiration up to the 
total lung capacity and then a slow maximal expiration 
until the residual volume is reached. All patients should 
be sitting and perform three measurements, with a one-
minute interval between them, adopting the highest 
value obtained as a reference.

After the initial evaluations, the patients were referred 
to the surgical center where they were always handled 
by the same medical team and were later sent to the 
intensive care unit (ICU) where they were managed 
according to the unit’s routine, which consists of non-
invasive ventilation, breathing exercises and positive 
end-expiratory pressure. Finally, they were admitted to 
the ward after discharge from the ICU.

Upon hospital discharge, the patients had their 
lung function evaluated again. Note that no researcher 
has influence on the procedures adopted during the 
hospitalization or decision on hospital discharge.

One month after the surgery, the patients were 
evaluated for respiratory muscle strength and vital 
capacity upon their return to medical reevaluation. The 
evaluations at the two moments are always carried out 
by the same examiner.

Statistical analysis

The program SPSS 20.0 was used for data analysis. 
To evaluate the normality, the Kolmogorov-Smirnov 
test was used. Data were expressed as mean and 
standard deviation. The pulmonary function at the 
different operative moments was analyzed by the 
Student’s paired t-test. P < 0.05 was considered 
statistically significant.
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Table 1 - Clinical characteristics of the patients who 
had coronary artery bypass grafting

Variable n = 30 (%)

Gender

Male 18 (60%)

Female 12 (40%)

Age (years) 62 ± 9

BMI (kg/m2)

Eutrophic 8 (27%)

Overweight 16 (53%)

Obesity 6 (20%)

Comorbidities

SAH 22 (81%)

DM 15 (50%)

DLP 18 (60%)

BMI: body mass index; SAH: systemic hypertension; DM: diabetes 
mellitus; DLP: dyslipidemia.

Table 2 - Surgical characteristics of patients that had 
coronary artery bypass grafting

Variable
Mean and standard 

deviation

CPB time (minutes) 88 ± 15

MV time (hours) 7 ± 3

Number of grafts 2 ± 0.8

Number of surgical drains 2 ± 0.4

CPB: cardiopulmonary bypass; MV: mechanical ventilation.
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Results

Between August 2017 and April 2018, 30 patients who 
were admitted for coronary artery bypass grafting at 
Instituto Nobre de Cardiologia were evaluated. Of these, 
18 (60%) were men and the average sample age was 62 ± 9. 
Other data related to the patient’s clinical characteristics 
are presented in table 1.

The patients had CPB time of 88 ± 15 minutes and 
average MV time of 7 ± 3 hours. Other data related to 
the patients’ surgical characteristics are shown in table 2.

Table 3 shows the three evaluation phases in the 
variables. There was a significant reduction in pulmonary 
function behavior at hospital discharge compared to the 
preoperative period and surgical revision. At hospital 
discharge, MIP (cmH2O) dropped to 88 ± 9 and the 
preoperative value was 116 ± 5 (p < 0.001), as well as 
in the surgical revision with 109 ± 5 (p < 0.001). In MEP 
(cmH2O), the variables also dropped compared to the 
preoperative period. At hospital discharge, the value 
was 67 ± 10 (p < 0.001) and, at surgical revision, it was 
90 ± 8 (p < 0.001). 

As for the variables of vital capacity (ml/kg), the 
preoperative period obtained 45 ± 12, and there was 
as a decrease in the hospital discharge figures (31 ± 9,  

p < 0.001) and surgical revision figures (39 ± 7, p = 0.33). 
At the peak expiratory flow (L/min), the preoperative 
period was 430 ± 40. At hospital discharge, the value 
dropped to 310 ± 59 (p < 0.001) and, at surgical revision, 
it was 390 ± 32 (p < 0.001).

Discussion

Based on the results reported, it can be seen that 
coronary artery bypass grafting surgery may lead to 
reduced pulmonary function and it is not reestablished 
even after one month of the surgical procedure.

According to Barros et al.,7 inspiratory and peripheral 
muscle strength is often described as reduced after cardiac 
surgery. As analyzed in this study. Patients undergoing 
cardiac surgery repeatedly develop postoperative 
pulmonary dysfunction, always presenting severe 
reduction in pulmonary volumes, impaired respiratory 
mechanics and increased respiratory work.8 

According to Cavenaghi et al . , 9 pulmonary 
dysfunction after cardiac surgery is normal, in which 
the patient has severely reduced pulmonary volumes 
and capacities, decreased lung compliance, poorer 
respiratory mechanics and increased respiratory work. 
For Soares et al.,10 some intraoperative factors that may 
interfere with and justify the impairment of pulmonary 
function, such as the use of CPB, the degree of sedation, 
the intensity of surgical manipulation and the number 
of pleural drains, are indicated as some responsible for 
altering respiratory mechanics. 

The results obtained in this article confirm these data 
and corroborate the current literature, since a significant 
drop was observed in all spirometric variables analyzed, 
comparing the values obtained in the postoperative 
period with those from the preoperative period, hospital 
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Table 3 - Behavior of pulmonary function at different operative moments

Variable Preoperative period Hospital discharge Surgical revision

MIP (cmH2O)

P
116 ± 5

88 ± 9

< 0.001a

109 ± 5

< 0.001b

0.43c

MEP (cmH2O)

P
111 ± 8

67 ± 10

< 0.001a

90 ± 8

< 0.001b

< 0.001c

VC (ml/kg)

P
45 ± 12

31 ± 9

< 0.001a

39 ± 7

0.09b

0.33c

PEF (L/min)

P
430 ± 40

310 ± 59

< 0.001a

390 ± 32

< 0.001b

< 0.001c

a: Comparison of preoperative period with hospital discharge; b: Comparison of hospital discharge with surgical revision; c: Comparison of 
preoperative period with surgical revision. MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure; VC: vital capacity; PEF: 
peak expiratory flow. All analyses were conducted using the Student’s paired t-test.
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discharge and surgical revision. These findings were 
evidenced in other studies on pulmonary function 
after cardiac surgeries, which showed that pulmonary 
function remains 25% to 30% lower even after 3.5 
months of surgery.11,12 

Urell et al.,13 state that respiratory muscle strength is 
not compromised two months after cardiac surgery. In 
the study by Jonsson et al.,14 it was evidenced that after 
two months of cardiac surgery there is an increase in 
pulmonary function (vital capacity, functional residual 
capacity and total lung capacity) associated with increased 
physical activity level and, consequently, functionality. 
These results were not replicated in this study and may 
be related to the smaller sample size than the study 
by Jonsson et al.,14 Another cause for this difference in 
results may lie in the possibility of pain impacting lung 
function for up to 45 days due to the scarring process. 
As the patients in this study were evaluated after thirty 
days, there may be some interference, as opposed to the 
study by Jonsson et al.14

Pain has a significant negative correlation with 
the decreased values   in the variables of the study of 
Baumgarten et al.15 In this study, pain was not evaluated, 
but this may be a possible explanation for a reduction in 
the variables of this study.

Mueller and Lima16 state in their study that most 
patients that underwent cardiac surgery complain of 
intense postoperative pain, being one of the main causes 

of pulmonary complications due to the lower thoracic 
expansion, thus generating a shallow breathing.

Static and dynamic complacencies that reflect 
pulmonary function may be significantly reduced even 
after one year of surgery.17 In the study by Annoni et 
al.,1 patients undergoing coronary artery bypass grafting 
presented increased expiratory muscle strength and, 
consequently, peak expiratory flow, in addition to 
showing improvement in quality of life. As opposed 
to the results of this study, which shows inconsistent 
responses, since the PEF, MIP, MEP and VC values were 
smaller, thus showing loss of muscle strength. 

These differentiated results can be associated with 
several factors. In the study by Annoni et al.,1 all patients 
were followed up by physiotherapy that prescribed 
individualized exercises at least twice a day. All 
patients were encouraged to perform a 6-minute walk 
test (6MWT) over 50 meters with medium intensity 
in the preoperative period. According to Laizo,18 the 
6-minute walk test (6MWT) is a method that has been 
used to evaluate functional capacity and is also used as 
a predictor of morbidity and mortality in patients with 
cardiovascular and respiratory diseases.

Another justification may be the sample size, which 
was only twelve patients undergoing coronary artery 
bypass grafting, as opposed to this study, in which thirty 
patients were evaluated.
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The limitations of this study include the lack of a 
sample calculation, failure to evaluate confounding 
variables such as pain and lack of correlation between 
pulmonary function behavior and clinical and 
functional outcomes. 

Conclusion

 It can be concluded that patients undergoing coronary 
artery bypass grafting surgery present significant 
worsening of pulmonary function in the postoperative 
period, causing significant reduction in respiratory, 
expiratory and peak expiratory flow, not returning to 
normal even after one month of the procedure.
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Abstract

Background: Warfarin is an oral anticoagulant involved in important interactions with foods and other drugs.

Objectives: To evaluate the occurrence of adverse events reported by warfarin users and their relationship with 
drug interactions.

Methods: This was an open cohort, prospective study conducted in an 18-month period with warfarin users 
attending public health clinics of the city of Ijuí, Brazil. Data were collected by means of interviews administered 
at patients’ home every month. Patients’ responses were confirmed by review of medical records when patients 
sought medical care. Data were analyzed by descriptive statistics. Potential drug interactions were evaluated in a 
database and vitamin K consumption was quantified using a validated method.

Results: A total of 68 patients were followed-up; 63 completed the study and 5 died in the study period. Mean 
number of medications taken by the patients was 9.6 ± 4.5, and mean number of interactions involving warfarin 
was 2.91 ± 1.52. Most potential interactions increased the risk of bleeding, 61 of them severe interactions and 116 
moderate interactions. Eighty-seven episodes of bleeding and 4 episodes of thrombosis were reported by a total 
of 37 and 4 patients, respectively. At the occurrence of these events, 56.5% of warfarin users were also taking 
omeprazole, 35.9% were taking simvastatin and 25.0% paracetamol. Most patients had a low vitamin K intake.

Conclusions: A high frequency of potential interactions between warfarin and other drugs was detected, but a 
low intake of foods that could possibly affect the effects of warfarin was observed. Based on our results, it seems 
prudent to follow patients on warfarin therapy for drug-drug interactions, aiming to control adverse effects and to 
promote a safe and effective therapy. (Int J Cardiovasc Sci. 2019;32(2)110-117)

Keywords: Anticoagulants/adverse effects; Warfarin; Pharmacovigilance; Drug Interactions; Drug Incompatibility; 
Omeprazole; Simvastatin; Acetaminophen; Vitamin K; Delivery Health Care/statistics & numeral data.

Introduction

Warfarin is one of the most used oral anticoagulants. 
According to the Food and Drug Administration, it is 
among the top ten drugs in terms of the risk of severe 
side effects.1 Warfarin is characterized by a narrow 
therapeutic window, high interaction with other drugs 
and frequent bleeding.2

The effect of warfarin may be either increased or 
decreased when combined with some drugs or foods. 
These interactions can be potentially harmful to patients 

and caused increased health-related costs,3 which justifies 
the need to identify potential interactions involving 
warfarin that may lead to adverse effects.

The risk for adverse events caused by drug 
interactions with warfarin increases with the number 
of drugs administered concomitantly,4 whereas vitamin 
K-rich diets may decrease warfarin therapeutic effect.5 
The occurrence of adverse events may be prevented 
by monitoring of the therapy by health providers 
involved in its prescription, delivery and follow-up of 
anticoagulated patients.6 

https://orcid.org/0000-0003-2023-5088
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The high frequency of interactions of warfarin 
with other drugs has been described in studies with 
hospitalized patients.7,8 Nevertheless, studies evaluating 
drug-drug interactions in primary health care are less 
common. If, on the one hand, these patients generally 
use less medication than hospitalized patients due to 
their less severe conditions, monitoring of diet and 
medication use is less frequent. The aim of this study 
was to evaluate the occurrence of adverse effects related 
to drug-drug interactions in warfarin users in the 
primary health care.

Methods

Study design and subjects 

This was an open cohort, prospective study with 
descriptive analysis with all warfarin users attending 
public health clinics of the city of Ijuí, located in the 
south of Brazil. Patients were followed for an 18-month 
period between April 2014 and October 2015, by monthly 
interviews conducted in patients’ home. This was an open 
cohort because patients were prospectively recruited in 
the first six months of follow-up. 

Warfarin users were identified using copies of drug 
prescriptions, filed at Ijui Secretary of Health Central 
Pharmacy. It is the place where all prescriptions issued 
in the city are filed. Patients’ address and telephone 
number registered in the medical records were used for 
scheduling of visits.

Inclusion criteria were patients living in Ijui, Brazil, on 
oral warfarin therapy for chronic diseases or who initiated 
therapy in the first six months of the study, and who 
had their medication dispensed from Ijui public health 
centers. All participants signed an informed consent form. 
Patients living in other cities, patients treated with other 
anticoagulants, and those who acquired medications in 
private pharmacies were excluded.

Data were collected with the aid of a questionnaire 
containing questions about the patient – socioeconomic 
and demographic characteristics; medications – use of 
warfarin and other drugs prescribed; and foods – types 
and amounts of certain foods consumed.

Data analysis 

Medications were classified at the first level of the 
Anatomical Therapeutic Chemical (ATC) coding system,9 
used for the classification of drugs according to their 
sites of action and therapeutic and chemical properties. 

Results related to the medications used by the patients 
are presented as mean and standard deviation.

Drug interactions were classified according to 
Micromedex10 database, and only severe and moderate 
interactions were considered for analysis. Assessment 
of drug interactions was performed at two time points 
– first, at the 18th month of patients’ follow-up and then 
at the occurrence of a clinical event (bleeding or venous 
thromboembolism). These events were identified by self-
report and confirmed by data documented in the medical 
records. Bleeding and venous thromboembolism were 
categorized by the site of occurrence only, not considering 
the severity. For analysis of drugs and their interactions, 
we included only continuously used medications, based 
on their prescriptions.

Because of the high use of simvastatin and its potential 
interaction with warfarin, patients’ cardiovascular risk was 
assessed by the Framingham score, which evaluates and 
scores each of the following risk factors – age, systolic and 
diastolic blood pressure, smoking, diabetes mellitus (DM), 
total cholesterol (TC) and HDL-TC. Results were expressed 
as absolute risk of fatal (death) and non-fatal (acute 
myocardial infarction and angina pectoris) cardiovascular 
events in ten years. Individuals with a risk equal to or 
lower than 9% were classified as “low-risk” (LR); those 
with a risk between 10% and 19% as “moderate risk” (MR) 
and patients with a risk equal to or higher than 20% were 
classified as high risk (HR).11 Age, smoking and DM were 
self-reported, and DM was confirmed by the use of glucose 
lowering drugs. Blood pressure was measured at the first 
interview, and TC and HDL-CT at month 18.

Frequency and amount of vitamin K consumed 
was evaluated using an instrument developed for the 
Portuguese population and validated by Ferreira.11 Based 
on their responses, patients were classified by vitamin 
K consumption into one of the four categories – high, 
moderate, low and very low consumption. 

 Values of international normalized ratio (INR) 
were used for calculation of the Time in Therapeutic 
Range (TTR), according to the method adapted and 
validated by Schimidt et al.12 Results were expressed 
as interquartile range.

Statistical analysis was performed using the SPPSS 
software version.

All patients signed the informed consent form. The 
study was approved by the ethics committee of the 
Federal University of Rio Grande do Sul (approval 
number 336.259/2013). 
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Results

Sixty-eight patients were followed for 18 months. 
Sixty-three (92.6%) completed the follow-up and 5 
(7.3%) died during the study period. Of the 68 patients, 
55.1% were female, with mean age of 64 ± 14 years. Most 
patients (63.2%) had some elementary school and 51.5% 
had an income of one minimum age.

Mean number of medications taken by patients 
was 10 ± 4, and all patients were taking at least one 
medication in addition to warfarin. In descending order, 
the most frequent medications were drugs acting on the 
cardiovascular system (49.2%), blood and hematopoietic 
organs (16.0%), nervous system (14.8%) and alimentary 
tract and metabolism (13.5%).  

Analysis of drug-drug interactions showed that 
66 (97.1%) of patients were subjected to interactions 
involving warfarin, and 51 (73.9%) and 65 (94.2%) 
patients were at risk of experiencing one or more severe 
and moderate interaction, respectively. The mean of 
potential interactions involving warfarin was 3 ± 1.5 per 
patient (Figure 1). All interactions identified can affect 
the effect of warfarin. In 177 patients, this effect would 
be increased, thereby increasing the risk of bleeding. In 
23 patients, the effect of warfarin would be decreased, 
increasing the risk of thromboembolic events.

Among the interactions that would increase the effect 
of warfarin, 61 patients had severe and 116 moderate 
interactions. Simvastatin and amiodarone can cause 
severe interactions with warfarin, and were found in 
47.5% and 14.8% of patients, respectively. The most 
frequent drugs with potential moderate interactions 
with warfarin were omeprazole (33.1% of patients) and 
paracetamol (18.6%). All interactions that would reduce 
the effect of warfarin were classified as moderate, and the 
most common drug was spironolactone (60.9%).

A total of 87 bleeding episodes were detected in 37 
patients, and 4 venous thromboembolism events were 
detected in 4 patients; 56.5% of these patients used 
omeprazole), 35.9% simvastatin and 25.0% paracetamol.

Figure 2 depicts the distribution of patients by risk 
(present or not) of drug interactions, TTR and frequency 
of bleeding and venous thromboembolism events. 
Among the 66 patients at risk of drug interactions 
involving warfarin, in only 14 patients the INR was 
maintained within the recommended therapeutic range 
during most of the follow-up period (51-100%), with 
16 bleeding events and one venous thromboembolism 

event reported. Bleeding and thromboembolism events 
were more frequently reported by patients whose INR 
values were maintained within therapeutic range for a 
shorter time. Patients without potential drug interactions 
involving warfarin (n = 2), showed a TTR lower than 
50%, with bleeding reported by one of them. In addition, 
25 (37.3%) of patients at risk of drug interactions did 
not show any INR value within therapeutic range 
during follow-up. Considering INR values outside the 
therapeutic range, 70% of them were below and 30% 
above recommended range. 

With respect to cardiovascular risk, 8 (11.6%) patients 
had a low risk, 10 (14.5%) a moderate risk and 51 (73.9%) 
a high risk. Among those with low cardiovascular risk, 
3 were taking simvastatin.

Potential interactions between warfarin and foods 
(particularly vitamin K- rich foods) were assessed by 
food records of the patients, and a low vitamin K intake 
was detected in most patients (Table 1).

Discussion

In an 18-month follow-up of 68 patients using warfarin, 
we found that almost all of them (97.1%) were at risk of 
drug interactions (± 3 interactions per patient). These 
interactions were either severe (61) or moderate (116), 
and probably contributed to the occurrence of adverse 
events (84 bleeding and 4 thrombosis events). Dietary 
assessment revealed a low vitamin K intake, excluding 
the possibility of interactions between warfarin and 
foods. Nevertheless, many drugs could be implicated in 
the development of adverse events, mainly simvastatin, 
omeprazole and paracetamol.

Mean number of drugs was 9.6 ± 4.5 per day, higher 
than that reported in studies on the use of warfarin 
among patients in outpatient treatment (4.2 - 4.8 drugs/
day.13-15 The number of medications taken by a patient 
is considered an exposure factor to drug interactions. 
Cruciol-Souza et al.,16 reported that the use of 7 or more 
medications significantly increased the risk of patients 
to drug interactions. 

The percentage of estimated interactions with warfarin 
was comparable to that reported in other studies  
(81-100%).2,7,8,17,18 Mean number of drug interactions 
involving warfarin (2.91 ± 1.52 per patient) was similar to 
that found by Teklay et al.,17 despite to different methods, 
setting and time of follow-up between the studies. One 
peculiarity of our study cohort was the fact that they were 
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Figure 1 - Potential drug interactions involving warfarin in warfarin users (n = 68) of a cohort of Ijui, Brazil.
ASA: acetylsalicylic acid.
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Figure 2 - Drug interactions and Time in Therapeutic Range (TTR) of a cohort of warfarin users (n = 68) in Ijui, Brazil.

Table 1 - Stratification of vitamin K consumption 
among warfarin users (n = 68) attending public health 
centers of Ijui, Brazil

Consumption
Vitamin K

n (%)a

Very low 10 (14.7)

Low 53 (77.9)

Moderate 5 (7.4)

Elevated -

a number of patients.
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neither followed in an anticoagulation outpatient clinic 
nor followed for pharmacotherapy, and hence were more 
vulnerable to drug interactions.

The most cited drugs and drug classes that have the 
potential to interact with warfarin are antibiotics,18,19 
ant icoagulants  (heparin  and enoxaparin) , 7,17 
diuretics (spironolactone),17 betablockers,17,20 proton-
pump inhibitors,7,18,21 nonsteroidal inflammatory 
drugs,8,17,18,22 serotonin selective reuptake inhibitors,19 
amiodarone,22 paracetamol,8,14,19 simvastatin,7 tramadol,7 
levothyroxine.21 All these drugs were prescribed and 
taken by our study group.

Many patients who reported bleeding and 
thromboembolism episodes were exposed to 
omeprazole, simvastatin and paracetamol. These drugs 

interact with warfarin by means of competition for 
the cytochrome P450 metabolism. Nearly 30% of our 
patients had CYP2C9 polymorphism (data not shown), 
which would increase the risk for drug interactions.  
A careful evaluation of risks and benefits would be 
useful in prescribing simvastatin to anticoagulated 
patients, due to high severity of the interaction of this 
drug with warfarin and questionable benefit for patients 
with low cardiovascular risk.23 Three patients with low 
cardiovascular risk were taking simvastatin, who may 
benefit from simvastatin deprescribing. Deprescribing 
is the process of discontinuing drugs when existing 
or potential harms outweigh the benefits, considering 
patient’s need of treatment, level of functioning, life 
expectancy, values, and preferences. Deprescribing 
should be a patient-centered intervention; it is not free 
of uncertainties, and requires shared decision making, 
informed patient consent, and close monitoring of 
effects.24 With respect to omeprazole, it would be 
prudent to advise patients about safe limits of its use, 
since important increases in INR may occur during 
one to two weeks of initiation of moderate/high doses 
(2-4 g/day) of omeprazole.10 For omeprazole users, 
INR monitoring should be performed, with necessary 
changes in the dosage, or even discontinuation of 
treatment, aiming to maintain INR at desirable levels.10 
Similar to simvastatin, the use of both omeprazole25 and 
paracetamol26 have been pointed out as excessive and 
irrational, emphasizing the need to evaluate the real 
need for its use.
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Outside the hospital environment, particularly 
in non-specialized health settings, warfarin may be 
prescribed without a routine assessment of INR, potential 
interactions with foods and other drugs, and clinical 
outcomes. According to Holbrook et al.,27 INR should be 
monitored every 2-4 days after initiation of anticoagulant 
therapy until therapeutic range is achieved, and as INR 
stabilization is achieved, monitoring can be weekly. 
INR monitoring intervals may be gradually increased to 
every four weeks, as long as INR is within therapeutic 
range. A monitoring frequency of up to once every 12 
weeks may be considered for patients with stable INR, 
whose treatment remained unchanged within at least 
three months before. Based on our results, few patients 
had INR values maintained within recommended range. 

The low intake of vitamin K in our study group rules 
out the possibility of interactions between warfarin and 
vitamin K-rich foods. Dietary sources of vitamin K, 
such as leafy vegetables (spinach, broccoli, lettuce), fish, 
cereals, grains, nuts and cashew apple,28 are not part 
of the diet of low income population in Brazil. We did 
not find any Brazilian study assessing the consumption 
of vitamin K among patients taking warfarin. A study 
by Ferreira11 conducted in Portugal, though, reported 
a moderate consumption of these foods by most of 
warfarin users. Cultural, dietary, and income factors 
may explain this difference. Chang et al.,28 support that a 
high or irregular consumption of vitamin K significantly 
contributes to INR variation. For Violi et al.,29 however, 
restriction of vitamin K intake does not seem to be an 
adequate strategy to improve anticoagulation quality 
with warfarin. Rather, the authors recommend a balanced 
and stable dietary habit.30

Figure 2 depicts the distribution of patients according 
to the risk of drug interactions, INR values within 
therapeutic range and clinical events. Of 66 patients at 
risk of interactions involving warfarin, only 14 patients 
had INR values within therapeutic ranges during 
most of the following-up period (51-100%). These 
patients reported 16 bleeding events and one episode 
of thrombosis. Bleeding and thrombosis events were 
more frequent in the other two groups of patients with a 
shorter TTR. Both patients not at risk of drug interactions 
involving warfarin had a TTR shorter than 50% and one 
of them reported bleeding. In addition, among patients at 
risk of bleeding, 25 (37.3%) did not show any INR value 
within therapeutic range during follow-up. Considering 
INR values outside the therapeutic range, 70% of them 
were below and 30% above recommended range.

It is worth pointing out that the causes of adverse 
effects are multifactorial. In addition to the drug 
interactions discusses in the present study, other factors 
like low adherence to treatment, self-medication, lack 
of a continuing monitoring of therapy,6 age older 
than 70 years, first month of anticoagulation therapy, 
uncontrolled hypertension, renal insufficiency, previous 
gastrointestinal bleeding, and alcohol abuse,30 may have 
contributed to the occurrence of bleeding and venous 
thromboembolism reported by our patients.

Conclusions

Warfarin users in primary care were subjected to 
a mean of three moderate/severe drug interactions. 
Exposure to a variety of drugs probably contributed 
to high occurrence of bleeding. On the other hand, a 
low vitamin K intake was observed, indicating a low 
probability of an influence of diet on coagulation in 
response to warfarin.

Therefore, there is an urgent need for effective 
interventions aimed at preventing drug interactions and 
promoting a safe use of warfarin among its users. For this 
purpose, it is recommended a higher integration between 
highly qualified health staff members.

Besides, results of this study will serve as a basis 
for the next step of this investigation that will focus on 
pharmacotherapy monitoring of anticoagulated patients, 
aiming at minimizing adverse events from warfarin.
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Abstract

Background: Inflammation is a major component of the response to tissue injury caused by myocardial infarction. 
High-sensitivity C-reactive protein (hs-CRP) levels might be a simple marker of the severity of this inflammatory 
response, providing prognostic information.

Objective: To associate hs-CRP level on admission and other clinical characteristics with in-hospital mortality of 
patients with acute ST-segment elevation myocardial infarction (STEMI).

Methods: A retrospective cohort study of patients admitted with STEMI was carried out. Patients were analyzed 
regarding clinical characteristics, reperfusion therapy, hs-CRP on admission and outcomes. Continuous variables 
were analyzed by non-parametric Mann-Whitney U test and categorical variables by chi-square test. A p value of  
< 0.05 was considered statistically significant.

Results: Of the 118 patients analyzed, 20 died during hospitalization. Higher levels of hs-CRP (p = 0.001) and older 
ages (p = 0.003) were observed among those patients who died. Logistic regression showed that a one unit increase 
in hs-CRP increased the risk of death by 15% (p = 0.0017), after adjustment for established risk factors. Similarly, 
each one-year increase in age increases the risk of death by 6.6% (p = 0.003).

Conclusion: Our results demonstrate a strong association between hs-CRP obtained on admission and in-hospital 
mortality after STEMI. It suggests that hs-CRP can be a marker of inflammatory response to myocardial ischemia, 
providing prognostic information regarding the risk of death. (Int J Cardiovasc Sci. 2019;32(2)118-124)

Keywords: Myocardial Infarction/mortality; C-Reactive Protein; Inflamation; Biomarkers; Hospital Mortality.

Introduction

Cardiovascular diseases are the leading cause of 
mortality and morbidity in the world.1 Inflammation is 
thought to be the key mechanism in the pathogenesis of 
atherosclerosis and the value of assessing the levels of 
inflammatory biomarkers has risen.2 Many prospective 
cohort studies have demonstrated that baseline levels 
of high-sensitivity C-reactive protein (hs-CRP) in 
apparently healthy men and women are highly predictive 
of future risk of heart attack.3

However, inflammation is important in all phases 
of heart disease, including in the short-term prognosis 
after acute myocardial infarction (AMI).3 In recent 

years, many inflammatory biomarkers have been 
studied to determine whether increased levels of these 
molecules are related to a poor prognosis in patients 
who have had myocardial infarction. Several studies 
have shown an association between C-reactive protein 
(CRP) and recurrent coronary events in patients with 
acute coronary syndrome.3,4

CRP is a plasma protein of the pentraxin family, 
widely used as a general inflammatory marker, since 
it is an acute phase protein synthesized by hepatocytes 
in response to proinflammatory cytokines, particularly 
interleukin-6. Currently, among systemic markers of 
inflammation, hs-CRP has been the most studied risk 
predictor in the clinical practice.1,5
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Table 1 - General characteristics of the cohort

Characteristic n = 118

Gender

Female 30.6%

Male 69.4%

Age

< 60 years old 47.5%

≥ 60 years old 52.5%

Hypertension

Yes 64.3%

No 35.7%

Drinking habit

Yes 30.2%

No 69.8%

Smoking habit

Yes 40.7%

No 39.8%

Ex 18.5%

Diabetes

Yes 37.9%

No 62%

BMI

< 27 kg/m2 50.9%

≥ 27 kg/m2 49.1%

hs-CRP (mg/dl)

< 2.6 mg/dL 49.4%

≥ 2.6 mg/dL 50.6%

Any reperfusion therapy*

Yes 70.5%

No 29.5%

*Thrombolytic therapy or primary angioplasty; hs-CRP: high-
sensitivity C-reactive protein; BMI: body mass index.
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One of the main components of the response to 
tissue injury caused by myocardial infarction is a robust 
inflammatory reaction.6,7 In the early phase of myocardial 
infarction, hs-CRP may be a simple marker of the 
magnitude of the inflammatory response to myocardial 
ischemia, potentially providing prognostic information 
regarding the risk of death.6,8,9

We aimed to evaluate the association of hs-CRP levels 
on admission, and other clinical characteristics with 
occurrence of in-hospital death of patients with acute 
ST-segment elevation myocardial infarction (STEMI).

Methods

Study design

A retrospective cohort study of 136 patients admitted 
with acute STEMI to the emergency department or 
the coronary care unit during a one-year period was 
conducted. Eighteen patients were excluded from the 
study because of insufficient data, and thus 118 patients 
were analyzed. The following variables were evaluated 
– sex, age, diabetes mellitus, smoking habit, drinking 
habit, reperfusion therapy, arterial hypertension, hs-CRP 
on admission, and body mass index (BMI). 

We identified a cohort of patients with a median age 
of 60 years old (interquartile range of 19.75 years), 69% of 
males. Table 1 shows clinical characteristics of the cohort.

ST-segment elevation was identified at first admission 
to the emergency department or the coronary care unit 
and myocardial infarction was diagnosed according to 
the Joint European Society of Cardiology/American 
College of Cardiology10 criteria.

Diabetes mellitus was defined as fasting plasma glucose 
≥ 126 mg/dL, glycated hemoglobin ≥ 6.5%, or treatment 
with insulin or hypoglycemic agents. Patients with systolic/
diastolic blood pressure > 140/90 mmHg or using any 
antihypertensive medication were defined as hypertensive. 
Drinking habit was defined as ingestion of alcoholic 
beverage in the last year, whereas cigarette smoking was 
defined as active smoking in the last six months.

Blood sampling and hs-CRP assay

Venous blood samples were obtained on admission 
and serum hs-CRP was determined by the turbidimetric 
method. This method assesses agglutination of 
latex particles coated with antibody against CRP by 
quantifying the absorbed light. The assay has a detection 
limit of 0.4 mg/dL

Statistical analysis

Data were analyzed by the computer software 
program R (R CORE TEAM, 2017), version 3.4.0. 
Descriptive characteristics were calculated for continuous 
variables (median and interquartile range, IQR) and 
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Table 2 - Statistical association of risk variables with 
in-hospital mortality

Variable

Median (IQR) or n (%)
p 

valueSurvived 

(n = 98)

Died (n = 

20)

Age (in years) 59 (17) 73 (22.75) 0.0035061

Male gender 69 (70.4%) 12 (60%) 0.51582

Diabetes 32 (32.65%) 8 (40%) 0.70892

Smoking habit 40 (40.81%) 5 (25%) 0.28262

Drinking habit 26 (26.53%) 3 (15%) 0.41992

Any reperfusion 

therapy*
61 (62.24%) 8 (40%) 0.11162

Hypertension 57 (58.16%) 10 (50%) 0.67162

hs-CRP (mg/dl) 2.13 (5.66) 10.47 (23.99) 0.0011

BMI 26.9 (6.51) 25.5 (6.2) 0.55921

1. Data analyzed by non-parametric Mann-Whitney U test. 2. Data 
analyzed using the chi-square test. * Thrombolytic therapy or primary 
angioplasty. IQR: Interquartile range; hs-CRP: high-sensitivity 
C-reactive protein; BMI: body mass index.
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for categorical variables (frequency/percentage). Our 
data followed a non-normal distribution. Continuous 
variables were analyzed by non-parametric Mann-
Whitney U test, whereas categorical variables were 
analyzed using the chi-square test. Also, predictive 
factors were identified using binary logistic regression 
analysis after adjusting for age and hs-CRP. Multivariate 
analysis was performed expressing odds ratio per one 
unit increase in independent continuous variables.  
A p-value of < 0.05 was considered statistically significant.

The institutional review committee on human research 
approved the study protocol.

Results

We studied 118 patients admitted with STEMI 
identified at first admission to the emergency department 
or the coronary care unit. Of the 118 patients, 98 
survived (median 59 years [IQR 17]; M:F=69:29) and 20 
died (median 73 years [IQR 22.75]; M:F=12:8) during 
hospitalization. 

Clinical characteristics, hs-CRP levels at admission 
and use of reperfusion therapy of patients categorized by 
group, according to occurrence of in-hospital death, are 

shown in table 2. There were no significant differences 
regarding reperfusion therapy between patients who 
died and those who survived. Body mass index did 
not significantly differ between the two groups. The 
prevalence of diabetes was higher in patients who died 
(40%) comparing with those who survived (32.65%), but 
the difference was not significant between the groups  
(p = 0.7089).

Smoking and drinking habits were not statistically 
associated with in-hospital death. Regarding sex 
distribution, the proportion of females was 40% among 
those who died and 29.6% among survivors. This 
difference was not statistically significant (p = 0.51).

Systemic arterial hypertension had no influence on in-
hospital mortality in this group of patients with infarction 
even on univariate analysis.

In univariate analyses, we observed (Figure 1) 
significantly higher levels (p = 0.001) of hs-CRP in 
patients who died (median 10.47 [IQR 23.99]) compared 
to those who survived (median 2.13 [IQR 5.66]). 
Therefore, in patients with STEMI, an increase in the 
hs-CRP level at admission is associated with a poorer 
short-term prognosis and may represent an independent 
factor for death in the hospital.

A clear association between age and in-hospital death 
was also observed. Median age was significantly higher 
(p = 0.003) in patients who died (median 73 [IQR 22.75]) 
than in those who survived (median 59 [IQR 17]).

Multiple logistic regression analysis was performed 
to evaluate the independent contribution of hs-CRP 
levels to the risk of death. By binary logistic regression 
analysis (Figure 2), in-hospital death was associated with 
higher concentration of hs-CRP (odds ratio = 1.15 per unit 
increase; p = 0.0017) and older age (odds ratio = 1.066 
per one year increment; p = 0.003). Therefore, a one unit 
increase in hs-CRP increased the risk of death by 15%, 
after adjustment for established risk factors. Similarly, a 
one year increase in age increased the risk of death by 
around 6.6% in patients with same hs-CRP levels. 

Discussion

Our results demonstrated an important relationship 
between hs-CRP level on admission and in-hospital 
mortality after STEMI.

The present study showed a mortality rate after AMI 
of 16.9%, which is similar with those reported in previous 
studies (3.2-20.6%).11,12 
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Figure 1 - Distribution of patients (quartiles) by C-reactive protein (CRP) levels; p = 0.001747; non-parametric Mann-Whitney U test.

Figure 2 - Association of high sensitivity C-reactive protein (CRP) levels and age with in-hospital mortality. * OR: Odds ratio; 95% CI: 
95% Confidence interval.
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Our results also demonstrated that in-hospital 

mortality after STEMI was strongly associated with 

elderly patients. Previous studies have investigated the 

relationship between age and death in patients with 

AMI and showed that age is an important predictor of 
mortality in these cases.13

In England, one third to half of the patients admitted 
to a hospital with acute myocardial infarction are 
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older than 70 years,14 whereas 74.4% of the deaths 
attributed to this condition occur in patients older than 
70 years.15 There are many possible reasons for this. 
Elderly population has more severe coronary artery 
disease, receive less adequate treatment than younger 
individuals, and presents later at the hospital after the 
onset of infarction symptoms.16

Regarding sex distribution, our results demonstrate a 
higher proportion of females among those who died (40%) 
comparing to survivors (29.6%, p = 0.51). Several studies 
have already shown that female sex is independently 
associated with early mortality after STEMI.13

The present study also demonstrates a strong, positive 
association between hs-CRP obtained on admission and 
in-hospital mortality. 

In the early phase of AMI, CRP levels are probably 
a reaction to the inflammatory response following 
myocardial ischemia and not to chronic vascular 
inflammation.17-20 It allows CRP levels to be a simple 
marker of the magnitude of the inflammatory response 
to myocardial ischemia, potentially providing prognostic 
information regarding the risk of death.8,9 Therefore, 
measurement of CRP can offer a strategy for risk 
stratification and management of patients at the highest 
risk for adverse outcomes.21-23

Besides myocardial necrosis and ischemia, other 
kinds of tissue damage could cause CRP elevation 
in patients with AMI, such as atherosclerotic mass, 
underlying inflammatory process and circulating 
proinflammatory cytokines.24

There have been several studies on the prognostic 
value of hs-CRP in AMI. High sensitivity CRP has been 
shown to be associated with hospital outcomes, such as 
death, myocardial infarction and angina,4,25-31 suggesting 
it to be a useful biomarker in risk assessment of patients 
with acute coronary syndrome.

Raposeiras-Roubín et al.,32 also evaluated the 
prognostic value of hs-CRP, showing that a higher level 
of hs-CRP is a predictor of in-hospital cardiac events in 
acute MI, independently of the GRACE (Global Registry 
of Acute Coronary Events) risk score. 

Tanveer et al.,33 analyzed 190 patients with STEMI to 
investigate the relationship between hs-CRP level and 
complications of myocardial infarction. However, there 
were no significant differences in hs-CRP values between 
patients who died and who survived during hospitalization.

Suleiman et al.,7 reported that patients with AMI 
with higher CRP levels on admission were older, had 

higher baseline creatinine levels and were at increased 
risk of long-term development of heart failure. Schiele 
et al.,34 showed an independent predictive role of CRP 
in patients with acute coronary syndrome; those in the 
highest quartile of CRP showed increased mortality rates 
at 30 days of follow-up.

In recent years, there has been an attempt to predict 
the risk of early adverse events in patients with STEMI. 
In order to stratify STEMI patients according to this risk, 
risk scores have been created with a strong prognostic 
capacity, such as the GRACE risk score. Inflammatory 
markers can add prognostic information to these scoring 
systems even in the current era of high-sensitivity cardiac 
troponin assays.35

AMI is associated with an extensive myocardial 
inflammation, which leads to a systemic inflammatory 
response.6,36 Our results demonstrate that hs-CRP can 
measure inflammatory response to tissue injury after 
a STEMI, providing a means for assessing short-term 
prognosis and the risk of death.

The present study also has some limitations, because it 
is a retrospective study and it could not establish a cut-off 
point for CRP level in relation to mortality.

This study can help us better understand the prognostic 
significance of hs-CRP levels over the AMI spectrum, 
however further studies are needed to elucidate the 
inflammatory process due to myocardial ischemia.

Conclusions

Our results demonstrate a strong, positive association 
between high-sensitivity C-reactive protein obtained 
on admission and in-hospital mortality after STEMI. 
Moreover, in-hospital mortality is tightly associated with 
elderly patients.

These findings suggest that hs-CRP levels can measure 
inflammatory response to myocardial ischemia after 
STEMI, providing prognostic information regarding the 
risk of death. Therefore, CRP on admission of patients 
with STEMI is a strong univariate predictor of mortality.
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Abstract 

Background: Although new studies and guidelines can be considered useful tools, it does not necessarily mean 
they are put into clinical practice.

Objective: The aim of the current analysis was to assess the changes in primary percutaneous coronary intervention 
(PCI) and mortality in a tertiary university hospital in southern Brazil during a six-year period.

Methods: We have included consecutive patients with ST-elevation myocardial infarction (STEMI) who underwent 
primary PCI between March 2011 and February 2017. Previous clinical history, characteristics of the procedure, 
and reperfusion strategies were collected. In-hospital, short and long-term mortalities were also evaluated. The 
significance level adopted for all tests was 5%.

Results: There was an increase in the use of radial access in patients from 20.0% in 2011 to 62.7% in 2016  
(ptrend < 0.0001). Moreover, thrombus aspiration decreased significantly from 66.7% in 2011 to less than 3.0% in 
2016 (ptrend < 0.0001).  In-hospital, short and long-term mortalities remained reasonably stable from 2011 to 2016  
(ptrend > 0.05). However, a lower in-hospital mortality was observed in patients treated through radial access  
(p < 0.001). Cardiogenic shock occurred in 11.1%, without statistical differences in the period (ptrend = 0.39), while 
long-term mortality rate decreased from 80.0% in 2011 to 27.3% in 2016 in this patient group (ptrend = 0.29).

Conclusions: During a 6-year follow-up period, primary PCI characteristics underwent important modifications. 
Radial access became widely used, with a decrease in mortality with the use of this route, while aspiration 
thrombectomy became a rare procedure. The incidence of cardiogenic shock remained stable, but has shown a 
reduction in its mortality. (Int J Cardiovasc Sci. 2019;32(2)125-133)

Keywords: Myocardial Infarction/mortality; Percutaneous Coronary Intervention; Mortality; Shock, Cardiogenic.

Introduction

Coronary artery disease remains the main cause of 
death worldwide.1 Among its clinical spectrum, acute 
myocardial infarction (AMI) is a major cause of higher 
mortality, despite continuous therapeutic advances in 
the recent decades.

It is known that early and effective reperfusion 
therapy of ST-elevation myocardial infarction (STEMI) 

is the most important component of the treatment, being 
responsible for the infarct size reduction, ventricular 
function preservation and a significant decrease in 
morbidity and mortality. Furthermore, the benefit of 
any type of treatment decreases as the time to symptom 
onset increases.2

Recent evidence from large randomized trials 
and meta-analyses has changed the clinical practice, 
suggesting that primary percutaneous coronary 
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intervention (PCI) performed via radial access is 
associated with a significant reduction in mortality 
rate and a lower incidence of adverse cardiac events in 
patients with a STEMI diagnosis. Moreover, it has been 
shown that performing routine aspiration thrombectomy 
shows no benefit in terms of reduction of mortality and 
major adverse cardiac and cerebrovascular events.3-6 

There have been few registries documenting clinical 
practice in Brazilian patients treated through the Brazilian 
national health system, Sistema Único de Saúde (SUS). 
Despite its many accomplishments, the Brazilian health 
system faces serious financial and organizational challenges 
and, thus, high-end treatments are not always available, 
leading to different results from those seen in clinical trials 
in developed countries. Therefore, the aim of the current 
analysis was to assess the care changes in primary PCI, in 
addition to its mortality, in a tertiary university hospital in 
southern Brazil over a six-year period.

Methods

Patients

This was a prospective single-center cohort study, 
which included consecutive patients with STEMI who 
underwent primary PCI in a tertiary university hospital 
with 24-hour primary PCI service in southern Brazil, 
between March 2011 and February 2017. Patients were 
stratified according to the year of admission. Each 1-year 
period was considered from March to February of the 
next year. Temporal trends in baseline characteristics, 
in-hospital treatment, and clinical events in the follow-up 
period were assessed.

STEMI was defined as typical chest pain at rest 
associated with ST-segment elevation of at least 1 mm in 
two contiguous leads in the frontal plane or 2 mm in the 
horizontal plane, or typical pain at rest in patients with a 
new, or presumably new, left bundle-branch block. This 
study protocol conforms to the ethical guidelines of the 
1975 Declaration of Helsinki, as reflected in a previous 
approval by the Institutional Research and Ethics 
Committee and written informed consent was obtained 
from all individual participants included in the study. 

Study protocol

Data from medical records were transferred into 
standardized case report forms (CRFs). Data collected 
included: baseline clinical characteristics, medical history, 
procedure characteristics, reperfusion strategy, initial 

and final thrombolysis in myocardial infarction (TIMI) 
flow grade, and discharge therapies. In-hospital and 
30-day mortality rates were also recorded in the CRF. 
Thirty-day and 1-year follow-up were ascertained by 
clinical visit or telephone contact with patients or their 
families. When follow-up was conducted by telephone 
contact, a standardized questionnaire was used to guide 
the conversation with the patients or their families.

Blood samples were collected by venipuncture before 
the procedure as part of routine patient care. Blood 
parameters were analyzed with the XE 5000 system 
(Sysmex®, Norderstedt, Germany). All patients were 
pre-treated with a loading dose of acetylsalicylic acid 
(300 mg) and clopidogrel (600 mg), and unfractionated 
heparin was used during the procedure (70-100 UI/kg). 
Use of IIb/IIIa glycoprotein, aspiration thrombectomy 
and PCI technical strategies (i.e. pre-dilation, direct 
stenting , post-dilation) were performed according 
to the operator`s choice. Coronary epicardial blood 
flow before and after the procedure was assessed and 
described according to TIMI criteria. Anticoagulants 
were suspended after the end of the procedure, and dual 
antiplatelet therapy was recommended for 12 months 
after the event. Creatinine was measured at baseline and 
48-72 hours post-procedure.

Clinical definitions

Major adverse cardiac and cerebrovascular events 
(MACCE) were defined as death from any cause, 
new myocardial infarction (MI), stroke, Canadian 
Cardiovascular Society (CCS) class III/IV angina or re-
hospitalization for heart failure 30 days after primary 
PCI. New MI was defined as recurrent chest pain with 
ST-segment elevation or new Q waves and increase in 
serum biomarkers after their initial decrease. Stroke 
was defined as a new, sudden-onset focal neurological 
deficit, of presumably cerebrovascular cause, irreversible 
(or resulting in death) and not caused by other readily 
identifiable causes. Cardiogenic shock at admission was 
defined as a systolic BP < 90 mmHg for ≥ 30 minutes, 
clinical signs of pulmonary congestion, and end-organ 
hypoperfusion (cool extremities, altered mental status, or 
urine output < 30 mL/h). Contrast-induced nephropathy 
(CIN) was considered when there was an increase of  
0.3 mg/dL or 50.0% in post-procedure (24-72 h) creatinine 
compared to baseline, as proposed by the Acute Kidney 
Injury Network (AKIN) as a standardized definition of 
acute kidney injury.
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Statistical analysis

Continuous variables were expressed as mean  
(± standard deviation) or median (interquartile range 
[IQR]) based on the presence of symmetrical and 
asymmetrical distribution, respectively. The normality 
of the distribution of each variable was assessed by the 
Shapiro-Wilk test. Categorical variables were represented 
by their relative and absolute frequencies. Temporal 
trends were tested using the chi-square test for binary 
variables and we performed either the Kruskal-Wallis 
one-way analysis of variance by rank for non-normally 
distributed values or one-way analysis of variance for 
normally-distributed values. All hypothesis tests had 
a two-sided significance level of 0.05. All statistical 
analyses were conducted using IBM Statistical Package 
for the Social Sciences (SPSS) Statistics, version 21.0.

Results

Between March 2011 and February 2017, 541 
consecutive patients presenting with STEMI were 
enrolled in our registry. Baseline characteristics are 
shown in Table 1. The incidence of diabetes increased 
significantly during the study period (from20.0% in 2011 
to 32.4% in 2016 (ptrend = 0.005). Incidences of hypertension 
(63.3%), previous history of MI (9.6%), history of stroke 
(5.9%), chronic obstructive pulmonary disease (COPD, 
4.1%), current smoking (50.9%) and obesity (23.6%) 
remained stable. There was no significant change over 
the 6-year period regarding the proportion of Killip III-
IV patients.

There was an important increase in the use of 
radial access in patients, from 20.0% in 2011 to 62.7% 
in 2016 (ptrend < 0.0001). Additionally, thrombus 
aspiration decreased significantly, from 66.7% in 2011 
to less than 3.0% in 2016 (ptrend < 0.0001), as seen in  
Figure 1. Furthermore, the use of bare metal stents 
(BMS) decreased from 97.6% (in 2011) to 75.0% (in 2016) 
due to the increment of use of drug-eluting stents (DES,  
ptrend < 0.0001). Another important decrease was observed 
regarding the dose of radiation and contrast volume 
during procedures (ptrend < 0.0001). Other procedural 
characteristics and initial and final TIMI flow grades are 
detailed in Table 2. 

In-hospital short and long-term mortalities remained 
reasonably stable from 2011 to 2016 (ptrend > 0.05) as the 
incidence of in-hospital MACCE and 30-day MACCE 
(ptrend > 0.05). These data are detailed in Figure 2 and 

Table 3. Patients with femoral access had significantly 
higher rates of in-hospital mortality (19.8%) and in-
hospital MACCE (20.7%) and long-term mortality 
(24.9%), when compared to patients treated via radial 
access (5.3%, 8.84%, 11.4% respectively; p < 0.0001 for 
both comparisons). However, patients treated through 
femoral access more often had Killip class III or IV (24.9% 
vs 5.0%), cardiac arrest (20.5% vs 6.5%), hypotension at 
admission (26.6% vs 4.1%) intra-aortic balloon use (8.5% 
vs 0.9%; p < 0.0001 for all comparisons).

There was a significant reduction in the door-to-
balloon median time from 80.0 minutes in 2011, to 67.0 
minutes in 2016 (ptrend = 0.002). In addition, there was 
an increase in the use of public emergency medical 
services (SAMU) from 13.3% in 2011, to 33.1% in 2016  
(ptrend = 0.01), with a significant reduction in hospital 
admissions through the emergency department from 
40.0% in 2012, to 23.0% in 2016 (ptrend = 0.004). There was 
no significant reduction in hospital length of stay during 
the study period (p = 0.56). 

Discussion

During the period of analysis of our cohort of 
STEMI patients who underwent primary PCI, a rise in 
STEMI patients assisted in our service was observed, 
with changes in patient’s profile, reflected by a higher 
incidence of diabetes, and the increase in the number of 
patients admitted via SAMU. Nevertheless, there was a 
significant reduction in door-to-balloon time. Procedural 
characteristics also underwent modifications, such 
as the preference for radial access and the disuse of 
aspiration thrombectomy, in conformation with the 
changes in guidelines. 

The increased incidence of diabetes worldwide 
has been associated to changes in lifestyle and the 
environment brought on by industrialization. These 
changes have led to obesity, lack of physical activity 
and consumption of a diet rich in fats and calories.7 
The prevalence of diabetes in patients with AMI in 
the present study (24.9%) seems to be similar to that 
observed in the Brazilian population in general, which in 
this age group over 60 years is around 25%.8,9 However, 
its increase from 20.0% in 2011, to 33.1% in 2016, agrees 
with an expected increase in the incidence found in 
other national prevalence studies. VIGITEL data –  
a national survey of chronic disease carried out through 
telephone contact – also detected a national increase 
from 6.3% to 8.9% from 2011 to 2016 in adults over 18 
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Table 1 - Baseline characteristics 

Variable
All 

(n = 542)

2011 

(n = 45)

2012

(n = 56)

2013

(n = 88)

2014

(n = 84)

2015

(n = 121)

2016

(n = 148)
Ptrend

Age 60.4 ± 12.1 58.5 ± 13.7 59.1 ± 11.5 61.5 ± 12.4 60.8 ± 13.0 58.9 ± 11.1 61.9 ± 11.8 0.16

Male gender 349 (64.4) 28 (62.2) 32 (57.1) 57 (64.8) 57 (67.9) 80 (66.1) 95 (64.2) 0.49

Caucasian 474 (87.5) 40 (88.9) 51 (91.2) 79 (89.8) 76 (90.5) 105 (86.8) 123 (83.1) 0.08

Risk factors

Hypertension 344 (63.5) 22 (48.9) 38 (67.9) 57 (64.8) 54 (64.3) 77 (63.6) 96 (64.9) 0.14

Diabetes 135 (24.9) 9 (20) 11 (19.6) 14 (15.9) 19 (22.6) 33 (27.3) 48 (33.1) 0.005

Current smoking 276 (50.9) 23 (51.1) 27 (48.2) 51 (58) 42 (51.2) 63 (52.1) 70 (47.3) 0.49

Obesity 

(BMI ≥ 30 kg/m2) 103 (23.6) 3 (11.5) 11 (36. 7) 13 (19.1) 12 (16.0) 27 (24.5) 37 (29.1) 0.13

COPD 22 (4.1) 0 (0) 1 (1.8) 5 (5.7) 6 (7.1) 4 (3.3) 6 (4.1) 0.44

CKD 20 (3.7) 3 (6.7) 0 (0) 3 (3.4) 1 (1.2) 5 (4.1) 8 (5.4) 0.40

Cardiovascular history

MI 52 (9.6) 2 (4.4) 7 (12.5) 8 (9.1) 3 (3.6) 13 (10.7) 19 (12.8) 0.17

Stroke 32 (5.9) 3 (6.7) 3 (5.4) 7 (8) 4 (4.8) 7 (5.8) 8 (5.4) 0.66

Clinical status

Heart rate (bpm) 79.1 (18.2) 78.24 (16.76) 80.18 (16.30) 78.28 (17.54) 77.24 (18.08) 78.7 (20.91) 80.75 (17.5) 0.71

SBP < 80 mmHg 67 (12.4) 8 (17.8) 4 (7.1) 9 (10.2) 10 (11.9) 22 (12.8) 14 (9.7) 0.97

Killip

I 368 (67.9) 34 (75.6) 45 (80.4) 64 (72.7) 58 (69) 69 (57) 98 (66.2) 0.01

II 105 (19.4) 6 (13.3) 7 (12.5) 13 (14.8) 16 (19) 28 (23.1) 35 (23.8) 0.01

III 8 (1.7) 0 (0) 2 (3.6) 2 (2.3) 0 (0) 3 (2.5) 1 (0.7) 0.63

IV 60 (11.1) 5 (11.1) 2 (3.6) 9 (10.2) 10 (11.9) 21 (17.4) 13 (8.8) 0.39

TIMI score 4.16 (2.42) 4.11 (2.66) 3.44 (1.79) 4.23 (2.29) 4.18 (2.55) 4.41 (2.66) 4.61 (2.68) 0.18

Anterior wall MI 239 (44.1) 24 (53.3) 25 (44.6) 41 (46.6) 35 (41.7) 48 (39.7) 66 (44.6) 0.30

Inferior wall MI 261 (48.2) 20 (44.4) 24 (42.9) 43 (48.9) 26 (46.4) 69 (57) 79 (53.4) 0.06

Pain-to-door (hours)
4

(2.5-6)

4.25

(3-7.25)

4 

(2-6)

4

(3-6)

4

(3-7)

4.4

(2.86-7.95)

3.3

(1.5-5.1)
0.001

Door-to-balloon 

(min)

68

(55-90)

80

(60-120)

72

(60-90)

60

(44.25-83.75)

63.5

(46.75-73.25)

68

(57.75-90.25)

67

(56.5-91.5)
0.002

Admission

ED 172 (31.7) 9 (20) 22 (39.9) 40 (45.5) 35 (41.7) 31 (25.6) 35 (23.6) 0.04

EMS 146 (26.9) 6 (13.3) 11 (19.6) 17 (19.3) 25 (29.8) 38 (31.4) 49 (33.1) 0.01

Hospital length of 

stay
5 (4-8) 5 (3-9) 4 (3-6) 5 (4-8) 5 (4-7.75) 6 (4-8) 5 (4-9) 0.56

Values are expressed as mean ±  standard deviation, median (interquartile range) or number (%). BMI: body mass index; COPD: chronic obstructive 
pulmonary disease; CKD: chronic kidney disease; MI: myocardial infarction; SBP: systolic blood pressure; ED: Emergency department; EMS: Emergency 
medical service
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Figure 1 - Changes in clinical practice after the RIVAL (2011), TASTE (2013) and TOAST (2014) studies.
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years of age.10,11 Other comorbidities remained stable 
during the study period.

Recently, new evidence suggests that primary PCI 
should be performed through radial access due to a 
significant mortality reduction and lower occurrence 
of adverse cardiac events. In the largest comparative 
study between the access routes, the randomized and 
multicenter trial RIVAL4 (Radial Versus Femoral Access 
for Coronary Intervention), patients with STEMI who 
underwent  primary PCI through radial access had lower 
mortality rates (1.3 versus 3.2%, p = 0.006) and lower 
rates of death, infarction and stroke (2.7 versus 4.6%,  
p = 0.03) at 30 days when compared to those who 
underwent  primary PCI through femoral access. In fact, 
due to the consistency of these findings, international 
guidelines12,13 recommend that the radial access be 
preferred in situations of STEMI. The data found in our 
study confirm the changes observed in clinical practice 
after the publications and highlight a consistency 
of practice with the current guidelines changes by a 
significant replacement of the radial access by the femoral 
access. When compared in the present study, the radial 
access showed lower mortality and adverse events in 
relation to the femoral access, corroborating the literature 

data, although a significant mortality reduction over 
the 6-year period was not demonstrated in our service  
(ptrend < 0.001 for all comparisons). 

Another important data from the analysis was the 
significant reduction in the performance of aspiration 
thrombectomy. The rates, which were 82.1% in 2012 
decreased progressively after the publication of the 
TASTE6 study, which suggested the non-effectiveness 
of the device as an adjunct treatment to primary 
PCI. After these data were published, routine aspiration 
thrombectomy reached rates of less than 3.0% in 2016. In 
2014, the TOTAL3 study was published, which showed 
an increase in stroke rates (0.7 vs. 0.3%, p = 0.02) without 
reducing other outcomes, leading to changes in the 
current guidelines regarding indications for routine 
aspiration thrombectomy14 and corroborating the 
discontinuity of this technique as a routine procedure 
in our service.

The use of DES increased after their selective 
reimbursement by the Brazilian public healthcare 
system, which occurred in August 2014. Thus, there 
was a significant increase in their use in our registry, 
reaching 25.0% in 2016. The use of DES is associated with 
a decrease in repeated target vessel revascularization 
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Table 2 - Procedural characteristics

Variable
All 

(n = 542)

2011 

(n = 45)

2012

(n = 56)

2013

(n = 88)

2014

(n = 84)

2015

(n = 121)

2016

(n = 148)
Ptrend

Arterial access

Radial 340 (62.7) 9 (20) 27 (48.2) 52 (59.1) 49 (58.3) 84 (69.2) 119 (80.4) < 0.0001

Femoral 202 (37.3) 36 (80) 29 (51.8) 36 (40.9) 35 (41.7) 37 (30.8) 29 (19.6) < 0.0001

Angioplasty

BMS 483 (90.3) 41 (97.6) 56 (100) 88 (100) 81 (97.6) 108 (90) 111 (75) < 0.0001

Thrombus 

aspiration 
166 (30.6) 30 (66.7) 46 (82.1) 51 (58) 21 (25) 14 (11.76) 4 (2.7) < 0.0001

Initial TIMI flow 

0-1
422 (80.1) 40 (88.9) 45 (80.4) 66 (75.9) 61 (72.6) 94 (81) 116 (83.5) 0.72

Final TIMI flow 

2-3
511 (95) 44 (97.8) 55 (98.2) 78 (88.6) 78 (92.9) 115 (95.8) 141 (97.2) 0.48

Culprit artery

ADA 222 (41.4) 22 (48.9) 21 (38.9) 40 (46.0) 32 (38.6) 44 (36.7) 63 (42.9) 0.53

RCA 212 (39.6) 17 (37.8) 22 (40.7) 30 (34.5) 35 (42.2) 49 (40.8) 59 (40.1) 0.58

No reflow 32 (6.2) 2 (4.4) 0 (0) 5 (5.8) 1 (1.2) 13 (10.8) 11 (8.5) 0.01

Distal embolization 21 (4.1) 1 (2.2) 0 (0) 1 (1.2) 1 (1.2) 11 (9.2) 7 (5.4) 0.008

CIN 70 (12.9) 6 (13.3) 6 (10.7) 12 (13.6) 16 (19) 16 (13.2) 14 (9.5) 0.49

Radiation (Gy)
2,112

(1,215-3,192)

2,581

(518-3,697)

2,883

(1,404-3,412)

2,107

(1,476-3,370)

2,613

(1,608-3,582)

2,548

(1,650-3,379)

1,511

(902-2,491)
< 0.001

Contrast volume 

(mL)

180

(140-230)

180

(150-250)

200

(150-230)

177

(150-232)

200

(150-280)

180

(142-227)

150

(120-200)
< 0.001

Values are expressed as median (interquartile range) or number (%). BMS: bare metal stent; ADA: anterior descendent artery; RCA: right coronary artery; 
CIN contrast-induced nephropathy.
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and lower stent thrombosis rates.15 Despite the lower 
rates and their delay in being routinely applied, it is an 
example of more people having access to new therapies.

Another example of in healthcare assistance 
improvement, i.e., the use of SAMU, has been increasing 
in recent years in our cohort. One might suggest the 
population acknowledges that such care is one of the 
fastest and most efficient means of having access to 
different technologies, either for providing assistance 
or removal to a health service. The percentage of heart 
disease (angina, cardiac arrest, hypertensive crisis, AMI) 
in the population treated by the emergency medical 
services (EMS) is 17.4%16 and the response time, one of 
the quality markers of the provided service, was reduced 
from 21 minutes to 15 minutes in 2016, according to 
Porto Alegre’s Health Agency.17 The reduction in time 

demonstrates an improvement in the care of the patients 
who use the emergency services.  

We found a significant reduction in the door-to-
balloon time, in agreement with the current guidelines 
that recommend a door-to-balloon time < 90 minutes; 
however, the delay should be shorter, preferably within 
60 min, in patients presenting early, with a large amount 
of myocardium at risk.12,13 Despite these favorable 
changes in the service routine, the observed mortality 
has remained constant, with an approximate rate of 
10.0 to 11.0%. When compared to the ACCEPT study,18 
a Brazilian national-based registry, which showed a 
mortality rate of 3.4%, the mortality found in our service 
is high; however, these data can be justified due to the 
disease severity observed in our patients, of which 
approximately 13.0% presented with Killip class III/IV, 
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Figure 2 - In-hospital, short and long-term mortalities between 2011 and 2016.

Table 3 - Mortality and major adverse cardiac and cerebrovascular event (MACCE)

Variable
All

(n = 542)

2011

(n = 45)

2012

(n = 56)

2013

(n = 88)

2014

(n = 84)

2015

(n = 121)

2016

(n = 148)
Ptrend

In-hospital outcomes

Death 58 (10.7) 7 (15.6) 6 (10.7) 8 (9.1) 8 (9.1) 15 (11.6) 15 (10.1) 0.62

AMI 4 (0.70) 1 (2.2) 0 (0) 1 (1.1) 1 (1.2) 1 (0.8) 0 (0) 0.26

Stroke 6 (1.1) 0 (0) 0 (0) 4 (4.5) 0 (0) 0 (0) 2 (1.4) 0.81

In-hospital 

MACCE
72 (13.3) 9 (20) 6 (10.7) 11 (13.6) 11 (13.1) 18 (14.9) 16 (10.8) 0.35

Short and long term outcomes

30-day death 7 (1.5) 2 (5.3) 0 (0) 1 (1.3) 0 (0) 3 (2.8) 1 (0.8) 0.47

30-day stroke 4 (0.8) 0 (0) 0 (0) 1 (1.3) 0 (0) 3 (2.8) 0 (0) 0.66

30-day AMI 8 (1.7) 0 (0) 1 (2) 2 (2.3) 2 (2.7) 2 (2) 3 (2.3) 0.28

30-day MACCE 69 (14.6) 5 (13.2) 3 (6.1) 6 (7.5) 10 (13.2) 30 (29.4) 15 (11.6) 0.06

1-year mortality 81 (16.6) 10 (23.8) 9 (19.1) 15 (18.5) 12 (15.2) 20 (17.9) 15 (11.9) 0.07

Values are expressed as number (%). AMI: acute myocardial infarction; MACCE: major adverse cardiac and cerebrovascular events (death, new MI, 
stroke, angina class III/IV,  re-hospitalization for heart failure).
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representing a very high baseline risk and with higher 
morbidity and mortality.

In our analysis, some strengths and limitations deserve 
to be highlighted. This study has limitations that are 
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inherent to observational studies, such as the lack of 
follow-up, which in our case was 10%. Some data were 
obtained retrospectively and others through telephone 
calls, which can determine less reliable information. 
However, this study is a registry of consecutive and 
unselected patients coming from a tertiary referral 
hospital, submitted to the treatment of acute coronary 
syndromes, so the data shown herein are highly 
applicable to daily clinical practice. 

Conclusions

In conclusion, our registry illustrates the care 
changes in clinical practice in line with current 
guidelines. From 2011 to 2016, the patient’s profiles, 
amount and characteristics of the procedures have 
undergone important modifications. Radial access 
became more widely used with a decrease in mortality 
through this route, and aspiration thrombectomy 
became a rare procedure.
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Abstract

Background: The evaluation of the functional capacity of patients with chronic heart failure (HF) by means of the 
distance covered in the six-minute walk test (6MWT) has assumed great importance, since the 6MWD is a predictor 
of mortality and hospitalization in this population, however the determinants of better distance traveled in patients 
with HF are little explored, especially in the Brazilian population.

Objective: To evaluate the determinants of 6MWD in patients with chronic HF. 

Methods: A cross-sectional study was performed with 81 HF patients in outpatient treatment. 6MWD was used 
as the outcome variable and sociodemographic, clinical, physical-functional and emotional data were submitted to 
multiple regression analysis using the stepwise method with a significance level of 5%.

Results: Mean age of participants was 56.71 years; the 6MWD showed a bivariate correlation with age (r = -0.27,  
p = 0.01), maximal inspiratory pressure (r = 0.42, p < 0.01), maximal expiratory pressure (r = 0.36, p < 0.01), handgrip 
strength (r = 0.38, p < 0.01), Borg scale (-0.22, p = 0.04), Charlson index (r = -0.25, p = 0.02) and modified Medical 
Research Council (mMRC) dyspnea scale (r = -0.42, p < 0.01). In the multivariate analysis, the variables gender  
(p = 0.001), age (0.004), forced vital capacity (FVC) (p = 0.016) and mMRC (p = 0.001) simultaneously explained 37% 
of variance in the 6MWD.

Conclusion: Higher levels of dyspnea on daily life activities, female sex, older age and lower forced vital capacity are 
determinants of a shorter 6MWD in patients with chronic HF. (Int J Cardiovasc Sci. 2019;32(2)134-142)

Keywords: Heart Failure/physiopathology; Heart Failure/diagnosis; Walk Test/methods; Health Status Indicators; 
Reference Standards.

Introduction

Maximal effort test is the gold standard method for the 
assessment of functional capacity.1 The six-minute walk 
test (6MWT), however, has become equally important to 
this end, and has been used as a simple, reproducible and 
feasible alternative. Since the 80’s, the 6MWT has been 
widely used in clinical practice to evaluate functional 
capacity in heart failure (HF) patients, especially since the 
publication of the Studies of Left Ventricular Dysfunction 
(SOLVD),2 showing that the distance walked was an 
independent predictor of mortality in patients with New 
York Heart Association (NYHA) classes II and III.

Functional capacity must be a priority in the 

management of elderly patients with cardiovascular 

disease. The assessment tools should have clinical 

applicability, be practical and efficient, since the maximal 

effort test is not always available. Besides, the prevalence 

of orthopedic and neurologic diseases has increased with 

population aging, which can make it difficult to perform 

exercise tests that require maximal effort.3

In light of this, 6MWT will become more and more 

present in the clinical practice, which makes it important 

to establish which variables may have affect its results, 

as well as intervention and prevention strategies for HF 

https://orcid.org/0000-0002-2944-4751
https://orcid.org/0000-0001-7210-6486
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patients, aiming a better functionality and quality of life. 
Studies on factors associated with the 6MWT in patients 
with HP using multivariate analysis are scarce, especially 
in the Brazilian population, thus supporting the relevance 
of the present study.

This study aimed to identify determinants of the 
6MWT in patients with chronic HF patients with NYHA 
classes I-III.

Methods

This was a cross-sectional study with 81 patients 
with chronic HF seen at the HF outpatient clinic of a 
referral hospital in Goiania, Goias, Brazil. Sample size 
was calculated using the GPower® software, using a 
significance level of 5%, power of 0.90, effect size of 
0.59 (calculated from the determination coefficient – R2) 
and number of predicting variables. A minimum of 79 
patients with HF would be needed.

Inclusion criteria were: patients of both sexes aged  
≥ 18 years old, with clinical diagnosis of HF, left 
ventricular ejection fraction (LVEF) < 50%, NYHA 
functional class I-III, not receiving optimized treatment, 
and clinically stability for at least one month. Patients 
with acute myocardial infarction in the last month, 
unstable angina, stroke, musculoskeletal disorders, 
understanding impairment that would make it difficult to 
perform the tests, neoplasms or diagnosis of pulmonary 
diseases, pregnant women, patients using medications 
or ergogenic aids were excluded from the study.

Ethical aspects

All participants signed the informed consent form. 
The study was approved by the research ethical 
committee of the General Hospital of the Federal 
University of Goias (approval number: 883 281/2014) 
and of the Pontifical Catholic University of Goias 
(approval number: 922826/2014), following the 
regulatory norms and standards for research involving 
human subjects (Brazilian National Council, resolution 
number 466/2012).

Procedures

Screening of patients was performed by analysis 
of medical records. Eligible patients were invited to 
participate in the study on the visit day at the HF 
outpatient clinic, or later by telephone contact. All tests 

were carried out by the same investigators on the same 
day. Questionnaires on clinical and sociodemographic 
data were partially completed with data obtained from 
medical records and complemented by interview on the 
visit day. The other endpoints were measured up to two 
weeks following the initial evaluation at a university 
health clinic.

The distance covered during the 6MWT (6MWD) 
was considered the outcome variable whereas 
sociodemographic, clinical, physical functional and 
emotional data, as well as quality of life used as 
exposure data.

The 6MWT was conducted following international 
standards.4 Two tests were performed on one day, with a 
30-minute interval between them, for recovery of baseline 
heart rate (HR). The following parameters were measured 
immediately before the test, at the end (sixth minute) of 
the test and during recovery (5 minutes after the test) – 
HR, Borg dyspnea scale, peripheral oxygen saturation 
(SpO2), systolic arterial pressure (SAP) and diastolic 
arterial pressure (DAP). Measurements of HR, Borg scale 
and SpO2 were also made during the test (at minutes 2 
and 4). The longest distance covered and the highest 
Borg scale rating between the two tests were considered 
for analysis. The distance covered was also compared 
with that expected one for the Brazilian population and 
expressed as percentage.5

Sociodemographic variables were age (years), sex, 
ethnicity (Caucasian and non-Caucasian), occupation 
(working or unemployed) income (Brazilian reals) (≤ 3 
minimum wages and > 3 minimum wages), marital status 
(with a companion or single), smoking (yes or no/ex), 
alcohol consumption (yes or no/ex).

Clinical variables were: HF etiology (Chagasic or 
non-Chagasic), time of HF diagnosis (≤ 2 years or > 2 
years), New York Heart Association (NYHA) functional 
class (class I = asymptomatic and classes II and III 
= symptomatic), LVEF, left ventricular end- systolic 
diameter (LVESD), left ventricular end-diastolic 
diameter (LVEDD), number of medications being used, 
and number of hospitalizations in the past year. We 
also measured the Charlson comorbidity index6 which 
evaluates 19 clinical conditions combined (scores ranging 
from 0 to 6) and age (scores ranging from 0 to 4). The total 
score was the sum of clinical condition and age scores.

Resting HR was measured after 5-10-minute rest 
using a pulse oximeter (Onyx Nonin®), and systolic 
and diastolic blood pressure was measured using a 
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semiautomated sphygmomanometer (OMRON® HEM 
711). Mean arterial pressure (MAP) was calculated using 
the formula: (systolic arterial pressure + 2 times diastolic 
pressure) divided by 3. These measures were taken 
during the period of rest from the 6MWT.

Height (m) and weight (kg) were measured with 
patients standing barefoot, using a Welmy® scale (model 
W300) (Sao Paulo, Brazil), and the values were used for 
body mass index (BMI) calculation (weight in kilograms 
divided by the square of height in meters).   

Health-related quality of life (HRQOL) was 
assessed by the Minnesota Living with Heart Failure 
Questionnaire (MLHFQ), composed of 21 questions, 
that provides a total score that may range from 0 to 105, 
from best to worst quality of life.7 The total score (0-105), 
physical dimension (0-45) and emotional dimension  
(0-25) scores were used for analysis.

Dyspnea while performing activities of daily living 
(ADLs) was assessed by the Medical Research Council 
modified dyspnea scale (mMRC); scores of the items 
ranged from 0 to 4, in which 4 indicated the strongest 
limitation of ADLs due to dyspnea.8

Physical activity level was assessed using the 
short version of the International Physical Activity 
Questionnaire (IPAQ), validated in Brazil by Matsudo 
et al.,9 In the presente research, the participants were 
grouped into two groups – partially active or sedentary 
in one group, and active or very active in the other.

Handgrip strength (HGS) was measured using 
a hydraulic dynamometer (Saehan®), a validated 
instrument to measure isometric HGS,10 according to the 
American Society of Hand Therapists recommendations.11 
HGS was measured in the dominant hand; the mean of 
three measures was used for analysis. Values were 
expressed as percentage of predicted.12

Pulmonary function was measured using a portable 
spirometer (One Flow®; Clement Clark, United Kingdom), 
following the Brazilian Society of Pneumology and 
Phthisiology’s recommendations.13 The following 
parameters were measured – forced vital capacity (FVC) 
in liters, forced expiratory volume in 1 second (FEV1) in 
liters, FEV1/FVC ratio (%). Values were expressed as 
percentage of predicted.14  

Respiratory muscle strength was measured using 
a calibrated hand-held respiratory pressure meter 
(Globalmed® MVD300). Maximal inspiratory pressure 
(MIP) and maximal expiratory pressure (MEP) were 
measured based on the residual volume and total 

pulmonary capacity, respectively. Three reproducible 
measurements (less than 10% variation) were obtained; 
a mean of 3 to 5 measurements were taken, and the 
highest value was considered for analysis. The values 
were compared with those predicted.15

Symptoms of depression and anxiety were assessed 
by the Beck depression inventory (BDI)16 and Beck 
anxiety inventory (BAI),17 respectively. These are self-
scored instruments composed of 21 items that evaluate 
depression and anxiety symptoms. Each item has 
four possible answers with scores ranging from 0 to 
3 points, from absent (0) to most severe (3). The total 
score ranges from 0 to 63, with higher scores indicating 
more severe symptoms.16

Analysis of data 

Statistical analysis was performed using the Statistical 
Package of Social Sciences (SPSS), version 23.0. Normally 
distributed continuous variables were presented as 
absolute numbers and percentages. Normality of 
distribution was verified by the Kolmogorov Smirnov 
test. The t-test for independent samples and the Mann-
Whitney test was used for comparisons of normally 
distributed continuous variables and those without 
normal distribution, respectively. Bivariate correlations 
analysis was performed by Pearson’s correlation 
(normally distributed variables) and Spearman’s 
correlation (variables without normal distribution).

Multiple linear regression analysis was used to 
determine the predictive value of the variables on 6MWT, 
and the stepwise method was used for selection of the 
variables. All assumptions made by the multiple linear 
regression analysis - linear relationship, homoscedasticity, 
no or little multicollinearity between exposure variables 
were considered for selection of the model with the 
highest predictive value. Variables with p < 0.10 were 
excluded from the model. In addition, hierarchical 
multiple linear regression analysis was performed to 
verify the predictive value of sociodemographic, clinical, 
physical functional and emotional data combined. The 
level of significance adopted in all tests was 5%.

Results 

Mean age of participants was 56.7 ± 12.4 years; 58% 
were younger than 60 years, 65.4% were male (Table 1).

Table 2 describes emotional, quality of life, and 
physical functional characteristics, Borg scale and 6MWD. 
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Table 1 - Clinical and sociodemographic characteristics 
of the study group

Variable

Mean or 

median

n

Standard 

deviation or 

interquartile 

range 

%

Sociodemographic

Non-caucasian 60 74.1%

Working 12 14.8%

Income < 3 minimum 

wages (Brazilian reals)
77 95.1%

Married/with companion 47 58%

Echocardiographic 

LVEF (%) 33.3 7.3

LVSD (mm/m2) 54.3 6.7

LVDD (mm/m2) 64.0 6.5

FC I 15 18.5%

FC II 60 74.1%

FC III 6 7.4%

Time of diagnosis > 2 years 59 72.8%

Number of hospitalizations 0.43 0.82

No previous hospitalization 57 29.6%

Heart rate (bpm) 66.0 60.0 - 79.5

MAP (mmHg) 94.5 13.6

BMI (kg/m2) 25.7 23.5 - 30.1

Drugs 5.0 4.0 - 6.0

Charlson index 3.0 2.5 - 4.0

Etiology of HF 

Chagas disease 35 43.2%

Idiopathic 15 18.5%

Hypertensive 10 12.3%

LVEF: left ventricular ejection fraction; LVSD: left ventricular systolic 
diameter; LVDD: left ventricular diastolic diameter; FC: functional 
class; MAP: mean arterial pressure.

Table 2 - Emotional and physical functional characteristics, 
quality of life, and six-minute walk test parameters

Variable

Mean or 

median

n

Standard 

deviation or 

interquartile 

range

%

Emotional features 

BAI 14.0 6.2 - 23.0

BDI 10.5 7.0 - 18.0

MLHFQ

Total QOL 35.4 21.8

Physical 17.5 7.0 - 23.0

Emotional 5.0 3.0 - 10.0

Physical activity level

Sedentary 46 56.8%

Active 35 43.2%

mMRC 

1 42 51.9%

2 17 21%

3 9 11.1%

4 1 1.2%

MIP (cmH2O) 72.6 26.0

% MIP 72.1 21.8

< 80 cmH2O 49 60.5%

MEP (cmH2O) 102.9 43.6

% MEP 95.8 33.6

% HGS 85.3 17.1

HGS (kgf) 31.9 8.4

% FVC 102.8 17.7

% LVEF1 95.1 22.3

FEV1/FVC (%) 77.0 72.0 - 81.7

6MWD (m) 445.1 90.8

> 300 m 78 96.3%

> 450 m 47 58%

% 6MWD 79.7 14.6

Borg scale 2.0 1.25 - 4.0

BAI: beck anxiety inventory; BDI: beck depression inventory; MLHFQ: 
Minnesota Living with Heart Failure Questionnaire; QOL: quality of life; 
MIP: maximal inspiratory pressure; MEP: maximal expiratory pressure; 
HGS: handgrip strength; FVC: forced vital capacity; FEV1: forced 
expiratory volume in 1 second; FVC: forced vital; LVEF: left ventricular 
ejection fraction; 6MWD: distance covered during the six-minute walk test.
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6MWD was shorter in female participants with 
functional class II and III and in those with mMRC 2, 
3 and 4. Although physically active subjects tended to 
walk a longer distance in the test, it was not statistically 
significant compared with the others (p = 007) (Table 3).
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6MWD showed a moderate, significative correlation 
with age (r = -0.27; p = 0.01), MIP (r = 0.42; p < 0.01), MEP 
(r = 0.36; p < 0.01), HGS (r = 0.38, p < 0.01), Borg scale 
(-0.22, p = 0.04), Charlson index (r = -0.25; p = 0.02) and 
mMRC (r = -0.42, p < 0.01). 

Following the association tests and exclusion of 
variables by collinearity, the variables were selected in 
descending order of importance in the stepwise variable 
selection. Thereby, the following variables were included 
in the final model for the (dependent variable) 6MWD: 
mMRC (p < 0.01); sex (p < 0.01), age (p < 0.01) and FVC 

(p = 0.01). These variables explained 37% of the variance 
in the 6MWD in the study population (Table 4).

In the hierarchical model, we found that clinical 
and physical functional variables were the ones with 
the best predictive value in the 6MWT (40% and 33%, 
respectively) (Table 5).

Discussion

Our findings suggested four potential variables 
with predictive value for a shorter 6MWD: female 

Table 4 - Predictors of the six-minute walk distance in heart failure patients

Models Predictors R2 Beta Standard error t p

1 mMRC 0.17 -0.41 11.51 -3.79 0.000

2
mMRC

0.24
-0.33 11.37 -3.14 0.002

Sex -0.29 20.66 -2.77 0.007

3

mMRC

0.31

-0.32 10.95 -3.13 0.003

Sex -0.31 19.89 -3.02 0.003

Age -0.26 0.76 -2.61 0.011

4

mMRC

0.37

-0.35 10.63 -3.48 0.001

Sex -0.36 19.68 -3.59 0.001

Age -0.29 0.74 -2.98 0.004

% FVC 0.25 0.51 2.46 0.016

mMRC: Medical Research Council modified dyspnea scale; %FVC: forced vital capacity.

Table 3 - Comparison of the six-minute walk distance between sexes, New York Heart Association (NYHA) functional 
classes, physical activity level and dyspnea on activities of daily living (Medical Research Council modified dyspnea 
scale, mMRC) 

Variables 6MWD (mean ± SD) p %DTC6 (mean ± SD) p

Male 467.7 ± 87.3* < 0.01 81.0 ± 14.4 0.96

Female 402.3 ± 82.8 77.2 ± 14.8

Functional class I 495.4 ± 86.8* 0.01 87.6 ± 12.1* 0.01

Functional class II and III 433.6 ± 88.3 77.9 ± 14.5

Sedentary 429.2 ± 95.8 0.07 77.1 ± 15.6 0.06

Active 465.9 ± 80.4 83.1 ± 12.4

mMRC (0 and 1) 472.4 ± 85.9* < 0.01 83.9 ± 14.0* < 0.01

mMRC (2, 3 and 4) 398.6 ± 80.4 72.7 ± 12.8

* p < 0.05;6MWD: distance covered during the six-minute walk test; DTC6: six-minute walk test.
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Table 5 - Predictors of the six-minute walk distance by hierarchical categories

Models Predictors R2 Beta Standard error t p

Psychologic 
BAI

0.02
-0.18 1.23 -1.20 0.234

BDI 0.07 1.34 0.49 0.628

Quality of life

Physical QL

0.06

-0.04 2.86 -0.11 0.911

Emotional QL 0.37 4.12 1.48 0.143

Total QL -0.44 1.94 -0.94 0.350

Sociodemographic

Age -0.30 0.78 -2.78 0.007

Sex

0.28

-0.29 20.24 -2.69 0.009

Ethnics 0.04 21.95 0.40 0.691

Working 0.13 26.81 1.19 0.238

Income -0.01 43.58 -0.13 0.897

Marital status 0.24 20.15 2.19 0.032

Smoking 0.02 34.19 0.15 0.883

Alcohol consumption -0.01 26.73 -0.14 0.893

Clinical aspects

Number of hospitalizations

0.40

-0.21 13.82 -1.67 0.099

Time of diagnosis -0.14 26.74 -1.12 0.268

Chagas’ heart disease 0.10 26.01 0.73 0.469

Number of medications 0.03 7.25 0.23 0.819

Charlson -0.23 9.22 -1.76 0.084

LVEF 0.13 1.87 0.93 0.357

LVDD -0.04 2.09 -0.28 0.784

BMI -0.22 2.27 -1.65 0.104

MAP 0.08 0.90 0.62 0.535

HR 0.16 0.97 1.19 0.238

Physical functional 

parameters 

mMRC

0.33

-0.37 10.00 -3.73 < 0.001

IPAQ 0.15 18.41 1.47 0.145

% MIP. 0.14 0.49 1.14 0.256

% MEP. 0.15 0.34 1.20 0.234

% HGS -0.33 0.55 -3.18 0.002

% FVC 0.15 0.54 1.38 0.171

FEV1/FVC 0.01 0.82 0.09 0.929

BAI: Beck anxiety inventory; BDI: Beck depression inventory; QV: quality of life; LVEF: left ventricular ejection fraction; LVDD: left ventricular 
diastolic diameter; LVSD: left ventricular systolic diameter; BMI: body mass index; MAP: mean arterial pressure; HR: heart rate; mMRC: Medical 
Research Council modified dyspnea scale; IPAQ: International Physical Activity Questionnaire; MIP: maximal inspiratory pressure; MEP: maximal 
expiratory pressure; HGS: handgrip strength; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second.
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sex, older age, lower FVC and higher mMRC, which 
simultaneously explained 37% of the variance for the 
6MWD. Additional five variables showed bivariate 
correlation with the 6MWD – MIP, MEP, HGS, Borg 
scale, and Charlson index.

Previous studies have reported several predictive 
variables of the 6MWD, including age, sex, weight, BMI, 
LVEF, anxiety, depression, quality of life, etiology of HF, 
functional class (NYHA), N-terminal (NT)-pro hormone 
BNP (NT-proBNP), glomerular filtration rate, resting HR 
and maximal power in the maximal effort test.18-24

Female sex was a predictor of shorter 6MWD in a study 
conducted with 571 HF patients and 668 patients without 
HF.19 Similar findings were reported in other studies on 
patients with HF.18,22 On the other hand, Bajraktari et al.,23 
did not report any difference in the 6MWD between men 
and women. This result may be explained by the younger 
age and better cardiac function (indicated by higher 
LVEF) in female subjects than in men in their study.23 

With respect to age, previous studies have reported 
findings similar to ours. Age was found to be an 
independent predictive factor of the 6MWD in a study 
conducted in Poland,20 including 243 men with HF, and in 
two studies from the United Kingdom21,22 on HF patients 
aged from 71 to 80.5 years.

Frankenstein et al.,19 evaluated 1,035 patients with HF, 
mean age of 54.9 years, and found a bivariate correlation 
between age and 6MWD (r = -0.32, p < 0.01), although 
no significant correlation was found in the multivariate 
analysis. In the study by Adel et al.,18 involving 40 HF 
patients (mean age of 55.6 years; 72.5% male), age was 
not associated with 6MWD. According to the authors, the 
small sample size contributed to these results. 

Increasing age is a contributing factor to a shorter 
6MWD.25 In young adults, peak VO2 decreases by 8-10% 
per decade, which is exacerbated with increasing age, 
leading to cardiovascular and pulmonary dysfunction. 
Besides, other factors that may negatively affect 
functional capacity decreases with age, such as 
psychological components and neuromuscular function 
(e.g. sarcopenia, and decrease in muscle strength, 
flexibility, balance and cognition).3 

The effect of sex on 6MWD may be attributed to 
differences in biological and structural features between 
men and women, including higher muscle strength, 
muscle mass, and height in men than in women.26

In studies conducted in the United Kingdom21 and 
in the Netherlands,24 pulmonary function was not a 

predictive variable of the 6MWD. The Dutch study 
showed only an association of FEV1, the FEV1/FVC 
ratio and total lung capacity with the distance covered 
by HF patients in the 6MWT. Agrawal et al.,27 correlated 
the 6MWD with spirometric parameters in 130 patients 
with chronic obstructive pulmonary disease (COPD) 
with characteristics similar to our study regarding age 
(mean of 55.6 years) and sex (58.4% male) and found a 
correlation of the distance covered with FEV1 and FVC.   

Pulmonary function may be altered in HF, particularly 
when combined with cardiomegaly, a condition 
characterized by enlargement of the heart. In this case, 
enlarged heart compete for intrathoracic space, causing 
compression of the lungs and limiting their expansion.28 
In a systematic review, Silva et al.,28 reported an 
association between cardiomegaly and reduced MIP, 
FVC and FEV1 in HF patients.

In the present study, FVC was an independent 
predictor of six-minute walk distance. We did not 
measure cardiothoracic index in the study group for the 
presence of cardiomegaly. However, HF was caused by 
Chagas disease in most patients, a condition frequently 
associated with cardiomegaly. Besides, other factors 
may be associated with changes in pulmonary function, 
such as respiratory muscle weakness, chronic pulmonary 
congestion and pleural effusion, which decrease 
pulmonary compliance and increase respiratory work.29 
Our study group showed reduced MIP, which correlated 
with 6MWD. This, together with cardiomegaly, may 
have contributed to altered pulmonary function. Further 
explanation on the influence of pulmonary function on 
6MWD in patients with HF is needed.

In the present study, mMRC was a predictor of 6MWD. 
Valadares et al.,29 reported a correlation of mMRC with 
the London Chest Activity of Daily Living (LCAD)  
(r = -0.68, p < 0.05), another instrument for assessment of 
ADLs, that showed a strong correlation with the 6MWT 
(r = -0.83, p < 0.05). Camargo et al.,30 found a moderate 
correlation between mMRC and 6MWD in 50 patients 
with COPD. Similar to our findings, 80% of the patients 
were classified as mMRC I and II, and the mean 6MWD 
was 435 m; nevertheless, in their study, mMRC was not 
a predictive factor in the multivariate analysis. Although 
mMRC has been rarely used in patients with HF, the 
instrument has been shown to be both easy to apply 
and easy to understand in patients with COPD. Thus, 
mMRC may be a fast, simple alternative tool to evaluate 
functional status in HF patients.
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In hierarchical analysis, clinical and physical functional 
factors showed a greater impact on 6MWD; in contrast, 
sociodemographic and emotional factors showed little 
effect. These findings differ from previous studies 
showing that emotional factors, especially depression, 
were associated with poor functional capacity and 
shorter 6MWD.21,22,24 These discrepancies may be related 
to characteristics of the study population, including 
age, severity of HF, comorbidities such as COPD and 
asthma, as well as use of walking aids (not observed in 
our population).

This study had some limitations – the outcome 
measures accounted for less than half of the variance of 
the 6MWD, and other factors that contributed for 63% of 
the variance need further investigation. It is possible that 
physiological factors, including renal function and B-type 
natriuretic peptide (BNP), contribute to these differences. 
These factors have been frequently reported as predictive 
factors of the 6MWD and were not evaluated in our 
study. In addition, most of our patients were NYHA class 
I and II and in most of them had Chagas’ heart disease. 
The possibility that the inclusion of patients with worse 
functional status could lead to different results cannot 
be ruled out.

Lack of homogeneity of the samples in the studies 
made it difficult to compare the results. Performance of 
the second 6MWT and the size of the hallway were not 
standardized among the studies either. In most studies, 
only one test was performed, and a hallway shorter than 
30 meters was used in the tests. Repeated administration 
may influence the 6MWD, which is known as the learning 
effect.31 Also, the measurement of the HGS considered for 
analysis is not standardized; in this study, we decided 
to consider the mean of three measurements, rather than 
the highest measurement, since this is the most common 
method described in the literature. 

Sex and age are expected to influence the 6MWD, 
regardless of the presence of HF.25 Nevertheless, both 
pulmonary function and dyspnea on ADLs are modifiable 
variables that may be altered in HF. In addition, we found 
a bivariate correlation of the 6MWD with Borg scale, 
Charlson comorbidity index, MIP, MEP and HGS. These 
findings indicate that a careful and systematic approach 
by a multidisciplinary team is crucial for better outcome 
and impact on functional capacity of HF patients.

Most patients had a sedentary lifestyle in our study. 
However, although active subjects covered a longer 
distance during the 6MWT, it was not statistically 
different (despite a trend) than that in sedentary subjects. 

Regular physical activity has well documented beneficial 
effects on peripheral muscle function, pulmonary 
function, exercise tolerance and quality of life, and hence 
is important in patients with HF.32,33

Determinants of functional capacity are multifactorial, 
depending on demographic ,  socioeconomic , 
physiological, cultural and psychosocial factors.34,35 
Therefore, predictive factors may differ between cultural 
and sociodemographic profiles. Also, in the present 
study, most patients had Chagas’ heart disease, as the 
study was conducted in an endemic region of Chagas 
disease in Brazil. This is different from the studies cited 
throughout this article.

Conclusion

Four variables were identified as determinants of 
a shorter 6MWD in patients with chronic HF – severe 
dyspnea on ADLs (mMRC), female sex, older age, and 
lower FVC. Other variables, not explored in the present 
study, explain 63% of the variance in the 6MWD, 
indicating the multidimensionality of functional capacity 
in chronic HF patients. 
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Abstract

Background: Anabolic/catabolic disorder in heart failure (HF) favors cardiac cachexia, implying a reduction in HF 
survival. 

Objectives: To assess the accuracy and concordance of the diagnosis of protein malnutrition and excess fat among 
the anthropometric and body composition methods in individuals with HF.

Method: A study of accuracy that included 60 individuals with HF. Body mass index (BMI), arm circumference 
(AC), triceps skinfold thickness (TST), adductor pollicis muscle thickness (APMT), arm muscle circumference (AMC) 
and corrected arm muscle area (cAMA). Fat free mass index (FFMI) and body fat percentage (BF%), obtained by 
electrical bioimpedance (EBI), were used to compare the diagnosis of protein malnutrition and excess fat. Accuracy 
was assessed by calculating sensitivity, specificity, positive and negative predictive value. The concordance of the 
EBI diagnosis and other methods was performed by the chi-square test and kappa (k) statistic, where p<0.05 was 
considered significant.

Results: Higher frequencies of protein malnutrition were identified by cAMA and AMC, and excess fat by BF%. 
BMI presented low sensitivity (43%) and accuracy (38.5%), with moderate concordance (0.50). AMC sensitivity 
was 86%, accuracy 66.4%, and acceptable concordance (0.36) compared to FFMI. Similar percentages of moderate 
sensitivity and low accuracy were observed for TST and BMI.

Conclusion: AMC may be useful to identify protein malnutrition and TST has not been adequate to diagnose 
adiposity. BMI was not sensitive to assess muscle and adipose reserve. EBI was more accurate. (Int J Cardiovasc 
Sci. 2019;32(2)143-151)

Keywords: Heart Failure; Nutrition Assessment, Anthropometry; Body Composition; Cachexia.

Introduction

Heart failure (HF) is a clinical syndrome characterized 
by the heart’s inability to supply the body’s metabolic 
demands or to do so at the expense of high filling 
pressures as a result of structural or functional 
abnormalities of the heart.1 It is the common final 
pathway of a number of cardiac diseases that determine 
activation of the neurohormonal and inflammatory axis 
and energetic metabolism, resulting in cardiac cachexia, 
worsening the prognosis and greater morbidity and 

mortality of individuals with HF.2 On the other hand, 
overweight protects individuals with HF, which is 
called the “obesity paradox”.3

In this context, methods of anthropometric assessment 
and body composition are proposed, but without 
consensus.4 Although the body mass index (BMI) does 
not clearly reflect body composition, low values for this 
index have been associated with worse prognosis in 
individuals with HF, whereas increased values act as 
a protective factor.5,6 The evaluation of triceps skinfold 
thickness (TST) is a way of identifying adiposity in these 
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individuals and is related to the prognosis of the disease.7 
Other parameters of indirect musculature assessment, 
such as the arm muscle circumference (AMC) and 
corrected arm muscle area (cAMA) are widely accepted, 
but there are few studies that consolidate its use in HF.8 
Another parameter used as an indicator of musculature 
reserve is the adductor pollicis muscle thickness (APMT).9 

More accurate methods for assessing body composition, 
such as computed tomography and magnetic resonance 
imaging, are costly and difficult to perform.10 As an 
alternative, electrical bioimpedance (EBI) has been 
suggested and can be used to evaluate the prognosis and 
follow-up of individuals with HF.11 However, the higher 
cost of acquiring the equipment makes anthropometry the 
most feasible method for outpatient evaluation and follow-
up, despite its still questionable sensitivity and accuracy.12

Given the controversies between the methods of 
anthropometric evaluation and body composition 
in individuals with HF, and the scarcity of specific 
indicators in the literature, the objective of this study 
was to evaluate the accuracy and concordance of the 
diagnosis of protein malnutrition and excess fat among 
anthropometric and body composition methods.

Methods

Selection of participants and study design

The accuracy study was developed at Hospital 
Universitário Onofre Lopes (HUOL) – UFRN/Natal, in 
Ambulatório Interprofissional de Insuficiência Cardíaca 
(AMIIC). This study was approved by the Ethics and 
Research Committee of Onofre Lopes University 
Hospital / UFRN (Nº: CAAE 59827516.2.0.0.0.0.5292). All 
individuals signed an Informed Consent Form. 

Inclusion criteria were adult and elderly individuals 
of both sexes, with a diagnosis of HF, according to 
the Boston point system and the Framingham criteria, 
confirmed by the Doppler echocardiogram. The study 
did not include adolescents, pregnant women, patients 
with cognitive deficit, with renal dysfunction and under 
dialysis, and consumptive diseases such as cancer. 
Individuals with pacemaker, metal valve, orthopedic 
prostheses/metal implants on the left or right side, as 
well as those with abnormal limb or trunk limitations, 
amputation and/or dystrophies were not included.13 

We considered a convenience sample composed of 
individuals with HF followed up on an outpatient basis. 
Of 112 individuals enrolled from January to November 

2017, 60 individuals were included in the study. The 
most frequent causes of sample losses included refusals 
to participate and the presence of exclusion criteria.

The participants came for a routine outpatient 
visit and were examined by the medical staff for their 
cardiac condition, including clinical history and clinical 
examination, to determine functional capacity and 
classify HF based on disease progression, according to 
the American Heart Association criteria, investigation of 
the etiology and type of HF and left ventricular ejection 
fraction. The clinical data were collected by going through 
the participants’ online records. For anthropometric and 
body composition assessment, the participants were 
instructed to do a food and liquid fasting and to exercise 
for at least 8 hours before the evaluation.13

Anthropometric evaluation and body composition

Anthropometric and body composition assessment 
was performed by a single well trained anthropometrist 
with calibrated equipment. The intraevaluator technical 
error of measurements (TEM).14 The score assigned 
according to the TEM calculations was of TST (1.03), for 
the APMT (0.77) and perimeter of the arm circumference 
(AC) (0.31), characterizing the evaluator as capable of 
taking the measurements. The evaluation was performed 
twice and a third measurement was taken in case of 
discrepancy to obtain the mean. 

To measure body mass, a digital scale with capacity 
of 150 kg and 0.1 kg precision (Balmak Premium®) 
was used. Stature was measured using a stadiometer. 
BMI was calculated and classified according to 
cut-off points proposed by the Food and Nutrition 
Surveillance System.15

AC and TST measurements were taken as defined 
in standardized protocols. TST was evaluated using 
a Lange Skinfold Caliper® and classified according to 
Frisancho.16,17 AC and TST measurements were used to 
calculate the anthropometric indicators of muscle reserve, 
arm muscle circumference (AMC) and corrected arm 
muscle area (cAMA), according to Frisancho.16 The APMT 
measurement was assessed according to previously 
published guidelines, considering the classification 
proposed by Lameu.9

Body composition was assessed using a tetrapolar EBI 
(Biodynamics 450®) to analyze the body compartments of fat 
free mass, fat mass and water. The measurement was taken 
with the individual lying down with the limbs apart and 
the emitter electrodes placed on the surface of the hand and 
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right foot at the midpoint between the distal prominences 
of the radius and ulna of the right wrist and between the 
medial and lateral malleolus of the right ankle.13

For the diagnosis of protein malnutrition, the fat free 
mass index (FFMI) was used, corresponding to the ratio 
between the amount in kilograms of fat free mass (FFM) 
obtained by electrical bioimpedance and the squared height 
(FFM/height²), considering the following cutoff points:  
15 kg/m² for women and 17 kg/m² for men.18 Excess fat was 
classified according to sex, age and fat percentage evaluated 
by the EBI, using the following reference values: for women 
aged 20-39 years (≥ 33%); 40-59 years (≥ 34%); 60-79 years 
(≥ 36%), for men aged 20-39 years (≥ 20%), aged 40-59 years 
(≥ 22%); 60-79 years (≥ 25%).19,20 

Statistical analyses

In the descriptive analysis of the continuous variables, 
mean and standard deviation were used. Absolute and 
percentage frequencies were calculated for the binary 
and categorical variables. To demonstrate the frequencies 
of anthropometric variables, absolute frequencies, 
percentages and their respective 95% confidence intervals 
were considered. 

Accuracy assessment was performed by calculating 
the sensitivity, specificity, positive predictive value, 
negative predictive value and the proportion of correct 
anthropometric measurements compared to FFMI for 
the diagnosis of malnutrition (muscular depletion) 
and the EBI %FM for the diagnosis of overweight. The 
formula A=(a+d)/(a+b+c+d) was used. Diagnoses of 
protein malnutrition and overweight with accuracy and 
sensitivity above 60% were considered acceptable.20

For the concordance analysis, the observed concordance 
and the expected concordance for the Kappa statistic 
calculation were calculated at first. The Kappa index 
values   were determined by the concordance classification 
according to Landis and Koch,21 which establishes the 
following classifications: poor (Kappa equal to 0), light 
(Kappa between 0-0,20), acceptable (Kappa between  
0.21-0.40), moderate (Kappa 0.41 to 0.60), substantial 
(Kappa 0.61 to 0.80) and excellent (Kappa 0.81 to 1.0). 
Statistical analyses were performed using the software 
IBM® SPSS® 13.0 and Epi InfoTM 7.2.2.2.

Results 

The mean age of the individuals was 55.3 (13) years, 
predominantly males (70%), and diagnosis of HF with 

non-ischemic etiology (55%). Significant percentages of 
individuals with hypertension (70%) were found. Most 
individuals were in functional class I (76.7%), despite the 
diagnosis of 60% of the individuals with reduced ejection 
fraction heart failure (HFrEF). The BMI revealed that the 
study population presented average values   indicative 
of overweight and total body water (TBW) percentage 
within normality (Table 1).

It was found that protein malnutrition, when 
evaluated by cAMA (43.9%) and AMC (40%), was more 
frequent when compared to FFMI (13.2%), BMI (11.7%) 
and APMT (5.1). There was similarity in the diagnoses of 
excess fat indicators, where BF was the one that identified 
a higher frequency of excess fat (63.5) (Table 2). 

Analyzing the indicators of accuracy of anthropometric 
measures related to protein malnutrition, it was found 
that BMI presented low sensitivity (43%) and accuracy 
(38.5%), but moderate concordance (0.50). On the other 
hand, AMC presented greater sensitivity (86%) and 
accuracy (66.4%) with acceptable concordance (0.36) 
compared to FFMI, being considered acceptable for the 
diagnosis of protein malnutrition. It was not possible to 
calculate the accuracy and concordance for the cAMA and 
APMT indicators because one of the categories presented 
a null value (Table 3).

Regarding overweight, the anthropometric measures 
related to BF% revealed similarity between the percentage 
of sensitivity of the TST (60%) and BMI (67%) indicators, 
as well as low accuracy (20.3% and 22.2%, respectively). 
Considerable concordance values   were found for both 
indicators, compared to BF% (Table 4).

Discussion

This pioneering study certifies the complexity of 
anthropometric assessment and body composition in 
individuals with HF. The results showed that there 
was a higher frequency of excess fat/weight than of 
protein malnutrition in our population diagnosed with 
HF. Among the methods of anthropometric evaluation 
reviewed, AMC was considered more sensitive for the 
diagnosis of protein malnutrition, despite the lower 
concordance with EBI. Indicators of excess fat/adiposity 
presented similar results and low sensitivity.

Comorbidities diagnosed in individuals with HF 
may coexist or even be the cause of the disease, having 
a negative impact on the quality of life, increasing the 
frequency of hospitalization and mortality.22 In this 
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Table 1 - Biodemographic, clinical, anthropometric and 
body composition characteristics of patients with HF

Variables

n = 60

n (%)

Sex 

Male 42 (70)

Female 18 (30)

Comorbidities

Arterial hypertension 43 (71.7)

Diabetes mellitus 18 (30)

Chronic kidney disease under 

conservative treatment
11 (18.3)

Dyslipidemia

Hypercholesterolemia 3 (5)

Hypertriglyceridemia 18 (30)

Mixed hypertriglyceridemia 2 (3.3)

Low HDL-c 52 (86.7)

Smoking

Smoker 5 (8.3)

Non-smoker 31 (51.7)

Former smoker 24 (40)

Medications

ARA/ACEI 56 (93.3)

Diuretics 49 (81.7)

Beta-blocker 57 (95)

Vasodilator 14 (23.3)

Digoxin 14 (23.3)

Antiplatelet agent 29 (48.3)

Functional class

I 46 (76.7)

II 10 (16.7)

III and IV 4 (6.6)

LVEF

HFrEF 36 (60)

HFiEF 12 (20)

HFpEF 12 (20)

HF etiology

Ischemic 27 (45)

Non-ischemic 33 (55)

Hypertensive 10 (30)

Chagas’ disease 3 (9)

Alcoholic 4 (12)

Rheumatic 1 (3)

Peripartum 2 (6)

To be clarified 13 (39)

Anthropometric indicators Md (SD)

Height (m) 1.63 (0.9)

Weight (kg) 71.1 (15)

BMI (kg/m²) 26.7 (4.7)

AMC (cm) 23.8 (3.6)

cAMA (cm2) 38.2 (13.4)

APMT (mm) 20.3 (5)

TST (mm) 20.4 (8.6)

Body composition Md (SD)

FM (kg)  20.8 (7.2)

FFM (kg) 52 (11.9)

%TBW 52.6 (5.5)

TBW (L) 38.4 (9.7)

ICW (L) 20.5 (5.6)

ECW (L) 17.9 (3.5)

ARA/ACEI: Angiotensin receptor antagonist/angiotensinogen 
converting enzyme inhibitor; LVEF: Ventricular ejection fraction; 
HFrEF: Heart failure with reduced ejection fraction; HFiEF: Heart 
failure of intermediate ejection fraction; HFpEF: Heart failure with 
preserved ejection fraction); BMI: Body mass index; AMC: Arm 
muscle circumference; cAMA: Corrected arm muscle area; APMT: 
Adductor pollicis muscle thickness; TST: Triceps skinfold thickness; 
FM: Fat mass; FFM: Fat free mass; TBW: Total body water/Weight; 
ICW: Intracellular water; ECW: Extracellular water.
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study, a higher frequency of arterial hypertension was 

observed, as found in other studies that also identified 

higher frequencies of this comorbidity, in addition to 

diabetes mellitus.23

One fact that caught our attention was that more than 

half of the participants had reduced ventricular ejection 

fraction (HFrEF), but from a clinical point of view, they 
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Table 2 - Frequency of muscle depletion and excess 
adiposity/body fat in patients with HF

Variables/categories N % 95%CI*

Indicators of protein malnutrition

FFMI

Presence of 

malnutrition
7 13.2 5.5 - 26.3

Eutrophy 46 86.5 74.7 - 94.5

BMI

Presence of leanness 7 11.7 4.8 - 22.6

Eutrophy 53 88.3 77.4 - 95.2

AMC

Muscle deficit 24 40 27.6 - 53.5

Eutrophy 36 60 45.5 - 72.4

cAMA

Reduced musculature 25 43.9 30.7 - 57.6

Eutrophy 32 56.1 42.4 - 69.3

APMT

Reduced musculature 3 5.1 1.1 - 14.2

Eutrophy 56 94.9 85.8 - 98.9

Indicators of excess adiposity/body fat

BF%

Excess body fat 33 63.5 48.9 - 74.4

Eutrophy 19 36.5 23.6 - 51

BMI

Excess weight 31 51.7 38.4 - 64.8

Eutrophy 29 48.3 35.2 - 61.6

TST

Excess adiposity 28 46.7 33,7 - 60

Eutrophy 32 53.3 40 - 66.3

*CI: 95% confidence interval. FFMI: Fat free mass index; BMI: Body 
mass index; AMC: Arm muscle circumference; cAMA: Corrected arm 
muscle circumference; AMPT: Adductor pollicis muscle thickness; 
BF%: Body fat percentage; TST: Triceps skinfold thickness.
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were classified as functional class I. This is opposed to the 
findings reported by Garlet. et al.,24 whose data revealed 
that individuals with HF evaluated in functional class I 
presented higher LVEF than those in functional class II, 
III or IV. At this point, it can be said that the inconsistent 

data can be due to the fact that the individuals with HF 
in our study are followed up, in an outpatient setting, by 
a well-structured interprofessional and multidisciplinary 
team, reinforcing that high-quality multidisciplinary care 
can benefit individuals with HF in the prevention or early 
detection of acute decompensation.25,26 

It is important to know the state of clinical compensation 
of individuals with HF upon anthropometric and body 
composition evaluation, as it may have repercussions on 
inaccuracies due to the inability to follow the evaluation 
protocols in the presence of symptoms. In our study, 
it was found that the participants had body water 
volume within the acceptable ranges. It has been found 
that the total body water volume of individuals with 
compensated HF is reported to be equal to that of normal 
individuals.23 Studies evaluating total, intercellular and 
extracellular body water volumes in individuals with 
HF, either followed up in an outpatient setting or not, 
but who were compensated at the time of the evaluation, 
found results similar to those of this study.27-29

Analyzing the diagnosis of indicators of protein 
malnutrition/muscle depletion, we found discrepancies 
between anthropometric and body composition methods. 
Although reduced sensitivity presents moderate 
concordance, it suggests that BMI assessment compared 
to other methods is not a good predictor of protein 
malnutrition. Authors reaffirm this finding, pointing 
out that BMI may not provide a good overview of the 
nutritional status of patients with HF, especially when 
used for the diagnosis of malnutrition, as this index does 
not distinguish between fat and lean body mass.30

However, the literature is controversial when it 
recommends the use of BMI as a marker of prognosis in 
individuals with HF. A retrospective study comparing 
the levels of N-terminal pro-brain natriuretic peptide  
(NT-proBNP), which is a strong risk factor for 
mortality, for the increase in the BMI of individuals 
with decompensated HF, suggests that overweight is not 
associated with mortality in this population, reporting 
that BMI is inversely proportional to the increase of  
NT-proBNP.31 However, Cescau et al.,32 found that 
although BMI is not an independent predictor of 
mortality, it is significantly related to greater reverse 
myocardial remodeling, promoting a protective effect 
of overweight in the course of HF. In a meta-analysis 
that assessed the association between BMI and all causes 
of death in individuals with HF, it was found that both 
BMI corresponding to malnutrition and morbid obesity 
are associated with higher mortality in this population.33 



148

Table 3 - Accuracy and concordance between anthropometric methods and fat free mass index in the evaluation of 
protein malnutrition in patients with HF

Variables/categories

Protein malnutrition

(FFMI kg/m2)
S E PPV NPV Accuracy Kappa

Yes No

Low weight (BMI)

Yes 3 1
43% 98% 75% 92% 38.5% 0.50

No 4 45

Mass deficit lean (AMC)

Yes 6 12
86% 74% 33% 97% 66.4% 0.36

No 1 34

Low musculature (cAMA)

Yes 5 15
0% - - - - -

No 0 31

Musculature reduced (APMT)

Yes 0 1
0% - - - - -

No 6 45

S: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; BMI: body mass index; AMC: arm muscle circumference; 
cAMA: corrected arm muscle circumference; AMPT: adductor pollicis muscle thickness.

Table 4 - Accuracy and concordance between anthropometric methods and BF% indicator in the evaluation of excess fat 
and adiposity in patients with HF

Variables/categories

Excess fat (BF%)

Sp E PPV NPV Accuracy Kappa

Yes No

Excess adiposity (TST)

Yes 20 6
60% 68% 77% 50% 20.3% 0.27

No 13 13

Overweight (BMI)

Yes 22 8
67% 58% 73% 50% 22.2% 0.24

No 11 11

S: sensitivity; Sp: specificity; PPV: positive predictive value; NPV: negative predictive value; BF%: body fat percentage; TST: triceps skinfold thickness; 
BMI: body mass index.
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On the other hand, for the evaluation of muscle 
depletion, AMC and cAMA identified higher percentages 
of individuals with muscle depletion, with AMC being the 
most sensitive one, with acceptable concordance with the 
FFMI parameter. In view of these findings, it is assumed 
that the AMC and cAMA anthropometric indicators may 

overestimate the cases of muscle depletion, which may be 
associated to the evaluation method, which presupposes 
equations that require the value of two anthropometric 
measures, as well as classification in tables of percentiles. 

However, considering the importance of monitoring 
the skeletal muscles of individuals with HF, since 
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cachexia and sarcopenia are associated with worse 
prognosis and higher mortality,34 it is preferable to use 
the AMC values even in a potential overestimation of 
malnutrition due to the impossibility of acquiring and 
maintaining more sensitive equipment such as EBI.

For the APMT, a lower frequency of muscle depletion 
was found, compared to FFMI, suggesting that this 
measure has a reduced diagnostic capacity to evaluate 
compensated individuals followed up in an outpatient 
setting as in this study. However, its use in an intensive 
care unit has proven to be a good method of assessing 
nutritional risk.35

One of the most striking aspects of our study was 
the high percentage of individuals who had excessive 
adiposity/fat. This fact may have a positive impact 
on the course of the disease, since there is an inverse 
association between overweight or obesity and mortality 
in individuals with HFrEF, as found in our population.36 
In our study, there was a uniformity of diagnoses 
considering the indicators used for this purpose. 
However, both BMI and TST showed low sensitivity, 
accuracy and concordance with the percentage of fat 
evaluated by EBI. 

Caution is needed in this interpretation, especially 
when BMI is used for assessing body fat. A prospective 
study with patients with HF found results similar to ours 
for the diagnosis of BMI. The authors raise questions that 
individuals with protein malnutrition may possibly be 
classified as overweight by BMI, underestimating cases 
of malnutrition and increasing the risk of mortality.37 

According to a study that investigated the association 
between body composition assessed by dual energy x-ray 
absorptiometry (DEXA), an imaging test that promotes 
the identification of body extracts (gold standard) and 
mortality of patients with HF, it was observed that the 
BMI misclassified 41% of patients for body fat,5 similarly 
to the one found in our study, where we identified 50% 
of negative predictive value for BMI. 

Although our results did not confirm good indicators 
of accuracy and concordance of TST in the evaluation 
of excess adiposity, other authors point out the use of 
TST as a predictor of mortality, further reinforcing the 
obesity paradox, since excess TST presented an inverse 
relation with mortality.7 It is suggested to evaluate 
subcutaneous fat from the association between multiple 
skinfolds, used in formulas to evaluate adiposity, as well 
as was evaluated by Gastelurrutia et al.,37 associated 
with other methods to identify the nutritional status 

of individuals with HF, aiming to identify adipose 
reserve more accurately when there is no evaluation of 
fat percentage by EBI.

Our study is not free of limitations: (1) the low 
frequency of anthropometric disorders may be biased in 
the statistical analysis; (2) a small number of participants 
may have caused lower values   of sensitivity and 
concordance, but the results found were relevant to signal 
the need to consider several methods of assessing body 
composition in this population.

The results reveal important information about the 
use of anthropometric indicators in the evaluation of 
individuals with HF, reinforcing that, for a more accurate 
evaluation, EBI assessment may be better indicated. 
EBI measurements should be standardized to obtain 
reproducible results and the use of body composition 
prediction equations must meet the specifications of each 
population studied. It should be noted that when it is 
not feasible to use equations already defined in specific 
studies, it is possible to use data from the EBI provided 
by the equipment at the time of measurement, such as 
resistance (R) and reactance (Xc) data, resulting in the 
formation of data such as phase angle, which is used 
in the diagnosis of malnutrition and clinical prognosis. 
Additionally, another potential data for the diagnosis 
and prognosis of body mass reserves is the analysis of 
bioelectrical impedance vectors.38,39

Conclusion

In conclusion, it is suggested that although AMC 
overestimates muscle depletion, it can be used as an 
indicator of protein malnutrition. In addition, BMI was 
not sensitive in the evaluation of muscle and body fat 
components, therefore caution is recommended in the 
use of this indicator in patients with compensated HF 
followed up in an outpatient setting. TST did not present 
good sensitivity for the evaluation of adiposity and 
body fat, reinforcing the importance of the evaluation 
considering multiple folds. The anthropometric 
parameters should be incorporated into the clinical 
practice for their low cost and practicality, but for greater 
accuracy in the evaluation of body composition, more 
accurate methods, such as EBI, should be considered. 
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Abstract

Background: Galectin-3 is the designation given to the protein that binds to ß-galactosides, expressed by activated 
macrophages and described as a cardiac fibrosis mediator. In hypertrophic cardiomyopathy (HCM), myocardial 
fibrosis is an independent predictor of adverse outcome; however, the association between Galectin-3 and 
myocardial fibrosis has not been studied in this cardiopathy.

Objective: To evaluate the association of Galectin-3 and the presence of myocardial fibrosis in a patient with 
hypertrophic cardiomyopathy.

Methods: Galectin-3 was measured in automated equipment using the Elisa technique in 100 participants divided 
into two groups: 50 patients with hypertrophic cardiomyopathy and 50 healthy control subjects. All patients with 
hypertrophic cardiomyopathy underwent magnetic nuclear resonance with the late enhancement technique to 
investigate myocardial fibrosis. For the statistical analysis, p values < 0.05 were considered statistically significant.

Results: Galectin-3 levels were low and did not show significant differences between patients with hypertrophic 
cardiomyopathy and the control group, 10.3 ± 3.1 ng/dL and 11.3 ± 2.6 ng/dL (p = 0.12) respectively. Myocardial 
fibrosis was a common finding and was identified in 84% (42/50) of patients with HCM, but no differences were 
observed between Galectin-3 levels when comparing patients with and without fibrosis, 10.3 ± 2.4 ng/dL and 10.1 
± 2.1 ng/dL (p = 0.59).

Conclusion: The results did not show an association between Galectin-3 and myocardial fibrosis in patients with 
hypertrophic cardiomyopathy, suggesting that non-inflammatory mechanisms of myocardial fibrosis formation 
and cardiac remodeling are involved in this cardiopathy. (Int J Cardiovasc Sci. 2019;32(2)152-157)

Keywords: Cardiomyopathy, Hypertrophic; Endomyocardial Fibrosis; Galectin 3; Diagnostic Imaging; 
Arrhythmias, Cardiac.

Introduction

Hypertrophic cardiomyopathy (HCM) is defined by 
the presence of ventricular hypertrophy in the absence of 
cardiac or systemic diseases that justify the development 
of this muscular alteration.1 It is the most common 
cardiopathy with a genetic cause, with an estimated 
prevalence of 0.2% (1:500).2,3 Histologically, in addition 
to the hypertrophy and myocyte architecture disarray, 
varied increase in interstitial collagen and myocardial 

fibrosis occurs.4 Recent studies showed that fibrosis 
presence and extent are an independent predictor for 
the occurrence of sudden cardiac death (SCD) and 
progression to heart failure (HF) in these individuals.5-9

Currently, Galectin-3 (Gal-3), a protein of the lectin 
family, has emerged as a new biomarker associated 
with myocardial fibrosis in acute and chronic heart 
failure (HF).10,11 In the presence of inflammation, Gal-3 
is secreted by activated macrophages, having the cardiac 
fibroblasts as binding sites, resulting in increased 
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myocardial collagen expression and interstitial 
fibrosis.12,13 Recent studies demonstrate the association 
between Gal-3 with inflammation and fibrosis, and these 
pathophysiological processes are related to adverse 
cardiac remodeling in HF.14-16

The aim of the present study was to evaluate Gal-3 
values   in patients with HCM and their association to 
myocardial fibrosis.

Method

Study population

Gal-3 plasma concentrations were analyzed in 
100 subjects divided into two groups: 50 patients 
with a diagnosis of HCM and 50 healthy control 
subjects, whose clinical history showed no previous 
comorbidities, cardiovascular diseases, neoplasms or 
continuous medication use. The sampling was carried 
out by convenience.

Patients were included consecutively. The inclusion 
criteria were individuals of both genders, aged between 
15 and 65 years, with a previous diagnosis of HCM, 
established by echocardiography (parietal thickness 
> 15 mm in any LV segment or ≥ 13 mm in patients 
with first-degree relatives who had the disease without 
cavity dilatation and in the absence of any other 
cardiac or systemic condition that could be the cause of 
hypertrophy). Exclusion criteria were: known kidney 
disease (serum creatinine > 2.0 mg/dL), individuals with 
hepatic cirrhosis of any etiology, patients with kidney or 
pulmonary fibrosis.

All patients with HCM underwent cardiac magnetic 
resonance imaging (CMRI) aiming at evaluating the 
presence of myocardial fibrosis detected by the late 
gadolinium enhancement (LGE) technique.

The study was approved by the medical ethics 
committee of the hospital and performed in accordance 
with the Declaration of Helsinki. Free and informed 
consent was obtained in written form from all patients.

Galectin-3 measurement

Galectin-3 measurements were performed in blood 
samples, collected after overnight fasting, centrifuged 
and immediately stored at -80°C. The analysis was 
performed using the Enzyme-linked Fluorescence 
Assay (ELFA) (Biomerieux, Marcy-l’Étoile, LY-France). 
Assay calibration was performed according to the 

manufacturer’s recommendations. Gal-3 values ≤ 17.8 
ng/dL were considered normal.10

Doppler echocardiogram

Transthoracic echocardiography was performed 
using the Vivid 7 digital ultrasound system (GE 
Vingmed Ultrasound AS, Horten, Norway). Three 
cardiac cycles were recorded and digitally stored 
for further analysis. Left ventricle (LV) and right 
ventricle (RV) measurements were obtained according 
to the recommendations of the American Society of 
Echocardiography. LV ejection fraction (LVEF) was 
calculated using Simpson’s biplane method. 

Cardiac magnetic resonance imaging

Patients with HCM were submitted to CMR using a 
GE Signa 1.5-T system (Waukesha, Wisconsin). Cardiac 
images were obtained in the short and long axis in 
apnea and with pulse sequences synchronized with 
the electrocardiogram. To identify myocardial fibrosis 
using the late enhancement technique, 0.2 mmol/
kg of gadolinium-based contrast was administered 
intravenously (Dotarem®, gadoteric acid - Gd-DOTA, 
Guerbet Aulnay-Sous-Bois – France ).

Statistical analysis

Statistical analyses were performed using the SPSS 
software (Statistical Package for Social Science) for 
Windows, version 20 (SPSS Inc., Chicago, IL, USA).

In the descriptive analysis, the variables were expressed 
as absolute (N) and relative (%) frequencies and mean and 
standard deviation for continuous variables.

The Kolmogorov-Smirnov test was performed to 
evaluate the normal distribution of data. The Mann-
Whitney test was used to compare the possible 
differences between the HCM groups, and the Student’s 
t-test for independent sample was performed to compare 
the means of the groups.

A level of significance of 5% (p value < 0.05) was 
considered in the statistical analysis.

Results

The study included 100 subjects divided into two 
groups, 50 HCM patients and 50 healthy control 
subjects. The groups were similar regarding age and 
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Table 1 - Comparison between the hypertrophic 
cardiomyopathy and controls groups

HCM

(n = 50)

Controls

(n = 50)
p

Age, years, mean ± SD 43 ± 14 39 ± 10 0.09

Gender [M/F], n 36/14 35/15 0.41

Gal-3, mean ± SDP, ng/dL 10.3 ± 3.1 11.3 ± 2.6 0.42

Minimum - maximum 6.3 - 17.6 5.2 - 15.9

Percentile

25 8.7 9.3

50 10.4 11.4

75 12.8 13.2

HCM: hypertrophic cardiomyopathy.

Figure 1 - Distribution of serum Gal-3 levels in patients with HCM and control subjects. The chart shows the medians (horizontal 
bars), the 25th and 75th percentiles (lower and upper limits of the boxes) and the lower and upper absolute values (error bars)
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gender (Table 1). The values found for serum Gal-3 
measurements were low and showed no statistical 
differences between the two groups, HCM versus 
control, 10.3 ± 3.1 and 11.3 ± 2.6, p = 0.12 (Figure 1 ).

The patients with HCM were 72% males, with a 
mean age of 44 ± 12 years. All of them had preserved 

LVEF, mean septal thickness of 21.7 ± 5.2 mm and 29% 
had left ventricular outflow gradient > 30 mmHg at 
rest. Myocardial fibrosis was identified in 84% of these 
patients, and Gal-3 levels did not show any differences 
between the groups with present and absent myocardial 
fibrosis, 10.3 ± 3.4 and 10.1 ± 2.1, p = 0.59 (Table 2).

Discussion

In the present study, serum Gal-3 levels were low 
and did not show any differences between patients with 
HCM and the control group. Myocardial fibrosis was a 
common finding, present in 84% of HCM patients, but 
Gal-3 values   also showed no differences between patients 
with and without fibrosis. Therefore, our findings 
suggest that other non-inflammatory mechanisms of 
myocardial structural remodeling are involved in the 
pathophysiology of fibrosis in this cardiopathy.

Galectin-3 is expressed by activated monocytes/
macrophages and is involved in the regulation of 
inflammatory processes and pro-fibrotic pathways, 
acting as myocardial fibrosis mediator under conditions 
where necrosis and/or cellular apoptosis and consequent 
inflammatory reactions occur, described as a pathway 
of reparative fibrosis.12,16 However, another collagen 
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Table 2 - Comparison between patients with hypertrophic cardiomyopathy with and without myocardial fibrosis

With fibrosis

(n = 42)

Without fibrosis

(n = 8)
p

Age, years, mean ± SD 44 ± 14 42 ± 14 0.85

Gender [M/F], n 33/9 3/5 0.65

Echocardiogram - mm, mean ± sd

Septal thickness 21.7 ± 5.4 21.6 ± 4.3 0.91

Posterior wall thickness 11.7 ± 3.0 11.6 ± 2.1 0.94

Left atrial diameter 43. 0 ± 6.5 44.1 ± 6.9 0.70

LV diastolic diameter 43.5 ± 6.1 44.2 ± 2.9 0.82

Ejection fraction,% 66.5 ± 9.0 66.2 ± 3.7 0.94

Gal-3, mean ± SD, ng/dL 10.3 ± 3.4 10.1 ± 2.1 0.59

Minimum - maximum 6.3 - 17.6 8.0 - 12.8
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synthesis mechanism is known: the reactive pathway, 
in which fibrosis formation would be secondary to the 
neurohumoral activation without cardiomyocyte necrosis, 
with the following cellular mediators: angiotensin II, 
aldosterone and endothelin-1.17-19

In patients with HCM, cardiac fibrosis is associated 
with adverse left ventricular remodeling, arrhythmias 
and worse prognosis. Currently, it is not known what 
factors decisively contribute to accelerate collagen 
deposition between the hypertrophied myocardial fibers 
in patients with HCM, and different causal mutations 
are thought to play an important role, as well as other 
genetic polymorphisms and environmental factors.20-22

Kim et al.,23 demonstrated in an experimental study 
that myocardial fibrosis occurs independently of cell 
damage and inflammation in this heart disease. When 
analyzing the hearts of transgenic mice with a cardiac 
beta-myosin mutation, in which hypertrophy had 
not yet developed, they reported the early activation 
of potent fibrosis regulatory pathways and collagen 
deposition, despite normal cardiac histological findings, 
demonstrating the existence of a pro-fibrotic environment 
even before the disease onset.23 Thus, they corroborate 
our results, with low serum concentrations of Gal-3 and 
absence of an association with myocardial fibrosis.

The study by Hu et al.,24 aimed to determine the 
prognosis of myocardial fibrosis associated with Gal-3 
levels in patients with non-ischemic cardiomyopathy. 
The sample consisted of 105 patients with HCM, with an 

older mean age than that in our study, 52 ± 15 years, and 
they identified that the association of Gal-3 with fibrosis 
showed a more significant prognostic value. However, 
when evaluating serum levels of Gal-3 in patients with 
HCM with and without fibrosis, they also did not find 
any significant differences.24

The findings of the present study contribute to the 
knowledge of the mechanisms involved in myocardial 
fibrosis formation in HCM, guiding future lines of 
research aimed at studying the formation of fibrosis 
and ventricular remodeling and modifying the natural 
history of the disease.

Conclusion

In patients with HCM, the serum concentration of Gal-3 
is low and is not associated with the presence of myocardial 
fibrosis, suggesting that the reparative pathway of fibrosis 
formation is little activated in this cardiopathy.

Limitations

Some limitations should be considered in the study, 
such as the relatively small number of patients, its 
cross-sectional design, which did not allow us to 
establish the prognostic value of the variables, and 
the evaluation of myocardial fibrosis, which was 
not quantitatively performed, making it impossible 
to calculate the correlation of myocardial fibrosis 
extension with Gal-3 concentrations.
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Abstract

Background: Telecardiology may be a useful support in diagnosis and management of chest pain.

Objective: Evaluate the application of telecardiology to support the differential diagnosis of chest pain in patients 
admitted to Emergency Care Units.

Method: Observational, retrospective and documental study of 5,816 patients admitted with supposedly cardiological 
chest pain in twenty two Emergency Care Units in the state of Rio de Janeiro. Data were tabulated and analyzed by 
Excel® software, using simple descriptive statistics, from the database of the Cardiology Consultancy Nucleus.

Results: Diagnostic disagreement was found in 1,593 (27.39%) cases. Of these, 1,477 (92.72%) were diagnosed locally 
as non-ST-elevation myocardial infarction (non-STEMI), 74 (4.64%) as acute myocardial infarction with ST-segment 
elevation (STEMI), 40 (2.52%) as acute pulmonary edema (APE) and 2 (0.12%) as tachyarrhythmia. Intensive care 
referral was requested to 100% of these patients. After telecardiology, the diagnoses were: 385 (24.17%) unstable 
angina, 289 (18.14%) congestive heart failure, 212 (13.31%) APE, 174 (10.92%) STEMI, 152 (9.54%) hypertensive 
emergency, 113 (7.09%) acute chronic renal failure, 89 (5.59%) non-STEMI, 89 (5.59%) pneumonia, 39 (2.45%) 
sepsis, 26 (1.63 %) myopericarditis, 20 (1.26%) tachyarrhythmia and 5 (0.31%) orovalvar disease. The outcome after 
telecardiology was 1,178 discharges (73.94%), 338 (21.21%) referrals, 62 (3.90%) deaths and 15 (0.95%) unknown.

Conclusion: Telecardiology was effective in chest pain diagnosis and management, optimizing hospital admission 
in the public health system. (Int J Cardiovasc Sci. 2019;32(2)158-162)

Keywords: Telemedicine/methods; Chest Pain/diagnostic imaging; Emergency Medical Services; 
Electrocardiography/methods; Myocardial Infarction.

Introduction 

Cardiovascular diseases are the leading cause of death 
in the world and were responsible for 32% of deaths on 
the planet by 2015.¹ In Brazil, as reported by the Mortality 
Information System - SIM - ischemic heart disease is the 
leading cause of death,2 generating very high medical and 
socioeconomic expenditures to the public health system.3 
In the United States of America, cardiovascular diseases 
have generated direct and indirect costs of more than 
200 billion dollars to the health system with estimates of 
about US$ 220 billion in expenditures by 2020.4

It is estimated that about 5% of patients with 

chest pain and myocardial infarction are mistakenly 

discharged without a confirmed diagnosis in the 

emergency room.5 Early diagnosis and treatment of 

ischemic heart diseases are critical for the reduction 

of morbidity and mortality, hospitalization time and 

optimization of costs in emergency care.3 Proper 

management and follow-up of these patients has been 

a priority for the public health system.6

The 24-hour Emergency Care Units (UPA 24h) 

emerged as part of Brazil’s Emergency Policy program, 
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which structures and organizes emergency care in the 
country. The UPA 24h are structures of intermediate 
complexity between the primary health care units and 
the chain of hospitals. In the state of Rio de Janeiro, the 
UPA 24h were implemented in 2007. According to the 
state’s demand profile, there was a need for cardiology 
support to general practitioners working at the UPA 24h 
units in the care of patients with chest pain. In 2009, the 
Cardiology Consultancy Nucleus (CCN) was set up for 
the purposes of providing specialized remote assistance 
in the medical care for patients with cardiac disorders 
at these units. 

The objective of this study is to evaluate the support 
of telecardiology in the diagnostic qualification of chest 
pain in twenty-two 24-hour Emergency Care Units (UPA 
24h) in the state of Rio de Janeiro.

Methods

Study design

This is an observational,  retrospective and 
quantitative study. 

Study population

A study carried out with 9,692 patients evaluated by 
telecardiology, including 5,816 (60%) who were admitted 
with chest pain supposedly caused by a cardiac disorder, 
in twenty-two UPA 24h in the state of Rio de Janeiro. 
The information was extracted from the database of 
the Cardiology Consultancy Nucleus of the Health 
Department (SES) of the State of Rio de Janeiro, from 
January 1, 2012 to December 31, 2013. 

Statistical Analysis

The categorical variables were tabulated and analyzed 
using the Excel software®, using simple descriptive 
statistics: absolute numbers, mean and frequency. 

Collection and evaluation of data by the Cardiology 
Consultancy Nucleus 

The purpose of the CCN was to answer questions 
and provide specialized advice to the diagnosis and 
decision-making of cardiac cases admitted by the general 
practitioner in the UPA. The general practitioner could 
request, whenever necessary, specialized support, based 
on the guidelines of the Brazilian Cardiology Society, as 
it related to the UPA 24h scenario. 

Among all the information collected by the CCN about 
the patients admitted with chest pain, the following 
were important to support the differential diagnosis: 
sex, age, main complaint, time of onset of symptoms, 
comorbidities, electrocardiogram (ECG), laboratory tests 
and physical examination information. 

At the first synchronous contact between the general 
practitioner and the telecardiologist, the latter collected 
the information reported and the initial diagnosis 
suggested by the UPA physician. The ECG was sent 
by fax or e-mail and immediately analyzed by the 
specialist. Based on this clinical, electrocardiographic 
and laboratory information (when laboratory tests were 
immediately required), the telecardiologist presented 
his/her diagnosis to the general practitioner and advised 
on the immediate management of the case. Therefore, all 
the information available for the clinical reasoning at the 
time of the teleconsulting was shared between the general 
practitioner and the telecardiologist. 

Patient follow-up was performed by the CCN team 
through active search (by making daily calls to the UPA), 
assisting in the management of the cases until an outcome 
was reached. Once the telecardiologist issued an opinion, 
the patients who needed hospitalization were registered 
by the UPA in the State System of Regulation (SER) and/
or in the city’s system of regulation (Sisreg) for hospital 
transfer purposes. 

All patients underwent double-blind peer evaluation 
by the CCN team of cardiologists with over 10 years of 
experience in cardiology. In none of the cases was there 
diagnostic disagreement among the specialists.

Results

The mean age found in the group of patients 
admitted with chest pain was 59.20 ± 11.33 years, with 
a predominance of the male gender (59.32%, n = 3,450). 

The average length of stay in the UPA 24h was 
three days. 

The main comorbidities reported were systemic arterial 
hypertension (49.87%; n = 2,900), diabetes mellitus (10.09%; 
n = 587), smoking (14.79%; n = 860), previous coronary 
artery disease (7.60%; n = 442), dyslipidemia (8.82%;  
n = 513), dilated cardiomyopathy (3.73%; n = 217), previous 
stroke (2.13%; n = 124), family history of coronary artery 
disease (2.13%; n = 124) and obesity (0.84%; n = 49). 

Of the 5,816 patients admitted for chest pain 
supposedly due to cardiac disorders and evaluated by 
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Table 1 - Diagnosis of chest pain between the initial 
evaluation by the general practitioner and after the 
telecardiology

Diagnoses 

General 

practitioner

N (%)

Telecardiologist 

N (%)

Non-STEMI 1,477 (92.72) 89 (5.59)

STEMI 74 (4.64) 174 (10.92)

APE 40 (2.52) 212 (13.31)

Tachyarrhythmia 2 (0.12) 20 (1.26)

Unstable angina 0 385 (24.17)

CHF 0 289 (18.14)

Hypertensive 

emergency
0 152 (9.54)

ACRF 0 113 (7.09)

Pneumonia 0 89 (5.59)

Sepsis 0 39 (2.45)

Myopericarditis 0 26 (1.63)

OVD 0 5 (0.31)

Total 1,593 1,593 

Non-STEMI: non-ST-elevation acute myocardial infarction; STEMI: 
ST-segment elevation acute myocardial infarction; APE: acute 
pulmonary edema; CHF: congestive heart failure; OVD: orovalvar 
disease; ACRF: acute chronic renal failure.

Table 2 - Outcome of patients with chest pain after 
evaluation by telecardiology

Outcome after 

telecardiology
N %

Discharge 1,178 73.94%

Transfer 338 21.21%

Death 62 3.90%

Unknown 15 0.95%

Total 1,593 100%

Table 3 - Main points of diagnostic disagreement 
between the general practitioner and the 
telecardiologist 

Points of diagnostic 

disagreement
N %

CPK/CKMB 

elevation with normal 

troponin

1,059 66.48

Troponin 

interpretation curve
305 19.15

Electrocardiography 227 14.25

Exclusive clinical 

evaluation
2 0.12

Total 1,593 100

Key: CPK: creatine phosphokinase; CPK: MB fraction of creatine 
phosphokinase. 
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the telecardiologist, there was diagnostic agreement with 
the general practitioner from the UPA 24h in 72.61% of 
the cases (4,223 patients) and diagnostic disagreement in 
27.39% of the cases (1,593 patients). 

In the group in which there was diagnostic 
disagreement, the general practitioner classified 
patients as follows: 1,477 (92.72%) non-ST-segment 
elevation acute myocardial infarction (NSTEMI), 
74 (4.64%) ST segment elevation acute myocardial 
infarction (STEMI), 40 (2.52%) acute pulmonary edema 
(APE) and 2 (0.12%) tachyarrhythmia. After evaluation 
by telecardiology, the diagnoses were: 385 (24.17%) 
unstable angina (UA), 289 (18.14%) congestive heart 
failure (CHF), 212 (13.31%) APE, 174 (10.92%) STEMI, 
152 (9.54%) hypertensive emergency (HE), 113 (7.09%) 
acute chronic renal failure (ACRF), 89 (5.59%) non-
STEMI, 89 (5.59%) pneumonia, 39 (2.45%) sepsis, 26 
(1.63%) myopericarditis, 20 (1.26%) tachyarrhythmia, 
5 (0.31%) orovalvar disease (OVD). (Table 1).

The general practitioner had requested intensive 
care admissions for the 1,593 patients identified by 
telecardiology as discordant diagnoses. After a careful 
evaluation by telecardiology, only 338 patients really 
needed to be transferred, and the great majority, 
1,178 patients (73.94%), were discharged after clinical 
stabilization. Sixty-two (3.9%) patients died and 15 
(0.95%) had an unknown outcome (Table 2).

The main points of diagnostic disagreement identified 
by telecardiology are described in the following table.

Discussion

By analyzing the results found in this study, we 
observed the importance of telecardiology in remote 
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support to the general practitioner in the differential 
diagnosis of chest pain at the emergency care, directly 
influencing proper diagnosis, treatment and referral 
of the patients. 

The importance of cardiological remote support for 
diagnosis and clinical management has been described 
by other authors7,8 and Molinari et al.,9 that evaluated 
456 patients with chest pain and/or other symptoms 
suggestive of an acute cardiac event, comparing the 
initial diagnosis of the general practitioner with the 
final diagnosis of the cardiologist. In this study,9 two 
points stand out in our findings: the first one is the 
high percentage of diagnostic disagreement 31% (140 
patients)9 compared to 27.39% (1,593 patients) in our 
study, demonstrating the need of the remote specialist; 
and the second one is the reduction of unnecessary 
admissions that was 63%9 compared to 73.9% (1,593 
patients) in this study, thus representing effective savings 
in terms of unnecessary costly hospitalizations. Similar 
studies10-13 related to cost reduction have also proved the 
effectiveness of telecardiology in primary care.

In our study, the main points of diagnostic disagreement 
in patients admitted with chest pain were abnormalities 
on the electrocardiogram, showing ST-segment elevation 
not recognized at admission, similar to those described by 
Brunetti et al.,14 high CPK and MBK values   with negative 
troponin defined as non-ST-elevation acute myocardial 
infarction and other causes of chest pain with positive 
troponin related and not related to cardiac disorders but 
not characterizing acute myocardial ischemia, which was 
also described by Chiu et al.15 

Of all the inconsistent diagnoses, it is worth mentioning 
the patients arriving at the UPA 24h with ST-segment 
elevation acute myocardial infarction (STEMI) but who 
did not have this diagnosis recognized by the general 
practitioner. In this group, 80% of patients presented time 
from onset of chest pain to admission (delta t) shorter 
than 12 hours, but only 34% were evaluated in time by 
the telecardiology and received reperfusion treatment. 
This result was compatible with the finding in the TIET 
study,16 in which 44% of the STEMI patients who were 
within the 12-hour window of the onset of symptoms 
did not receive any thrombolytic therapy without 
any justification. The recognition of this diagnosis by 
the general practitioner, as well as the percentage of 
thrombolysis is still very low, as previously reported 
by other authors,15,17,18 with a significant impact on 
morbidity and mortality rates.19,20 This demonstrates the 
urgent need to implement measures that allow the rapid 

diagnosis of STEMI and, consequently, the therapy in a 
timely manner.

Regarding the safety of the thrombolytics administered 
(alteplase and tenecteplase), there were no reports of 
hemorrhagic complications or side effects secondary to 
medication in the period evaluated. 

A total of 1,255 admissions at tertiary hospital were 
avoided. As already described by other authors,10,11 
telecardiology plays an important role in avoiding 
unnecessary hospital admissions in patients with a 
supposed cardiac event in the first care by the general 
practitioner. 

This study also shows the importance of a continued 
relationship established by telemedicine between the 
telecardiologist and the general practitioner on a daily 
basis to guide the management of patients admitted 
with suspected acute coronary syndrome until outcome, 
as recommended by the Brazilian Guidelines on 
Telecardiology in Acute Coronary Syndrome and other 
Cardiac Diseases.21 This new procedure of work can be 
considered a support in the country’s health system.

Limitations

The retrospective and observational nature does 
not allow us to make comparisons and associations to 
demonstrate the statistical significance of telecardiology. 
The presence of only one telecardiologist per day may not 
meet all the demand of the emergency care units when 
synchronous teleconsulting is required by the general 
practitioner at the emergency room.

Conclusion

Telecardiology has been shown to be an important 
and effective tool to support the differential diagnosis of 
chest pain in patients admitted at emergency care units, 
optimizing bed occupancy in the public health system. 

The use of telecardiology as a remote support for 
general practitioners handling patients with chest pain 
symptoms is feasible, resulting on diagnostic support and 
identifying patients that really need to be transferred to 
tertiary referral hospital, thus avoiding unnecessary bed 
occupancy and expensive tests.
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Abstract 

Acute myocardial infarction (AMI) is less frequent 
in young individuals (≤ 45 years) than in older ones  
(> 45 years). Young AMI patients differ from older AMI 
patients in different ways. This article aims to assess 
the differences between young and older AMI patients.  
A search was made in the database of Cochrane Library, 
PubMed, BioMed Central and Embase, sence their 
establishment to December 2016, using the key words: 
risk factors, clinical characteristics, acute myocardial 
infarction and young. Meta-analysis was performed 
by using the Review Manager 5.3 software, pooled 
odds ratios and 95% confidence intervals were used 
to assess the strength of differences. Eight studies 
with fairly quality, enrolling 13,358 patients in the 
analysis. Compared with older AMI patients, young 
AMI patients had a higher rate of smoking and obesity  
(OR = 2.71,95%CI:1.87 to 3.92; OR = 1.76,95%CI:1.13 to 
2.74), higher rate of family history of coronary artery 
disease and alcohol consumption (OR = 2.36,95%CI:1.22 
to 4.59; OR = 1.76,95%CI:1.04 to 2.97). Moreover, 
Young AMI patients had a lower rate of hypertension 
and diabetes mellitus (OR = 0.52,95%CI:0.37 to 0.73;  
OR = 0.58,95%CI:0.50 to 0.67). No significant differences 
were observed in hyperlipidemia, a subgroup data-
analysis showed a higher total cholesterol, triglyceride 
lipase, and low-density lipoprotein levels (p < 0.05), and 
lower levels of high-density lipoprotein (p < 0.01) in 
young AMI patients. Smoking, family history of coronary 
artery disease, obesity and alcohol consumption are the 

most main risk factors of AMI among young individuals, 
and young AMI patients have better prognosis than 
older ones.

Introduction

Cardiovascular disease (CVD) is a global health 
problem that has reached epidemic proportions in both 
developed and developing countries.1 Even though the 
rates of death caused by CVD have declined, yet the 
burden of disease remains high. Mortality data have 
showed that CVD accounted for almost 32.8% of all 
deaths, i.e., 1 of every 3 deaths was caused by CVD in 
the United States. CVD has become the leading cause 
of death in both developed and developing countries.2,3 

Acute myocardial infarction(AMI) is less frequent 
in young adults (≤ 45 years) than in older individuals  
(> 45 years) as it occurs in only 2% to 6% in the younger 
population.4 In recent years, the rate of AMI in young 
adults has begun to rise. Studies showed that young AMI 
patients differed from older AMI patients in several ways, 
including risk factors, clinical characteristics, coronary 
angiographic characteristics and prognosis.5 AMI in young 
individuals can cause death and disability in the prime of 
life, in addition to being an increasing economic burden for 
both the patients’ family and the government. Because of 
the potential of premature death and long-term disability 
in young AMI patients, clinical interest in young adults is 
increasing.6 Identifying the major risk factors for AMI in 
this group of young individuals is of vital significance to 
develop effective prevention strategies.

Young AMI patients have different clinical 
characteristics and pathophysiology when compared to 
older patients.7 Previous studies reported that smoking, 
diabetes mellitus, family history of CAD, hypertension, 
hyperlipidemia and obesity contribute to the set of main 
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risk factors for AMI in young patients.7,8 This article 
aimed to assess the differences in risk factors and clinical 
characteristics between young and older AMI patients.

Methods

Data sources and search strategies

A search was made in the database of Cochrane 
Library, Pubmed, BioMed Central and Embase, since 
their establishment to December 2016. An experienced 
searcher used the key words: risk factors, clinical 
characteristics, young people and acute myocardial 
infarction, with the Boolean operators AND and OR. 
We searched for comparative studies of risk factors and 
clinical characteristics in myocardial infarction between 
young and older patients. The search was limited to 
observational studies on humans of the randomized 
controlled trial (RCT) type. For the meta-analysis, we 
only used articles published in English.

Study selection and extraction criterion

Most studies used an age cutoff of 40 to 45 years to 
define young patients diagnosed with AMI, thus we 
chose patients aged 45 or less as the limit for young AMI 
patients, while patients aged older than 45 years were 
defined as older AMI patients. We reviewed the list of 
identified articles and extracted data from the selected 
ones; subsequently we selected studies with abstracts 
suggesting they were relevant. Studies were eligible if: 
(1) the study design was a cohort or case-control study 
and all the studies were RCTs; (2) the study compared 
young AMI patients with older AMI patients; (3) the 
study reported risk factors or clinical characteristics 
of young AMI patients, including any ethnicities and 
nationalities. Initial abstract screening excluded non-
relevant and non-original studies, then full-text review 
excluded ineligible studies as follows: (1) studies without 
comparison between young and older AMI patients;  
(2) age-definition for the young AMI patients was older 
than 45 years or less than 44 years; (3) studies with 
abstract only or studies without full-text available; (4) 
studies lacking complete important information or 
those with no reply from the contact author; (5) smoking 
patients were defined as current smokers, and former 
smokers were excluded.

For each study, we recorded the following 
information: first author, year of publication, number 

of cases of young and older AMI patients, risk factors 
and clinical characteristics. Risk factors of AMI were: 
smoking, Hypertension, family history of CAD, obesity, 
hyperlipidemia, diabetes mellitus, alcohol consumption. 
We defined Hyperlipidemia as a condition with 
elevated serum lipid levels, including high levels of 
total cholesterol (TC) or elevated levels of low-density 
lipoprotein (LDL), or high triglycerides (TG). To better 
assess the effect of serum lipids on myocardial infarction 
in young people, we also compared high-density 
lipoprotein (HDL) levels in young and older AMI 
patients. Clinical characteristics were: chest pain, left 
ventricular ejection fraction (LVEF) value (%), all-cause 
mortality and outcome of coronary angiography (CA).

Literature quality assessment 

We assessed the literature quality using the standard 
bias risk assessment of the Cochrane Handbook for 
Systematic Reviews of Interventions Version 5.1.0,9 of 
which scale consists of: random sequence generation, 
allocation concealment, blinding of participants and 
personnel, complement of outcome data, incomplete 
outcome data, other bias resource. The risk bias of each 
study uses “High risk”, “Low risk” and “Unclear risk” 
for each scale.

Statistical analysis

We used the Review Manager 5.3.0 software for 
comprehensive meta-analysis. We used the X2 test 
and I2 statistics (ranging from 0% to 100%) to estimate 
the percentage of total variation across studies. When  
p ≥ 0.1 and I2 valued 50% or less, the data showed low 
heterogeneity and we used the fixed-effect model to pool 
results across studies. When p < 0.1 and I2 values were 
higher than 50%, the data showed high heterogeneity 
and the random-effect model was used to pool the 
results from studies, and a subgroup data analysis was 
also performed. When an extremely high heterogeneity 
influenced the determination of its resource, the 
description analysis was used as presentation. For each 
risk factor compared between young and older AMI 
patients, we calculated the adjusted odds ratio (OR) and 
corresponding 95% confidence interval (95%CI) in each 
study. Funnel plots were used to estimate publication 
bias. All P values were two-tailed, and a p value < 0.5 
was considered significant.



165
Lei & Bin

Differences of risk factors in young AMI patients

Int J Cardiovasc Sci. 2019;32(2)163-176

Review Article

Results

We retrieved 781 citations from the initial search and 
excluded 525 studies that did not meet the inclusion 
criteria; subsequently, we excluded 200 articles based 
on the initial abstract review. Afterwards, we excluded 
46 articles through full-text review, and finally 8 eligible 
studies10-17 were selected for the meta-analysis (figure 1). 
The assessed 13,358 patients included 1,122 young AMI 
patients and 4,766 older AMI patients. Table 1 shows the 
general characteristics of these selected studies.

Bias risk assessment

According to the Cochrane Risk of Bias Tool for 
Randomized Controlled Trials, 8 selected studies 
had different bias risks. All eight studies referred to 
“randomized controlled trial”, but no detailed description 
was mentioned in these studies. All 8 studies reported the 
outcome completely without selective reporting. None of 
the studies reported blinding and allocation concealment. 
One study13 had a selection bias, and two studies12,15 might 
have other bias. According to bias risk graph (figure 2) 
and bias risk summary (figure3), Yunyun et al.12, Chua et 
al.15 and Anderson et al.13 had high risk, while the other 
studies10,11,14,16,17 had a relatively low risk.

Meta-analysis outcome 

Risk factors

Eight studies10-17 compared smoking (figure 4) in 
young and older AMI patients. The studies showed 
high heterogeneity (p < 0.001, I2=85%), thus the random-
effect model was used to perform the statistical analysis. 
Significant differences were observed in the outcome 
(OR = 2.71, 95%CI: 1.87 to 3.92). The rate of smoking in 
young AMI patients was much higher than that in older 
AMI patients (71.51% vs 40.43%). Six studies10-12,14,16,17 
compared a family history of CAD in young and older 
AMI patients (figure 4), and the studies showed high 
heterogeneity (p < 0.001, I2 = 89%), and thus the random-
effect model was used to perform the analysis. Significant 
differences were observed between the two groups  
(OR = 2.36, 95% CI: 1.22 to 4.59) and young AMI patients 
had a higher rate of family history of CAD than older 
AMI patients (43.48% vs 28.27%).

Five studies10,13-15,17 compared obesity (figure 4) 
between young and older AMI patients. The studies 

showed heterogeneity (p = 0.0002, I2 = 82%), and so the 
random-effect model was used to perform the analysis. 
There were significant differences in the outcome  
(OR = 1.76, 95% CI: 1.13 to 2.74), and the rate of obesity 
in young AMI patients was higher than that in older 
AMI patients (36.21%vs 31.95%). Only three studies11,12,16 
compared alcohol consumption in young and older AMI 
patients (figure 4). The studies showed heterogeneity 
(p = 0.10, I2 = 56%), and thus random-effect model was 
used to perform the analysis. Significant differences 
were observed in the outcome (OR = 1.76, 95% CI: 1.04 
to 2.97); young AMI patients showed a much higher rate 
of alcohol consumption than older AMI patients (34.16% 
vs 24.97%).

Eight studies10-17 compared hypertension in the two 
groups (figure 4). The studies showed heterogeneity  
(p < 0.001, I2 = 83%), and thus random-effect model we 
was used to perform the analysis. Significant differences 
were observed in the outcome (OR = 0.52, 95% CI: 0.37 to 
0.73), the rate of hypertension in young AMI patients was 
lower than that in older AMI patients (34.48% vs 51.2%). 
Eight studies10-17 compared diabetes mellitus between 
the two groups; low heterogeneity was observed in the 
studies (p = 0.52, I2 = 0%), and thus the fixed-effect model 
was used to perform the statistical analysis. Significant 
differences were observed between the two groups  
(OR = 0.58, 95% CI: 0.50 to 0.67), and young AMI patients 
had a lower diabetes mellitus incidence than older AMI 
patients (17.02% vs. 24.9%).

Four studies11,13-15 compared hyperlipidemia (figure 
4) between young and older AMI patients. The studies 
showed high heterogeneity (p < 0.001, I2 = 94%) and, 
therefore, the random-effect model was used to perform 
the analysis. The outcome showed no significant 
differences between the two groups (p = 0.45). Then, we 
performed a subgroup data analysis (figure 5), comparing 
serum levels of TC, LDL, TG and HDL between the two 
groups. The random-effect model was used to perform 
the analysis. We found that young AMI patients had 
comparatively higher levels of serum TG (p = 0.01), LDL 
(p = 0.001), TC (p = 0.002) and lower levels of serum HDL 
(p = 0.008) than older AMI patients.

Clinical characteristics

Three studies13,14,17 compared LVEF values in young 
and older AMI patients (figure 6) and low heterogeneity 
was observed regarding the outcome (p = 0.43, I2 = 0%) 
and thus, the fixed-effect model was used to perform the 
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Figure 1 - Flow chart for selection of eligible studies.

articles articles added

Number of articles after 
duplicates were removed  
(n = 256)

Articles excluded 
based on basis 
of initial abstract 
review (n=200)

No outcome of 
interest reported 
(n=9)

No age cut-off of 
40-45 years (n=4)
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Figure 2 - Bias risk of selected studies.
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analysis. No significant differences were observed in the 
analysis (p = 0.07), as there were no obvious differences 
between young and older AMI patients regarding LVEF 
values. Three studies10,14,15 reported chest pain in AMI 
patients (figure 6), and heterogeneity was observed 
regarding the outcome (p = 0.01, I2 = 77%). Thus, the 
random-effect model was used to perform the analysis. 
No significant differences were found between the two 
groups (p = 0.13). There were no obvious differences 
regarding the incidence of chest pain between young 
and older AMI patients.

Three studies13,15,17 reported all-cause mortality in AMI 
patients (figure 6), with low heterogeneity being observed 
in the studies (p = 0.65, I2 = 0%); thus, the fixed-effect 
model was used to perform this analysis. Significant 
differences were observed in the analysis (OR = 0.09, 
95% CI: 0.07 to 0.12). When compared with older AMI 
patients, young AMI patients had obviously a lower rate 
of all-cause mortality (6.43% vs 41.57%).

Five studies11,14-17 compared the outcome of coronary 
angiography (CA) between young and older AMI 
patients. Significant differences were observed between 
the two groups (figure 7). Compared with older AMI 
patients, single-vessel disease was more prevalent in 
young AMI patients (OR = 2.48, 95% CI: 1.87 to 3.29).  
A total of 42.86% of young AMI patients had single-vessel 
disease, which was more prevalent than that in older 
AMI patients (18.71%). While multiple-vessel disease was 

more common in older AMI patients (OR = 0.42, 95% CI: 
0.28 to 0.61), with 38.77% of older AMI patients exhibiting 
multiple-vessel disease, which was a higher incidence 
than that in young AMI patients (34.28%). Moreover, we 
compared the coronary artery disease location in young 
and older AMI patients, which included left Anterior 
descending artery (LAD), right coronary artery (RCA) 
and left circumflex artery (CX). No significant differences 
were observed in the coronary artery disease location of 
LAD (p = 0.22), RCA (p = 0.36) and CX arteries (p = 0.11) 
between young and older AMI patients.

Discussion

The incidence of AMI in young individuals was once 
as low as 2-6%,4 but it has been increasingly rising.14 
Young AMI patients differed from older AMI patients 
in several ways including risk factors, clinical, coronary 
angiographic characteristics and prognosis.8 Yunyun 
et al.12 said that AMI tend to occur suddenly in young 
patients; most young people do not experience a warning 
before its onset, and the first occurrence often leads to 
a large infarction size.18,20. Zimmerman et al.,21 reported 
that males show an absolute predominance among 
young AMI patients; however, there is a tendency for 
the incidence of myocardial infarction to be equal in both 
sexes with increasing age. In our meta-analysis, male 
patients were predominant among young AMI patients, 
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Figure 3 - Bias risk of selected studies.
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ranging from 64.7% to 94.8%, while the proportion of 
male patients seemed to decrease in older AMI patients.

Several studies reported that chest pain is the most 
frequent symptom in young AMI patients,22 while “silent” 
AMI tends to be more frequent in older patients.23 Our 
study revealed that there was no significant difference in 
the rate of chest pain between young and older patients 
with AMI. Data from the meta-analysis showed that the 
all-cause mortality rate of young individuals after AMI 

is significantly lower than that of older people, which 
is in line with previous studies.24-26 Although young 
AMI patients had better long-term survival than older 
AMI patients, they fared worse than their age-matched 
contemporaries in the general population.27

Our data analysis suggested that single-vessel 
coronary artery disease was more common in young 
AMI patients than in older ones, while multiple-vessel 
coronary artery disease was less prevalent in young 
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Figure 4 - Forest plot showing results of the comparison between young and older AMI patients for (A) risk factor of smoking; (B) risk 
factor of family history of CAD; (C) risk factor of obesity; (D) risk factor of alcohol consumption; (E) risk factor of hypertension;  
(F) risk factor of diabetes mellitus; (G) risk factor of hyperlipidemia.
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Figure 5 - Subgroup of hyperlipidemia showing results of comparison between young and older AMI patients regarding serum levels 
of HDL, LDL, TG, TC.
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AMI patients. That might also explain why young 
individuals have a better prognosis than older ones after 
AMI. Previous studies reported that among young AMI 
patients with general CA, single-vessel disease was the 
most prevalent, with the lesion most commonly located 
in the LAD.28,29 However, our data showed no obvious 
differences in the location of coronary artery lesion 
between the two groups when comparing the lesion 
location in the LAD, RCA or CX arteries.

Our analysis showed that the rate of smoking in 
young AMI patients was much higher than that in 
older ones (71.51% vs 40.43%), which is consistent with 

previous studies.20,30 Young individuals are more likely 
than older people to be smokers, and ST-segment-
elevation myocardial infarction (STEMI) patients are 
getting increasingly younger, which is accompanied by 
an increasing proportion of young smokers.31 Smoking 
is actually the most important risk factor for AMI in 
young individuals. Previous studies suggested that in 
young AMI patients, coronary artery spasm might lead 
to temporary occlusion of the vessel or thrombus, or a 
combination of them, as a result of smoking.32 Smoke 
cessation could reduce the risk for AMI compared 
with current smoking, especially in young people.33 
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Figure 6 - Forest plot showing results of comparison between young and older AMI patients for (a) LVEF values; (b) chest pain;  
(c) all-cause mortality.
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Additionally, the benefit of quitting is associated with the 
number of smoked cigarettes,34 thus identifying cigarette 
smoking as a major risk factor for young people in AMI 
is of vital significance. Moreover, creating an awareness 
of the advantages of smoking cessation may be effective 
in this group of people to prevent AMI.

A positive family history of CAD has often been 
reported as being another major risk factor for AMI 
among young patients.35 Our analysis showed that 
43.48% of young AMI patients has a family history of 
CAD, which is higher than that in older AMI patients 
(28.27%). Family history of CAD is certainly a major risk 
factor for young AMI patients. Patients with a family 
history of CAD have more severe disease progression and 
more lipid metabolism disorders than those without such 
a history36 and are more likely to have insulin resistance 
and more likely to be obese, possibly resulting from 
hereditary factors.37

The analysis suggested that young patients had a 
higher rate of obesity compared with older patients 
with AMI (36.58% vs 31.93%). Obesity can double the 
prevalence of cardiovascular disease.38 Kragelund et al.39 
said that abdominal obesity appears to be an independent 

predictor of all-cause mortality in AMI patients. The 
changes in life and eating habits, and adopting unhealthy 
habits such as eating fast food or high-fat food can 
lead to dyslipidemia and abdominal obesity in many 
young individuals. Previous studies reported that an 
unhealthy diet, rich in carbohydrates and low in fruits 
and vegetables are a major risk factor for CVD.40 Several 
studies reported that young people tend to consume 
more red meat with a high fat content and a significantly 
lower amount of fruits and vegetables compared to the 
older group.41,42 Effective interventions, which include a 
healthy diet and life-style, as well as moderate exercise 
practice to control body weight may help prevent AMI 
in young individuals.

Diabetes mellitus and hypertension are important 
risk factors for CAD and are more likely to be associated 
with older myocardial infarction patients.43 Our analysis 
showed that compared with older AMI patients, young 
AMI patients had a lower rate of hypertension (34.48% 
vs. 51.2%) and diabetes mellitus (17.02% vs. 24.9%), 
which is consistent with other studies.44,45 Anderson 
et al.13 said that even though hypertension is more 
prevalent in older AMI patients, the hazard associated 
with this risk factor is higher in the young patients. 
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Figure 7 - Outcome of CA in AMI patients comparing young and older AMI patients.
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Thus, the early diagnosis of hypertension and effective 
medical intervention may reduce AMI in young people. 
Many studies reported that non-diabetic AMI patients 
have increased blood sugar, compromised glucose 
tolerance and insulin resistance.46,47 Yunyun et al.,12 
found that many young patients had a higher baseline 

fasting blood sugar and HbA1c levels, suggesting 
that a higher proportion of young AMI patients had 
undetectable diabetes or pre-diabetes. Yunyun et al12 
also found that the HbA1c level was an independent risk 
factor for myocardial infarction in young patients. So, 
the early identification of young people with diabetes 
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or pre-diabetes and early effective medical intervention 
might help prevent AMI in young individuals.

In the present study, no significant differences were 
observed regarding hyperlipidemia between young 
and older AMI patients. Hyperlipidemia, especially 
high serum LDL levels, have been regarded as a major 
risk factor in patients with AMI, and lowering LDL 
levels has been a main target in medical treatment. 
HDL is often accepted as a protective factor to prevent 
the development of atherosclerosis and cardiovascular 
events. However, low HDL levels have drawn more 
attention in AMI.48 A study reported that low HDL was 
associated with significantly higher risk of in-hospital 
mortality in STEMI.49 Our study revealed that young 
AMI patients had higher levels of serum TG, LDL, TC 
and lower levels of serum HDL, compared with older 
AMI patients. Moreover, the prevalence of undiagnosed 
dyslipidemia and borderline levels of cholesterol in 
young people were really high. Data have suggested 
that the prevalence of undiagnosed dyslipidemia in 
young people was 16.8%, which was higher than the 
diagnosed group.50 Thus, these young people may have 
fewer coronary collaterals, which might cause severe 
acute myocardial infarction in this group of young 
individuals. Identifying hyperlipidemia at a younger age, 
while paying early attention to serum HDL levels, lipid 
profile control and distal protection in young individuals 
can prevent AMI in this population.

In our analysis, only three studies11,12,16 compared the 
risk factor of alcohol consumption. Our data showed 
that young AMI patients had higher rates of alcohol 
consumption than older AMI patients. Previous studies 
showed that alcohol consumption is directly associated 
with hyperuricemia,51 which is associated with CAD 
severity52 and the amount of alcohol consumed is 
associated with AMI.53 Heavy alcohol consumption 
tended to be associated with an increasing risk of heart 
failure, cardiac arrest/sudden death and ischemic 
attack after CAD.54 Although moderate levels of alcohol 
consumption are associated with a lower risk of morbidity 
and mortality from CAD, young individuals tend to 
have an excessive alcohol intake. Thus, making young 
individuals aware of the risk of alcohol consumption and 
encourage moderate alcohol intake might help prevent 
acute coronary syndrome.

Conclusion

The meta-analysis showed that there were differences 
in risk factors between young and older AMI patients. 
Smoking, family history of CAD, obesity and alcohol 
consumption are the main risk factors in young AMI 
patients, with smoking being the most important one 
for young individuals with AMI. Young individuals 
tend to have a better prognosis than older ones with 
AMI and have more single-vessel coronary artery 
disease than older AMI patients. Even though there is 
no difference in hyperlipidemia between young and 
older AMI patients, young AMI patients had higher 
levels of serum TG, LDL, TC levels and lower serum 
HDL levels than older AMI patients. According to our 
analysis, there were no obvious differences regarding 
chest pain and LVEF values between young and older 
AMI patients. Thus, making young individuals aware 
of these risk factors and their early detection, as well 
as effective intervention may help prevent acute 
myocardial infarction in young people.
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Abstract

Amyloidosis is a disease caused by extracellular 
deposition of insoluble protein fibrils, that results 
in changes in tissue architecture and consequently 
modification of the organ structure. Cardiac involvement 
is common in amyloidosis. Two major types of systemic 
amyloidosis affect the myocardium – immunoglobulin 
light chain and transthyretin amyloidosis – each leading 
to different prognosis. Early detection and diagnosis 
of cardiac amyloidosis are the main objectives in the 
assessment of the disease. New techniques of magnetic 
resonance imaging have minimized the need for biopsies 
for the diagnosis. Late gadolinium enhancement 
technique, and more recently T1 mapping, have 
allowed a simplified evaluation of amyloid deposits 
and extracellular volume. The aim of this review 
was to describe basic concepts and updates of the 
use of magnetic resonance imaging for the diagnosis 
amyloidosis and evaluation of its severity.

Introduction

Amyloidosis is a group of diseases characterized 
by deposition of insoluble fibrils formed from soluble 
molecules that had suffered structural changes and 
become relatively insoluble.1 Amyloid fibrils deposit 
either locally or systemically. Symptoms vary according 
to the content of amyloid deposits, which is directly 
related to the type of protein. Cardiac involvement is 
determinant for the choice of the therapy.2

Immunoglobulin light chain amyloidosis is the most 
common form of amyloidosis in the USA, with 4,500 
new cases diagnosed per year. It affects mostly older 
individuals, aged between 50 and 80 years, especially 
men (who account for one third of the cases). In the 
USA, wild-type transthyretin amyloidosis is more 
frequently diagnosed in older, African American 
patients, whereas patients with hereditary systemic 
amyloidosis are generally younger white women. 
Survival of transthyretin amyloidosis patients is higher 
than that of light-chain amyloidosis patients.3

Several non-invasive methods have been used to predict 
the presence of amyloid deposits in myocardial tissue, 
including electrocardiogram (ECG), echocardiogram 
(ECHO), cardiac biomarkers, scintigraphy (SPECT) and 
cardiac magnetic resonance (CMR) imaging. Among 
these techniques, CMR has been considered the reference 
standard for assessment of global and regional myocardial 
function and for detection and quantification of fibrosis 
areas and expansion of myocardial extracellular volume.4 
Cardiac involvement is decisive for the prognosis and 
treatment of systemic amyloidosis. Although ECG, 
ECHO and scintigraphy are the main imaging tests 
used in cardiology, CMR can provide a new perspective, 
especially on the analysis of amyloid deposits. The use 
of the late gadolinium enhancement technique reveals 
more specific, and sometimes pathognomonic imaging 
features. Also, CMR enables the assessment of the 
extension of the cardiac area affected by amyloidosis. 
T1 mapping technique measures myocardial amyloid 
load and myocyte response to infiltration, thereby 
allowing monitoring and eventual change of therapy, 
even when cardiac function is normal. These techniques 
are very promising for the development of treatment and 
prognosis of this condition.5-8
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Based on these considerations, this study aimed to 
present current concepts of amyloidosis and the use of 
CMR in the diagnosis and follow-up of these patients. 
We conducted a bibliographic review on Pubmed 
(National Library of Medicine) database, using the terms 
“amyloidosis”, “disease, myocardial” and “magnetic 
resonance imaging” for the search.

Results

A total of 135 articles were retrieved, and 60 were 
selected for being published in higher impact journals and 
consensus of the authors. We summarized current concepts 
of amyloidosis types, diagnostic methods, prognosis and 
treatment of the disease in the following text. 

Discussion

Main types of amyloidosis

Two types of amyloidosis can affect the myocardial 
ventricle: immunoglobulin light chain amyloidosis 
and transthyretin amyloidosis, which, in turn, has two 
forms of presentation – wild type and genetically variant 
transthyretin amyloidosis.

Immunoglobulin light chain

Light chain amyloidosis, also known as primary 
systemic amyloidosis, is the most common type 
of amyloidosis. This is a plasma cell dyscrasia 
characterized by deposition of amyloidogenic chains 
in the extracellular space, causing a lesion in this tissue 
affected. Cardiac dysfunction is seen in up to 50% of 
patients with amyloidosis,9 and this type of amyloidosis 
can cause restrictive cardiomyopathy. Congestive 
heart failure is quite common, caused by thickening 
and lack of dilatation of the left ventricle, detected by 
echocardiography.10 Myocardial dysfunction caused 
by amyloidosis can be evaluated by measurement of 
brain natriuretic peptide (BNP) and troponin levels. 
Right heart failure is frequently aggravated by the 
concomitant presence of nephrotic syndrome, observed 
in 30-50% of the cases. Cardiomyopathy is the most 
aggressive manifestation of amyloidosis, and the main 
cause of poor prognosis and death. Cardiac amyloidosis 
has also been associated with multiple myeloma, which 
can also be evaluated.2,9,11,12

Hereditary Systemic Amyloidosis

Hereditary systemic amyloidosis is a dominant 
autosomal disease caused by deposition of amyloid 
fibrils resulting from mutations in genes that encode 
transthyretin and apolipoprotein A-I, A-II, fibrinogen, 
gelsolin, cystatin C and lysozyme. Transthyretin is 
mainly produced by the liver and participates in the 
transport of thyroxine and retinol. Hereditary systemic 
amyloidosis is caused by 100 different mutations in 
the DNA of transthyretin, generating a heterogeneity 
of penetrance. Clinical presentation of the disease 
includes cardiomyopathy, nephropathy and neuropathy. 
Although transthyretin-related cardiac amyloidosis 
is less aggressive than immunoglobulin light chain 
amyloidosis, hereditary systemic amyloidosis is also a 
cause of significant symptoms of heart failure.13,14

Senile systemic amyloidosis 

Senile systemic amyloidosis, also related to transthyretin, 
is not hereditary and generally occurs after the seventh 
decade of life. This presentation of amyloidosis can 
be called as senile systemic or wild type amyloidosis. 
Similar to other types of the disease, in senile systemic 
amyloidosis, amyloid deposition can occur in several 
tissues such as cardiac, hepatic, and pancreatic tissues. 
Senile systemic amyloidosis is usually preceded by heart 
failure approximately 3-5 years before. Patients are mostly 
men, older than 70 years. The diagnosis of the disease 
had been probably underestimated; with advances in 
the diagnosis provided by CMR, from 2000 to 2009, the 
number of patients seen at amyloidosis centers in the 
United Kingdom increased by approximately 6.5%.5-9,15

Recent reports have described cases of senile 
amyloidosis in patients with heart failure with increased 
ejection fraction, highlighting the importance of clinical 
cardiologists considering the disease in suspected cases. 
Clinical suspicion is higher in cases of heart failure with 
increased ejection fraction associated with infiltrative 
cardiomyopathy revealed by cardiac imaging tests.16

Other diagnostic methods

Electrocardiography 

In amyloidosis patients, particularly in those with light 
chain amyloidosis, electrocardiography usually reveals 
low voltage of the QRS complexes which, together with 
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myocardial thickening increases the suspicion of cardiac 
amyloidosis. One hypothesis of voltage decrease is 
related with amyloid infiltration, which would cause a 
decrease in cardiac muscle cells. Atrioventricular block, 
atrial flutter and ventricular tachycardia have been also 
reported in these patients.9,14,17,18

Echocardiography 

W h e n  c a r d i a c  a m y l o i d o s i s  i s  s u s p e c t e d , 
echocardiography is usually the first imaging test ordered 
by the physician. The use of two-dimensional speckle 
tracking technique has been used to detect subclinical 
or initial changes of the disease, which may help in the 
treatment of the patients.19 At initial stages, diagnosis 
of amyloidosis may be confounded with parietal 
hypertrophy, as in hypertrophic cardiomyopathy. 
However, characteristic findings are more frequently 
seen at more advanced stages of the disease and 
are observer-dependent. Common findings include 
increased ventricular parietal thickness, frequently 
involving the right ventricle, decreased ejection 
fraction20,21 and thickening of valve and interatrial 
septum. Echocardiography may show wall thickening, 
especially basal, with high birefringence in the apical area 
(apical sparing) of the amyloid deposits, in addition to 
involvement of valves and papillary muscles.18

Cardiac biomarkers 

Immunoglobulin light chain amyloidosis is commonly 
associated with increased levels of troponin and 
BNP and N-terminal pro-B-type natriuretic peptide 
(NT-proBNP), which is not observed in transthyretin 
amyloidosis. This is important for patients with some 
renal dysfunction, since natriuretic peptides require 
renal excretion. Increased NT-proBNP in patients with 
systemic amyloidosis is predictive of cardiac disease.22 
More recently, high-sensitivity troponin has been used 
as a marker of morbidity and mortality.23 At diagnosis, 
measurements of natriuretic peptide and troponin are 
used for risk stratification of patients. 

Scintigraphy 

Scintigraphy is performed with intravenous injection 
of iodine-123 (123I) for locating amyloid deposit in 
different organs, including liver, kidney, spleen, adrenal 
glands, and bones. Thus, this is not an adequate technique 
for cardiac evaluation in amyloidosis.24 On the other 

hand, the use of other markers – 99m Technetium labelled 
3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-
DPD) – has been suggested to specifically locate cardiac 
amyloid in transthyretin amyloidosis and considered 
the gold standard for the diagnosis of this condition.25-28

Cardiac magnetic resonance

CMR has been widely used as the gold standard 
for the assessment of myocardial function and 
characterization of myocardial tissue. The technique 
is more precise than echocardiography, allowing the 
detection of earlier changes.4

CMR without contrast can also be used to provide 
a precise quantification of amyloid infiltration 
associated with morphological changes (left ventricular 
hypertrophy, decreased chamber size and atrial 
dilation). The method can be used for patients with 
contraindication to contrast, such as patients with renal 
failure, using the T1 mapping technique.15,29

A CMR test for evaluation of diseases characterized by 
abnormal protein deposit, such as amyloidosis, should 
have an average duration of 35 minutes. Although 
routine sequences are cine and delayed enhancement, 
we believe that, when T1 mapping technique is available, 
it should be chosen for routine use. Other techniques 
such as anatomy, perfusion and flow techniques may be 
included or not in amyloidosis protocol depending on 
patients’ clinical status and information obtained from 
the addition of these sequences to the test. 

Cine MR

In the analysis of ventricular, segmental and total 
activity, gradient-recalled echo (GRE) and balanced 
steady-state free precession (SSFP) imaging is the 
most used sequence. The sequence is added to the 
electrocardiographic tracings by segmented K-space 
technique, eliminating motion artifacts.30

Segmented K-space GRE sequences allow acquisition 
of many frames during the cardiac cycle in a dissection 
plane. Presentation of the frames in sequence allows 
dynamic, motion visualization of the heart during cardiac 
cycle, due to real-time interpolation of the R-R interval 
in the ECG. Strengths of the technique include optimal 
temporal resolution, the clear definition of endocardial 
and epicardial borders and acquisition of bright-blood 
cine images. Also, images can be obtained in any 
geometric plan.31
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Figure 1 - Evaluation of systolic mass and systolic function by three-dimensional and Simpson’s technique time-volume curve.  
(A) Left ventricular time-volume curve; (B) cine-magnetic resonance imaging during diastole. Left ventricular mass (blue) and final 
diastolic volume (green).
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Similarly, fast-GRE images, previously used for 
functional evaluation, are more sensitive to turbulent 
flow, and are valuable for assessment of stenosis and 
valve insufficiency. Nevertheless, the method produces 
worse specification between the myocardium and 
blood in cardiac cavities when compared with SSFP.32,33 
A new sequencing technique, known as “real time” 
sequencing has high diagnostic quality and can be 
used for patients with arrhythmias and patients with 
inability to sustain apnea.4

In the assessment of  cardiac amyloidosis , 
characterization of morphology and function of the 
disease by cine-MR (Figure 1) is crucial, especially in 
established disease. This is a widely used technique and 
is used in all protocols of cardiac study by MR. 

Tagging 

Myocardial tagging by CMR provides a noninvasive, 
powerful method to quantify segmental and diastolic 
functions. The development of the technology, 
particularly of the sequences, type of devices and analysis 
software have facilitated the use of this technique. This 
will be very useful to assess patients’ conditions and 
course of the disease.

Myocardial tagging uses a fast gradient echo sequence 
with saturation lines, creating a grid on the images 
that moves with cardiac motion, allowing an objective 
quantification of myocardial contraction during cardiac 
cycle (myocardial strain).34-36

Myocardial tagging (Figure 2) should be used for 
the diagnosis of initial or subclinical amyloidosis. In 
addition, the technique may detect longitudinal or 
circumferential functional changes in individuals with 
mutations but without a clear phenotype determined by 
other techniques.37,38 We understand that one limitation 
for the use of myocardial tagging in many centers is the 
lack of specific softwares for analysis, but we believe in 
the benefits of the implementation of the technology. 

Anatomy

In the analysis of the anatomy the heart and large 
vessels, double-inversion fast spin-echo is the most used 
sequence. It is based on the acquisition of fast spin-echo 
combined with double inversion preparation pulse - the 
first applied to the whole tissue (nonselective) and the 
second, slice-selective. This technique has high spatial 
resolution (selective); blood is dark in the images (null 
signal) and, because of that, the technique is known as 
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Figure 2 - Myocardial tagging for quantification of left ventricular systolic and diastolic function; (A) Circumferential strain curves 
over a cardiac cycle; (B) subendocardial, mesocardial and epicardial tracings for quantification of myocardial deformation using 
cine-tagging.
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“black-blood” imaging. This occurs because fast moving 
tissues, similarly to blood, when moving outside the slice of 
interest, do not produce any signal, while stable tissues or 
slow-moving tissues, like the myocardium, produce a high 
signal. However, endocardial borders (between the blood 
and the myocardium) are well defined. This sequence has 
a segmented acquisition, obtained from final expiratory 
apnea, synchronized with the electrocardiogram (ECG). 
An acceptable change, known as triple inversion recovery, 
is the addition of a third saturation pulse, to suppress 
the signal from the adipose tissue (fat saturation), which 
may help in the diagnosis in certain situations, such as 
characterization of cardiac tumors.30,31,34

These techniques add little to the assessment of 
amyloidosis, and often are not included in the protocols 
to optimize the time of test execution. Nevertheless, in 
some situations, differential diagnosis is important, and 
situations that require evaluation of the pericardium, 
better tissue or even morphological characterization can 
be added to the basic protocol.

Perfusion

Myocardial perfusion imaging using CMR is obtained 
by the first pass of contrast (gadolinium) into ventricular 

cavities and then into the myocardium. One of the most 
frequently used methods constitutes a hybrid of fast 
gradient-echo and ultra-fast echo- planar imaging preceded 
by a saturation pulse from the tissue signal. This allows 
the acquisition of images in several planes every one-two 
heartbeats, repeatedly over a 60-second time period, 
along with the contrast passage. Myocardial perfusion 
can be used at rest or with pharmacological stress using 
adenosine, dipyridamole or regadenoson. The method is 
considered adequate to identify myocardial ischemia and 
has also been widely used in the identification of cardiac 
tumors. Progress has been made in the velocity of data 
acquisition, yielding perfusion images with high spatial and 
temporal resolution, as well as motion correction methods 
that positively contribute to the quality of the data.35,39-41  
In a protocol for cardiac amyloidosis investigation, this 
sequence will be probably unnecessary, since a suspicion 
of myocardial ischemia is not considered for differential 
diagnosis in almost all cases.

Myocardial delayed enhancement 

Myocardial delayed enhancement is based on a T1-
weighted fast gradient echo sequence, with an inversion 
recovery pre-pulse and inversion time (TI) adjusted 
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Figure 3 - Cardiac magnetic resonance from the four-chamber axis view showing (A) increased interventricular septal thickness. 
(B) Delayed myocardial enhancement in right atrium (white arrow), left atrium (white arrows) and tricuspid valve system (white 
dashed elliptical circle).
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to null the normal myocardial signal after infusion 
of gadolinium-based contrast (0.02 – 0.04 mmol/kg). 
Gadolinium does not penetrate intact cell membranes 
and hence is distributed in the extracellular space; in 
case of myocyte membrane rupture (e.g., infarction), 
gadolinium shows a larger volume of distribution.41,42  
In addition, kinetics of the contrast distribution is altered, 
with a slower washout.40

Consequently, gadolinium concentrations are much 
higher in regions of greater extracellular volume, and 
areas of membrane rupture and communication between 
intra and extracellular space as compared with normal 
myocardial tissue approximately 10 minutes after the 
contrast administration.39 These areas are white in 
delayed enhancement images (hypersignal), whereas 
normal myocardium appears black (low signal - null). 

Recent technological progresses have allowed 
acquisition of three-dimensional late gadolinium 
enhancement, with respiratory navigator during free 
breathing, one respiratory pause, in real time and 
without manual adjustment of TI (self-viability or phase 
sensitivity inversion recovery – PSIR – technique).7,35 

Therefore, in cardiac amyloidosis, tissue definition 
after contrast administration is obtained from gadolinium 
deposition and accumulation in areas with increased 

myocardial extracellular volume. Such increase in 
extracellular space results from expansion of amyloid 
deposits to the extracellular space. Several studies 
using the delayed enhancement technique have enabled 
the classification of amyloid deposition patterns – 
subendocardial (Figure 3), mesocardial (Figure 4) and 
transmural (Figure 5).15 The most common patterns 
of amyloid distribution in immunoglobulin light 
chain amyloidosis and transthyretin amyloidosis are 
subendocardial and transmural, respectively.43 The 
treatment of amyloidosis depends on the disease 
subtype; the use of delayed enhancement CMR is hence 
paramount as it serves as a screening test that lead to 
other test, such as biopsy, for establishment of disease 
subtype and definition of therapy.

Thus, it is important to reinforce that CMR with late 
enhancement can be used not only for the diagnosis of 
cardiac amyloidosis, but also can influence the type of 
therapy and follow-up of patients, and hence be decisive 
for the prognosis of these individuals.

T1 mapping and extracellular volume (ECV)

An important advance in cardiac amyloidosis 
treatment is the increasing use of quantitative analysis 
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Figure 4 - Cardiac magnetic resonance from the four-chamber axis view showing (A) left ventricular hypertrophy. (B) Delayed 
myocardial enhancement in interatrial septum (white dashed elliptical circle) and mesocardial interventricular septum (white arrow).

Figure 5 - Cardiac magnetic resonance from the long axis two-chamber (A) and three-chamber (B) view showing mid-apical 
transmural delayed myocardial enhancement (white arrows).
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Figure 6 - (A) Modified lock-locker inversion recovery (MOLLI) T1 mapping on the short axis showing the myocardium (green) and 
the blood (blue). (B) T1 relaxation curve (482 ms for the myocardium).
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by magnetic resonance, including measurements of the 
T2 (edema) and T2* (iron deposition) and T1 mapping, 
focusing on non-invasive quantification of diffuse 
myocardial fibrosis. The most used sequence for T1 
mapping quantification is the modified lock-locker 
inversion recovery (MOLLI) (Figure 6).44-51

With technological advances in the context of 
amyloidosis or even infiltrative diseases, the use of 
ECV expansion and T1 mapping has been consolidated 
in the diagnosis and follow-up of patients with 
myocardial interstitial disease caused by increased 
amyloid deposition or fibrosis. T1 mapping transforms 
a physical principle of magnetic resonance into a 
quantifiable number (expressed in milliseconds) in 
an image. T1 relaxation time is the measure of how 
quickly the longitudinal magnetization component 
recovers to its equilibrium state. In the T1 mapping 
technique, measurements of T1 relaxation with and 
without contrast can be obtained by a simple software 
that directly defines a region of interest within the 
myocardium, generating pre- and post-contrast 
administration values in milliseconds. Amyloid 
deposition increases T1 in the pre-contrast phase and 
reduces T1 in the post-contrast phase due to increased 
extracellular space by the amyloid infiltration.44-51

It has demonstrated that T1 mapping without 
contrast can identify amyloid deposits with a T1 
of approximately 1,140 ± 61 ms.29 In post-contrast 
studies, the cut-off value demonstrated to have a worse 
prognosis was 565 ms when combined with a pre-
contrast value greater than 1,044 ms.52

In addition, the use of pre- and post-contrast T1 
mapping enables the calculation of the ECV fraction 
by the relationship between relaxation fractions of the 
cardiac muscle and the blood, corrected by hematocrit: 

(ΔR1myocardium / ΔR1blood)*(1 – Ht)

Normal ECV in healthy volunteers is 27 ± 3%.46,49

These made the assessment of interstitial fibrosis or 
subclinical amyloid deposition by T1 mapping possible, 
even in situations of negative delayed enhancement 
magnetic resonance imaging. T1 time is decreased in 
the presence of fibrosis (Figure 7), making this map 
and powerful tool for quantification of ECV expansion 
and fibrosis. T1 mapping has been validated by 
endomyocardial biopsies in patients with non-ischemic 
heart diseases, referred for cardiac transplantation.51 
The measurement of the ECV fraction determines, in 
percentage, areas of possible fibrosis not yet detected by 
delayed enhancement technique.52-54
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Figure 7 - Postcontrast T1 mapping short axis, showing the myocardium with high T1 value (approximately 500 ms) in green (*). 
Inferoseptal, anteroseptal and anterior subendocardial fibrosis, (approximately 307 ms) in blue (***).
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Prognosis

In 2008, Maceira et al.,11 have evaluated the capacity of 
CMR in characterizing mortality, survival with therapeutic 
response and development of diastolic function.

In 2015, the study by Fontana et al.,7 made clear 
the importance of detecting delayed enhancement 
in immunoglobulin light chain and transthyretin 
amyloidosis and differentiating subendocardial from 
transmural pattern. Regardless of the type of amyloidosis, 
transmural delayed enhancement is an important 
indicator of mortality, which seems to occur earlier in 
immunoglobulin light chain amyloidosis. 

In 2016, Boynton et al.,55 have demonstrated that 
delayed enhancement technique provides additional 
prognostic information to serum biomarkers in 
patients with cardiac amyloidosis. An important 
finding was the definition of disease severity by the 
method in case of inability to null the myocardium 
by delayed enhancement or in case of diffuse or 
transmural enhancement. This study had a long 
editorial highlighting the importance of the delayed 
enhancement technique in patients with amyloidosis,5 
corroborated by the study by Raina et al.43

CMR can also help in the characterization of severe 
patients by assessment of left ventricular function, as 
proposed by Mohty et al.56

Recently, Martinez-Naharro et al.,57 in a study 
published in JACC in 2017, demonstrated the role 
of the ECV as an independent factor of survival in 
amyloidosis patients. We believe that, in combination 
with technological updates of imaging systems, ECV can 
provide incremental prognostic information in patients 
with amyloidosis over myocardial delayed enhancement.

Treatment

In general, cardiac amyloidosis has a poor prognosis, 
depending on the type of amyloidosis, therapy 
availability and response to treatment. The treatment can 
be classified as – supportive therapy (specific treatment 
for heart failure, including pacemakers and automated 
defibrillators); therapies to suppress the synthesis 
of amyloid precursor protein (e.g. chemotherapy in 
immunoglobulin light chain amyloidosis); and new 
strategies to inhibit the formation of amyloid fibrils, 
as those targeting amyloid deposits or those including 
promising medications (such as tafamidis and diflunisal) 
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to stabilize amyloid precursor protein. Despite its low 
availability, heart transplantation can be a very successful 
approach in carefully selected patients.17

Standard supportive therapy for heart failure is of 
limited benefit and occasionally deleterious to cardiac 
amyloidosis patients. Since cardiac amyloidosis leads 
to a classical phenotype of restrictive cardiomyopathy, 
cardiac output can be dependent on heart rate. In this case, 
patients can be intolerant to beta-blockers, in contrast 
to heart failure patients with reduced or preserved 
ejection fraction. There is scarce evidence for the use 
of angiotensin converting enzyme inhibitors (ACEI) or 
angiotensin receptor blockers (ARBs) in patients with 
myocardial amyloid deposition, and in dysautonomic 
patients, these drugs can even aggravate the symptoms 
of delayed orthostatic hypotension. Medications such as 
calcium channel blockers and digitalis should be avoided 
as they can selectively concentrate in myocardial tissue 
with amyloid deposition, causing increased toxicity. 
The use of anticoagulants should be considered in atrial 
fibrillation or intracavitary thrombus, which is not 
infrequent in these patients, even in sinus rhythm.16,17

Preservation of adequate filling pressures is vital 
because of the restrictive physiology of this heart 
disease, to achieve the balance between the treatment 
of peripheral edema and the development of prerenal 
kidney failure caused by water-salt depletion and careful 
use of diuretics. In contrast to other types of heart failure, 
maintenance of blood pressure, often requiring the use 
of alpha-agonists such as Midodrine, can make the use 
of high doses of diuretics possible, especially in patients 
with autonomic neuropathy.3,17,58

Pacemakers and implantable defibrillators may not 
prevent sudden death, since it is known that the mechanism 
of death in these patients involves electromechanical 
dissociation. Given the lack of robust evidence, indication 
of these devices is similar to that in other heart diseases. 
High defibrillation threshold may be present in cardiac 
amyloidosis patients and the benefit of these devices 
remain uncertain.33 Biventricular pacemakers seem to 
be the ideal therapeutic option to prevent worsening of 
cardiac function resulting from desynchrony caused by 
excessive stimulation of the right ventricle.59

Currently, amyloidosis treatment is based on 
reducing the provision of amyloid precursor protein. 
In immunoglobulin light chain amyloidosis, therapy 
is focused on plasma cell clones, and combines 
chemotherapy with autologous bone marrow 

transplantation. Most chemotherapeutic regimens 
include dexamethasone combined with an alkylating 
agent (melphalan or others), which, although they are 
very useful in the treatment of immunoglobulin light 
chain amyloidosis, they should be used with caution 
by patients with cardiac disease due to the high risk 
of volume overload. New therapeutic strategies 
include bortezomib, a proteasome inhibitor, and novel 
immunomodulators (lenalidomide and pomalidomide). 

Regarding transthyretin amyloidosis, based on the fact 
that transthyretin is a transport protein mostly produced 
in the liver, scientists have developed studies on RNA 
interference therapies, two recently investigated in phase 
III trials,61,62 which showed that small interfering RNA 
(patisiran) or “antisense” (inotersen) constructs, can 
reduce levels of TTR messenger RNA, the amount of 
transthyretin synthesized, the serum concentrations of 
transthyretin, and the amount of misfolded monomer 
available to aggregate and form deposits. In both trials, 
the patients who received the active drug had a lower 
mean rate of progression of the manifestations of the 
neuropathy (as determined by the modified Neuropathy 
Impairment Score+7 [NIS+7]) than did the patients who 
received placebo.3,13,17

Liver transplantation has been used in some cases as 
a strategy to eliminate transthyretin variants from the 
circulation. However, although the therapy has been 
shown to be effective for the amyloidogenic variant 
Val30Met, disappointing results have been reported with 
other genetic variants, which frequently involves the heart, 
since cardiac disease continues to progress with continuous 
deposition of wild-type transthyretin amyloid.58

Strategies for the inhibition of amyloid fibril formation 
assume a massive change of precursor protein into a 
completely different form. The key stage of transthyretin 
amyloid fibril formation is the transthyretin tetramer 
dissociation into monomers prone to self-aggregation. 
Diflunisal, a nonsteroidal anti-inflammatory drug rarely 
used nowadays, binds to plasma transthyretin, increasing 
the structural stability of this soluble protein. Studies 
involving diflunisal are in progress. Tafamidis, a novel 
drug with no analgesic or anti-inflammatory properties 
but with similar mechanisms of action, can selectively 
bind to thyroxine binding sites, and is currently the most 
promising drug for amyloidosis treatment. The drug 
was approved for use by ANVISA in November 2016 
for the treatment of transthyretin familial amyloidotic 
polyneuropathy. Although not worldwide approved 
yet, the recently published the ATTR-ACT trial showed 
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that tafamidis was associated with reductions in all-
cause mortality, cardiovascular-related hospitalizations 
and  the decline in functional capacity and quality of life 
as compared with placebo, in patients with exclusively 
transthyretin amyloid cardiomyopathy.63 This will soon 
extend the range of indications of the use of tafamidis 
in hereditary amyloidosis, previously restricted only to 
patients with polyneuropathy.

Although amyloid deposits are very stable, the body 
has limited capacity to eliminate them, particularly 
from myocardial deposits. The concept of passive 
immunotherapy to increase amyloid deposit clearance 
has been proven effective in experimental models and 
has been widely developed.17 Experimental studies have 
shown that doxycycline, a widely used antimicrobial 
agent, affects the synthesis of amyloid fibrils, and 
when combined with biliary salts (taurodeoxycholic 
acid), shows a synergic effect in removing transthyretin 
deposits from tissues; these findings have led to studies 
in humans. In addition, the presence of a flavonoid 
abundant in green tea, has motivated studies on cardiac 
amyloidosis, since it has been demonstrated that this 
compound can inhibit amyloid fibril formation.12 

Cardiac transplantation has yielded disappointing 
results because of the multisystemic nature of amyloidosis; 
nevertheless, in highly selective cases undergoing 
suppression of light chain, and after treatment of 
extracardiac disease, prognosis may be good.17,58

Conclusion

CMR can evaluate amyloid deposits in cardiac tissues 
by delayed enhancement technique, even when cardiac 
function is preserved. CMR is rewriting the knowledge 
about cardiac amyloidosis, leading to the development 
of new classification models and therapies as well as 
change in the prognosis of the patients. 
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Introduction

The açaí palm tree (Euterpe oleracea Mart.) is mostly 
native to Brazil, and its fruit, açaí berry, is very popular 
among physically active individuals. The açaí berry 
pulp, very pleasing to the taste buds, has gained adepts 
in Brazil, Europe and USA in recent years, being even 
considered a “superfruit”.1

The açaí berry pulp is rich in anthocyanins, which is 
reflected on its deep purple color, in addition to other 
bioactive substances, such as phenolic compounds and 
flavonoids. Because of its content of such substances, 
the açaí fruit has been claimed to have a significant 
pharmacodynamic effect, mainly on the cardiovascular 
physiology, affecting dyslipidemia and arterial 
hypertension.

Thus, considering the pharmacodynamic substances 
and nutritional composition of the açaí berry, 
understanding the impact of its intake on the lipid profile 
and blood pressure is necessary.

Development

Nutrition facts

The pulp of the Brazilian açaí has a considerable amount 
of fats and dietary fibers. When compared to popularly 
consumed foods, whose cardiovascular benefits have 
been well established, vitamin E is the nutrient of açaí 
that stands out. The amount of carbohydrates in the açaí 
pulp alone, without syrup or any dietary item added, is 
low (Table 1).

The lipid composition of the Brazilian açaí berry 
is as follows: polyunsaturated fatty acids, 11.1%; 
monounsaturated fatty acids, 60.2%; and saturated 
fatty acids, 28.7%.3 Of the monounsaturated fatty acids 
of the açaí berry, 53.9% are oleic acid,3 a substance 
found in avocado and olive oil and that can improve 
the lipid profile.4

Bioactive substances of cardiovascular importance

A significant amount of anthocyanins is present in 
the açaí berry, which also contains other antioxidant 
phytochemicals important to the cardiovascular system, 
such as sterols, mainly beta-sitosterol,3 which, similarly 
to monounsaturated fats, is also found in olive oil and 
avocado.4 Beta-sitosterol acts mainly on lipid modulation,4 
while anthocyanins act mainly by reducing blood pressure.5

Impact of açaí intake on vascular function

The most important effect of the açaí berry on vascular 
function is vasodilation, mainly via the anthocyanins. An 
easily accessible clinical parameter to monitor the açaí 
effect on vascular function is blood pressure. Despite 
the expectations, Aqurashi et al.,6 and Udani et al.,7 have 
not found any improvement in blood pressure deriving 
from the açaí intake, but their sample was formed by 
normotensive individuals. However, Aqurashi et al.,6 
have reported a 1.4% increase in the flow-mediated 
dilation of the brachial artery resulting from the intake 
of 150 g of açaí pulp in an acute test, which reflects a 
significant improvement in vascular function.

Effect of açaí intake on lipid profile

Despite not finding any improvement in blood pressure, 
Udani et al. have shown a reduction in total cholesterol 
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Table 1 - Comparison of the nutrition facts of the açaí pulp with servings of foods which display cardiovascular 
protection

Dietary item  

(homemade amount)
Calories

Protein

(g)

Total fat 

(g)

Carbohydrate 

available (g)

Total fibers 

(g)

Vitamin E 

(mg)

Açaí pulp (100 g) 72 1 4.9 5.8 5.3 14.8

Avocado (100 g) 167 2 15.4 8.6 6.8 2

Powder cocoa (30 g) 123 6 3 18 6 0.1

Mix of oilseeds (28.5 g) 172 5.5 15.2 6.4 1.8 1.7

Extra virgin olive oil (14 mL) 120 0 14 0 0 1.9

Adapted from the United States Department of Agriculture (USDA).2
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from 159 to 142 mg/dL (p < 0.030) in overweight patients 
consuming 100 g of açaí pulp twice a day for one month, 
but the other lipid profile parameters showed no change.7 
Surprisingly, Sadowska-Krępa et al.,8 have reported an 
increase in HDL-C levels from 50 to 60 mg/dL in young 
athletes following the intake of 100 mL/day of açaí juice 
for six weeks, in addition to a decrease in total cholesterol 
from 159 to 134 mg/dL, in LDL-C from 90 to 60 mg/dL, 
and in triglycerides from 94 to 72 mg/dL.

However, a new study has reported that the intake of 
200 g/day of açaí pulp for four weeks did not improve 
the traditional lipid profile parameters of healthy 
women. Nevertheless, açaí consumption elevated the 
serum levels of apolipoprotein A1 and the activity of 
paraoxonase-1, whose molecules are HDL-C precursors. 
The consumption of açaí improved the transfer of 
cholesteryl esters to HDL-C, a beneficial biochemical 
process, because that is an HDL-C function, which 
captures cholesteryl esters from VLDL-C (reverse 
cholesterol transport).9

Conclusions/Dietary Management

The açaí intake can be encouraged to patients already 
adept to its consumption or those who are willing to. 
However, one should be cautious about overvaluing its 
claimed effects on lipid profile and vascular function. 

Regarding nutrition facts of the açaí, shown in Table 
1, ensures its usual use in dietary plans. However, 
attention should be paid to the foods added to açaí 
preparations, such as sugar, honey, powder milk, 
peanut powder.

The açaí pulp is popularly consumed combined with 
other foods, and some dietary items that can enhance 
the claimed cardiovascular effects of açaí are cocoa or 
dark chocolate and oilseeds, such as almonds, chestnuts 
and walnuts.
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Introduction

Congenital coronary fistulas are rare anomalies in 
which there is connection from the coronary arteries 
to large vessels or cardiac chambers, without the need 
for anomalies of number, origin or course of coronary 
arteries. They usually present in an isolated way, and 
can have severe hemodynamic consequences. Diagnosed 
in one of every 50,000 live births, it has an incidence of 
approximately 0.4% among congenital heart diseases.1-3 

Most of them involve the right coronary artery (50%), 
followed by the left coronary artery (30%) and both left 
and coronary arteries (5%). They most commonly drain 
into a right sided cardiac chamber (more than 90%).1,4 The 
clinical presentation depends upon the size and location 
of the fistula, and may vary from just auscultation of heart 
murmurs, in general continuous, to severe heart failure.5,6 

The diagnosis after the clinical suspicion can 
be confirmed by color Doppler two-dimensional 
echocardiography, but the angiographic study of the 
coronary arteries is essential for better anatomical 
definition and treatment decision-making.2,7 Nowadays 
the therapeutic option of choice is the percutaneous 
occlusion, with excellent short- and long-term results.1,5,8

Case report

Eight-month-old infant, male, born by c-section, 
weighing 2.9 kg and with a body length of 48 cm, 

forwarded to our service for assessment due to moaning, 
fatigue and irritability during breastfeeding. On physical 
examination, he presented good height and weight 
development (weight 8.1 kg, length 70 cm), in regular 
general condition, normal colored, hydrated, acyanotic, 
tachypneic, with mild intercostal retraction. In respiratory 
auscultation, he presented mild basal crackles. Cardiac 
auscultation showed regular rhythm, normal heart 
sound and presence of a high-frequency continuous 
murmur in high right sternal border, in addition to a 
third heart sound in the mitral area. He presented mild 
hepatomegaly on the palpation of the abdomen.

We initiated a treatment of heart failure with 
diuretics (Furosemide and Spironolactone) and an 
inhibitor of angiotensin-converting enzyme (Captopril) 
and requested an electrocardiogram, echocardiogram 
and chest X-ray. The electrocardiogram did not show 
any alterations. The echocardiography showed the 
presence of a left CAF draining into the right atrium 
and reduced left ventricular ejection fraction (59.8%). 
The chest X-ray revealed slightly increased heart 
area. A right and left cardiac catheterization with 
coronarography was then indicated.

The hemodynamic study revealed the presence of a 
small interatrial communication, with contrast flow to 
the left atrium – right atrium; dominant right coronary 
artery of good caliber, and with normal course.

The test revealed dilation of left coronary artery trunk 
extending to the circumflex artery, which was enormously 
dilated in its entire course (Figure 1A), ending in a blood 
pool that drained through a double-outlet right atrium 
(Figure 1B). The inferior cardiac vein was filled from the 
aneurysmal sac. The anterior descending artery showed 
adequate caliber in its initial portion and tapered in the 
distal portion, due to major steal of coronary flow caused 
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by the left circumflex fistula. The angiography revealed 
mild-to-moderate global LV systolic dysfunction, absence 
of mitral regurgitation and increased cavity dimensions, 
without interventricular communication. There was mild 
pulmonary artery hypertension with elevated RVEDP 
and RVIDP, elevated right atrium mean pressure and 
LVEDP.

The patient was re-evaluated after 30 days of 
treatment, with good clinical improvement but, since the 
fistula was large and had hemodynamic consequences, 
we decided to perform a percutaneous occlusion. 

Through puncture of the right femoral artery, a 5F 
introducer was inserted, through which a guide catheter 
(Judkins 5F) was introduced, and the left coronary trunk 
was selectivated. A 0.014” guidewire was introduced 
through the guide catheter and positioned distally 
in the left circumflex artery near the right atrium 
outflow. The guide catheter was removed and an 
Envoy 5F (Cordis) catheter was introduced over the 
guidewire and positioned distally in the left circumflex 
artery. The guidewire was removed and an Amplatzer 
Vascular Plug I (Figure 2A) was introduced through 
the Envoy guide catheter, being released in the mean 
left circumflex artery. After release of the Amplatzer 
Vascular Plug, which was well adapted, without any 
mobility, there was a progressive decrease in flow 
through the left circumflex artery, until complete 
disappearance of flow through the fistula. Left coronary 

trunk angiography, performed 30 minutes after plug 
release, showed complete occlusion of the AVF (Figure 
2B), with clear flow improvement in the LAD and LMA 
due to the elimination of coronary steal.

The echocardiographic study performed hours 
after the percutaneous treatment revealed complete 
recovery of the LV function (ejection fraction: 71.6%) 
and absence of flow through the coronary arteriovenous 
fistula. The patient was discharged on the following 
day with diuretics (Furosemide and Spironolactone) 
and an inhibitor of angiotensin-converting enzyme 
(Captopril). During the 30-day follow-up period he did 
not present any complications, physical examination 
showed normalized pulmonary and cardiac auscultation 
and disappearance of hepatomegaly; echocardiogram 
showed normal ventricle function (ejection fraction: 
68.2%) and absence of flow through the fistula, thus a 
decision was made to discontinue the medication.

Discussion

Coronary artery fistulas are rare lesions among the 
pediatric population, with an approximate incidence 
of 0.3 to 0.8%, and quite variable clinical manifestation. 
The most frequent symptom in children younger than 2 
years is heart failure, whereas in older children dyspnea 
on exertion is more prevalent. Complications like 
myocardial ischemia, embolization and arrhythmia are 

Figure 1 - (A) Left coronary angiography showing the important dilation of the left coronary trunk and of the left circumflex artery, 
ending in a blood pool that drains into the right atrium. (B) It shows the blood pool in the end of the course of the left circumflex artery.
LCT: left coronary trunk, LCx: left circumflex artery, BP: blood pool, RA: right atrium.

Figure 1A Figure 1B
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Figure 2 - (A) It shows the Envoy (Cordis) guide catheter, with the Amplatzer Vascular Plug I already exposed (arrow), but still stuck 
to the liberator cable. (B) Left coronary angiography performed after 30 minutes from liberation of the device (arrow), showing total 
occlusion of the left circumflex artery fistula to the right atrium.

Figure 2A Figure 2B

Jacob et al.

Occlusion of coronary fistula in infants

Int J Cardiovasc Sci. 2019;32(2)193-196

Case Report

more frequent after the second decade of life in large-
caliber fistulas.2,9 

The vast majority of anomalies involve the right 
coronary artery, with drainage into the venous circulation 
(right ventricle, right atrium, pulmonary artery and 
venous sinus); the left coronary is rarely involved.5,7,8 

The cl inical  diagnosis is  suspected by the 
symptomatology and exclusion of other heart diseases 
that may progress with similar symptoms, but with a 
cardiac murmur showing different characteristics (patent 
ductus arteriosus, aortopulmonary window, pulmonary 
arteriovenous malformations, and pulmonary vein 
stenosis).2 Two-dimensional echocardiography can reveal 
the consequences of the lesion (dilated chambers and 
coronary arteries, ventricular dysfunction and elevation 
of Qp:Qs), and in some cases, it allows for the direct 
visualization of the fistula and its track.3,7 The previous 
hemodynamic study is essential, because it assesses in 
detail the anatomy and the site where the fistula drains, 
allowing for more accurate and less risky therapeutic 
decision-making.

According to the most recent guidelines, there is 
consensus that all symptomatic patients should be treated. 
Occlusion of large fistulas is recommended regardless 
of symptoms; small- to moderate-sized fistulas, when 
there is evidence of ischemia, arrhythmia, endarteritis or 
ventricular dysfunction.10 The procedure remains limited 
when the anatomy of the fistula is not favorable, i.e., when 

there is a native coronary branch distally to the fistula and 
high risk for prosthesis embolization.

Although the surgical correction presents a low 
morbimortality rate and good long-term evolution, 
nowadays the method of choice for the treatment of 
coronary fistulas is percutaneous, due to its low cost, 
length of hospital stay and reduced complications.5,6,8 
European and Asian cohorts present favorable results 
in the short and long term, with the elimination of the 
flow through the fistula and resolution of complications 
and symptomatology in the vast majority of patients 
undergoing percutaneous occlusion.5,6,8 

Recently, several single and combined devices have 
been developed and their techniques for implantation 
have been improved.5,8 The most frequently used are the 
Amplatzer Duct Occluder, Amplatzer Vascular Plug and 
flipper coils.5 A previous and thorough evaluation of the 
fistula geometry and size is crucial to guide the choice of 
the best device or combinations of occlusion methods.

We reported the case of left coronary arteriovenous 
fistula occlusion in an eight-month infant, with 
sintomatology of heart failure and ventricular dysfunction. 
The diagnosis was confirmed by echocardiography and 
the cardiac catheterization was important to assess the 
fistula size, its hemodynamic consequences and to define 
the treatment plan. In this report, as well as in the last 
studies, there were no complications during or after the 
procedure. The left ventricle function was recovered 
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almost immediately and the flow was completely 
interrupted, as shown by the echocardiographic 
evaluation performed less than 24 hours after the 
procedure and during the 30-day follow-up period. As 
in most of the studies reviewed, in our service this is the 
approach of choice for congenital coronary fistulas, with 
optimal results.
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Introduction

Takotsubo syndrome (TTS), also known as stress 
cardiomyopathy, is a rare condition characterized 
by transient systolic and diastolic LV dysfunction, 
with akinesia of the apex and compensatory basal 
hyperkinesia, giving the heart the aspect of “apical 
ballooning”, described for the first time in 1990 in Japan.1 
Its clinical presentation mainly includes chest pain, which 
often has typical angina characteristics, and dyspnea,2 
being an important differential diagnosis from a classic 
acute coronary syndrome (ACS). 

TTS is observed predominantly among postmenopausal 
women, and the emotional stress is considered a 
precipitating factor in most studies. Its etiology is still 
controversial, and the excess of circulating catecholamine 
is the most acceptable mechanism.2-5 

Variant forms of TTS have been increasingly reported,6 
among which are described the apical, mid-ventricular, 
basal, and focal types7 or the inverted Takotsubo 
syndrome (ITS), characterized by hyperdynamic apex 
and akinesia of the base; a morphological pattern 
opposite to the most common clinical manifestation of 
the disease. 

In this case report, we present the diagnosis and the 
evolution of a rare variant form of stress cardiomyopathy: 
inverted Takotsubo syndrome.

Case report

A physically active female aged 70 years of age, 
with no cardiovascular risk factors, was admitted 
to the cardiac emergency department, on 04/19/17, 
complaining of chest pain with angina characteristics, 
with two hours of evolution, which started after 
emotional stress within her family. Her physical 
examination did not show significant alterations, with 
arterial oxygen saturation of 97%, blood pressure of 
142/74 mmHg and a heart rate of 78 beats per minute. 
The ECG demonstrated sinus rhythm, a heart rate of  
76 beats per minute and absence of ST-T segment changes. 
First troponin I dosage was 3.97 mg/dl (reference: < 0.4) 
and CK-MB mass of 9.38 mg/dl (reference: < 5.4). The 
diagnosis at admission was myocardial acute infarction 
(MAI) without ST segment elevation.

She was medicated with bisoprolol, enalapril, 
aspirin, ticagrelor, enoxaparin and pantoprazole, with 
improvement in chest pain. On 04/20/17, she was 
submitted to a coronary coronary angiography, which 
revealed angiographically normal coronary arteries with 
no obstructive lesions (Figure 1). Left ventriculography 
showed systolic dysfunction with basal akinesia 
and apical hyperkinesia consistent with ITS (variant 
contractile pattern of stress cardiomyopathy) (Figure 
2). Transthoracic echocardiography revealed akinesia 
of mid portion of anterior, septal, inferior and lateral 
LV walls, with hyperkinesis of the other walls, and 
estimated ejection fraction at 39%, calculated with the 
Simpson’s method.

Maintained in clinical treatment, the patient presented 
satisfactory intra-hospital evolution, without new 
episodes of angina or clinical instability. She was 
discharged on 04/22/17, under use of aspirin and 
carvedilol, and remained asymptomatic during the  
30-day clinical follow-up. 

https://orcid.org/0000-0002-6359-2678
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Figure 1 - Coronary angiography showing nonobstructive angiographically normal coronary arteries. A: left coronary artery;  
B: right coronary artery.
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Figure 2 - Left ventriculography showing systolic dysfunction of the basal segments of the LV with preserved contractility of the 
apical segments (typical involvement in inverted Takotsubo syndrome). A: diastole; B: systole.
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Discussion

Clinically indistinguishable from classic ACS, TTS can 
present with or without variable changes on ECG,2 as well 
as with elevation in myocardial lesion markers,3,8 as seen 
in this report. Therefore, although TTS may be suspected 
through epidemiological data (postmenopausal women) 
and emotional stress as an event trigger, it may be difficult 
to distinguish TTS from ACS due to atherothrombosis in 
the initial assessment.3

TTS may also be triggered, although less frequently, by 
positive and pleasant emotions, which can make it even 
more difficult to identify. While the clinical presentation 
is usually similar, a greater prevalence of midventricular 
involvement is observed in cases of TTS resulting from 
positive emotions, compared to TTS caused by negative 
emotions (35.0% vs. 16.3%; p = 0.030).9

Coronary angiography and left/echocardiographic 
ventriculography showed normal coronary arteries 
and involvement of ventricular walls which extended 
beyond one specific arterial territory. These conditions, 
associated with evidence of emotional or physical stress 
as precipitating factors, are considered criteria for the 
diagnosis of TTS, although not exclusively.1,3 This report 
brings a case of ITS in which the diagnosis was made soon 
after the coronary anatomy had been defined on coronary 
angiography, confirmed by the classic appearance 
revealed by left ventriculography.

Among the causes of non-obstructive coronary 
failure, TTS has presented increasing incidence, with 
variable evolution. The management of this syndrome 
with angiotensin converting enzyme inhibitors, 
angiotensin receptor blockers and beta-blockers is also 
reported; the latter, particularly due to evidence of 
adrenergic excess in its physiopathology. However, the 
benefits of these drugs to treat TTS and its variations 
lack solid scientific evidence.8

The variant forms of TS, such as ITS, still have no well-
established occurrence, clinical course or recurrence index 
in the world literature. Population differences are little 
known. A recent study has shown four morphological 
types of TTS: apical form, mid-ventricular form, basal  
(or inverted) form and focal form.3 The estimated 
incidence of the different ventricle involvements were, 
respectively, 81.7%, 14.6%, 2.2% and 1.5%.

The ITS is distinguished from the typical form through 
imaging tests that reveal basal akinesia or hypokinesia 
with apical LV compensatory hyperkinesia. Even though 

the cause of this variation is not defined yet, it has been 
proposed that its morphology is a direct result of the 
apex containing a higher density of adrenoreceptors in 
postmenopausal women, predisposing this group to this 
type of involvement.6 In spite of these data, the reason 
why this type is rarer than the classical form of TTC is 
unknown. Some cases of ITS reported were considered 
secondary to pheochromocytoma, but this association, as 
well as its mechanism, are not cleared yet.10,11

It is worth highlighting that TTS is just one among 
several possible causes of myocardial infarction with 
nonobstructive coronary arteries (MINOCA). Other 
possibilities should be considered, such as coronary 
spasm, rupture of atherosclerotic plaque, spontaneous 
coronary dissection, microvascular disorders, coronary 
embolism, use of sympathomimetic agents, myocarditis, 
cardiotoxic drugs and cardiac trauma.12

A detailed analysis is recommended in unclear cases 
of MINOCA, with special attention to indications for 
magnetic cardiac resonance,12,13 since it can distinguish 
types and patterns of myocardial lesions and is useful 
to confirm or rule out myocarditis. In addition, it can 
provide the basis for pathophysiological reasoning and 
clinical conduction in each case.12,14 Other complementary 
methods may be necessary according to individual 
clinical findings, such as intracoronary ultrasound and 
echocardiogram with microbubbles.15

Once considered a syndrome of benign course, because 
of spontaneous reversion of ventricular dysfunction within 
weeks in most cases, the acute phase of TTS can lead to 
complications and death due to left ventricular outflow 
tract obstruction, ventricular arrhythmias, cardiogenic 
shock, ventricular rupture, ventricular thrombus formation 
and embolization.7 In the long run, there may be TTS 
recurrences in about 14% of cases, and high mortality rate, 
usually attributed to comorbidities often found in TTS, 
such as neoplasms, intracranial hemorrhage, psychiatric 
disorders and lung diseases.16,17 Clinical differences related 
to the subtypes and variations of TTS require more studies 
to be clarified, in order to obtain more long-run data for 
the different types of involvement.

We reported a rare variant form of TTS: a diagnosis 
that has gained attention because of the growing stress 
in the modern world and increasing life-expectancy. 
Future scientific data shall turn to more accurate 
identification of possible patterns, the genetic changes 
involved, determination of degree of severity and more 
appropriate therapy.
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