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Abstract

Background: Contemporary diagnosis of ACS and risk stratification are essential for appropriate management and reduction 
of mortality and recurrent ischemic events, in the acute phase of disease and after hospitalization. The Universal Definition 
of Myocardial Infarction recommends the detection of troponin levels above the 99th percentile.

Objectives: To evaluate the occurrence of early death and acute myocardial infarction (AMI) in patients without elevation 
of troponin (<0.034 ng/mL), patients with mild elevation (above the 99th percentile [>0.034 ng/mL and <0.12 ng/mL)], 
and patients with significant elevation of troponin (above the diagnostic cutoff for AMI defined by the troponin kit (≥0.12 
ng/mL)]; and to analyze the impact of troponin on the indication for invasive strategy and myocardial revascularization. 

Methods: Cross-sectional cohort study of patients with ACS with assessment of peak troponin I, risk score, prospective 
analysis of 30-day clinical outcomes and two-sided statistical tests, with statistical significance set at p<0.05. 

Results: A total of 494 patients with ACS were evaluated. Troponin > 99th percentile and below the cutoff point, as well 
as values above the cutoff, were associated with higher incidence of composite endpoint (p<0.01) and higher rates of 
percutaneous or surgical revascularization procedures (p<0.01), without significative difference in 30-day mortality. 

Conclusions: Troponin levels above the 99th percentile defined by the universal definition of AMI play a prognostic role and 
add useful information to the clinical diagnosis and risk scores by identifying those patients who would most benefit from 
invasive risk stratification and coronary revascularization procedures. 

Keywords: Troponin I; Acute Coronary Syndrome; Myocardial Revascularization.

in patients with non-ST-elevation acute coronary syndrome 
(NSTE-ACS),8,9 in addition to a directly proportional relationship 
with rates of clinical outcomes10-13 in patients undergoing early 
revascularization procedures.14

Factors including severity and complexity of CAD, previous 
use of acetylsalicylic acid and early coronary angiography are 
associated with peak troponin in NSTE-ACS.15  Among patients 
stabilized after an ACS, increased troponin is associated 
with higher all-cause cardiovascular mortality, regardless of 
covariables.16 Individuals with     very high levels of troponin 
have more complex CAD and, based on pathophysiological 
plausibility, revascularization may be more often indicated 
in this group as compared with patients without troponin 
elevation. On the other hand, some authors have not found 
an association between high troponin levels and worse clinical 
outcomes.17,18  

Troponin levels proposed for the diagnosis of ACS
According to the International Federation of Clinical 

Chemistry and the National Academy of Clinical Biochemistry, 
increased troponin levels are defined as those above the 
99th percentile of a healthy population, and an intra-assay 
coefficient of variation (CV) <10%,19 although many troponin 
test kits have poor accuracy based on this percentile.20-22 
Therefore, for the use of troponin in the diagnosis of AMI, it is 
necessary an ascending or descending curve of the biomarker, 

Introduction
Cardiovascular diseases are the main cause of death among 

people older than 60 years in Brazil,1 and important causes of 
disability, hospitalizations and death, mainly in low per capita 
income countries.2,3 

In acute coronary syndromes (ACS), serial electrocardiography 
(ECG) and troponin measurements, associated with clinical 
examination, are essential for the correct diagnosis and 
appropriate management of disease.4 In the context of acute 
myocardial ischemia, in addition to establishing the diagnosis 
of acute myocardial infarction (AMI), the measurement of 
troponin is useful for risk stratification in invasive strategies.5 
Besides, peak troponin levels are correlated with the extension 
of necrosis and left ventricular ejection fraction (LVEF), which 
are important determinants of post-AMI mortality.6,7 In addition, 
elevated troponin levels have been correlated with multivessel 
coronary artery disease (CAD) and greater severity of stenosis 
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including at least one value above the 99th percentile of the 
reference population, according to sex, ethnics and other 
factors.23,24 Some studies have pointed out the importance 
of using standard levels for the diagnosis of AMI in hospital 
laboratories to improve clinical decisions, to tailor diagnostic 
thresholds to the population seen in each institution, and 
facilitate reporting in clinical trials.25,26  

Therefore, the present study aimed to evaluate the occurrence 
of clinically relevant outcomes (death, AMI, and composite 
endpoint) in patients at the early stage of NSTE-ACS; to compare 
three groups formed according to the ranges of troponin I 
values – without elevation (<0.034 ng/mL, i.e., below the 99th 
percentile), mild increase (Universal Definition of AMI, above 
the 99th percentile [>0.034 ng/mL and <0.12 ng/mL]), and 
significant increase (the most accurate diagnostic cut-off defined 
by local  troponin kit [≥0.12 ng/mL]; and to assess the association 
between these groups and requirement of an invasive strategy 
or myocardial revascularization procedures during hospital stay. 
The hypothesis is that the 99th percentile value of troponin, 
even if lower than the cut-off point for troponin I defined by the 
commercial kit, is associated with clinical impact and indication 
for invasive stratification and myocardial revascularization, 
in comparison with negative levels, corroborating the values 
proposed by the Universal Definition of AMI.

Methods

Characteristics of the study and ethical aspects 
Observational, cross-sectional study, with follow-up of up 

to 30 days for evaluation of death and infarction rates, and 
composite endpoint in patients with NSTE-ACS admitted to 
a coronary care unit (CCU), divided into groups according 
to troponin levels. All clinical events were pre-defined 
and assessed following a systematic collection of data 
from databases. Indication for invasive or non-invasive risk 
stratification, in-hospital treatments, and routine laboratory 
tests were also evaluated. All participants signed an informed 
consent form. The study was approved by local ethics 
committee in April 2019. Recruitment of patients was carried 
out from May 2019 to January 2020. 

Inclusion criteria
• Age ≥ 18 years
• Admission to a CCU 
• Diagnosis of NSTE-ACS  
• The diagnosis of NSTE-ACS was made based on two of 

the following criteria:  
- Clinical presentation suggestive of ACS;
- ECG showing depression of the ST segment, T-wave 

inversion or non-specific findings;
- Ascending or descending troponin curves, including at 

least one value above 0.12 ng/mL (diagnostic value for AMI 
in the troponin I kit used at Dante Pazzanese Institute of 
Cardiology).

Reinfarction was defined following the recommendations 
of the fourth universal definition of AMI, and considered 

suspected in the presence of signs or symptoms of infarction, 
requiring another troponin measurement in this case. 
Diagnosis is confirmed by a 20% increase in troponin levels 
in patients with already elevated values, or a new increase in 
those with previously normal levels.

• The diagnosis of unstable angina was made based on 
two of the following criteria:

- Clinical presentation suggestive of ACS;
- ECG showing depression of the ST segment, T-wave 

inversion or non-specific findings;
- Absence of troponin levels above 0.034 ng/mL (according 

to troponin levels for the diagnosis of AMI proposed by the 
universal definition of AMI27 and the European Society of 
Cardiology guidelines28). 

Exclusion criteria
• Absence of consent to participate in the study
• Patients referred for invasive management 48 hours after 

the first episode of ACS.  

Variables analyzed 
Demographic data, cardiovascular r isk factors, 

comorbidities, previous use of medications, non-invasive 
hemodynamic parameters, coronary angiographic findings (of 
patients referred for invasive strategy), GRACE and CRUSADE 
scores were analyzed. Laboratory tests, therapeutic procedures 
and approaches during hospital stay were performed 
according to institutional protocols.

Cardiac troponin test
The VITROS® high-sensitivity troponin I assay (Ortho 

Clinical Diagnostics) was used for measurements of cardiac 
troponin I, with a 99th percentile value of 0.034 ng/mL, 
diagnostic cut off point of 0.12 ng/mL for AMI, sensitivity 
of 95% and specificity of 93% (Figure 1). The CV of the 
kit at the 99th percentile was <10%, according to current 
recommendations.20-22 Blood collection was performed at 
admission to the emergency department and at the CCU.

Study design and statistical analysis 
We used the mortality and AMI data described on a Masters 

thesis of a study conducted at the same CCU (available at: 
https://doi.org/10.11606/D.98.2020.tde-27122019-080250), 
and estimated a relative difference of 50% in the rate of events 
between the groups with negative and positive troponin. Using 
a power of 90% and alpha of 5%, we estimated a minimum 
sample size of 273 patients for the objectives of the study. 
Two-sided significance tests were used, with significance 
level at 0.05. Continuous variables were expressed as mean 
and standard deviation or median and interquartile range, 
according to normality of distributions, which was tested 
using the Shapiro-Wilk test. Between-group comparisons were 
assessed by the one-way ANOVA or by the non-parametric 
Kruskal-Wallis test. Categorical variables were expressed as 
frequency and percentages and compared by the chi-square 
test or Fisher exact test. Analysis of outcomes was conducted 
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according to the time to the first event since the onset of NSTE-
ACS by the Kaplan-Meier method and the log-rank test for 
statistical significance between survival curves for the events 
(death, infarction, and composite endpoint). Statistical analysis 
was performed using the R system and the SPSS statistics, 
version 19.0.

Results

Patients’ characteristics and clinical course
A total of 494 patients with diagnosis of NSTE-ACS were 

evaluated. Table 1 presents the results of the descriptive analysis 
of the groups. The group of patients with significant increase in 
troponin levels had a higher proportion of older people, longer 
duration of chest pain, higher GRACE and CRUSADE scores, 
lower creatinine clearance levels, lower LVEF, and higher rates 
of acute kidney injury during hospitalization (Table 1).   

Comparison of management strategies, clinical outcomes, 
and revascularization according to troponin levels 

A greater number of patients with significant increase in 
troponin levels underwent functional studies, invasive approach, 
and myocardial revascularization procedures. All patients were 
treated with benefit-proven medications recommended by 
guidelines (100% of patients received acetylsalicylic acid and 
statins) (Table 1).

Overall mortality was 3.4%, with no statistically significant 
difference between the groups, although the incidence of 
AMI (or reinfarction) was 2-4 times higher in the group with 
troponin elevation (Table 2). Kaplan–Meier plots depicting 
overall survival, AMI and composite endpoint are illustrated in 
Figures 2, 3 and 4, respectively.  

Discussion
CAD is one of the main causes of death, especially in the 

context of ACS.29,30 Despite therapeutic advances, morbidity and 
mortality of CAD in the early stages of disease and after hospital 
discharge are high, varying from 5-10% within 30 days to 20% 
in six months after the acute event.31 In this context, guidelines 
have recommended the use of troponin as a biomarker for risk 
stratification.32,33 Patients with increased troponin may have a 
20% rate of AMI and death in 30 days, and a 25% rate in six 
months of follow-up.34,35 However, differential diagnosis by 

increased troponin is crucial and should be analyzed together 
with clinical data and complementary tests.28

In the present study, we observed an association between 
mild elevations of troponin and higher rates of coronary 
angiography and revascularization procedures. This may be 
explained by the fact that these patients had higher risk scores, 
which increases the likelihood of referral for invasive procedures 
during hospitalization. Also, higher rates of AMI were found 
in patients with increased troponin. This is in agreement 
with previous studies showing that peak troponin values are 
associated with higher rates of adverse events.10-13 It is worth 
mentioning the considerably higher number of cases of AMI 
among patients with troponin levels ≥0.12 ng/mL, even as 
compared with those with troponin > 0.034 ng/mL. 

Regarding mortality rates, although we have not detected 
statistically significant difference, a higher number of deaths was 
found among patients with elevated troponin, corroborating 
other studies that showed a relationship between peak 
troponin values and mortality in ACS.10 These data may be 
explained by some factors. First, despite the higher risk of 
death estimated by higher GRACE score, troponin elevation, 
severity of CAD, and lower LVEF, most patients of the three 
groups were referred for invasive risk stratification. Therefore, 
there was not a linear association between increased risk and 
elevated troponin, although a larger number of patients with a 
marked increase in troponin levels underwent revascularization. 
Combined with the use of medications with proven benefits 
in reducing ischemic events and death, this “more invasive” 
approach, based not only on significant elevations but also 
on mild elevations in troponin levels, may have mitigated the 
occurrence of composite events that would be expected due 
to high risk score at admission. Therefore, the invasive strategy 
was important to reduce cardiovascular events despite increased 
initial risk. This is clearly corroborated by the reduction in 
GRACE score from hospital admission to discharge.

Another important finding is the association between the 
two groups of patients with elevated troponin in comparison 
with patients with normal levels regarding myocardial 
revascularization. Higher troponin levels were associated with 
multiple stent implantation and higher number of surgically 
treated vessels, which reinforces the biological plausibility 
linking increased troponin levels with complexity of coronary 
anatomy.8,9   

On the other hand, although the universal definition 
of AMI recommends the use of the 99th percentile for the 

Figure 1 – Specifications of the VITROS® high-sensitivity troponin I assay. Fonte:TropIES_GEM1309_WW_PT_I_10.pdf. Acessado em http://www.
OrthoClinicalDiagnostics.com.

Hours Post Admission

0-6 hrs 6-12 hrs 12-24 hrs

VITROS Troponin I
ES Assay
(AMI cutoff = 0.120 
ng/mL)

% sensitivity
70

(86/123)
89

(78/88)
90

(43/48)

% Specificity
96

(683/711)
94

(420/447)
94

(206/220)
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Table 1 – Clinical characteristics, diagnostic tests and clinical events of the study population divided into three groups by troponin levels 

Variable
Troponin

 p-value
< 0.034 ng/mL 0.034-0.12 ng/mL > 0.12 ng/mL

Population 122 (24.6%) 63 (12.7%) 309 (62.4%) -

Male sex 81 (66.4%) 47 (74.6%) 215 (69.6%) 0.47

Age 63.5 (55-70) 64 (59-71) 66 (59-74) 0.003

Weight 78.5 (69-87.1) 78 (68-87) 75 (66-85) 0.19

Duration of symptoms 60 (10-292) 80 (15-741) 134 (30-489) 0.019

GRACE at admission 99 (83-111) 102 (86-122) 120 (103-140) <0.001

GRACE at discharge 84 (70-97) 85 (70-108) 103 (88-120) <0.001

CRUSADE 26 (19-34) 24 (19-35) 29 (19-40) 0.033

Creat. Clear. (mL/min) 77.5 (69-87) 77 (62-91) 72 (58-87) 0.024

LVEF 59 (50-62) 56 (45-63) 55 (41-60) 0.006

Clinical history

Ischemic stroke 2 (1.6%) 0 4 (1.3%) 0.42

Hemorrhagic stroke 1 (0.8%) 0 0 0.42

CABG 14 (11.4%) 9 (14.2%) 66 (21.3%) 0.03

Dyslipidemia 84 (68.8%) 49 (77.7%) 194 (62.7%) 0.05

PAD 3 (2.4%) 4 (6.3%) 20 (6.5%) 0.20

Hypertension 97 (79.5%) 55 (87.3%) 258 (83.5%) 0.33

CRF 11 (9%) 12 (19%) 69 (22.3%) <0.01

AMI 60 (49.2%) 28 (44.4%) 172 (55.7%) 0.16

HF 14 (11.4%) 10 (15.8%) 45 (14.6%) 0.61

PCI 43 (35.2%) 20 (31.7%) 103 (33.3%) 0.91

Obesity 35 (28.6%) 15 (23.8%) 75 (24.3%) 0.65

DM 63 (51.6%) 22 (34.9%) 142 (46%) 0.10

Smoker 19 (15.5%) 14 (22.2%) 53 (17.2%) 0.71

Former smoker 44 (36%) 24 (38.1%) 119 (38.5%) 0.71

Physical activity 16 (13.1%) 4 (6.3%) 29 (9.4%) 0.34

Previous medications 

ASA 96 (78.7%) 51 (80.9%) 218 (70.6%) 0.10

Clopidogrel 38 (31.1%) 12 (19%) 89 (28.8%) 0.20

Amiodarone 1 (0.8%) 4 (6.3%) 7 (2.3%) 0.07

CCB 31 (25.4%) 15 (23.8%) 76 (24.6%) 0.98

ARB 50 (40.9%) 28 (44.5%) 109 (35.3%) 0.29

Oral BB 80 (65.5%) 40 (63.5%) 208 (67.3%) 0.77

Diuretics 39 (31.9%) 26 (41.3%) 112 (36.2%) 0.40

Statin 92 (75.4%) 48 (76.2%) 218 (70.6%) 0.55

ACEi 33 (27%) 18 (28.6%) 111 (35.9%) 0.14

Nitrates 44 (36%) 17 (27%) 101 (32.7%) 0.49

Warfarin 1 (0.8%) 1 (1.6%) 10 (3.2%) 0.36

OADs 53 (43.4%) 16 (25.4%) 120 (38.8%) 0.05

Insulin 22 (18%) 6 (9.5%) 49 (15.9%) 0.33

Medications during hospitalization 

ASA 122 (100%) 63 (100%) 309 (100%) 0.37

Clopidogrel 94 (77%) 50 (79.4%) 272 (88%) <0.01
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diagnosis of AMI, its widespread implementation is still 
hampered by between-kit variability and variation of troponin 
I reference values between hospitals, which may influence 
the comparability between clinical trials and standardization 
of protocols.25   

In the comparison between the groups, although the 
number of patients who underwent coronary angiography 
was not different, the proportion of patients was significantly 
higher in those with greater elevation of troponin (86% vs 
92% vs 96%, respectively; p<0.01). As we pointed out, the 
high proportion of anatomic diagnosis made by angiography 
may have influenced the decision to perform percutaneous or 
surgical myocardial revascularization, even in patients with mild 
increase of troponin, with no statistical difference regarding 
mortality, despite numerical difference in survival. 

This study emphasizes the importance of using the 
diagnostic criteria of AMI proposed by the universal definition 
of AMI, particularly with respect to three aspects – prediction 
of major cardiovascular outcomes, indication of invasive 
strategy, and performance of myocardial revascularization 
procedures in the comparison of groups of patients with 
different troponin levels.

The rationale of the analysis of troponin cutoff points 
is the high variability of the diagnostic value between the 
hospitals, with nearly 30% of hospital laboratories following the 
recommendations by the universal definition of AMI.14

In the present study, we did not evaluate the use of high-
sensitivity troponin since our objective was not to analyze the 
usefulness of this biomarker in rule-in or rule-out protocols for 
AMI in the emergency room in cases of chest pain, in patients 

ACEi 61 (50%) 28 (44.4%) 177 (57.3%) 0.09

ARB 49 (40.1%) 24 (38.1%) 89 (28.8%) 0.05

Oral BB 112 (91.8%) 55 (87.3%) 290 (93.9%) 0.15

Statin 122 (100%) 63 (100%) 309 (100%) 0.19

Killip class 0.08

I 117 (95.9%) 60 (95.2%) 265 (85.7%)

II 5 (4.1%) 2 (3.2%) 32 (10.3%)

III 0 0 5 (1.6%)

IV 1 (0.8%) 1 (1.6%) 6 (1.9%)

Diagnostic tests

Cardiac MRI 4 (3.2%) 2 (3.2%) 7 (2.3%) 0.70

CCTA 2 (1.6%) 2 (3.2%) 3 (1%) 0.25

Echocardiography 102 (83.6%) 51 (81%) 262 (84.8%) 0.61

Complications

Second degree-AVB 0 1 (1.6%) 2 (0.6%) 0.46

Pacemaker 0 2 (3.2%) 4 (1.3%) 0.14

IAB 2 (1.6%) 1 (1.6%) 4 (1.3%) 1.0

Cardiogenic shock 2 (1.6%) 2 (3.2%) 10 (3.2%) 0.71

AKI 9 (7.4%) 6 (9.5%) 52 (16.8%) 0.01

Hemodialysis 1 (0.8%) 2 (3.2%) 4 (7.5%) 0.10

APE 1 (0.8%) 0 8 (2.6%) 0.40

AF 6 (4.9%) 3 (4.7%) 20 (6.8%) 0.82

CRA 3 (2.4%) 1 (1.6%) 14 (4.5%) 0.51

Second surgical approach 0 0 2 (0.6%) 1.0

Sepsis 2 (1.6%) 3 (4.7%) 18 (5.8%) 0.18

SVT 1 (0.8%) 1 (1.6%) 7 (2.3%) 0.78

VF 3 (2.4%) 1 (1.6%) 4 (1.3%) 0.66

Punction-site bleeding 7 (5.7%) 7 (11.2%) 40 (13%) 0.08

GRACE: Global Registry of Acute Coronary Events; CC: creatinine clearance; LVEF: left ventricular ejection fraction; CABG: coronary artery bypass grafting; PAD: 
peripheral arterial disease; CRF: chronic renal failure; AMI: acute myocardial infarction; HF: heart failure; PCI: percutaneous coronary intervention; DM: diabetes 
mellitus; ASA: acetylsalicylic acid; CCB: calcium channel blockers; ARB: angiotensin II receptor blocker; BB: beta-blocker; ACEI: angiotensin converting enzyme 
inhibitors; OAD: oral antidiabetics; MRI: magnetic resonance imaging; CCTA: coronary computed tomography angiography; AVB: atrioventricular block; IAB: intra-
aortic balloon; AKI: acute kidney injury; APE: acute pulmonary edema; AF: atrial fibrillation; CRA: cardiorespiratory arrest; SVT: sustained ventricular tachycardia; 
VF: ventricular fibrillation.

1010



Arq Bras Cardiol. 2022; 118(6):1006-1015

Original Article

Tapias Filho et al.
Cut-offs for Cardiac Troponin I in ACS

Figure 2 – Kaplan Meier curves illustrating event-free survival after acute myocardial infarction (or reinfarction) by troponin range groups (log-rank test, p=0.002).
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Table 2 – Comparison of risk stratification, revascularization procedures and clinical outcomes between the groups of patients by 
troponin levels

Variables
Troponin

p-value
< 0.034 0.034-0.12 > 0.12

Population 122 (24.6%) 63 (12.7%) 309 (62.4%) -

Myocardial scintigraphy 27 (22.1%) 8 (12.7%) 8 (2.6%) < 0.01

Coronary angiography 105 (86%) 58 (92.1%) 298 (96.4%) < 0.01

PCI 35 (28.7%) 29 (46%) 180 (58.3%) < 0.01

CABG 36 (29.5%) 20 (31.7%) 54 (17.5%) < 0.01

Number of coronary grafts: < 0.01

1 0 0 3 (1%)

2 10 (8.2%) 6 (9.5%) 18 (5.8%)

3 21 (17.2%) 14 (22.3%) 25 (8.1%)

4 8 (6.5%) 0 8 (2.6%)

Number of stents:

1 stent 25 (20.5%) 25 (39.7%) 118 (38.1%) 0.06

> 1 stent 10 (8.2%) 4 (6.3%) 61 (19.7%) 0.07

Death 3 (2.4%) 2 (3.2%) 12 (3.9%) 0.87

AMI (or reinfarction) 7 (5.7%) 3 (4.8%) 50 (16.2%) <0.01

PCI: percutaneous coronary intervention; CABG: coronary artery bypass grafting; AMI: acute myocardial infarction
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Figure 3 – Kaplan Meier curves illustrating event-free survival after acute myocardial infarction (or reinfarction) by troponin range groups (log-rank 
test, p=0.002).
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Figure 4 – Kaplan-Meier curves of composite endpoint (death or acute myocardial infarction/reinfarction) by troponin range groups (log-rank 
test p<0.001).
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with very early presentation. However, we did analyze the 
prognostic role and the possible influence of troponin cutoff 
values on the decision making in the management of NSTE-
ACS in intensive care unit as well as the potential effect of 
attenuating the early risk (estimated by scores), even in patients 
without troponin elevation, as compared with patients with 
slight elevation, by an “aggressive” invasive risk stratification 
and appropriate revascularization. Indeed, our data reinforce 
the use of the 99th percentile concentration of cardiac 
troponin proposed by the universal definition of AMI, avoiding 
unnecessary dismissal of patients without troponin elevations 
compatible with AMI when adopting a more accurate cutoff 
instead of the 99th percentile.

Limitations
The number of events observed may have reduced the 

statistical power to detect significant differences in terms of 
mortality. However, the high rate of coronary angiography, 
even among patients with no or minimal elevation of troponin, 
and subsequent early coronary revascularization may have 
reduced the estimated acute risk. Therefore, the hypothesis of 
a difference in mortality cannot be excluded, as this was not a 
random situation. Second, our data derived from a single center 
and reflected the reality of a research and education institution, 
with historical experience, and where invasive and non-invasive 
tests, indicators of performance such as drug prescription, 
coronary stent implantation (100% drug-eluting stents) with 
use of the left internal thoracic artery are highly available, 
and a large volume of percutaneous intervention and surgical 
revascularization has been performed. These factors could 
probably explain the low number of deaths and AMI even after 
highly complex invasive procedures, which may not be applied 
to other centers with different characteristics and infrastructures. 
Also, these aspects may have influenced the indication for 
coronary angiography in the majority of patients, without an 
isolated and linear association with troponin levels, and not 
necessarily dependent on more elevated risk scores. Thus, the 
association of troponin with outcomes, risk stratification and 
indication of revascularization may be different in institutions 
where hemodynamic laboratories and cardiac surgery are 
not available. Considering the scope of the study, the high 
variability of troponin I kits may influence local decisions and 
produce divergent results. Finally, due to the exploratory nature 
of observational studies, variability inherent to the selection of 
patients, and unmeasured confounding factors, we emphasize 
that the results and conclusions obtained in this study should 

be considered just an indication and be used as a support to 
their applicability in Brazilian populations. 

   

Conclusions
Cardiac troponin values above the 99th percentile, proposed 

by the universal definition of AMI, or above the most accurate 
diagnostic cut-off point for AMI, defined by specific kit, have 
prognostic value in terms of the occurrence of composite 
endpoint of death and AMI within 30 days after NSTE-ACS. More 
importantly, mild elevations of troponin add useful information 
to the clinical diagnosis and risk scores in the decision-making 
process, by identifying those patients who would most benefit 
from invasive risk stratification and coronary revascularization 
procedures, which could explain the attenuation of early mortality 
risk associated with the increase in this biomarker.
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Acute myocardial infarction (AMI) and stable chronic 
coronary disease are the main causes of mortality in Brazil.1 
In 2019, it was responsible for more than 170,000 deaths in 
Brazil. Given its severity, the Cardiology made a great effort 
to constantly improve the tools for the correct diagnosis to 
avoid the release of patients with Acute Coronary Syndrome 
(ACS) and its clinical and legal consequences. They are 
considered pillars for the diagnosis and a good anamnesis with 
the characterization of the type of pain, electrocardiographic 
changes, and biomarkers (mainly troponin).

Biomarkers play an important role in recognizing ACS, and 
diagnostic algorithms have adapted as they evolve. At first, 
they were nonspecific markers (e.g., lactic dehydrogenase, 
oxacetic transaminase, total creatine phosphokinase – CK). 
Then they evolved to a slightly more specific marker (creatine 
phosphokinase MB portion) with its difficult criteria: e.g., 
total CK/MB). Finally, we have an extremely specific marker 
of myocardial injuries, such as troponin. The evolution of 
biomarkers has allowed the simplification of chest pain 
protocols and the reduction of inappropriate discharge of 
patients with ACS.2 Due to troponin’s high sensitivity and 
specificity, in the fourth consensus on the universal definition 
of myocardial infarction, it was concluded that to establish the 
clinical diagnosis, an elevation above the 99th percentile of this 
biomarker was associated with clinical evidence of myocardial 
infarction ischemia.3 Given the low cutoff for troponin, there 
are doubts in this consensus regarding the clinical relevance.

In this issue of the Arquivos Brasileiros de Cardiologia, 
Tapas-Filho et al.4 compare the 99th percentile cutoff level 
versus the troponin manufacturer’s label cutoff. They observed 
that the troponin values ​ above the 99th percentile used 
by the 4th Universal Definition of Infarction were useful in 
prognosis; they could predict the composite outcome of death 
and reinfarction within 30 days. An additional observation is 
that minimally elevated troponin levels made it possible to 
stratify patients better and identify those most likely to benefit 
from early invasive strategy and coronary revascularization 
procedures.

Despite supporting the recommendations, some issues 
are to be analyzed regarding the published work. First, it is 
a single-center registry with a limited sample (494 patients), 
among which patients with troponin between 0.034 and 
0.12ng/dL were only 39. Second, we observed that the 
mortality of the groups is low (2.4% to 3.9%) in the registry, 
which can be explained by the low-risk population (GRACE 
SCORE: 102 (trop > 0.034-0.12ng/dL) x 120 (trop >0.12 
ng/dL)). Another possible explanation for the low mortality 
mentioned by the authors is the high rate of invasive strategy 
and early coronary revascularization. Higher troponin levels 
had a higher incidence of reinfarction (16.2% versus 4.8%) and 
occurred mainly in the first 15 days. In the study, the causes 
of this increase were not clear. We can speculate: incomplete 
revascularization? Procedure-related infarction (type IV or V 
AMI)? These are issues to be carefully considered.

In addition to the limitation of the study sample size, 
another point of attention is the follow-up period. Compared 
with the SWEDEHEART registry (with more than 48,000 
patients included) and the analysis of this subgroup (9,800 
patients), followed for ten years, an increase in cardiovascular 
events was observed in this population in the order of 15.4%.5 
This fact reinforces the importance of small increases in 
troponin as a long-term prognostic marker.

If, on the one hand, lowering the cutoff point of biomarkers 
is a predictor of events, on the other hand, there is concern 
about reducing the specificity of the test, with an increase in 
the number of false positives,6 which could lead to unnecessary 
procedures, and an increase, for example, coronary 
angiographies without coronary lesions (so-called “white 
catheters”), which can stigmatize the patient and expose them 
to complications related to care. In the Tapas-Filho4 registry, 
we observed that in patients with lower troponin levels, 92% 
underwent coronary angiography, and the revascularization 
rate was > 75% (similar to the higher troponin group). We 
emphasize that, in general, 25% of patients could not have 
undergone invasive tests.

From our point of view, the time is now to look for markers 
that prevent patients from being unnecessarily submitted to 
the invasive strategy. To have the dimension of the numbers, 
if we consider approximately 110,000 revascularizations 
performed by the Unified Health System (SUS) in 2019,1 
we would be talking about approximately 35,000 patients 
undergoing coronary angiography unnecessarily per year! We 
have advanced a lot with these new “super” markers, we have 
improved our diagnosis and ability to predict events, but it 
is time to know the best way to use them in clinical practice 
and reduce unnecessary procedures.DOI: https://doi.org/10.36660/abc.20220353
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Abstract
Background: Reduction of LDL-cholesterol (LDL-c) levels is the cornerstone in risk reduction, but many high-risk patients are not 
achieving the recommended lipid goals, even in high-income countries. 

Objective: To evaluate whether patients seen in the city of Curitiba public health system are reaching LDL-c goals after an acute 
myocardial infarction (AMI). 

Methods: This retrospective cohort explored the data of patients admitted with AMI between 2008 and 2015 in public 
hospitals from the city of Curitiba. In order to evaluate the attainment of the LDL-c target, we have used the last value 
registered in the database for each patient up to 2016. For those who had at least one LDL-c registered in the year before 
AMI, percentage of reduction was calculated. The level of significance adopted for statistical analysis was p<0.05. 

Results: Of 7,066 patients admitted for AMI, 1,451 were followed up in an out-patient setting and had at least one evaluation 
of LDL-c. Mean age was 60.8±11.4 years and 35.8%, 35.2%, 21.5%, and 7.4% of patients had LDL-c levels ≥100, 70–99, 50–
69 and <50 mg/dL, respectively. Of these, 377 patients also had at least one LDL-c evaluation before the AMI. Mean LDL-c 
concentrations were 128.0 and 92.2 mg/dL before and after AMI, with a mean reduction of 24.3% (35.7 mg/dL). LDL-c levels were 
reduced by more than 50% in only 18.3% of the cases. 

Conclusion: In the city of Curitiba public health system patients, after myocardial infarction, are not achieving adequate LDL-c 
levels after AMI.

Keywords: Cardiovascular Diseases; Myocardial Infarction; Dyslipidemias; Secondary Prevention; Diabetes Mellitus; Choleterol 
LDL; Epidemiology; Prevention and Control; Risk Factors.

is associated with reduced cardiovascular risk: a 39 mg/dL 
decrease is associated with an approximate 20% reduction in 
the risk of major cardiovascular events,5 an effect that is similar 
between sexes.6 In patients at high risk for cardiovascular events, 
especially those with established coronary disease, massive 
LDL-c reductions with higher doses of statins have shown 
better results than those for lower doses.7,8 Similarly, additional 
reductions in LDL-c using additional therapies combined with 
statins in highest-risk patients at the optimized maximum doses 
are also associated with further reduction in new events.9,10

Although an optimal minimum LDL-c level at which there is 
no risk for CVDs has not been identified, the current consensuses 
and guidelines seek to establish lipid goals to guide individualized 
medical care.11-13 These goals may be expressed as absolute 
LDL-c target values or as minimum percentages of LDL-c 
reduction. However, many high-risk patients are not achieving the 
recommended lipid goals,14 even under lipid-lowering therapy.15 
This is a multifactorial problem requiring quantification in specific 
local contexts to ensure the local feasibility and effectiveness of 
the proposed solutions.16 In Brazil, although health is considered a 
duty of the State, access to potent statins is limited in the Unified 
Health System (SUS), the Brazilian public health system that assists 
more than 70% of the population.17

Introduction
Cardiovascular diseases (CVDs) are the leading cause of 

death in Brazil and worldwide. Globally, it is estimated that 
there were 18 million deaths from CVDs in 2017, 85% of 
which were attributed to ischemic heart and cerebrovascular 
diseases.1 According to the Cardiovascular Statistics – Brazil, 
approximately 388,268 people died from CVDs in this 
country.2 Although the mortality rate for ischemic heart 
disease (IHD) remained stable in the 2000s,3 current data 
have shown that age-standardized mortality rate from IHD 
has been decreasing in Brazil.2

High plasma low-density lipoprotein cholesterol (LDL-c) 
levels are closely correlated with increased cardiovascular risk, 
regardless of the age group.4 Moreover, reduction in LDL-c 

1018

https://orcid.org/0000-0003-4972-5005
https://orcid.org/0000-0002-1397-0634


Arq Bras Cardiol. 2022; 118(6):1018-1025

Original Article

Bernardi et al.
LDLc Goals after Heart Attack: Real-World Data

Until now, a few real-world studies have been conducted 
in Brazil, showing that patients at cardiovascular risk are 
achieving the recommended lipid goals.18,19 The objective 
of this study was to determine the percentage of patients in 
the public health system from the city of Curitiba, Brazil, 
who achieved the LDL-c goals after admission for acute 
myocardial infarction (AMI), including both the attainment of 
the target LDL-c level and the percentage of LDL-c reduction 
compared to the levels before AMI.

Method
This retrospective cohort study was conducted using the 

Municipal Health Secretariat of Curitiba (SMS) database 
containing all information on patients admitted to the 
city’s public health system from the date of admission to 
the date of discharge. This study was approved by the SMS 
Research Ethics Committee (REC) and by the academic 
institution involved.

The patient cohort selected from the database included 
those of both sexes aged 18 and over, who were admitted 
to a local public hospital with primary diagnosis of AMI 
(code ICD-I21) between January 2008 and December 
2015. The laboratory test results were obtained from a 
second database and patient IDs were thoroughly checked 
to avoid duplication and inconsistency. Duplicate cases and 
cases with inconsistencies were excluded. Patients without 
at least one LDL-c value recorded in the year following 
AMI were also excluded. A search was performed in the 
laboratory database to find those patients (among the 
included patients, i.e., those with at least one test after the 
AMI) who also had at least one LDL-c test in the year before 
the AMI to calculate the percentage reduction.

LDL-c evaluation
The last LDL-c value, based on the Friedewald formula, 

recorded in the database following AMI, i.e., the most 
distant from the date of the AMI, was obtained, except for 

patients with triglycerides over 400 mg/dL. The percentages 
of patients who achieved mean LDL-c levels <50, 50–69, 
70–99, or ≥100 mg/dL were determined.

To determine the percentage reduction achieved, the 
database was searched for patients with at least one LDL-c 
test in the year before the AMI. In cases of patients with 
more than one test, the LDL-c value closest to the acute 
event was used. The LDL-c value closest to the AMI in 
the year before the event was compared to the last value 
obtained after the AMI. The percentages of patients who 
achieved LDL-c reductions of 50–100% or <50% or with 
<50% or 50–100% increases were also determined.

Statistical analysis
A descriptive statistical analysis of the data was carried 

out. The results were expressed as means and standard 
deviations (quantitative variables) or as frequencies and 
percentages (categorical variables). Paired Student’s t-test 
was used to compare LDL-c before and after AMI. Data 
normality was analyzed by Kolmogorov-Smirnov test. 
Statistical significance was accepted for p <0.05. Data 
were analyzed using IBM SPSS Statistics v.20.0. Armonk, 
NY: IBM Corp.

Results 
Of 7,066 total patients admitted for AMI between January 

2008 and December 2015, 61 were excluded due to at least 
one of the exclusion criteria (duplication or inconsistency in 
dates of admission). Of the 7,005 remaining cases, 5,554 were 
excluded for lack of LDL-c results after the AMI. Therefore, 
the level of LDL-c after the AMI event was evaluated in 1,451 
cases (Figure 1). Of these, 377 patients also had at least one 
test in the year before the AMI, which allowed calculation of 
the percentage variation. 

The mean age of the 1,451 patients was 60.8±11.4. Table 
1 shows the mean and the standard deviation (SD) of LDL-c 
among the 1,451 cases after the AMI event. The mean time 

Figure 1 – Flowchart of study sample characteristics. AMI: Acute myocardial infarction; LDL-c: Low-density lipoprotein cholesterol.

7,066 patients admitted for AMI between 
January 2008 and December 2015

7,005 patients admitted for AMI

61 patients excluded:
• 28 duplicates

• 33 inconsistencies in admission dates

5,554 patients excluded:
• 5,554 patients without LDL-c data 

after AMI (within 1 year after admission)

1,451 patients with LDL-c data after AMI
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to the last LDL-c test performed after the AMI was 32.7 
months. Figure 2 shows the patients’ percentages of LDL-c 
levels. Thus, only 28.9% of the patients had LDL-c levels 
<70 mg/dL after AMI. 

LDL-c values after AMI, among the 377 patients with 
LDL-c data in the year before the AMI and at least one 
LDL-c test after the event, were as follows: in the same range 
as before (40.3%), in a lower range than before (53.3%), 
and in a higher range than before (6.4%) (Table 2). The 
mean time between the LDL-c tests before and closest to 
the AMI and the event itself was 4.8 months. The mean 
LDL-c concentrations (Figure 3) were 128.0 and 92.2 mg/dL 
before and after AMI, respectively (Table 3). Figure 4 shows 
that 19.3% of patients had a more than 50% reduction in 
LDL-c levels after AMI. Additionally, approximately 82% 
of the patients achieved some degree of LDL-c reduction 
(Figure 4).

Discussion 
Despite the effectiveness of lipid reduction on the 

reduction of cardiovascular events, many high-risk 
patients are not achieving the recommended lipid goal. 
This novel study conducted with data on AMI patients 
admitted to the public health system of Curitiba found that 
approximately 82% of the patients achieved some degree 
of LDL-c reduction, with only approximately 30% attaining 
mean levels <70 mg/dL and approximately 20% having a 
reduction >50% compared to the levels before AMI. 

The results of this study are similar to those conducted 
in very different socioeconomic contexts. Recent data from 
27 European countries showed that, among 8,261 coronary 
patients included in the EUROASPIRE V study, 80% were 
using statins and 71% had LDL-c concentrations ≥70 mg/
dL.15 In an older US study also evaluating patients after 
acute coronary syndrome (ACS) through assessment of 
lipid control in the first year after the event, only 31% of 
patients achieved the target LDL-c level <70 mg/dL.20 The 
data obtained in this study are alarming because these are 
post-ACS patients, a population at very high risk for new 
cardiovascular events in the short- to medium-term. The 
GRACE Registry showed that approximately 10% of patients 
discharged after an ACS will suffer a non-fatal AMI or a 
cardiovascular-related death within six months.21 A more 
recent subanalysis of patients with prior AMI included in 
the FOURIER study demonstrated that a more recent AMI 
presents a higher risk for a new cardiovascular event than a 
more distant AMI (more than two years) and these patients 

are precisely the ones who benefit from a more aggressive 
lipid reduction.22

The proposed goals for LDL-c levels were extrapolated 
from the results of studies with fixed doses of statins because 
the first study aiming at a specific LDL-c target of 25–50 
mg/dL was only recently conducted.23 Therefore, in 2013, 
the American Heart Association and the American College 
of Cardiology stopped recommending a specific LDL-c 
goal and proposed the treatment of high-risk patients with 
high doses of potent statins capable of reducing LDL-c by 
>50% based on the results of randomized intervention 
studies conducted in these populations.24 A clinical study 
comparing strategies to reduce cardiovascular risk (level 
attained or percentage of reduction) to determine which 
is the most effective has not yet been performed, but an 
analysis of data on 13,937 patients from the three distinct 
studies on secondary prevention with statins suggests that a 
>50% reduction would reduce the risk incrementally, even 
in patients with LDL-c levels <70 mg/dL.25 

In the present sample, more patients achieved LDL-c 
levels <70 mg/dL than those achieving a >50% reduction. 
This may be explained by the fact that the percentage 
of reduction is directly associated with the use of high-
dose potent statins. Access to these medications within 
the Brazilian public health system is restricted and the 
unavailability of these medications in this system is a 
recognized barrier to their use.26 Lower use of medications 
necessary for secondary prevention in lower-income 
countries has been reported. For instance, the PURE 
study reported 66.5% and 3.3% statin use for secondary 
prevention in high-and low-income countries, respectively.27 

By the t ime this study was conducted, the 5th 
Brazilian Guideline on Dyslipidemia and Prevention of 
Atherosclerosis28 recommended LDL-c goals under 70 mg/
dL for patients with high cardiovascular risk. Moreover, the 
recommendation to lower LDL-c by at least 50% appears 
only in the 2017 Brazilian guideline.11 Current evidence 
indicates that the clinical benefit does not depend on 
the type of statin used but rather on the extent of LDL-c 
reduction. Most importantly, it is necessary to assess the 
patient’s cardiovascular risk and initiate treatment aiming at 
adequate risk reduction. For very high-risk individuals, an 
LDL-c goal of <55 mg/dL and a reduction of ≥50% from 
baseline LDL-c should be achieved.13 

The American Association of Clinical Endocrinologists 
and the American College of Endocrinology proposed 
an LDL-c goal of <55 mg/dL for a new category of risk 

Table 1 – Mean and standard deviation of low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, total cholesterol 
and triglycerides among the 1,451 cases after acute myocardial infarction

Mean SD

LDL-c (mg/dL) 93.3 34.2

HDL-c (mg/dL) 42.9 11.6

Total cholesterol (mg/dL) 168.1 39.8

LDL-c: Low-density lipoprotein cholesterol; HDL-c: High-density lipoprotein cholesterol; SD: standard deviation.
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termed “extreme risk”.29 This category refers to patients 
with progressive atherosclerotic cardiovascular disease 
(ASCVD), including unstable angina persisting after an 
LDL-c of <70 mg/dL has been achieved, or clinically stable 
ASCVD with diabetes, stage 3 or 4 chronic kidney disease 
and/or heterozygous familial hypercholesterolemia, or 
patients with a history of premature ASCVD (<55 years of 
age for men or <65 years of age for women). In this study, 
only 7.4% of patients achieved levels lower than 50 mg/
dL after AMI.

Whereas the American guidelines recommend lowering 
LDL-C levels by at least 50% of the baseline in coronary 
patients,30 the European guidelines propose a target LDL-c 
of <55 mg/dL and at least a 50% reduction in LDL-c in 
patients with documented coronary artery disease (CAD).13 

The American and European guidelines recommend 
treatment with a combination of lipid-lowering drugs to 
achieve these goals. However, the American guideline 
agrees that the focus is LDL-c reduction, mainly based on 
a >50% reduction from the baseline value rather than on 
the attainment of specific LDL-c target levels. However, 
it is important to highlight that proprotein convertase 
subtilisin/kexin type 9 (PCSK9) inhibitors and ezetimibe 
are reasonable in patients with AMI considered to be at 
very high risk and with LDL-c ≥ 70 mg/dL on maximally 
tolerated statins.

The results of the IMPROVE-IT study showed that 
significantly more patients with CAD treated with a 
combination of statin and ezetimibe achieved the LDL-c 
goals compared to statins alone.31

Figure 2 – Distribution of low-density lipoprotein cholesterol (LDL-c) levels (n=1,451). LDL-c: Low-density lipoprotein cholesterol.
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Table 2 – Distribution of low-density lipoprotein cholesterol levels before and after acute myocardial infarction

LDL-c after AMI (mg/
dL)

LDL-c before AMI (mg/dL)
Total

<50 50–69 70–99 ≥100

<50 1 6 8 11 26

0.3% 1.6% 2.1% 2.9%

50–69 2 6 29 56 93

0.5% 1.6% 7.7% 14.6%

70–99 2 4 31 93 130

0.5% 1.3% 8.2% 24.4%

≥100 0 0 13 115 128

0.0% 0.0% 3.7% 30.2%

Total 6 17 82 272 377

LDL-c: Low-density lipoprotein cholesterol; AMI: acute myocardial infarction.
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Figure 3 – Box-plot for low-density lipoprotein before and after acute myocardial infarction. Student’s t-test, p<0.05. AMI: acute myocardial infarction; 
LDL-c: Low-density lipoprotein cholesterol.
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Study limitations

This analysis has several potential limitations. Only a 
minority of patients admitted for AMI in the public health 
system of Curitiba underwent a cholesterol test in the year 
after the AMI. Many patients that were treated for the event 
in Curitiba were likely not actually from the city. Therefore, 
the loss to outpatient follow-up was significant because these 
patients returned to their hometowns for medical follow-up and 
secondary prevention care or even discontinued follow-up care. 
No LDL-c data from patients who did not receive outpatient 
follow-up in the public health system of Curitiba were obtained. 
Nevertheless, the analysis cohort was representative of a real-
world population of Curitiba with myocardial infarction that 
survived hospitalization. Lastly, the greatest limitation of this 
study was the absence of sociodemographic and medication 
details, either regarding the use (or not) of statins or the doses 
administered before and after AMI.

Conclusion
After AMI, a minority of cardiovascular high-risk patients 

achieved the recommended LDL-c goals in this cohort of patients 
admitted to the city of Curitiba public health system. The similarity 
between the results of this study and those from studies conducted 
in countries with very different socioeconomic conditions suggests 
that other factors, probably related to physicians and patients 
themselves, may be associated with this scenario. 
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Figure 4 – Distribution of patients according to the change in low-density lipoprotein cholesterol before and after acute myocardial infarction.  
LDL-c: Low-density lipoprotein cholesterol.
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Atherosclerotic cardiovascular disease (ASCVD) remains the 
first cause of death in the world, and Brazil.1, 2 Individuals with 
previous ASCVD are at the highest risk of subsequent events, 
and guidelines recommend aggressive lowering of low-density 
lipoprotein cholesterol (LDL-c) levels to prevent bad outcomes.3, 4

However, several reports from around the world indicate a 
gap between guideline recommendations and clinical practice, 
and a large proportion of the population, especially in secondary 
prevention, lives with LDL-c levels  above those considered 
reasonable to prevent events.5-8 Indeed, lack of adherence to 
guideline-recommended therapies was independently associated 
with major cardiovascular events in a Brazilian population after 
acute coronary syndrome.9

In this context, Bernardi et al. report on LDL-c levels after 
myocardial infarction in the city of Curitiba-PR, Brazil. The 
authors retrospectively analyzed patients admitted for myocardial 
infarction in public hospitals between 2008 and 2015. Among 
1451 patients evaluated 33 months on average after the event, 
only 29% and 7% had an LDL-c level <70 mg/dL and <50 mg/
dL, respectively, while LDL-c was ≥100 mg/dL in 36% of the 
sample.10

This valuable information sheds light on an old debate: why 
is it so hard to achieve LDL-c targets, and how can we improve? 
The answer is nothing less than complex and should involve 
multiple parts.

Physicians may not know the guidelines, may not agree 
with them or may fear too low LDL-c levels. However, the 
best evidence from randomized clinical trials supports not only 
the efficacy but also the safety of aggressive LDL-c lowering 
in high-risk patients.4 Some physicians are affected by clinical 
inertia. Others may feel that there is no substantial difference 
between keeping LDL-c <50, 70, or 100 mg/dL. It is worth 
remembering that preventive strategies’ impact on absolute risk 
reduction increases with time, decreasing the number needed 
to treat (NNT) to prevent one event in the long-term perspective 
of ASCVD.

Conversely, patients may underestimate the risk and be 
unaware of LDL-c targets,11 may overestimate the efficacy of 
non-pharmacological strategies and downplay the need for 
drug treatment, may not afford the medications, or be just 
non-adherent to them due to several reasons, including the 
development of muscle symptoms or exaggerated fear of adverse 
effects. However, it is widely accepted that the nocebo effect is 
highly prevalent, and a real statin intolerance is far less common 
than many can think.4

If the final goal is to implement evidence-based therapies 
successfully, continuing medical education and public campaigns 
are essential but not enough. Deeper, broader, and more 
impactful measures should be discussed. We need to take this 
issue more seriously.

Actions to valorize and rescue the scientific method as the 
core driver of medical decisions would be welcome, serving 
as a counterpoint to alternative practices and pseudoscience 
that have gained the sympathy of so many people, including 
medical doctors. Medical schools and health professionals have 
a fundamental role in this process.

It is imperative to correctly identify the barriers to guideline 
implementation, which may vary according to the region, setting 
(public versus private practice, primary versus specialized care), 
or socioeconomic conditions. The identified factors should be 
targets for quality improvement programs. In Brazil, there are 
good examples to follow, such as the Best Practice in Cardiology 
program adapted from the American Heart Association’s Get 
With The Guidelines Program,12 and quality improvement 
interventions tested in cluster randomized trials.13, 14

At the institutional level, establishing performance metrics 
and goals, independent audits, accreditation programs, and 
value-based payment models are proposals that can be debated 
to improve healthcare quality. At the physician level, periodic 
assessment of competence to practice Medicine should be 
considered.

Modern technologies need to be leveraged in the quest for 
improving healthcare quality. It is increasingly easier to identify 
at-risk patients who do not achieve LDL-c targets or do not have 
plasma lipids measured. Automatic alerts via mobile phones 
or e-mails encouraging such individuals to seek medical care 
may find a place in this context. Moreover, telemedicine allows 
integration between primary care and expert centers and may 
be useful for managing more complex cases.

At last, all the efforts mentioned above are worthless if the 
access to adequate pharmacological treatment remains restricted. 
In Brazil, most individuals depend on the public health system 
and have access only to the lowest-potent statins.15 There 
is an urgent need to facilitate the availability of atorvastatin, DOI: https://doi.org/10.36660/abc.20220288
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rosuvastatin, and ezetimibe, at least for those who need them 
to attain LDL-c targets.

In conclusion, guideline development is useless if the 
recommendations are not applied to the population. Implementing 
the best scientific evidence regarding LDL-c lowering in clinical 

practice is challenging. Medical and patient education are 
the pillars to succeed, but more comprehensive attitudes are 
needed. Different sectors of society, including health managers, 
policymakers, medical societies, and professional regulators, 
should take this responsibility.
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Abstract

Background: The impact of risk factors (RF) on morbidity and mortality from cardiovascular disease (CVD) for most Portuguese-
speaking countries (PSC) is little known. 

Objectives: We aimed to analyze the morbidity and mortality from CVD attributable to RF and its variation, from 1990 to 
2019, in PSC, based on estimates from the Global Burden of Disease (GBD) 2019 study.

Methods: We evaluated changes in cardiovascular RF, mortality rates and age-standardized disability-adjusted life years 
(DALYs) between 1990 and 2019. The correlation between percentage changes in mortality rates and the sociodemographic 
index (SDI) of each PSC was evaluated by the Spearman method. A p-value <0.05 was considered statistically significant.

Results: Elevated systolic blood pressure (SBP) was the main RF for mortality and DALYs for CVD for all PSC. Mortality from CVD 
showed a downward trend in 2019, more accentuated in Portugal (-66.6%, 95%CI -71.0 - -61.2) and in Brazil (-49.8%, 95%CI 
-52.5 - -47.1). There was a trend towards an inverse correlation between SDI and the percent change in mortality, which was 
significant for dietary risks (r=-0.70, p=0.036), high LDL cholesterol (r=-0.77, p=0.015) and high SBP (r=-0.74, p=0.023).

Conclusions: In addition to SBP, dietary and metabolic RF justified a greater variation in the burden of CVD correlated with 
SDI in the PSC, suggesting the need to adopt health policies adapted to the reality of each country, aiming to reduce their 
impact on population.

Keywords: Cardiovascular Disease; Risk Factors; Global Burden of Disease; Epidemiology; Community of Portuguese-
Speaking Countries.

addition to the increase in life expectancy and urbanization, 
the importance of CVDs tends to grow even in these countries, 
requiring adaptation of health systems. Many of these countries 
already show an increase in the proportion of CVDs in the 
total number of all-cause deaths.2,3

In addition, CVDs have had a significant impact 
on morbidity, as an important cause of disability and, 
consequently, loss of healthy life-years.2,4 In order to establish 
CVD control and prevention strategies, it is essential to 
determine the main cardiovascular risk factors (RF) and 
their prevalence. Hypertension and dietary factors continue 
to be the main RF for CVDs in the world.4,5 However, in 
recent years, other factors have played a greater role in the 
development of CVDs, such as high body mass index (BMI), 
high fasting plasma glucose and LDL-cholesterol, alcohol use, 
and renal disease.4

Introduction
Cardiovascular diseases (CVDs) are the leading causes of 

death worldwide, although they are not yet the main cause 
in many low- and middle-income countries, where the 
epidemiological transition occurred later.1 However, with 
the control of infectious and maternal and child diseases, in 
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Portuguese-speaking countries (PSC) have been culturally 
influenced by Portugal in different levels, with the type of 
colonization and political-economic models being important 
determinants of heterogeneity among them.6 Despite several 
sociocultural similarities, they are countries with different 
socioeconomic backgrounds, which has a direct impact on 
the pattern and temporal trends of the disease burden. Data 
presented in a study3 of trends in morbidity and mortality 
from CVDs showed differences in the relative importance of 
CVD burden in these countries. However, the most relevant 
RF attributable to CVD (hypertension and dietary factors) are 
shared among most PSC.4 A detailed analysis of these data 
may provide information exchange between the countries, 
regarding successful actions to fight CVD, especially related 
to the control of the main RF and reduction of their impact 
on cardiovascular morbidity and mortality.  

The “Global Burden of Disease Study” (GBD) is an important 
observational epidemiological study that uses morbidity and 
mortality metrics related to the main diseases and risk factors 
at global, national, and regional levels. One of the GBD’s 
objectives is to understand, through the assessment of trends, 
the changes in the profile of diseases that affect populations 
in the 21st century, and serve as a tool for decision-making in 
the development of health policies.4,7 The aim of this study 
was to analyze the trends of cardiovascular RF and the burden 
of CVDs attributable to these RF from 1990 to 2019 in PSC, 
based on the estimates of the GBD 2019 study by the Institute 
of Health Metrics and Evaluation (IHME).8 

Methods

Portuguese-speaking countries
PSC are those officially members of the Community of 

Portuguese Language Countries: Angola, Brazil, Cape Verde, 
Guinea-Bissau, Mozambique, Portugal and São Tomé and 
Príncipe, East Timor and Equatorial Guinea.6 Equatorial 
Guinea, originally a Portuguese colony, has three official 
languages (Spanish, French and Portuguese), and is the most 
recent member of the Community, since 2014. Considering 
the Portuguese influence – with different magnitudes – on 
sociocultural characteristics, habits, health behaviors, and 
on the organization of health systems, contrasting with the 
heterogeneity in socioeconomic development, we considered 
relevant the study of cardiovascular RF in the group of PSC.

Attributable burden estimates and exposure to RF 
GBD uses a hierarchical list of RF that are analyzed at four 

levels. Level 1 stratifies the RF into three groups: metabolic, 
behavioral and environmental RF. Level 1 FR are detailed 
at level 2, resulting in 20 FR. Levels 3 and 4 go further into 
the detail and, at total, the GBD study analyzed 87 RF in 
2019.4 In the current study, we analyzed 12 RF, as shown in 
Table 1. The choice for this group of RF was due to its more 
robust and well established epidemiological association in 
the literature, with the burden of disease and mortality from 
CVD, objects of this study.

Particularly for the estimates of Brazil, more than 200 data 
sources were included, from national surveys, such as the 

National Health Survey (Pesquisa Nacional de Saúde: PNS), the 
surveillance of risk and protection factors for chronic diseases 
by telephone survey (Vigilância de fatores de risco e proteção 
para doenças crônicas por inquérito telefônico: VIGITEL), the 
National Household Survey Sample (Pesquisa Nacional por 
Amostra de Domicílios), to the National School-based Health 
Survey and other cohort studies.9-16 Different data sources were 
used according to the particularities of each PSC.2,4

To estimate the burden of disease attributable to RF, 
the GBD follows the comparative risk assessment (CRA) 
framework. In brief, CRA is processed through five steps: 
1) estimation of the exposure level from available sources, 
such as household surveys, administrative data, censuses, 
vital records, and environmental measures. After identifying 
the data, different definitions are standardized, in addition 
to adjustments by gender and standardized age groups – a 
step called Crosswalking. Then, spatial-temporal smoothing 
analyses are performed to estimate data over time, age 
group and area and, finally, the 95% confidence interval 
for the estimates (95%CI) are calculated; 2) identification 
of risk-outcome pairs, according to available evidence; 3) 
calculation of relative risk (RR), identified in cohort studies, 
and synthesized by meta-analysis and meta-regression 
methods. The RRs used by the GBD are universal, the same 
for morbidity and mortality, and applied to men and women 
and to all countries and geographic regions; 4) estimation 
of the Theoretical Minimum Risk Exposure Level (TMREL), 
defined as the minimum exposure level to each FR that 
would result in the lowest possible probability of a clinical 
event be attributable to it. The TMREL is used to calculate 
the population attributable factor (PAF) for different causes of 
death, diseases or disabilities; 5) calculation of the population 
attributable fraction, defined as the proportion of the number 
of cases that can be independently attributed to a given 
exposure.4,15 

According to the GBD 2019 study, the estimated TMREL 
for the RF evaluated in the present study are:1) Systolic blood 
pressure (SBP): 110 to 115 mmHg; 2) Fasting blood glucose: 
85 to 99 mg/dL; 3) LDL cholesterol: between 27 and 50 
mg/dL; 4) BMI: 20 to 25 kg/m2 for adults; 5) renal function: 
albumin-to-creatinine ratio <30 mg/g or glomerular filtration 
rate >60 mL/min per 1.73 m2 ; 6) ambient air pollution: 2.4 
to 5.9 μg/m3; 7) tobacco: no exposure, including secondhand 
smoke; 8) dietary habits, including salt intake of 1 - 5 g and 
200 to 400 g of fruits and vegetables daily, among others; 9) 
physical activity: 8,000 METs per day; 10) alcohol use: no 
consumption; 11) ideal temperature: 25.6ºC. In this study, 
the 12th group of other environmental risk factors was also 
considered, which do not include air pollution, ambient 
temperature and exposure to tobacco smoke.4  

To estimate exposure to risk factors, the GBD uses the 
summary measure of risk exposure (summary exposure value, 
or SEV), which represents the risk-weighted prevalence. The 
scale for the SEV ranges from 0 to 100%, with 0% reflecting 
no exposure to risk and 100% indicating maximum exposure. 
A decline in SEV indicates reduced exposure and an increase 
in SEV means the opposite. The SEV is estimated for each 
age, sex, location and year. The detailed methodology for 
estimating the SEV has been previously published.4,15,16
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 Definitions of cardiovascular diseases
Standard definitions of the CVDs were used.2 Ischemic 

heart disease include acute myocardial infarction,17 stable 
angina (defined by the Rose Angina Questionnaire), chronic 
ischemic heart disease and heart failure secondary to 
myocardial ischemia. For stroke, acute and persistent clinical 
signs of brain dysfunction that lasted >24 hours or caused 
death were considered (World Health Organization). Lower 
extremity peripheral artery disease was defined as an ankle-
brachial index <0.9, and for aortic aneurysm, the presence 
of thoracic and abdominal aneurysms was considered. Atrial 
fibrillation and flutter were diagnosed by electrocardiogram. 
For hypertensive heart disease, symptomatic heart failure was 
considered due to the direct and indirect long-term effects 
attributable to hypertension. Cardiomyopathy was defined as 
symptomatic heart failure due to primary myocardial disease 
or exposure to toxins, whereas acute myocarditis was defined 
as an acute, time-limited condition due to inflammation. For 
endocarditis and rheumatic heart disease, clinical diagnosis 
was used, and estimates for rheumatic heart disease included 
cases identified by clinical history, physical examination, or 
standardized echocardiographic criteria for definite disease 
(including subclinical disease). For non-rheumatic valve 
diseases, calcific aortic valve disease, mitral degenerative valve 
disease and others were considered.2,8

 
Statistical analysis

The statistical models reported in the GBD 2019 study 
were used (Supplement 1: Supplementary Methods).2,4,7 Data 
sources for models are available online at the Global Health 
Data Exchange website (http://ghdx.healthdata.org/).8

 
Metrics 

In the present study, the metrics used to estimate the 
burden of disease attributable to RF were mortality and years 
of life lost due to disability – disability-adjusted life years 
(DALYs) – from 1990 to 2019. 

For Brazil, GBD mortality estimates have some particularities. 
Mortality was estimated using data from the mortality 
information system (Sistema de Informação Sobre Mortalidade: 
SIM) coded according to the International Classification of 
Diseases.18 To adjust for quality issues in the reporting of 
causes of death, corrections were made for underreporting 
of deaths and for causes considered of little use for public 
health, called garbage codes, or unspecific causes. Garbage 
code redistribution algorithms were developed by the GBD 
study considering evidence from various sources, such as 
medical literature, expert opinion, and statistical techniques.7

To calculate DALYs, the years of life lost due to premature 
death (years of life lost, YLLs) are added, with reference to 
the maximum observed life expectancy, to the years lived 
with disability (YLD). YLDs represent the non-fatal disease 
burden and are determined by the prevalence of the 
condition multiplied by the disability weight caused by the 
condition. The prevalence of the conditions was estimated 
using representative population data, including cohort 
studies, registries, population surveys, and administrative data, 
applying statistical methods that adjust for differences in study Ti
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definitions and methods. Disability weights reflect the severity 
of different conditions and were developed through previously 
validated surveys with the general population.8

In comparisons over time and between PSC, age-
standardized rates were considered utilizing the direct 
method, using the global age composition of the GBD 2019. 
For the other analyses, non-standardized rates were presented. 
For each of the analyzed RFs, the attributable burden for total 
CVDs and for each disease separately, when applicable, was 
estimated. The ranking of RF was constructed to assess the 
changes that occurred between 1990 and 2019, according 
to sex, as well as the risk factor ranking for each of the PSC in 
2019. The 95% UI was calculated and cited for each estimate, 
as previously described in the GBD methodology.2

Sociodemographic index
The sociodemographic index (SDI) is used by the GBD as an 

estimate of the socioeconomic level of each country to assess 
its association with CVD risk factor and burden metrics, as a 
function of the global epidemiological transition.4,7 SDI was 
calculated for each country or territory from 1990 to 2019 
and represents the weighted geometric mean of per capita 
income, education level and total fertility rate, allowing for the 
comparison of the performance of each country with others 
of similar socioeconomic level.

Additionally, the SPSS software version 23.0 for Mac OSX 
(SPSS Inc., Chicago, Illinois) was used to perform correlations 
(Spearman’s method) between the percent change in age-
standardized mortality rates and SEV between 1990 and 
2019 and the SDI of each PSC in 2019. A p-value <0.05 was 
considered statistically significant.

Results
The geographic and sociodemographic characteristics of 

each of the PSC can be accessed in Table S1.
The percent contribution of CVD attributable to RF to 

mortality in 2019 in the different PSC was heterogeneous, 
ranging from 32.1%, 31.7%, 30.7% and 28.2% in Portugal, 
East Timor, Cape Verde and Brazil, respectively, to rates as 
low as 12% to 13.9% in the other countries (Figure S1). The 
percentage attributable to RF was high (>75%) in all PSC, 
being lowest in Portugal (78.8%) and Brazil (82.6%). Table S2 
shows the age-standardized SEV rates for each cardiovascular 
RF, with 95% UI, by sex, for 1990 and 2019 and the percent 
change in the period. A significant increase in SEV related 
to alcohol consumption and high BMI was observed in all 
countries. For high SBP, a significant reduction was observed 
in Portugal and a trend towards stability in Brazil and East 
Timor, contrasting with a trend to increase in other countries, 
especially Equatorial Guinea (Table S2).

Figure  1 shows the ranking of age-standardized CVD 
mortality rates attributable to RF in the PSC, by sex, in 1990 
and 2019. It was observed that high SBP remained as the main 
risk factor for CVD in all countries during this period. There was 
an increase in the importance of high fasting blood glucose – 
except in Brazil – and this factor ranked between the 3rd and 
4th positions in 2019 in all PSC. On the other hand, smoking 

fell in the ranking of attributable mortality in all countries 
except Sao Tome and Principe (where it remained in the 8th 

the position). There was a greater reduction in Brazil (3rd to  6th) 
and Equatorial Guinea (6th to 8th). High LDL cholesterol had a 
stable or decreasing trend in all countries, except in Portugal 
and Brazil. The Figure S2 depicts a similar pattern for DALYs 
rates attributable to cardiovascular RF. 

The Figure  S3 shows the crude and age-standardized 
CVD mortality and DALYs rates attributed to the selected 
FR between 1990 and 2019. There was an increase in the 
absolute number of CVD deaths and DALYs attributable to 
all FR except for some trends observed in Portugal, with a 
decline for dietary factors, high LDL cholesterol and high 
SBP, and a stable trend for high BMI and high fasting plasma 
glucose. On the other hand, when analyzing age-standardized 
mortality rate and DALYs, there is a contrast between Brazil 
and Portugal – which showed a decline for all RFs – and the 
other PSC, that showed a trend towards stability or increase. 
The exception was smoking, which declined in all PSC, except 
for Mozambique, São Tomé and Príncipe and East Timor 
(Figure S3, Tables 1 and 2, Supplementary Tables 3 and 4).

Figure 2 shows the percentage of CVD deaths attributable 
to each cardiovascular risk factor, by country, in 1990 and 
2019. High SBP remained with the highest percentage, 
with even an increase observed in all PSC except Portugal. 
Still, it was noted an overall increase in the contribution of 
dietary risks between 1990 and 2019 (3rd to 2nd) as well as in 
alcohol consumption, high fasting plasma glucose and high 
BMI. Conversely, there was a percent reduction of high LDL 
cholesterol and, especially, smoking, although the latter still 
has a more significant contribution in Portugal, Brazil and 
East Timor.

In the analysis of CVD mortality rates attributable to 
selected RF by PSC (Figure  3), it was observed that high 
SBP ranked first in all PSC in 1990 and 2019. In 1990, CVD 
mortality rates per 100,000 inhabitants attributed to PAS were 
highest in Equatorial Guinea (253.5), Angola (225.3) and 
Guinea Bissau (214.0), while in 2019, these rates were highest 
in Mozambique (224.1), Guinea Bissau (220.4) and East Timor 
(210.4), with the most significant reductions observed in 
Portugal (-66.6%, 95% UI -71.0 - 61.2%) and Brazil (-49.8%, 
95% UI -52.5 - -47.1%). Dietary risks, high fasting plasma 
glucose, high LDL-cholesterol and air pollution were among 
the top five RF in most PSC in 1990 and 2019, except for the 
markedly lower rates attributable to air pollution in Brazil and 
Portugal both in 1990 and in 2019, also with a more significant 
reduction in these countries in the period. The increase in 
mortality rates attributable to alcohol consumption in nearly 
all PSC, except for Brazil and Portugal, and the reduction in 
smoking (also notably in Brazil [-69.5%] and Portugal [-73.2%]) 
were also remarkable, despite the still relatively higher rates 
in these two countries and in East Timor in 2019 (Figure 3, 
Table 1). Table 2 shows similar patterns for DALYs attributable 
to RF in the PSC.

Assessing CVD mortality rate and DALYs attributable to the 
combined cardiovascular RF, Figure 4 shows a trend towards 
stability between 1990 – 2019 in most PSC for crude rates, 
with a decreasing trend in Portugal and Equatorial Guinea, and 
an increase in East Timor. For age-standardized rates, Portugal 
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Figure 1 – Ranking of cardiovascular disease age-standardized mortality rates (/100,000 inhabitants) attributable to risk factors in Portuguese-speaking 
countries in 1990 and 2019.

1990
1 High systolic blood pressure 225.3

2 Dietary risks 110.8

3 Air pollution 108.4

4 High fasting plasma glucose 49.6

5 High LDL cholesterol 46.8

6 Smoking 35.4

7 High body-mass index 19.4

8 Other environmental risks 16.2

9 Kidney dysfunction 15.1

10 Non-optimal temperature 12

11 Low physycal activity 6.8

12 Alcohol use 2.2

1990
1 High systolic blood pressure 127

2 Dietary risks 80.1

3 Air pollution 62.4

4 High LDL cholesterol 43.5

5 High fasting plasma glucose 32.6

6 High body-mass index 22.8

7 Smoking 21.8

8 Kidney dysfunction 13.3

9 Non-optimal temperature 8.9

10 Other environmental risks 5.7

11 Low physycal activity 5

12 Alcohol use 3.5

1990
1 High systolic blood pressure 214

2 Air pollution 138.2

3 Dietary risks 135.1

4 High LDL cholesterol 57.8

5 High fasting plasma glucose 41.5

6 High body-mass index 32

7 Smoking 29.9

8 Kidney dysfunction 21.7

9 Other environmental risks 17.6

10 Non-optimal temperature 9.9

11 Alcohol use 8.2

12 Low physycal activity 7.1

1990
1 High systolic blood pressure 179

2 Dietary risks 99.7

3 High LDL cholesterol 92.7

4 High fasting plasma glucose 64

5 Smoking 52.2

6 High body-mass index 42.8

7 Non-optimal temperature 33.1

8 Kidney dysfunction 26.1

9 Air pollution 25.4

10 Alcohol use 20.7

11 Low physycal activity 20.4

12 Other environmental risks 15.7

1990
1 High systolic blood pressure 159.4

2 Dietary risks 113.3

3 Air pollution 93.6

4 Smoking 47.6

5 High LDL cholesterol 45.6

6 High fasting plasma glucose 32

7 Kidney dysfunction 21.5

8 High body-mass index 10.9

9 Other environmental risks 10.6

10 Low physycal activity 6

11 Non-optimal temperature 4

12 Alcohol use 0.4

1990
1 High systolic blood pressure 235.5

2 Air pollution 130.9

3 Dietary risks 119.6

4 High LDL cholesterol 53.8

5 High fasting plasma glucose 51

6 Smoking 35

7 Other environmental risks 26.6

8 High body-mass index 26.1

9 Kidney dysfunction 17.2

10 Non-optimal temperature 8.4

11 Low physycal activity 7.8

12 Alcohol use 3.8

2019
1 High systolic blood pressure 153

2 Dietary risks 79.7

3 High fasting plasma glucose 69.5

4 Air pollution 57.8

5 High LDL cholesterol 51.1

6 High body-mass index 47.1

7 Kidney dysfunction 20.5

8 Smoking 16.9

9 Non-optimal temperature 90.1

10 Low physycal activity 6.9

11 Other environmental risks 6.1

12 Alcohol use 6.1

2019
1 High systolic blood pressure 220.4

2 Dietary risks 124.6

3 Air pollution 114

4 High fasting plasma glucose 74

5 High LDL cholesterol 68.9

6 High body-mass index 51

7 Kidney dysfunction 25.1

8 Smoking 20.9

9 Other environmental risks 18.1

10 Non-optimal temperature 10.1

11 Low physycal activity 7.7

12 Alcohol use 6.4

2019
1 High systolic blood pressure 59.8

2 Dietary risks 34.9

3 High fasting plasma glucose 32.7

4 High LDL cholesterol 30.3

5 High body-mass index 18.9

6 Smoking 14

7 Non-optimal temperature 10.4

8 Kidney dysfunction 9.1

9 Low physycal activity 7.1

10 Alcohol use 5.9

11 Other environmental risks 5

12 Air pollution 4.1

2019
1 High systolic blood pressure 210.4

2 Dietary risks 139.7

3 Air pollution 96.1

4 High fasting plasma glucose 96

5 High LDL cholesterol 63.6

6 Smoking 58.2

7 Kidney dysfunction 35.4

8 High body-mass index 21.7

9 Other environmental risks 15

10 Low physycal activity 8.6

11 Alcohol use 5.2

12 Non-optimal temperature 4.2

2019
1 High systolic blood pressure 224.1

2 Dietary risks 108.4

3 Air pollution 104.2

4 High fasting plasma glucose 57

5 High LDL cholesterol 47.4

6 High body-mass index 46.1

7 Smoking 28.2

8 Other environmental risks 23.4

9 Kidney dysfunction 18.8

10 Non-optimal temperature 9.2

11 Low physycal activity 2.8

12 Alcohol use 1.2

2019
1 High systolic blood pressure 186.1

2 Dietary risks 94.9

3 High fasting plasma glucose 75.6

4 Air pollution 73.1

5 High LDL cholesterol 59.3

6 High body-mass index 48.2

7 Kidney dysfunction 27.3

8 Smoking 14.9

9 Other environmental risks 10

10 Low physycal activity 8.2

11 Alcohol use 7.7

12 Non-optimal temperature 1.2

1990
1 High systolic blood pressure 188.8

2 Dietary risks 108.7

3 Air pollution 107.7

4 High LDL cholesterol 35.4

5 High fasting plasma glucose 32.2

6 Smoking 26.7

7 Other environmental risks 22.5

8 High body-mass index 16.9

9 Kidney dysfunction 13.3

10 Non-optimal temperature 8.8

11 Low physycal activity 2.1

12 Alcohol use -0.9

1990
1 High systolic blood pressure 154.4

2 Air pollution 84

3 Dietary risks 83.4

4 High fasting plasma glucose 43.8

5 High LDL cholesterol 43.3

6 High body-mass index 31.6

7 Kidney dysfunction 17.8

8 Smoking 11.5

9 Other environmental risks 8.4

10 Low physycal activity 5.9

11 Alcohol use 3.7

12 Non-optimal temperature 0.9

2019
1 High systolic blood pressure 168.9

2 Dietary risks 65.7

3 High body-mass index 63.5

4 High fasting plasma glucose 51.8

5 Air pollution 48.4

6 High LDL cholesterol 38.7

7 Kidney dysfunction 15.4

8 Smoking 14.9

9 Other environmental risks 13.7

10 Alcohol use 9.3

11 Low physycal activity 8.8

12 Non-optimal temperature 3.9

1990
1 High systolic blood pressure 186

2 Dietary risks 118.4

3 Smoking 90.6

4 High LDL cholesterol 88.6

5 High fasting plasma glucose 70.4

6 High body-mass index 58.5

7 Air pollution 55.1

8 Low physycal activity 26.1

9 Kidney dysfunction 25.5

10 Other environmental risks 12.7

11 Non-optimal temperature 9.8

12 Alcohol use 5.3

2019
1 High systolic blood pressure 191

2 Dietary risks 83.2

3 High fasting plasma glucose 58.4

4 Air pollution 58.1

5 High LDL cholesterol 44

6 High body-mass index 39.5

7 Smoking 25.6

8 Kidney dysfunction 15.9

9 Alcohol use 14.1

10 Other environmental risks 14

11 Non-optimal temperature 9.2

12 Low physycal activity 7.8

2019
1 High systolic blood pressure 93.4

2 Dietary risks 50.7

3 High LDL cholesterol 43.1

4 High body-mass index 41.8

5 High fasting plasma glucose 35.9

6 Smoking 27.6

7 Low physycal activity 13.7

8 Kidney dysfunction 13.6

9 Air pollution 13.4

10 Other environmental risks 5.6

11 Non-optimal temperature 3.7

12 Alcohol use 3

Angola

Cabo Verde

Guinea-Bissau

Portugal

Timor-Leste

Metabolic riscs

Environmental/occupational risks

Behavorial risks

Brazil

Equatorial Guinea

Mozambique

São Tomé and Príncipe
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and Brazil had a strong downward trend, contrasting with the 
other countries, which showed a pattern of relative stability, 
or increase in the case of Mozambique and East Timor (PSC 
at the lower limits of the SDI).

Figure  5 shows the percent changes in mortality rates 
attributable to selected FR according to SDI in 2019 for each 
PSC. For all RF, an inverse correlation trend between SDI and 
percent change was observed, with statistical significance for 
dietary risks, high LDL cholesterol and high SBP. In the three 
PSC with the highest SDI (Portugal, Equatorial Guinea and 
Brazil) there was a considerable reduction in mortality rates 
attributable to all RF, except for high fasting glucose and high 
BMI, which tended, respectively, towards stability and increase 
only in Equatorial Guinea. For age-standardized SEV rates 
(Figure S4), the observed pattern was different, with a trend 
towards a negative correlation between the percent change 
in SEV rates attributable to smoking and SDI, with a significant 
positive correlation observed only for dietary factors.

Discussion
The PSC share sociocultural characteristics derived from the 

common Portuguese colonization, albeit in different degrees, 
often coexisting with traces of other cultures that participated 
in the colonization process and population composition. There 
are approximately 280 million Portuguese speakers in the world 
(approximately 216 million in Brazil); Portuguese is the fifth 
most spoken language in the world, and the most spoken in 
the southern hemisphere.3 PSC have different socioeconomic 
realities and health system inequality, but similar ethnicities, 
which are known determining factors for CVD.3,6,7 Our analysis 
of cardiovascular RF in PSC reinforces this heterogeneity, 
demonstrating a more significant reduction in CVD attributable 
to RF in countries with more structured health systems, and a 
close relationship between mortality trends and SDI, especially 
for dietary factors, high LDL cholesterol and elevated SBP.    

A cross-sectional retrospective study of outpatients born in 
Portugal, Brazil and Africa, among others, from general practice 
clinics in Lambeth, South London, found that Portuguese speakers 
(the largest non-English language preference group) were more 
likely to have hypertension (OR=1.43, 95% CI 1.30 - 1.57); 
diabetes mellitus (OR=1.74, 95% CI=1.50 - 2.02); stroke 
(OR = 1.40, 95% CI = 1.08-1.81); obesity (OR=1.53, 95% 
CI=1.36-1.73); and smoking (OR=1.13, 95% CI = 1.02 to 1.25) 
compared to other ethnic groups. The authors discussed whether 
these differences could be explained by language barriers, or 
if they would derive from common genetic determinants, in 
addition to – above all – social and cultural factors.19

Our study found that CVD attributable to cardiovascular 
RF accounted for approximately 30% of total deaths in most 
PSC in 2019, although in countries with SDI less than 0.5, this 
percentage was less than 15%, except for Guinea Equatorial (0.69) 
which had the second highest SDI among all PSC. This trend is 
associated with a late epidemiological transition, i.e., countries 
with the worst socioeconomic markers still tend to present 
increased proportions of these diseases and can, therefore, apply 
successful strategies previously applied to other PSC, trying to 
mitigate this trend.3 The percentage attributable to RF was high 
(>75%) in all PSC, and high SBP was the main risk factor for Ti
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Figure 2 – Percentage of total cardiovascular disease deaths attributable to each cardiovascular risk factor, by Portuguese-speaking country in 1990 and 2019.
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Figure 3 – Age-standardized cardiovascular disease mortality rate (/100,000 inhabitants) attributable to cardiovascular risk factors, by Portuguese-speaking 
country, in 1990 and 2019.
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CVDs in the period analyzed. In all PSC, there was a reduction 
in the age-standardized CVD mortality rates attributed to RF 
in the period, especially in countries with higher SDI (Portugal, 
Equatorial Guinea and Brazil). It is noteworthy that Equatorial 
Guinea has the largest per capita gross domestic product in the 
African continent, however, resources are unevenly distributed, 
with little benefit to the general population and coexisting 
proportional mortality from chronic and infectious diseases.6   

Hypertension, diabetes mellitus, hypercholesterolemia, 
obesity, and smoking were the top five modifiable traditional 
cardiovascular RF observed in Africa in 2019.4 At least one of 
these five RF is present in 80% to 95% of individuals who suffer 
a fatal or non-fatal cardiovascular event in the continent.4,20 

The same was observed for Brazil and Portugal,3,21 except for 
smoking, which showed significant reductions in these countries 
during this period, as previously reported in another study,4 as 
a result of public policies and coping campaigns.4 On the other 
hand, an increase in mortality rates from CVDs attributable to 
alcohol consumption was observed in the PSC of Africa and in 
Equatorial Guinea and Guinea Bissau, probably reflecting the 
worldwide trend of increasing alcohol consumption with an 
impact on CVDs.22

It is noteworthy that CVD mortality rates attributable to 
high SBP remained first in the ranking in all PSC between 
1990 and 2019. Again, more expressive reductions were 
observed in Portugal and Brazil,3,21 probably associated with the 

Figure 4 – Cardiovascular disease mortality ate and disability-adjusted life years (DALYs) attributable to grouped cardiovascular risk factors in Portuguese-
speaking countries, between 1990 and 2019.
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Figure 5 - Correlation between the sociodemographic index (SDI) and the percent change in age-standardized cardiovascular disease mortality rates 
attributable to selected risk factors in Portuguese-speaking countries from 1990 to 2019.
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highest SDIs, but also with population policies to reduce salt 
intake, especially in Portugal, where there was a reduction in 
myocardial infarction and stroke attributable to high SBP.21 These 
data show a change in the profile of countries with higher CVD 
mortality rates attributable to high SBP, with a decline in those 
with better socioeconomic indices and earlier epidemiological 
transition, with an inverse trend in those with lower SDIs.

The PSC showed an increase in dietary and metabolic risk 
factors attributable to CVD mortality. The Prospective Urban 
Rural Epidemiology (PURE) study, conducted in 21 countries, 
with 148,858 participants and a mean follow-up of 9.5 years, 

showed that higher intakes of refined grains, which accounted 
for 70% of caloric intake in African countries, were associated 
with higher SBP, and higher risk of all-cause and CVD mortality.23 
In our analysis, dietary risks associated with high fasting plasma 
glucose and high LDL-cholesterol were ranked among the top 
five RF in most PSC in 1990 and 2019, and correlated with PSC 
with lower SDIs. These findings were also observed in a GBD 
substudy that analyzed mortality and disease burden associated 
with CVD worldwide.2

A study that analyzed the burden of CVD in 194 countries 
around the world, between 1990 and 2019, showed a 
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downward trend in the DALYs, YLL and YLD, with higher rates 
of YLD in women compared to men,24 with the same occurring 
in relation to the burden of CVDs attributable to cardiovascular 
RF.4 These data highlight the heterogeneity of PSC in terms of 
mortality and disease burden, in which variations cannot be 
explained by the SDI alone, with a potential contribution of 
multiple factors such as gender, ethnicity and even cultural and 
environmental differences.

The PURE study suggested that a large proportion of 
premature CVD deaths could be avoided by decreasing 
some modifiable RF with global policies such as controlling 
hypertension and smoking and improving health education.25 
The impact of reducing others RF such as dietary risks and 
ambient air pollution may vary according to the socioeconomic 
level of each country, and with the development of internal 
regulations of economic activities (such as the emission of 
pollutants and rapairing of environmental damage).26,27 Thus, 
strategies to address CVD mortality and burden in PSC could 
focus, at this time, on the most prevalent RF, with low-cost and 
high-impact population measures, such as reducing dietary 
intake of salt and calories, reducing tobacco and alcohol 
consumption, and blood pressure control.

Limitations and strengths of the study
Limitations related to the methodology of the GBD study 

have been previously detailed,4,7 and are mainly related 
to the heterogeneity of primary data sources among the 
PSC, completeness of mortality statistics and limitations of 
extrapolating estimates for territories with low data quality – a 
condition observed for some PSC. There has been a progressive 
improvement in the completeness of prevalence and morbidity 
data; however, integrity and quality for some PSC are still 
limited, according to the GBD 2019.4 As an example, there are 
very low rates or non-existent data on mortality in PSC in sub-
Saharan Africa.7,8 It is possible that there was also an inadequacy 
of the GBD study models for different countries in some 
groups of diseases subject to less epidemiological surveillance, 
especially non-notifiable cardiovascular RF. Furthermore, for 
some RF, there are no surveys or specific health surveillance 
programs in several PSC. Specifically regarding RF estimates, the 
GBD 2019 assumes uniform distribution of RR in all countries, 
for the same age and sex.4 which may potentially increase 
uncertainty of the results. Primary studies, where available, 
report prevalence data as a measure of exposure to a risk factor, 
which limits comparability with risk exposure measures (SEV) 
of the GBD. Furthermore, the GBD methodology disregards 
distal RF, which can mediate the prevalence and mortality of 
intermediate RF, affecting their effects as social determinants 
of health.28,29 Another methodological aspect is the limitation 
of modeling for the coexistence of simultaneous RF, which is 
known to result in a risk greater than the sum of individual 
factors (e.g., hypertension, in the presence of diabetes and 
smoking, potentiating ischemic heart disease).2,30 Additionally, 
the adjustment method of RF for standardized definitions 
applied by GBD can be an additional source of bias.4,15 Finally, 
despite similar colonization, the sociocultural, demographic, 
economic and ethnic heterogeneity of the PSC – influencing 
lifestyle habits, health behaviors, awareness and control of RF 
– may not be adequately captured by the analytical models.6    

However, despite these limitations, GBD is a robust, 
comprehensive and validated methodology, from the 
epidemiological point of view, for estimating the burden 
of disease attributable to cardiovascular RF, through the 
production of comparable metrics between PSC – including 
those with scarce or no primary data. In addition, in light 
of the reality of local health systems, our data may help the 
reformulation of health policies.

Conclusions
The set of 12 cardiovascular RFs included in this analysis of 

GBD 2019 account for over 75% of the CVD burden in the 
nine PSC, with a greater impact of these diseases on mortality in 
Portugal, East Timor, Cape Verde and Brazil. High SBP remained 
as the main risk factor for cardiovascular mortality and DALYs 
between 1990 and 2019. There was a significant reduction in 
age-standardized cardiovascular mortality rates attributable to 
RF, especially in the PSC with better socioeconomic indices, 
such as Brazil, Portugal and Equatorial Guinea. Overall, there 
has been an increasing impact of dietary and metabolic RF, in 
parallel with reduced rates of tobacco smoking in most PSC. 
In addition, there was a marked negative correlation between 
the variation in cardiovascular mortality rates attributable to RF 
and SDI. These results show the heterogeneity among the PSC 
in relation to the epidemiology of the RF evaluated, suggesting 
the need for health policies and government actions adapted 
to the reality of each country, and for a collaboration between 
these nations to reduce the impact of CVD.

These data can help countries to identify common 
problems, being an important stimulus for the exchange of 
experiences between scientists and academic communities. 
The PSC must make progress in the engagement and solidarity 
between them,31 especially those with more resources and 
technical capabilities, supporting the training of human 
resources and the development of partnerships.  
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Abstract

Background: It is uncertain whether myocardial fluorodeoxyglucose uptake occurs solely due to physiological features 
or if it represents a metabolic disarrangement under chemotherapy.

Objective: To investigate the chemotherapy effects on the heart of patients with lymphoma by positron emission 
tomography associated with computed tomography scans (PET/CT) with 2-deoxy-2[18F] fluoro-D-glucose (18F-FDG 
PET/CT) before, during and/or after chemotherapy.

Methods: Seventy patients with lymphoma submitted to 18F-FDG PET/CT were retrospectively analyzed. The level 
of significance was 5%. 18F-FDG cardiac uptake was assessed by three measurements: left ventricular maximum 
standardized uptake value (SUVmax), heart to blood pool (aorta) ratio, and heart to liver ratio in all the exams. 
Body weight, fasting blood sugar, post-injection time, and the injected dose of 18F-FDG between the scans were also 
compared.

Results: Mean age was 50.4 ± 20.1 years and 50% was female. The analysis was carried out in two groups: baseline 
vs. interim PET/CT, and baseline vs. post-therapy PET/CT. There was no significant difference in clinical variables or 
protocol scans variables. We observed an increase in left ventricular (LV) SUVmax from 3.5±1.9 (baseline) to 5.6±4.0 
(interim), p=0.01, and from 4.0±2.2 (baseline) to 6.1±4.2 (post-therapy), p<0.001. A percentage increase ≥30% of 
LV SUVmax occurred in more than half of the sample. The rise of cardiac SUV was accompanied by an increase in LV 
SUVmax/Aorta SUVmax and LV SUVmean/Liver SUVmean ratios.

Conclusion: This study showed a clear increase in cardiac 18F-FDG uptake in patients with lymphoma during and/or 
after chemotherapy. The literature corroborates with these findings and suggests that 18F-FDG PET/CT is a sensitive 
and reliable imaging exam to detect early metabolic signs of cardiotoxicity.

Keywords: Cardiotoxicity; Chemotherapy; Lymphoma.

Introduction
Chemotherapy and radiotherapy-induced cardiotoxicity 

(CTX) encompasses various forms of injury to the cardiovascular 
system, that trigger an increased production of reactive 
oxygen (ROS) and nitrogen species, lipid peroxidation and 
inflammation. This  leads to cardiomyocyte apoptosis and 

interstitial fibrosis, increasing the risk for impaired coronary 
endothelial function, left ventricular (LV) dysfunction and 
heart failure.1-3

Today, CTX is monitored by periodic imaging with 
echocardiography for assessment of left ventricular 
ejection fraction (LVEF) reduction and/or decreased global 
longitudinal strain.4 However, the diagnosis of CTX based 
on these cardiac function parameters is late, and can be 
an indication of a significant and irreversible myocardial 
injury.5,6 Therefore, it is necessary to evaluate myocardial 
abnormalities at subcellular level for an early and sensitive 
assessment of drug-induced CTX.7,8

Cardiac imaging techniques of nuclear medicine have 
proved extremely useful to identify subclinical disease in 
the context of cancer therapy-induced organ damage.9–11 
Positron emission tomography associated with computed 
tomography scans (PET/CT) with 2-deoxy-2[18F] fluoro-
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D-glucose (18F-FDG) is widely used in oncology, especially 
in patients with lymphoma.12,13 Tissue 18F-FDG uptake and 
tissue distribution is variable and depend on several factors 
such as glucose level, fasting period and drugs.14 Furthermore, 
recent data suggest that myocardial 18F-FDG accumulation 
is not entirely due to glucose consumption.15 The tracer 
retention was found to be dependent upon the enzymatic 
activity of hexose-6-phosphate-dehydrogenase (H6PD) in 
the endoplasmic reticulum (ER).15 This enzyme can process 
many hexoses, including FDG,16 to trigger a pentose phosphate 
pathway and preserve NADPH levels in response to oxidative 
stress conditions, such as CTX.17

This study aimed to identify potential early signs of 
metabolic cardiac injury by assessing changes in cardiac 
18F-FDG uptake by PET/CT in patients with lymphoma before, 
during and/or after chemotherapy.

Material and Methods

Patients 
Seventy patients diagnosed with lymphoma and submitted 

to 18F-FDG PET/CT in the Division of Nuclear Medicine of Real 
Hospital Português in Recife, Pernambuco, Brazil, between 
January 1, 2012 and August 28, 2017 were retrospectively 
analyzed in this study. The study was approved by the Research 
Ethics Board of the Federal University of Pernambuco Health 
Sciences Center, which granted a waiver of written consent 
due to the retrospective nature of the study.

Inclusion criteria were primary diagnosis of lymphoma, 
aged 10 years or older and, at least two 18F-FDG PET/CT scans 
before, during and/or after chemotherapy. Exclusion criteria 
were no baseline or control tests, unavailability and/or inability 
to assess clinical data and imaging tests, and insulin therapy 
on the day of the scan.

Patients’ clinical features, medical history and variables 
related to the 18F-FDG PET/CT protocol recorded in their 
medical records were collected, such as, weight, injected 
dose of 18F-FDG, fasting blood sugar (FBS) and time after 
injection. For imaging exams, 18F-FDG uptake was quantified 
by measuring the mean and the maximum standardized 
uptake value (SUVmean and SUVmax, respectively).

Four patients had only baseline and interim PET/CT scans, 
40 had only baseline and post-therapy and 26 had all three. 
For analysis, the patients were then divided into two groups, 
group 1, patients with baseline and interim PET/CT scan data 
(n = 30); and group 2, patients with baseline and post-therapy 
PET/CT data (n = 66). Thus, some patients participated in 
both analyses.

Each group was then divided in two subgroups according 
to the change in the LV 18F-FDG SUVmax between baseline 
and control tests: a percentage increase above or equal to 
30% (Group ≥ 30%), and a less than 30% 18F-FDG uptake 
change (Group <30%). The choice of a 30% cutoff was 
based on PERCIST18 (PET Response Criteria in Solid Tumors), 
which is a set of criteria for assessment of tumor response to 
chemotherapy and radiotherapy, through metabolic changes 
verified by 18F-FDG PET/CT scans.18 

18F-FDG PET/CT Protocol
For the 18F-FDG PET/CT, patients were instructed to fast 

at least six hours prior to the test, not to discontinue any 
medication or exercise for 24 hours before the scan. On the 
day of the scan, body weight (kg) and FBS were measured 
and, venous puncture was used to administer 18F-FDG. Blood 
sugar levels should be below 180 mg/dL. The 18F-FDG was 
administered at an activity dose of 3.7 to 4.8MBq/kg and 
after 60 minutes, the images were obtained by the PET/CT 
(Biograph 16, Siemens Healthcare, USA), extending from the 
base of the skull to the proximal-middle third of the femur, 
three minutes per bed position. The acquisition parameters 
of the CT scan included: 5mm slices, 120kV voltage, and no 
intravenous contrast administration. 

Imaging processing was done with iterative reconstruction 
(two iteractions, eight subsets with Gaussian filter) by a 
nuclear physician, who performed a quantitative analysis 
with SUVmax and SUVmean. Both SUVs were measured at 
the left ventricle on fused PET/CT images and determined 
semi-automatically with the aid of the syngo via software 
version 5.1 (Siemens Healthcare) through the demarcation of 
a volume of interest (VOI) including the entire left ventricle. 
SUVmax and SUVmean for blood pool were measured by 
reconstruction of a region of interest (ROI) in the descendent 
aorta just after the aortic arch. SUVmax and SUVmean for 
liver were measured by reconstruction of a ROI of 4.0 cm 
diameter in the VI segment.

Statistical analysis
Data was analyzed with Stata 12.1 statistical software. 

Continuous variables were expressed as mean ± standard 
deviation (SD); and categorical variables were summarized 
by frequency and percentage. Percentage comparisons 
between two independent groups were performed using the 
Pearson’s chi-square test or, when it was not applicable, the 
Fisher’s exact test. The Student’s t-test was used to compare 
two means for both independent and paired samples. In 
all tests, a significance level of 5% was used to reject the 
null hypothesis.

Results
The mean age of the 70 patients studied was 50.4 ± 20.1 

years (16-88 years) and 50% were female. Twenty patients 
(28.6%) had hypertension and 10 (14.3%) had diabetes. About 
67% (n= 47) had non-Hodgkin’s lymphoma (nHL) and the 
remainder (n=23) had Hodgkin’s lymphoma (HL). Only three 
patients (4.3%) underwent mediastinal radiotherapy between 
the end of chemotherapy and the control 18F-FDG PET/CT 
scan. It was possible to define the chemotherapy regimen 
in 33 patients (47.1%) and all regimens included known 
cardiotoxic drugs (Table 1).
 
Group 1: baseline and interim 18F-FDG PET/CT

There was standardization of the 18F-FDG PET/CT protocol 
between the baseline and interim scans. There was no 
difference in the injected dose of 18F-FDG, FBS and time 
post-injection between baseline and interim exams. Mean 
body weight of patients also did not change significantly, 
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Table 1 – Clinical and therapeutic characteristics of the patients (n=70)

Variable N (%)

Female sex 35 (50.0)

Hypertension 20 (28.6)

Diabetes 10 (14.3)

Dyslipidemia 14 (20.0)

Smoking

Non-smoker 49 (70.0)

Former smoker 20 (28.6)

Current smoker 1 (1.4)

Alcoholism 0 (0)

Coronary artery disease 5 (7.1)

Hemodialysis 1 (1.4)

Medication 

No 10 (14.3)

Non-cardioprotective medication a 40 (57.1)

Cardioprotective medication a 20 (28.6)

Cancer

Hodgkin’s Lymphoma 23 (32.9)

Non-Hodgkin’s Lymphoma 47 (67.1)

Chemotherapy b

RCHOP 11 (33.3)

RCHOP + alternative 6 (18.2)

ABVD 11 (33.3)

ABVD + alternative 2 (6.1)

DA-EPOCH-R 1 (3.0)

BEACOPP 1 (3.0)

RCOP 1 (3.0)

Mediastinal  
Radiotherapy After Baseline Pet 3 (4.3)

a Cardioprotective medication: angiotensin II receptor blocker, beta-blocker, angiotensin-converting enzyme inhibitor. b Available for 33 patients. ABVD: Adriamycin 
or Doxorubicin + Bleomycin + Vinblastine + Dacarbazine; BEACOPP: Bleomycin + Etoposide + Adriamycin or Doxorubicin + Cyclophosphamide + Vincristine + 
Procarbazine + Prednisolone; DA-EPOCH-R: Dose-Adjusted Etoposide + Prednisolone + Vincristine + Cyclophosphamide + Doxorubicin or Hydroxydaunorubicin + 
Rituximab, RCHOP: Rituximab + Cyclophosphamide + Doxorubicin or Hydroxydaunorubicin + Vincristine + Prednisolone, RCOP: Rituximab + Cyclophosphamide + 
Vincristine + Prednisolone.

making it possible to compare the 18F-FDG uptake in the 
target organs (Table 2). 

On the other hand, 18F-FDG LV SUVmax increased at 
the interim scan compared to baseline. Similarly, there was 
a significant increase in the LV SUVmax/aorta SUVmax and 
LV SUVmean/liver SUVmean ratios from baseline to interim 
scans (Figure 1A). The mean time interval between baseline 
and interim scans was 95.4 ± 32.2 days.

Of the 30 patients who underwent baseline and interim 
18F-FDG PET/CT scans,16 (53.3%) presented an increase 
≥30% (Group ≥ 30%) in 18F-FDG LV SUVmax. Regarding 
clinical variables, such as cardiovascular risk factors and drugs 
in use, no differences were observed.

The values of the LV SUVmax/aorta SUVmax and LV 
SUVmean/liver SUVmean ratios also increased significantly at 
the interim evaluation compared to the baseline in the group 
≥30% (Figure 1B). In the group<30% (n=14), there was no 
statistically significant increase in these ratios from baseline 
to interim scans (Figure 1C).

 
Group 2: baseline and post-therapy 18F-FDG PET/CT

Sixty-six patients underwent baseline and post-therapy 
18F-FDG PET/CT scans. No statistically significant differences 
were seen in FBS, 18F-FDG injected activity and time post-
injection were found between the two evaluations. Patients’ 
mean body weight was slightly higher in the post-therapy scan 
compared with baseline (Table 3).  

1051



Arq Bras Cardiol. 2022; 118(6):1049-1058

Original Article

Dourado et al.
18F-FDG Uptake and Cardiotoxicity

Table 2 – Comparison of body weight, fasting blood sugar, injected dose of 18F-fluorodeoxy glucose (18FDG), and mean  
post-injection time of patients between baseline and interim positron emission tomography associated with computed tomography 
(PET/CT) scans

Variable (N=30)
Baseline Interim 

p*
Mean ± SD Mean ± SD

Weight (Kg) 75.3 ± 14.3 74.7 ± 13.5 0.551

FBS (mg/dL) 92.6 ± 19.5 93.4 ± 19.9 0.816

Dose of 18FDG mCi 9.1 ± 2.7 9.1 ± 2.0 0.971

Post-injection time (min) 68.8 ± 10.0 65.9 ± 9.9 0.308

*Student’s t-test. FBS: Fasting Blood Sugar

Figure 1 – Group 01 – A) Comparison of maximum left ventricular (LV) standardized uptake value (SUVmax), LV SUVmax/aorta SUVmax and mean LV SUV 
(SUV mean)/liver SUVmean ratios, between baseline and interim positron emission tomography (PET). B) Comparison of LV SUVmax/aorta SUVmax and LV 
SUVmean/liver SUVmean ratios between baseline and interim PET in the Group with increase of LV SUVmax ≥ 30%. C) Comparison of LV SUVmax/Aorta 
SUVmax and LV SUVmean/Liver SUVmean ratios, between Baseline and Interim PET in the Group with increase of LV SUVmax < 30%; LVmaxAOmax: LV 
SUVmax/Aorta SUVmax, LVmean LIVER mean: LV SUVmean/Liver SUVmean.

The mean value of the LV SUVmax was significantly higher 
in the post-therapy PET. We observed an absolute increase 
in the 18F-FDG cardiac uptake value of 2.1 (95% CI:1.3 
to 3.0), which represents a percentage increase of 66.5% 
(95%CI:43.3% to 89.7%) over the baseline scan. 

The values of the LV SUV max/aorta SUV max and the LV SUV 
mean/liver SUV mean ratios also increased significantly in the post-
therapy PET as compared with baseline, Figure 2A. The mean time 
between baseline and post-therapy exams was 231.8±125.7 days.

Of the 66 patients, 38 (57.6%) presented ≥30% increase 
in 18F-FDG cardiac uptake (Group ≥ 30%). There were no 
differences between the groups regarding the clinical variables, 
such as cardiovascular risk factors and medications in use.

The values of the LV SUVmax/aorta SUVmax and LV 
SUVmean/liver SUVmean ratios increased significantly in 
the post-therapy evaluation compared to the baseline in the 
≥30% group (Figure 2B). In the Group<30% (n=28), there 
was no statistically significant increase in the ratios (Figure 2C). 

Figure 3 illustrates a case example of the 18F-FDG LV SUV 
max behavior before, during and after chemotherapy.

Discussion
The present study showed that chemotherapy in patients 

with lymphoma caused an unbalance in cardiac metabolism, 
evidenced by a higher myocardial 18F-FDG uptake. These 
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Table 3 – Comparison of body weight, fasting blood sugar, injected dose of 18F-fluorodeoxy-glucose (18FDG), and mean post-injection 
timel of patients between baseline and post-therapy positron emission tomography associated with computed tomography scans 
(PET/CT)

Variable (N=66)
Baseline Pet Post-Therapy Pet

p*
Mean ± SD Mean ± SD

Weight (Kg) 72.7 ± 14.8 75.2 ± 15.2 0.014

FBS (mg/dL) 91.6 ± 15.6 91.6 ± 16.7 >0.99

Dose of 18FDG mCi 9.2 ± 2.3 9.5 ± 2.2 0.308

Post-injection time (min) 68.6 ± 9.1 70.4 ± 5.8 0.606

*Student’s t-test. FBS: Fasting Blood Sugar

Figure 2 – Group 02 – A) Comparison of LV SUVmax, LV SUVmax/Aorta SUVmax and LV SUVmean/Liver SUVmean ratios, between Baseline and Post-therapy 
PET. B) Comparison of LV SUVmax/Aorta SUVmax and LV SUVmean/Liver SUVmean ratios, between Baseline and Post-therapy PET in the Group with 
increase of LV SUVmax ≥ 30%. C) Comparison of LV SUVmax/Aorta SUVmax and LV SUVmean/Liver SUVmean ratios, between Baseline and Post-therapy 
PET in the Group with increase of LV SUVmax < 30%; LVmaxAOmax: LV SUVmax/Aorta SUVmax, LVmean LIVER mean: LV SUVmean/Liver SUVmean.

Figure 3 – Case example - LV SUVmax in Baseline (5.86), Interim (8.95 / 52.73% percentage increase from baseline) and Post-therapy PET/CT (9.67 / 
65.02% percentage increase from baseline). LV: Left Ventricle; PET/CT: Positron emission tomography associated with computed tomography scans; SUV: 
Standard Uptake Value; SUVmax: Maximum SUV.
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results are supported by recent evidence suggesting that it may 
be an early sign of CTX in response to the redox stress. The 
cardiac 18F-FDG increase occurred in more than 50% of the 
patients and was observed in the interim PET and in the post-
therapy scan. These results suffered no interference regarding 
the18F-FDG injected activity or any possible differences in 
exam preparation and timing.

The 18F-FDG PET/CT is a well-established method in 
the diagnosis and staging of oncologic patients, especially 
with lymphoma, with a potential capacity to assess early 
manifestations of CTX in a way analogue to the ischemic 
cascade, as postulated in Figure 4.

Antineoplastic therapies have improved overall survival 
rates in oncologic patients. However, their cytotoxic 
effects have shown a wide spectrum of acute and chronic 
alterations to the cardiovascular system.19 The cellular and 
molecular mechanisms of CTX are known to disrupt the redox 
homeostasis mostly in the myocardium and endothelium, 
significantly impairing cardiovascular health.20

CTX affects the cardiovascular system first by the inhibition 
of topoisomerase II and the formation of ROS. The intrinsic 
mitochondria-dependent and extrinsic death receptor 
pathways of apoptosis are then triggered. The cascade 
continues with the activation of caspase 3, phosphatidylserine 
expression, DNA fragmentation, chromatin condensation, 
and phospholipid membrane metabolization.21 The final 
stage is characterized by membrane blebbing and cell 
shrinkage.22 This is the mechanism underlying subclinical 
CTX and it provides various opportunities to assess early 
signs of this entity.

The current recommendations and guidelines rely on 
imaging techniques focused on anatomy-based parameters, 
such as echocardiography, multigated radionuclide angiography 
(MUGA), and cardiac magnetic resonance imaging (CMRI).23 
However, these approaches detect late manifestations of CTX 
with low sensitivity for subclinical alterations.24

Nuclear medicine techniques may be a tool to assess 
specific points of the CTX pathway. The 18F-FDG PET/CT, 
commonly used to detect tumoral glycolytic metabolism, has 
presented itself as an early marker of CTX. Initially, several 
studies pointed out that doxorubicin (DXR), one of the most 
utilized anthracyclines, can specifically affect myocardial 
metabolism, as showed by experimental study.25

Several experimental and clinical studies have shown that 
cardiotoxic therapy, such as sunitinib and anthracyclines, 
increases the cardiac 18F-FDG uptake over time and  is related 
to echocardiographic alterations.26-33

Although 18F-FDG uptake has been commonly associated 
with glucose consumption, more recent data have shown 
otherwise. The redox stress and its antioxidant response 
have been characterized as a possible mechanism behind 
the progression of cardiac contractile impairment in CTX 
and in the 18F-FDG uptake independently of the glycolytic 
metabolism.34 

Redox stress to the endoplasmic reticulum (ER) environment 
might activate the local H6PD-triggered pentose phosphate 
pathway to fuel the NADPH levels needed for the antioxidant 
response, and is related to an increased 18F-FDG uptake.35 

In situations of oxidative stress, NADPH is a major source of 
electrons for reductive reactions.36 It is generated intraluminally 
by H6PD, a bifunctional enzyme that catalyzes the first two 
steps of the pentose phosphate pathway, converting glucose-
6-phosphate to 6-phosphogluconate with the concomitant 
production of NADPH.37 H6PD has as substrate several 
hexoses such as 2-deoxyglucose and FDG.38 

In the heart, there is a direct link between ER oxidative 
stress and myocardial uptake of 2-deoxyglucose,39 that may be 
considered an early metabolic phase of contractile dysfunction 
by pressure overload.40 Furthermore, Hrelia et al.41 showed 
that the increase of 2-deoxyglucose uptake induced by DXR 
in cardiomyocytes can be reverted by the antioxidant effect 
of alpha-tocopherol.41 

Bauckneht et al.,33 in 2019, analyzed the effect of DXR 
-induced oxidative damage on the correlation between 
myocardial 18F-FDG uptake, overall glucose consumption and 
the H6PD-triggered metabolic response in mice. The study 
showed that myocardial redox stress persisted and directly 
correlated with the enhancement in 18F-FDG uptake (SUV 
increase), and the activation of physiological antioxidant 
pathways such as the catalytic function of H6PD.33 The study 
also showed that the metabolic alteration persisted after the 
disappearance of DXR, and it preceded the manifestation 
of contractile impairment.33 Previous reports also showed a 
positive loop connecting ROS generation and 18F-FDG uptake 
in cancer.42

In agreement with these findings, recent studies showed an 
increased 18F-FDG uptake on PET/CT independent of glycolytic 
metabolism and linked to the enzymatic activity of H6PD in 
the brain.43,44 Another analysis showed the link between 18F-
FDG uptake and ROS generation in hyperglycemia-induced 
redox stress involving H6PD activation.45

Despite its interesting results and background of the 
present study, its retrospective nature makes the assessment 
of the mechanisms underlying the increased myocardial 18F-
FDG uptake difficult. However, no other cardiotoxic factors, 
besides CTX, were identified between baseline and control 
exams in the largest sample of patients with lymphoma 
evaluated during and after chemotherapy. In addition, unlike 
the other studies, we measured not only the LV SUVmax, but 
also the LV uptake values corrected for liver and blood pool, 
as control, confirming the increase of the cardiac uptake. 
Furthermore, the 18F-FDG PET/CT protocol and the possible 
factors of SUV variability were the same in all baseline and 
control scans. 

More studies are necessary to correlate increased cardiac 
18F-FDG uptake with clinical outcomes, the class and dose 
of chemotherapy, troponin and NT-proBNP levels, and with 
other imaging methods such as echocardiography and CMRI.

Conclusion
The present study showed a clear increase in cardiac 

18F-FDG uptake in patients with lymphoma, verified by 
18F-FDG PET/CT during and/or after chemotherapy. The 
literature corroborates with these findings and suggests that it 
may be an important and early sign of CTX that can be easily 
assessed by a widely available method. With the progressive 
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Figure 4 – Cardiotoxicity cascade – Cardiotoxic injury triggers series of metabolic alterations in response to the oxidative stress, it is detectable by 18F-FDG 
PET/CT. The sustained injury and the failure of the myocyte self-healing contribute to cell dysfunction and mechanic alterations detected by strain rate 
imaging. Furthermore, the process continues with a decrease in the cardiac overall performance assessed by the LVEF. Signs of heart failure are then 
noticeable, suggesting that the heart no longer meet the body’s demands, or do it at the expense of high ventricular filling pressures (ROS: reactive oxygen 
species; ER: endoplasmic reticulum; PPP: pentose phosphate pathway; H6PD: hexose-6-phosphate dehydrogenase; FDG: 18F-fluorodeoxy-glucose; LVEF: 
Left Ventricle Ejection Fraction).

1055



Arq Bras Cardiol. 2022; 118(6):1049-1058

Original Article

Dourado et al.
18F-FDG Uptake and Cardiotoxicity

improvement in anticancer therapies, CTX is still a concern that 
requires further investigation and new diagnostic approaches. 
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Abstract

Background: Pulmonary hypertension (PH) is a rare and complex disease with poor prognosis, which requires lifelong 
treatment.

Objective: To describe 3-year follow-up real-life data on treatment with soluble guanylate cyclase stimulators (Riociguat) 
of patients with PH, measuring current risk assessment parameters. 

Methods: This study retrospectively collected clinical and epidemiological data of patients with PH of group 1 (pulmonary 
arterial hypertension) and group 4 (chronic thromboembolic PH). Non-invasive and invasive parameters corresponding 
to the risk assessment were analyzed at baseline and follow-up. Statistical analyses were performed using the SPSS 18.0 
software, and p-values < 0.050 were considered statistically significant. 

Results: In total, 41 patients receiving riociguat were included in the study. Of them, 31 had already completed 3 years 
of treatment and were selected for the following analysis. At baseline, 70.7% of patients were in WHO functional class III 
or IV. After 3 years of treatment, the WHO functional class significantly improved in all patients. In addition, the median 
of the 6-minute walk test (6MWT) significantly increased from 394 ± 91 m at baseline to 458 ± 100 m after 3 years of 
follow-up (p= 0.014). The three-year survival rate was 96.7%. 

Conclusion: In our real-life cohort, most patients with PH treated with riociguat showed stable or improved risk 
parameters, especially in the 6MWT, at 3 years of follow-up.

Keywords: Pulmonary Arterial Hypertension; Hypertension, Pulmonary; Pulmonary Wedge Pressure.

Introduction
Pulmonary hypertension (PH) is a progressive clinical 

condition, characterized by the elevation of mean 
pulmonary arterial pressure (mPAP) to greater than 20 
mmHg when at rest.1 Prior to the modern era of PH therapy, 
the average life expectancy after diagnosis had been 2.8 
years for adults with PH.2 The development and availability 
of new therapies have significantly improved the quality 
of life and the survival of PH patients.3,4

PH is classified into five clinical subgroups: pulmonary 
arterial hypertension (PAH), PH due to left-sided heart disease, 
PH due to chronic lung disease, chronic thromboembolic 
PH (CTEPH), and PH with an unclear and/or multifactorial 

mechanisms.3 This categorization considers a similar 
clinical presentation, pathological findings, hemodynamic 
characteristics, and treatment strategy.5 Specifically, PAH 
(group 1) and CTEPH (group 4) are characterized as pre-
capillary PH, with pulmonary arterial wedge pressure ≤15 
mmHg and pulmonary vascular resistance (PVR) ≥3 Wood 
Units.1 Although CTEPH originates from a chronic pulmonary 
thromboembolism, PAH and CTEPH diseases present loss 
and obstructive remodeling of the pulmonary vascular bed, 
resulting in elevated pulmonary arterial pressure and PVR, 
progressive right heart failure, and death.6

In addition to presenting pathophysiological similarities, 
PAH and CTEPH also have similarities in pharmacological 
treatment. Pulmonary endarterectomy remains the 
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treatment of choice for patients with surgical CTEPH; 
however, for those considered inoperable, scientific 
evidence supports the initiation of medical therapy and the 
consideration of balloon pulmonary angioplasty.7

The soluble guanylate cyclase stimulator (riociguat) has a 
dual mode of action: 1) it directly stimulates soluble guanylate 
cyclase independently of nitric oxide and 2) it increases the 
sensitivity of soluble guanylate cyclase to nitric oxide.8,9 As 
it is known that patients with PAH or CTEPH have reduced 
levels of nitric oxide,10 this mode of action is very important to 
improve the dynamics of the pulmonary vasculature. Previous 
studies have shown that riociguat significantly improved 
exercise capacity, as well as secondary endpoints, such as 
PVR, the World Health Organization (WHO) functional class, 
and N-terminal pro-brain natriuretic peptide (NT-proBNP) 
in patients with PAH11 and CTEPH.12 Based on these results, 
riociguat was approved for the treatment of adults with PAH in 
monotherapy or in combination,5 and it is the only medication 
approved by American, European, and Brazilian regulatory 
agencies for the treatment of inoperable CTEPH or residual 
PH.13,14 In this context, the aim of this study was to describe 
real-life data on the treatment of patients with PH from group 1 
(PAH) and group 4 (CTEPH) with riociguat in Brazil, measuring 
current risk assessment parameters.

Methods

Selection of patients
All patients with PAH and CTEPH who started the 

treatment with riociguat between 2010 and 2020 at the 
Centro de Hipertensão Pulmonar, Complexo Hospitalar 
Santa Casa de Porto Alegre were included and analyzed 
retrospectively (Figure 1). This is a Reference Center for 
PH treatment, which participates in the main multicenter 
clinical studies in the area since 2005. This study was 

approved by the local ethics committee (number: 
30199714.6.0000.5335). Diagnosis of PH was confirmed 
by right heart catheterization (RHC) in all patients.

Procedures
Demographic and clinical characteristics were collected 

at baseline, 3 months, 1 year, and 3 years of follow-
up. These parameters included the determination of 
PH etiology, the WHO functional class, the 6-minute 
walking test (6MWT), NT-proBNP, and hemodynamic 
measurements.

Baseline was defined as the time of stable medication 
before starting treatment with riociguat. The WHO 
functional class was determined by the treating physician 
at each visit. The 6MWT was carried out according to 
ATS guidelines.15 RHC was performed using a Swan-Ganz 
catheter. Cardiac output was measured by thermodilution. 
Survival was established based on the electronic medical 
records.

Statistical analysis
Normal distribution was checked using the Shapiro-Wilk 

test. The continuous variables with normal distribution are 
presented as mean ± standard deviation (SD). Variables 
with skewed distribution were log-transformed before 
analyses and are presented as medians (25th – 75th 
percentiles).16 Categorical data are shown as absolute 
number and percentages.

Clinical, laboratorial, and hemodynamics characteristics 
were compared between groups (PAH and CTEPH), using 
the unpaired Student’s t-test16 or χ2 tests, as appropriate. 
Differences between baseline, 3 months, 1 year, and 
3 years of follow-up were compared using the paired 
Student’s t-test. Correlation analyses were performed 

Figure 1 – Flowchart of patients throughout the study. PAH: pulmonary arterial hypertension; CTEPH: chronic thromboembolic pulmonary hypertension.
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using Pearson’s correlation tests. Statistical analyses were 
performed using the SPSS 18.0 software (SPSS, Chicago, IL), 
and p-values < 0.050 were considered statistically 
significant.

Results
A total of 41 patients who had been treated with 

riociguat were eligible for the analysis. Of these, 31 had 
completed 3 years of follow-up and were selected for the 
following analysis (Figure 1). 

Baseline demographic and clinical characteristics of the 
study population are shown in Table 1. Of the 41 patients 

enrolled in this study, 24 patients were classified as PAH 
(group 1) and 17 patients as CTEPH (group 4). The most 
common PAH etiologies were idiopathic (67%). Patients 
were predominantly female (70.7%), with a mean age at 
PH diagnosis of 42.2 ± 3.5 years. Most participants showed 
moderate to severe disease manifestations at baseline, 
with 70.7% of the patients presenting WHO functional 
class III or IV. Overall, the median levels of NT-proBNP 
were 655 pg/ml, and the mean 6MWT was 386 meters. 
Hemodynamically, patients showed mPAP of 45.5 ± 11.7 
mmHg; PVR of 9.8 ± 1.0 Wood; and a cardiac index (CI) 
of 2.7 ± 0.1 L/min (Table 1). It is important to note that no 
difference was found between the PAH and CTEPH groups 
regarding the analyzed characteristics (Table 1).

Table 1 – Baseline characteristics of patients treated with riociguat

Baseline characteristics Total (n= 41) PAH (n= 24) CTEPH (n= 17) p-value*

Gender, n (% male) 12 (29.3) 7 (29.1) 5 (29.4) 0.889

Age at diagnosis, years 42.2 ± 3.5 40.0 ± 4.3 55.7 ± 15.1 0.514

BMI (kg/m2) 27.3 ± 1.5 26.7 ± 4.6 29.0 ± 1.5 0.732

PAH classification (n) 

Idiopathic - 16 - -

Familiar - 1 -

Associated with connective-tissue disease - 4 -

Associated with congenital heart disease - 1 -

Associated with anorexigen or amphetamine use - 1 -

Associated with HIV - 1 -

WHO functional class, n (%)

II 12 (29.3) 7 (29.2) 5 (29.5) 0.087

III 26 (63.4) 17 (70.8) 9 (52.9)

IV 3 (7.3) 0 (0.0) 3 (17.6)

Concomitant PH medications, n (%)

Endothelin-receptor antagonist 18 14 (77.8) 4 (22.2) 0.080

Prostanoid 2 1 (50.0) 1 (50.0) 0.999

Anticoagulant 17 10 (58.8) 7 (41.2) 0.999

Diuretics 15 9 (60.0) 6 (30.0) 0.999

6-min walking distance (m) 386.1 ± 99.2 410.4 ± 72.4 346.5 ± 136.5 0.201

NT-proBNP (pg/ml) 655 (127 - 1191) 190 (90 – 1028) 793 (259 - 2554) 0.570

Systolic PAP (mmHg) 81.1 ± 3.0 79.9 ± 18.3 82.9 ± 21.3 0.487

Diastolic PAP (mmHg) 36.2 ± 1.7 38.8 ± 11.7 33.8 ± 6.6 0.121

mPAP (mmHg) 45.5 ± 11.7 55.4 ± 13.4 44.6 ± 8.4 0.410

PAWP (mmHg) 7.8 ± 0.4 7.3 ± 0.5 9.5 ± 0.3 0.131

PVR 9.8 ± 1.0 11.4 ± 0.8 9.0 ± 0.5 0.211

Cardiac index (L/min) 2.7 ± 0.1 2.7 ± 0.8 2.5 ± 0.8 0.921

Cardiac output (L/min) 4.9 ± 0.3 4.7 ± 1.3 4.9 ± 0.7 0.778

Results are presented as mean ± SD, n (%), or median (25th - 75th), as appropriate. CTEPH: chronic thromboembolic pulmonary 
hypertension; mPAP: mean pulmonary artery pressure; NT-proBNP: N-terminal pro-brain natriuretic peptide; BMI: body mass 
index; PAH: pulmonary arterial hypertension; PAP: pulmonary artery pressure; PAWP: pulmonary arterial wedge pressure; PVR: 
pulmonary vascular resistance; WHO: World Health Organization. *p-value computed using χ2 test or unpaired Student’s t-test to 
compare the baseline characteristics between PAH and CTEPH groups, as appropriate.
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During a 3-year patient follow-up, a functional capacity 
improvement was noted, as illustrated in Figure 2. During 
the follow-up, the number of patients in functional class 
III decreased, and that of functional class II increased 
(Figure 2a). Considering only the patients who completed 
3 years of follow-up (n= 31), at baseline, 61% patients 
were functional class III, and after 3 years of treatment with 
riociguat, 10% of patients continued as functional class 
III. In the same way, at baseline, 32% of the patients were 
functional class II, and after treatment, 71% of the patients 
were in functional class II. In particular, the number of 
patients in functional class I increased from 0 at baseline 
to 5 patients after 3 years of treatment (Figure 2b).  

Clinical characteristics of the 31 patients who completed 
the 3 years of follow-up are described in Table 2. Our 
results showed a significant improvement of 64 m after 3 
years of treatment with riociguat when compared to the 
baseline (p= 0.014). After stratification by PH etiology, 
a reduction of 59 m was observed in PAH (p= 0.045) 

and of 70 m in CTEPH patients (p= 0.080). Moreover, 
as shown in Figure 3, 6MWT significantly improved in 3 
months, 1 year, and 3 years when compared to baseline 
results. Although the decrease in NT-proBNP levels is not 
statically significant, a clinically important reduction of 
663 pg/ml could be observed in NT-proBNP levels after 
treatment with riociguat (Table 2 and Figure 4). Moreover, 
there is a negative correlation between 6MWT and NT-
proBNP levels after 3 years of follow-up (r= -0.520, p= 
0.027). No significant changes were observed in RAP and 
CI in baseline measurements when compared to 3 years 
of follow-up. According to the French non-invasive risk 
stratification, no patient was at low risk at baseline and 7 
patients achieved low risk status after 3 years of treatment. 
During the follow-up period, a total of one (3.2%) patient 
died of PH-related causes; and this death occurred in 
patient with functional class III at baseline. 

Additionally, our center also observed the results of a 
sub-group of 10 patients who have completed 10-years 

Figure 2 – Change of WHO functional class over time in patients with pulmonary hypertension. A) Data from all 41 patients in baseline and follow-up 
periods. B) Data from the 31 patients who completed 3 years of follow-up.
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Figure 3 – Change of 6-min walking test (6MWT) over time in patients with pulmonary hypertension. *p-value< 0.05; +p-value< 0.10; Paired Student’s 
t-test compared to Baseline.

Table 2 – Changes in clinical and laboratorial measurements after 3 years of treatment with riociguat

Characteristic Baseline  
(n= 31)

3 years  
(n= 31) Δ p-value*

Systolic PAP (mmHg) 81.6 ± 16.1 78.2 ± 14.2 -3.4 0.500

Diastolic PAP (mmHg) 35.1 ± 5.2 34.2 ± 4.7 -0.9 0.618

mPAP (mmHg) 43.5 ± 9.0 39.6 ± 3.4 -3.9 0.253

PAWP (mmHg) 7.3 ± 1.8 9.6 ± 3.1 2.3 0.013

PVR 9.3 ± 3.0 7.9 ± 3.1 -1.4 0.157

Cardiac Index (L/min) 2.9 ± 0.8 2.7 ± 0.7 -0.2 0.170

Cardiac output (L/min) 5.2 ± 1.5 5.0 ± 1.5 -0.2 0.504

6-min walk distance (m) 394 ± 91 458 ± 100 64 0.014

NT-proBNP (pg/ml) 793 (145 - 1235) 130 (58 - 980) -663 0.197

Results are presented as mean ± SD or median (25th - 75th), as appropriate. mPAP: mean pulmonary artery pressure; NT-proBNP: 
N-terminal pro-brain natriuretic peptide; PAP: pulmonary artery pressure; PAWP: pulmonary arterial wedge pressure; PVR: pulmonary 
vascular resistance. *p-value computed using paired Student’s t-test compared to Baseline.

using riociguat. In the same line of 3 years of follow-
up results, the clinical status of these patients was also 
satisfactory, with low risk and good treatment tolerability.

Discussion
To the best of our knowledge, this is the first study to 

detail the real-life experience of treating PAH and CTEPH 
with riociguat for at least 3 years. In this real-life cohort, 
we show an improvement in 6MWT and WHO functional 
class in both groups, PAH and CTEPH.

The 6MWT is a simple tool for the evaluation of 
functional exercise capacity, which reflects the capacity 
of the individual to perform activities of daily living. 
Moreover, it is familiar to patients5 and has been the 

most employed primary endpoint in clinical trials of PH 
therapies.17 Among exercise tests, the 6MWT has proven 
to have the best ability to capture changes in exercise 
capacity and has regularly proven to be an independent 
predictor of morbidity and mortality in PH.18-20

Our results showed a significant improvement of 64 
m after 3 years of treatment with riociguat, which is in 
accordance with the findings of improvements in 6MWT 
of many studies, both randomized controlled trials11,12 as 
well as extension,21,22 open-label23,24 and real-life studies.25 
In addition, our data presented a gradual increase in 
6MWT distance, from 3 months to 3 years after the start of 
treatment, with a final median greater than 440m, which 
is considered a low-risk status for patients.5
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Figure 4 – Change of N-terminal pro-brain natriuretic peptide (NT-proBNP) over time in patients with pulmonary hypertension.

The 2015 European Society of Cardiology (ESC)/European 
Respiratory Society (ERS) treatment guidelines recommend 
regular risk assessment in PAH patients, to manage the patients, 
focusing on low risk.5 This risk assessment is performed using 
a multidimensional approach, but there are abbreviated 
versions, such as the French registry non-invasive method, 
which evaluate 6MWT, NT-ProBNP, and WHO functional 
class.17 In this context, we also found improvements in NT-
ProBNP and WHO functional class in our patients treated 
with riociguat. Moreover, seven patients achieved the low-risk 
status. These results emphasize the benefits of medication 
to the achievement of treatment goals and, perhaps, to 
reduce the estimated 1-year mortality. Previous reports found 
significant improvements in these parameters11,12 and in the 
low-risk score achievement17 after treatment with riociguat. 
It is likely that our data did not reach statistical significance 
because of the small sample size.

Our study has some limitations. First, due to the real-
life cohort design of this study, the number of patients at 
each visit varied. Second, this is a retrospective study with 
a reduced sample size. Third, the results are from a single 
center. Therefore, these limitations should be considered 
when interpreting the results. 

Conclusion
In our real-life cohort, most patients with PH treated 

with riociguat showed stable or improved risk parameters, 
especially the 6MWT, at 3 years of follow-up. Moreover, 
our data was able to reproduce the results of pivotal studies 
during our follow-up.
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One of the rarest and most complex group of diseases that 
affects the cardiopulmonary system is known as pulmonary 
hypertension (PH), a life-threatening clinical condition that in 
advanced stages eventually results in irreversible dysfunction of 
the right heart chamber and sudden cardiac death.1 Pulmonary 
arterial hypertension (PAH) and chronic thromboembolic 
PH (CTEPH) are two different groups within the PH clinical 
classification system, in which loss and obstructive remodeling 
of the lung vessels is responsible for a significant rise in 
pulmonary arterial (PA) pressure and pulmonary vascular 
resistance (PVR), resulting in a functional decline of the heart 
performance and progressive right ventricle (RV) failure.1 

PAH is a pre-capillary-type PH (Group 1), hemodynamically 
defined by a mean pulmonary arterial pressure (mPAP) 
>20 mmHg, PA wedge pressure ≤15 mmHg, and PVR ≥3 
Wood units.2 Remodeling of pulmonary vessels in PAH is 
depicted by the accumulation of pulmonary artery smooth 
muscle  (PASMCs) and endothelial cells (PAECs), fibroblasts, 
myofibroblasts, and pericytes in the PA walls. In addition, this 
remodeling process results in a loss of pre-capillary arteries 
and exacerbates perivascular inflammation.1 The excessive 
loss of PAECs is a key pathobiological feature of PAH.3 This 
phenomenon triggers the development of an apoptosis-
resistant and hyperproliferative phenotype of PAECs.3 
Subsequently, an intense proliferation of PAECs induces 
the formation of plexogenic lesions in the lung vessels, a 
histopathologic hallmark of PAH.4

Patients with thromboembolic disease may consequently 
develop CTEPH (Group 4 in the PH classification)2 due to a 
persistent pulmonary vascular obstruction after an embolic 
event.2 Pathophysiologically, CTEPH can be multifactorial as it 
involves both large pulmonary vessels and microcirculation.5 75% 
of patients with PH in chronic thromboembolic disease have a 
history of acute pulmonary embolism,6 and it was suggested that 
the remaining 25% had recurrent and silent emboli.6 Pointing 
out the histopathological characteristics of CTEPH, mainly 
thrombotic materials with a large amount of collagen, elastin, 

rarely calcifications, and commonly inflammatory cells adhere 
to the pulmonary vessel walls and obliterate this small vascular 
bed.7 Similarly to PAH, CTEPH is another example of pre-capillary 
PH, in which patients can be hemodynamically diagnosed with a 
pulmonary arterial wedge pressure ≤15 mmHg, PVR ≥3 Wood 
units and mPAP ranging from 15 to 24 mmHg.2

Available treatments for PH specifically target the reduction 
of PA vasoconstriction and the pressure-overloaded RV.1,8,9 It 
was reported that stimulation of the soluble guanylyl cyclase 
(sGC) enzyme with a drug named riociguat is beneficial 
in the clinical setting of PAH.10 In the context of CTEPH, 
pulmonary endarterectomy is the recommended treatment.11  
However, up to 40% of patients are technically inoperable, 
and 17-31% develop persistent or recurrent PH following 
the pulmonary endarterectomy.11 Importantly, riociguat was 
the first substance to be approved for the treatment of two 
distinct groups of pre-capillary PH: PAH and inoperable or 
persistent/recurrent CTEPH.11  

Molecularly, in PASMCs from patients with PAH and 
CTEPH, the nitric oxide (NO)-sGC-cyclic GMP (cGMP) axis is 
deregulated, which results in pulmonary vascular inflammation, 
thrombosis and exacerbated vasoconstriction.1,4,5 Riociguat 
modifies the cGMP signaling pathway by increasing its 
cytosolic levels after stimulation of sGC. It should be addressed 
that this mechanism is independent of the paracrine roles 
of NO in the pulmonary vascular cells.12 Increased cytosolic 
levels of cGMP lead to vasodilation and inhibition of PASMCs 
proliferation and fibrosis, with further antithrombotic and anti-
inflammatory effects.12 Additionally, the increasing content of 
cGMP after administration of riociguat could lead to inhibition 
of the phosphodiesterase type 3 in cardiomyocytes, which 
consequently augments the intracellular levels of cyclic 
AMP and promotes a positive inotropic effect in the heart.12 
Riociguat may also exert cardioprotective effects and improve 
the RV function when it potentiates the activation of protein 
kinase G, following the rise of cGMP levels.12 This biomolecular 
signaling is mainly explained by the opening of mitochondrial 
KATP channels in cardiac cells.12 

In their groundbreaking paper of 2022, Spilimbergo et al.13 
were the first researchers to retrospectively investigate the 
effects of riociguat in patients with PAH and CTEPH through 
a 3-year follow-up real-life study.13 These scientists measured 
current risk assessment parameters and found interesting data 
which may help to prove the beneficial effects of riociguat in 
PAH and CTEPH subjects.13  

Firstly, they have shown that riociguat significantly increased 
the 6-minute walking distance (6MWD) after at least 3 years of 
therapy, compared with the baseline data, in both patients with 
PAH and CTEPH.13 The authors also found a gradual increase DOI: https://doi.org/10.36660/abc.20220261
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in the 6MWD from 3 months to 3 years after the beginning of 
the treatment of diseased subjects with riociguat, with a final 
median greater than 440 meters.13 

Importantly, after 3 years of investigation, the authors did 
not observe significant changes in the following parameters: 
systolic pulmonary arterial pressure, diastolic pulmonary 
arterial pressure, mPAP, PVR, cardiac index, cardiac output 
and N-terminal (NT)-prohormone BNP (NT-pro BNP) levels.13 

However, 3 years of treatment with riociguat significantly 
increased the pulmonary arterial wedge pressure.13 

In accordance with the findings mentioned above, the 
authors have shown that the stimulation of sGC in this 
cohort decreased the number of patients in the World 
Health Organization (WHO) functional class III, who were 
then classified as functional class II after the follow-up.13 
Considering only the patients who completed 3 years of 
follow-up, at baseline, 61% of patients were functional class III, 
and after 3 years of treatment with riociguat, 10% of patients 
continued as functional class III.13 Similarly, at baseline, 32% 
of the patients were in functional class II, and after treatment, 
71% of the patients were in functional class II.13 It was also 

shown that the three-year survival rate among PAH and CTEPH 
patients treated with riociguat was 96.7%.13 Therefore, we 
might understand that riociguat has improved the functional 
exercise capacity, increased the pulmonary arterial wedge 
pressure and preserved the other clinical and laboratorial 
measurements after 3 years of treatment, which probably have 
transferred most patients to a better WHO functional class. 

Finally, according to the French non-invasive risk 
stratification, the researchers found that no patient was at low 
risk at baseline, but 7 patients achieved low-risk status after 3 
years of therapy with riociguat.13

In my opinion, the authors have conducted this investigation 
appropriately and have shown the study’s limitations in the 
discussion section. Accordingly, this work can add important 
data on the therapy for pre-capillary PH, although we still 
understand that there is a lack of pleiotropic agents in the 
context of these diseases, mainly when we highlight the need 
for new pharmacological approaches that promote beneficial 
actions on the pulmonary vascular bed (attenuation of the 
proliferative phenotype of endothelial, smooth muscle and 
fibroblast cells) with a further potential cardioprotective effect.
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Abstract

Background: Adequate treatment of arterial hypertension and achieving arterial hypertension goals in are important in 
reducing cardiovascular outcomes.

Objectives: To describe angiotensin receptor blockers in monotherapy or double combination therapy and the rate of arterial 
hypertension control.

Methods: This cross-sectional study evaluated patients who were using angiotensin receptor blockers between 2017 and 
2020. Those using three or more antihypertensive drugs were excluded. The analyzed variables included sex, age, body mass 
index, valid home blood pressure monitoring (HBPM) measurements, casual and HBPM systolic and diastolic blood pressure 
measurements, blood pressure variability, and antihypertensive and angiotensin receptor blocker class. Paired t, chi-square, 
and Fisher’s exact tests were used, as well as overlapping 95% confidence intervals and a significance level of 5% (p < 0.05).

Results: Of 17,013 patients, 12,813 met the inclusion criteria, 62.1% of whom were female. The mean number of valid 
measurements was 23.3 (SD, 2.0). The mean HBPM and casual measurements for systolic blood pressure were 126.8 (SD, 
15.8) mmHg and 133.5 (SD, 20.1) mmHg (p <0.001), respectively, while those for diastolic blood pressure were 79.1 (SD, 9.7 
mmHg) and 83.6 (SD, 11.9) mmHg (p <0.001), respectively. Losartan was the most common angiotensin receptor blocker 
and resulted in the highest blood pressure values. Combinations of angiotensin receptor blockers with diuretics or calcium 
channel antagonists resulted in lower blood pressure values.

Conclusions: More than half of the patients used losartan, although it was the least efficient drug for reducing and controlling 
blood pressure.

Keywords: Hypertension; Angiotensin II Type 1 Receptor Blockers; Losartana; Antihypertensive Agents/therapeutic use; Age; 
Sex; Body Weights and Measures.

most current scientific is one way to optimize these results.1-3 
Drugs that effectively reduce blood pressure (BP) also protect 
against the main outcomes of hypertensive disease, and the 
best results can be expected of drugs with a long half-life (thus, 
a single daily dose) that do not negatively interfere in metabolic 
parameters. It is also known that small BP reductions, even in 
the early stages of arterial hypertension, can lead to reductions 
in the main cardiovascular outcomes.1,4,5

On the other hand, despite such evidence, the Brazilian 
Unified Health System provides medications with a short half-
life that are used in monotherapy and require several doses 
a day. Such characteristics can negatively impact adherence 
and hinder adequate BP control. It should be emphasized that 

Introduction
Adequate treatment and control is one of the great 

challenges in arterial hypertension, which is the leading cause 
of death worldwide. Aligning treatment strategies with the 
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the Brazilian Unified Health System reflects the drug strategy 
used for 75% of the hypertensive patients in our country.1,6

A 2021 study evaluated a database of 22,446 individuals 
who underwent home and office BP measurement, 11,337 
of whom were being treated for hypertension by cardiologists 
with antihypertensive drugs. In 74.6% of the cases, renin-
angiotensin-aldosterone system blockade was used, including 
angiotensin receptor blockers (ARBs) in 58.7%, either in 
monotherapy or combination therapy.7

The objectives of the present study were: (i) to verify 
the distribution of ARB prescription in monotherapy and 
combined therapy according to sex, geographic region, and 
diabetes status; (ii) to compare BP control according to casual 
and home BP monitoring measurement (HBPM) for all ARB 
treatment strategies; (iii) to compare BP control in casual and 
HBPM measurements; and (iv) to compare mean systolic 
blood pressure (SBP), diastolic blood pressure (DBP), pulse 
pressure (PP), and BP variability obtained through ARBs in 
monotherapy or double combination therapy, considering the 
class as a whole and individual types.

Methods
This study was approved by the Human Research Ethics 

Committee of the Hospital das Clínicas of the Federal 
University of Goiás (opinion 99691018.7.0000.5078) and 
evaluated patients who were examined on the TeleHBPM 
platform (www.telemrpa.com) between May 2017 and 
October 2020.

The platform was developed as a remote reporting tool 
for telemonitoring, including features that allow the database 
to be analyzed and filtered according to research questions. 
The mathematical algorithm allows analysis while protecting 
the personal data of patients and health facilities, whether 
interpreting exams or developing research projects. Since it 
is not software, but a platform accessible on any device via 

an Internet connection, BP measurements can be uploaded 
quickly and remotely.8

The database search was limited to patients who used ARBs. 
Patients aged at least aged 18 years on monotherapy or double 
combination therapy were included. Patients on a combination 
of three or more antihypertensives, antihypertensives in 
combination with angiotensin-converting enzyme inhibitors, 
or antihypertensives in double combination therapy with 
infrequently used antihypertensives (eg, spironolactone, direct 
vasodilators, alpha2 agonists) were excluded (Figure 1). We 
also excluded irbesartan from the results due to its rarity in 
the overall sample.

The following data were collected from the TeleHBPM 
platform: sex, age (in years), body mass index, number of 
valid HBPM measurements, casual and HBPM SBP and DBP 
measurements, blood pressure variability based on HBPM 
measurements obtained through the standard deviation of 
the 24 household measurements taken during the protocol, 
drug class used, and type of ARB. The regional distribution 
of the sample was also evaluated, as was the prevalence of 
individuals who used medications to treat diabetes mellitus 
(oral antidiabetics and/or insulin).

The Quetelet formula was used to calculate body mass 
index based on weight and height data.9 HBPM was performed 
with the provided device; patients were instructed about 
proper handling and BP measurement on the day the device 
was delivered.1 On that day, two measurements were taken 
in a clinical/office environment and, over the next 4 days, 
the patient (and/or caregiver/companion) performed the 
measurements at home according to protocol. The mean of the 
two measurements taken on the first day was considered the 
casual measurement, and the mean of the 24 measurements 
taken from the second to the fifth day was considered the 
HBPM measurement.8,10 Only validated automatic devices 
(Omron, Geratherm, and Microlife) were used.

Figure 1 – Sample selection flowchart. ARB: angiotensin receptor blockers; ACEI: angiotensin-converting enzyme inhibitors.

Initially evaluated 
n = 17,013

Final sample
n = 12,813

Excluded (n = 4200)
147 (use of ARB +ACEI)
458 (ARB + other drugs)
3595 (triple combination)
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The data were exported from the TeleHBPM platform to 
Microsoft Excel. All drug classes described on the platform 
were reviewed and coded by two work teams. The databases 
were then cross-referenced to identify discrepant data, which, 
when present, were reviewed by the entire team. Individuals 
whose SBP/DBP values were <140/90 mmHg in casual 
measurement and <130/80 mmHg in HBPM, respectively, 
were considered to have controlled BP.1

Statistical analysis
Statistical analysis was performed in Stata 14.0. Quantitative 

variables were expressed as mean and standard deviation, and 
qualitative variables were expressed as absolute and relative 
frequencies. The Kolmogorov-Smirnov test was used to verify 
the normality of the data.

The mean SBP, DBP and PP values obtained in casual and 
HBPM measurements were compared using a paired Student’s 
t-test. The chi-square test or Fisher’s exact test was used to 
compare BP control rates according to the casual and HBPM 
measurements, as well as to compare the rates of BP control 
for each drug strategy.

Overlapping 95% confidence intervals were used to 
compare the differences in mean SBP, DBP, PP and BP 
variability obtained with ARB monotherapy or double 
combination therapy, considering the class as a whole and 
individual types. P-values <0.05 were considered significant.

Results
A total of 12,813 patients were evaluated, the majority of 

whom were female. The Northeast was the most prominently 
represented region, with approximately half of the patients. 
The prevalence of diabetes was 6.2% (Table 1).

Double combination therapy was slightly more prevalent 
than monotherapy (51.2% vs. 48.5%). The following types 
of ARBs were used: losartan (57.2%), olmesartan (18.8%), 
valsartan (15.0%), telmisartan (4.8%),  candesartan (3.8%), 
and irbesartan (0.4%).

The mean number of valid HBPM measurements was 
23.3(SD, 2.0). The differences in mean casual and HBPM 
values for SBP and DBP were 6.7 mmHg (p < 0.001) and 
4.5 mmHg (p < 0.001), respectively. These differences 
characterize the white-coat effect and were maintained across 
all treatment strategies. This behavior was repeated in all 
ARBs, whether in monotherapy or combination therapy. We 
also compared the rate of BP control by casual and HBPM 
measurements in monotherapy and combination therapy 
(Table 2).

Table 3 describes the mean casual and HBPM BP values and 
the BP control rate with different ARBs in monotherapy, while 
Tables 4, 5 and 6 compare these values for ARBs combined 
with diuretics, calcium channel antagonists (CCA), and beta-
blockers, respectively. 

According to the goals of <140/90 mmHg (casual) and 
<130/80 mmHg (HBPM) recommended by current guidelines,1 
overall BP control was better in casual measurement. In 
HBPM, BP control was lower in ARB monotherapy and in ARBs 
combined with beta-blockers. Among the ARB types used in 
monotherapy or combination therapy, BP control was lower 
with losartan and higher with long half-life ARBs. This trend 
was repeated in the casual measurements. 

The control rates of different ARBs in combination with 
CCA, BB, or diuretics were lower in combinations with losartan 
and higher in ARBs with a long half-life in both HBPM and 
casual measurements. In HBPM, the mean SBP for ARB + CCA 
and ARB + diuretics was lower than that of ARB monotherapy. 

Table 1 – Description of hypertensive patients using ARBs, n = 12,813

Variable Total
n (%)

ARB
n (%)

ARB + DIU
n (%)

ARB + BB
n (%)

ARB + CCA 
n (%)

12,813 (100) 6225 (48.6) 3006 (23.5) 1433 (11.2) 2.149 (16,8)

Sex

Female 7953 (62.1) 3749 (60.2) 2006 (66.7) 980 (68.4) 1218 (56.7)

Male 4860 (37.9) 2476 (39.8) 1000 (33.2) 453 (31.6) 931 (43.3)

Region

Unidentified 37 (0.3) 12 (0.2) 16 (0.5) 5 (0.3) 4 (0.1)

Northeast 6347 (49.6) 3187 (51.2) 1355 (45.1) 698 (48.7) 1107 (51.5)

North 802 (6.3) 326 (5.2) 194 (6.5) 52 (3.6) 230 (10.7)

Midwest 1003 (7.8) 478 (7.7) 232 (7.7) 162 (11.3) 131 (6.1)

Southeast 4028 (31.4) 1961 (31.5) 1026 (34.1) 444 (31.0) 597 (27.8)

South 596 (4.7) 261(4.2) 183 (6.1) 72 (5.0) 80 (37)

Diabetes

No 12,015 (93.8) 5877 (94.4) 2811 (93.5) 1294 (90.3) 2033 (94.6)

Yes 798 (6.2) 348 (5.6) 195 (6.5) 139 (9.7) 116 (5.4)

CCA: calcium channel antagonists; BB: beta-blockers; ARB: angiotensin receptor blockers; DUI: diuretics.
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Table 2 – Sample description and comparison of blood pressure control by casual measurement and by HBPM according to the use of 
ARB in monotherapy and combinations, n = 12,813

Variable HBPM Casual p*

Total (n = 12,813)

SBP 126.8±15.8 133.5±20.1 < 0.001

DBP 79.1±9.7 83.6±11.9 < 0.001

PP 52.2±14.4 49.9±16.1 < 0.001

ARB monotherapy (n = 6225)

SBP 126.9±15.6 133.5±19.8 < 0.001

DBP 79.7±9.6 84.3±11.7 < 0.001

PP 51.7±14.0 49.215.7 < 0.001

ARB + DIU (n = 3006)

SBP 125.0±15.8 132.3±20.3 < 0.001

DBP 78.6±9.5 83.3±11.9 < 0.001

PP 50.7±14.3 49.1±16.1 < 0.001

ARB + CCA  (n = 2149)

SBP 127.0±14.9 133.8±19.2 < 0.001

DBP 78.4±9.9 82.8±11.9 < 0.001

PP 53.2±14.0 51.0±15.8 < 0.001

ARB + BB (n = 1433)

SBP 129.4±17.9 136.0±22.2 < 0.001

DBP 78.3±10.4 82.6±12.4 < 0.001

PP 56.016.2 53.417.7 < 0.001

Variable Controlled Not controlled p**

Total

HBPM 5695 (44.5) 7118 (55.5) < 0.001

Casual measurement 7211 (56.3) 5602 (43.7)

ARB monotherapy

HBPM  2691 (43.2) 3534 (56.8) 0.007

Casual measurement 3485 (56.0) 2740 (44.0) 0.513

ARB + DIU

HBPM 1441 (48.0) 1565 (52.1) < 0.001

Casual measurement 1751 (58.3) 1255 (41.7) 0.013

ARB + CCA 

HBPM 960 (44.7) 1189 (55.3) 0.818

Casual measurement 1204 (56.0) 945 (44.0) 0.796

ARB + BB

HBPM 603 (42.1) 830 (57.9) 0.056

Casual measurement 771 (53.8) 662 (46.2) 0.045

*Paired t-test; **Chi-square or Fisher’s exact test.  CCA: calcium channel antagonists; BB: beta-blockers; ARB: angiotensin receptor blockers; DUI: diuretics; HBPM: 
home blood pressure monitoring; BPD: diastolic blood pressure; SBP: systolic blood pressure; PP: pulse pressure.
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Table 3 – Sample description and comparison of blood pressure control in casual and HBPM measurements according to ARB type in 
monotherapy, n = 6225

Variable HBPM Casual measurement p*

Losartan (n = 3.861)

SBP 128.3 ±15.8 135.4± 20.3 < 0.001

DBP 80.6±9.7 85.5±11.8 < 0.001

PP 52.1±14.1 50.0±16.0 < 0.001

Valsartan (n = 818)

SBP 126.8±15.3 132.4±19.5 < 0.001

DBP 78.6±9.5 82.4±10.8 < 0.001

PP 52.7±14.3 50.0±16.0 < 0.001

Candesartan (n = 221)

SBP 124.0±12.9 129.0±17.0 < 0.001

DBP 77.5±7.8 81.4±9.5 < 0.001

PP 50.9±13.4 47.6±14.8 < 0.001

Olmesartan (n = 1.032)

SBP 123.0±14.9 128.418.1 < 0.001

DBP 77.9±9.4 82.0±11.9 < 0.001

PP 49.8±13.0 46.414.1 < 0.001

Telmisartan (n = 287)

SBP 126.2±14.8 132.6±18.0 < 0.001

DBP 79.6±9.1 84.0±11.3 < 0.001

PP 51.1±13.9 48.3±15.1 < 0.001

Variable Controlled Not controlled p**

Losartan

HBPM 1517 (39.3) 2344 (60.7) < 0.001

Casual 1984 (51.4) 1877 (48.6) < 0.001

Valsartan

HBPM 369 (45.1) 449 (54.9) 0.693

Casual 489 (59.8) 329 (40.2) 0.037

Candesartan

HBPM 111 (50.2) 110 (49.8) 0.081

Casual 150 (67.9) 71 (32.1) < 0.001

Olmesartan

HBPM 559 (54.2) 473 (45.8) < 0.001

Casual 682 (66.1) 350 (33.9) < 0.001

Telmisartan

HBPM 130 (45.3) 157 (54.7) 0.770

Casual 172 (59.9) 115 (40.1) 0.207

*Paired t-test; **Chi-square or Fisher’s exact test. ARB: angiotensin receptor blockers; HBPM: home blood pressure monitoring; BPD: diastolic blood pressure; SBP: 
systolic blood pressure; PP: pulse pressure.
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Table 4 – Comparison of blood pressure control in casual and HBPM measurement according to ARB type in double combination 
therapy with DUIs, n = 3006

Variable HBPM Casual measurement p

Olmesartan + DIU (n = 530)

SBP 122.1±15.8 128.4±20.2 < 0.001

DBP 77.0±9.6 81.112.0 < 0.001

PP 49.5±15.1 47.3±16.3 < 0.001

Candesartan + DIU (n = 151)

SBP 123.1±5.0 130.920.8 < 0.001

DBP 77.6±9.1 82.4±12.1 < 0.001

PP 49.6±14.1 48.5±15.1 0.199

Telmisartan + DIU (n = 123)

SBP 124.9±16.7 132.5±20.1 < 0.001

DBP 78.3±8.5 83.6±11.1 < 0.001

PP 51.1±15.9 48.9±16.8 < 0.001

Valsartan + DIU (n = 1.920)

SBP 126.9±15.5 132.7±20.1 < 0.001

DBP 78.3±9.7 82.1±11.7 < 0.001

PP 53.2±14.3 50.6±16.1 < 0.001

Losartan + DIU (n = 1.715)

SBP 125.7±15.7 133.8±20.1 < 0.001

DBP 79.2±9.4 84.2±11.7 < 0.001

PP 50.9±14.1 49.6±16.1 < 0.001

Variable Controlled Not controlled p**

Olmesartan + DIU

HBPM 288 (54.3) 242 (45,7) < 0,001

Casual 335 (63.2) 195 (36,8) 0,001

Candesartan + DIU

HBPM 80 (53.0) 71 (47,0) 0,034

Casual 99 (65.6) 52 (34,4) 0,021

Telmisartan + DIU

HBPM 59 (48.0) 64 (52,0) 0,430

Casual 73 (59.4) 50 (40,6) 0,490

Valsartan + DIU

HBPM 887 (46.2) 1.033 (53,8) 0,094

Casual 1.136 (59.2) 784 (40,8) 0,006

Losartan + DIU

HBPM 779 (45.4) 936 (54,6) 0,382

Casual 965 (56.3) 750 (43,7) 0,992

*Paired t-test; **Chi-square or Fisher’s exact test. ARB: angiotensin receptor blocker; DUI: diuretic; HBPM: home blood pressure monitoring; BPD: diastolic blood 
pressure; SBP: systolic blood pressure; PP: pulse pressure.
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Table 5 – Sample description and comparison of blood pressure control in casual and HBPM measurement  according to ARB type in 
double combination therapy with CCAs, n = 2,149

Variable HBPM Casual measurement p*

Olmesartan + CCA  (n = 626)

SBP 125.0±14.9 131.7±19.4 < 0.001

DBP 77.8±10.2 81.8±12.5 < 0.001

PP 51.9±14.5 49.9±15.9 < 0.001

Candesartan + CCA  (n = 419)

SBP 127.4±14.6 135.1±18.4 < 0.001

DBP 78.6±10.2 83.6±11.6 < 0.001

PP 53.4±13.9 51.5±15.4 < 0.001

Telmisartan + CCA  (n = 136)

SBP 128.7±15.8 132.4±18.8 0.003

DBP 78.6±10.3 81.8±11.7 < 0.001

PP 55.1±13.6 50.7±14.1 < 0.001

Valsartan + CCA  (n = 433)

SBP 127.0±15.2 132.6±19.5 < 0.001

DBP 77.4±9.6 80.7±11.6 < 0.001

PP 54.2±13.6 51.8±15.4 < 0.001

Losartan + CCA  (n = 903)

SBP 128.2±14.5 135.9±18.7 < 0.001

DBP 79.6±9.6 84.7±11.3 < 0.001

PP 53.1±3.7 51.1±15.9 < 0.001

Variable Controlled Not controlled p**

Olmesartan + CCA 

HBPM 302 (48.2) 324 (51.8) 0.050

Casual 378 (60.4) 248 (39.6) 0.034

Candesartan + CCA 

HBPM 173 (41.3) 246 (58.7) 0.186

Casual 218 (52.0) 201 (48.0) 0.075

Telmisartan + CCA 

HBPM 69 (50.7) 67 (49.3) 0.138

Casual 84 (61.8) 52 (38.2) 0.195

Valsartan + CCA 

Casual 270 (62.4) 163 (37.6) 0.010

HBPM 206 (47.6) 227 (52.4) 0.183

Losartan + CCA 

HBPM 361 (40.0) 542 (60.0) 0.005

Casual 451 (49.9) 452 (50.1) < 0.001

*Paired t-test; **Chi-square or Fisher’s exact test. CCA: calcium channel antagonists; ARB: angiotensin receptor blockers; HBPM: home blood pressure monitoring; 
BPD: diastolic blood pressure; SBP: systolic blood pressure; PP: pulse pressure.
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Table 6 – Sample description and comparison of blood pressure control in casual and HBPM measurement according to ARB type in 
double combination therapy with BBs, n = 1,433

Variable HBPM Casual p*

Olmesartan + BB (n = 230)

SBP 126.3±17.0 132.0±20.6 < 0.001

DBP 77.6±10.4 80.911.5 < 0.001

PP 53.6±14.8 51.1±17.0 < 0.001

Candesartan + BB (n = 65)

SBP 129.8±17.3 133.8±21.0 < 0.001

DBP 75,8±11.8 79.114.2 0.012

PP 59.0±17.1 54.716.6 0.002

Telmisartan + BB (n = 75)

SBP 128.4±16.5 132.6±21.9 0.01

DBP 78.0±10.7 82.0±13.9 < 0.001

PP 55.2±15.3 50.6±16.3 < 0.001

Valsartan + BB (n = 213)

SBP 130.0±16.8 137.021.9 < 0.001

DBP 77.9±10.3 82.5±12.5 < 0.001

PP 57.0±15.7 54.5±18.0 < 0.001

Losartan + BB (n = 851)

SBP 130.2±18.5 137.3±22.7 < 0.001

DBP 78.8±10.3 83.4±12.3 < 0.001

PP 56.2±16.7 53.8±17.9 < 0.001

Variable Controlled Not controlled p**

Olmesartan + BB

HBPM 114 (49.6) 116 (50.4) 0.115

Casual 138 (60.0) 92 (40.0) 0.251

Candesartan + BB

HBPM 31 (47.7) 34 (52.3) 0.598

Casual 40 (61.5) 25 (38.5) 0.391

Telmisartan + BB

HBPM 36 (48.0) 39 (52.0) 0.535

Casual 46 (61.3) 29 (38.7) 0.376

Valsartan + BB

HBPM 91 (42.7) 122 (57.3) 0.610

Casual 113 (53.1) 100 (46.9) 0.338

Losartan + BB

HBPM 331 (38.9) 520 (61.1) 0.001

Casual 433 (50.9) 418 (49.1) 0.001

*Paired t-test; **Chi-square or Fisher’s exact test. BB: beta-blockers; ARB: angiotensin receptor blockers; HBPM: home blood pressure monitoring; DBP: diastolic 
blood pressure; SBP: systolic blood pressure; PP: pulse pressure.

1076



Arq Bras Cardiol. 2022; 118(6):1069-1082

Original Article

Barroso et al.
ARBs Evaluated by Office Measurements and HBPM

In monotherapy, the BP values were progressively higher for 
olmesartan, candesartan, telmisartan, valsartan and losartan 
(Figure 2). In combined therapy, the mean SBP values for 
HBPM were progressively higher with diuretics, CCA and BB, 
and combinations with losartan tended to have higher values 
than those with longer half-life ARBs (Figure 3). The mean 
DBP measurements were higher in ARB monotherapy than 
any double combination therapy. In HBPM, the ARB type with 
the highest mean DBP values in monotherapy was losartan 
(Figure 4). No difference was found in DBP values between 
the different possible combinations of ARB types (Figure 5).

PP was higher with ARB + BB than any other combination 
or ARB monotherapy. Losartan in monotherapy or in double 
combination therapy resulted in a higher mean PP than 
candesartan or telmisartan.

BP variability was greater with ARB + CCA than in 
combinations with diuretics or BB or in monotherapy. 
Whether in monotherapy or combination therapy, BP 
variability was lower with telmisartan than valsartan. 
Losartan + CCA had lower mean variability than other 
combinations. Candesartan + BB showed greater variability 
than candesartan + CCA. There was no difference in BP 
variability between combinations with valsartan, olmesartan 
and telmisartan

Discussion
The present study, a further development of an analysis 

published in 2020, found that, in hypertensive patients 
treated with monotherapy or double combination therapy, 
different possible combinations of ARB types resulted in 
significantly lower mean SBP and DBP in HBPM than in casual 
measurements, as well as that ARBs were the most common 
treatment option.7 Thus, it makes sense to assess BP behavior in 
response to various ARB types in both clinical and home settings.

Our sample population had a mean age of approximately 
60 years and a high body mass index. The patients were also 
predominantly women, and most resided in the Northeast and 
Southeast regions. It is important to consider that advanced age 
and excess weight can impede achieving recommended arterial 
hypertension treatment goals.1,11-13

It should also be noted that in the last year, as a result 
of HBPM evidence published in the national database, the 
reference values for normality were lowered from 135/85 
mmHg to 130/80 mmHg.1,14-16 This change explains the 
difference in BP control rates found in casual and HBPM 
measurements in this analysis compared to our previous article.7 

Regarding the treatment strategies used in this sample, 48.5% 
received ARB monotherapy, 23.4% received ARBs combined 
with diuretics, 16.8% received ARBs combined with CCAs, 
and 11.2% received ARBs combined with BBs. Interestingly, 
although hypertension guidelines unanimously recommend 
drug combinations for most cases of hypertension, monotherapy 
was still quite frequent.1-3 Dual combination therapy with 
diuretics and CCAs was preferred, which is in line with current 
recommendations.1,7,17-19

Another relevant aspect in selecting arterial hypertension 
drugs is a long half-life, which allows a single daily dose; these 

characteristics directly interfere with treatment adherence and 
adequate BP control. Drugs with a short half-life must be taken 
twice or more daily to maintain their plasma level and efficacy 
in reducing BP levels.1,7,20-22

It is interesting to note that, from a pharmacological point 
of view, there are important differences between these drugs, 
and the different half-lives of ARBs (losartan, 2 h; valsartan, 6 
h; candesartan, 9 h; olmesartan, 12 h; and telmisartan, 24 h) 
may be related to the differences we found in BP behavior.23

When evaluating the BP control rate by casual and HBPM 
measurements, we found that 56.3% and 44.5% of the 
patients, respectively, were within the goals. We found different 
percentages of patients with controlled BP among the different 
ARB types and combinations.

For a more refined analysis of this behavior, we determined 
the mean HBPM measurements and confidence intervals of SBP, 
DBP, and pressure variability. Combinations with BBs resulted 
in higher mean SBP values and variability than combinations 
with diuretics or CCAs. In monotherapy, losartan had the highest 
mean SBP and DBP values of the longer half-life ARBs.

This observational study was limited by the fact that it did 
not assess the dosage of each drug, and the sample was not 
representative of the Brazilian population. On the other hand, 
it analyzed data from a large database that reflected ARB 
usage strategies in hypertensive patients, allowing important 
parameters to be determined regarding BP behavior with 
different drugs in monotherapy and combination therapy.

These findings are consistent with those of previously 
published randomized studies that evaluated the antihypertensive 
efficacy of different ARBs24-28

 and, more importantly, they reflect 
the need to review the Brazilian Unified Health System’s 
strategy for antihypertensive drugs,6 since it is known that 
small BP reductions in hypertensive patients have important 
repercussions on cardiovascular morbidity and mortality.

 

Conclusions
In hypertensive patients treated with ARBs, monotherapy 

is still frequent. In combined therapy, diuretics and CCAs are 
preferred. Among ARBs, losartan is still used in more than half 
of patients, whether in monotherapy or double combination 
therapy, despite being the least efficient medication for 
reducing and controlling BP. There are clear differences in 
the half-life of ARBs, which was seen in BP behavior through 
both casual and HBPM measurements. These differences may 
reflect the effectiveness of blood pressure control.
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Figure 2 – Comparison of mean SBP (HBPM) obtained using ARB (classes and types) in monotherapy or in double combination therapy. CCA: calcium channel 
antagonists; BB: beta-blockers; ARB: angiotensin receptor blockers; DUI: diuretics; HBPM: home blood pressure monitoring; SBP: systolic blood pressure. Differences 
are significant when 95% confidence intervals do not overlap.
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Figure 3 – Comparison of mean SBP (HBPM) obtained using different types of ARB in double combination therapy. CCA: calcium channel antagonists; 
BB: beta-blockers; ARB: angiotensin receptor blockers; Cand: candesartan; DUI: diuretics; Losa: losartan; HBPM: home blood pressure monitoring; Olm: 
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Figure 4 – Comparison of mean DBP (HBPM) obtained using ARB (classes and types) in double combination therapy. CCA: calcium channel antagonists; BB: beta-
blockers; ARB: angiotensin receptor blockers; Cand: candesartan; DUI: diuretics; Losa: losartan; HBPM: home blood pressure monitoring; Olm: olmesartan; DBP: 
diastolic blood pressure; Telm: telmisartan; Valsa: valsartan.
Differences are significant when 95% confidence intervals do not overlap.
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eletrônico] / Ministério da Saúde, Secretaria de Ciência, Tecnologia, 
Inovação e Insumos Estratégicos em Saúde, Departamento de Assistência 
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Cardiovascular diseases (CVD) are the main cause of death 
and disability in Brazil, and arterial hypertension (AH) is the 
main risk factor for cardiovascular morbidity and mortality.1 
Early diagnosis and correct treatment are priority actions to 
face the problem.2 The National Health Survey conducted by 
the Ministry of Health in 2013 (PNS-2013) determined the 
prevalence of AH by direct measurement of blood pressure 
(BP) and use of antihypertensive drugs in a representative 
sample of the Brazilian adult population. Prevalence of 
32.3% (95%CI: 31.7 - 33.0) indicated nearly 50 million 
hypertensive patients.3 Around 70% depend on the Unified 
Health System (SUS) for both diagnosis and pharmaceutical 
care, an essential aspect of the Chronic Noncommunicable 
Diseases (NCD) plan.2

According to the current guidelines, the initial treatment 
of AH should be carried out with general measures, including 
regular aerobic physical activity, reduction of salt intake, 
increased consumption of fruits and vegetables and weight 
reduction when obesity or overweight is present.4 These 
measures benefit everyone and not only hypertensive patients 
indeed. Even adopting these strategies, many patients still 
depend on the regular use of drugs to get high BP control. 
Thus, the use of these drugs shows great importance because, 
given the dimension of the problem, even small pressure 
reductions generate a positive impact for millions of individuals 
affecting the morbidity and mortality rates due to CVD.5 
Thus, the search for effective treatments for BP control has 
paramount importance to adopt public policies in this area.

The public health system provides at least one drug among 
the seven classes of antihypertensive medicines most often 
used in clinical routine, contributing to the high drug coverage 
in hypertensive patients in Brazil compared to other countries. 
A nationwide survey carried out in 2016 showed that 93.8% 
of individuals who knew their hypertensive state used at least 
one antihypertensive drug.6 High treatment indexes(>80%) 
were also reported in the PNS-2013 and in the ELSA-Brasil 
cohort, where most participants are attended by private 
health insurance.7,8 An important finding in the PNS was to 

show that the frequency of use was independent of schooling 
and income, confirming the universality of access, one of the 
objectives of the national policy to face CNCD in Brazil.2

Angiotensin receptor blockers (BRA) are Brazil’s most used 
antihypertensive drug.7,8 After the introduction of losartan, the 
prototype compound of BRA in the therapeutic arsenal of AH 
over 30 years ago, a series of other compounds with the same 
mechanism of action were available to use. The effectiveness 
of these compounds in BP control is the central theme of the 
article by Barroso et al.9 published in this issue of Arquivos 
Brasileiros de Cardiologia. This robust study included 12,813 
hypertensive patients to compare the therapeutic efficacy 
of BRA used as monotherapy or in combination with other 
antihypertensive drugs. Additionally, they correlated the BP 
effect with the half-life of each BRA. The effect on BP was 
assessed by office BP assessment and by home BP monitoring 
(HBPM). The latter allows more accurate information on the 
long-term BP effect of any antihypertensive drug. On average, 
each patient obtained more than 20 BP records along three 
treatment days. It is worth mentioning that the prescription 
was open to any BRA at the doctor’s discretion. As expected, 
losartan was the most BRA prescribed, both as monotherapy 
and in different combinations. Despite being the drug with 
the lowest cost among BRA, one disadvantage is its short 
half-life, requiring shorter intervals between pill uses, thus 
reducing adherence to treatment. The study showed that the 
control rates of BP were higher, both in the office and in-home 
measurement, when longer-live ARB was used. As stated 
before, the rate of antihypertensive drugs by patients in Brazil 
is reasonable. The same cannot be said concerning BP control 
which still shows insufficient rates,6-8 mainly in those attended 
by the public health system and in use of monotherapy even 
though current recommendations4,7 since the mechanism of 
hypertension remains unknown for most patients.4

The results showed by Barroso et al.9 are important because 
they allow two main conclusions. One has a direct impact on 
the therapeutic approach to hypertension. Regardless of the 
BRA chosen, it is more effective for BP control when combined 
with other antihypertensive classes. The other impacts on the 
public policies for coping with CNCD point to the need to 
evaluate the inclusion of at least one longer half-life BRA in the 
SUS, improving the BP management of hypertensive patients. 
Even with more expensive drugs, lower and stable BP levels 
are cost-effective as they increase the prevention of events 
that negatively impact the quality of life and the economic 
and social costs of CVDDOI: https://doi.org/10.36660/abc.20220281
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Abstract

Background: Transcatheter aortic valve replacement (TAVR) is a worldwide adopted procedure with rapidly evolving 
practices. Regional and temporal variations are expected to be found. 

Objective: To compare TAVR practice in Latin America with that around the world and to assess its changes in Latin America 
from 2015 to 2020.

Methods: A survey was applied to global TAVR centers between March and September 2015, and again to Latin-American 
centers between July 2019 and January 2020. The survey consisted of questions addressing: i) center’s general information; 
ii) pre-TAVR evaluation; iii) procedural techniques; iv) post-TAVR management; v) follow-up. Answers from the 2015 survey 
of Latin-American centers (LATAM15) were compared with those of other centers around the world (WORLD15) and with 
the 2020 updated Latin-American survey (LATAM20). A 5% level of significance was adopted for statistical analysis.

Results: 250 centers participated in the 2015 survey (LATAM15=29; WORLD15=221) and 46 in the LATAM20. Combined 
centers experience accounted for 73 707 procedures, with WORLD15 centers performing, on average, 6- and 3-times more 
procedures than LATAM15 and LATAM20 centers, respectively. LATAM centers performed less minimalistic TAVR than 
WORLD15 centers, but there was a significant increase in less invasive procedures after 5 years in Latin-American centers. 
For postprocedural care, a lower period of telemetry and maintenance of temporary pacing wire, along with less utilization 
of dual antiplatelet therapy was observed in LATAM20 centers.

Conclusion: Despite still having a much lower number of procedures, many aspects of TAVR practice in Latin-American 
centers have evolved in recent years, followingthe trend observed in developed country centers.

Keywords: Transcatheter Aortic Valve Replacement; Aortic Valve Stenosis; Latin America.
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Introduction
Transcatheter aortic valve replacement (TAVR) has been 

adopted worldwide for severe symptomatic aortic stenosis with 
various risk profiles. This achievement has been built on more 
than a decade of advancements in technology and patient care. 
As a consequence, TAVR practices have been evolving rapidly, 
resulting in a significant improvement in clinical outcomes.1–4

In Latin America, the first TAVR procedures were performed 
in 2008 in Brazil and Colombia.5,6 Although a steady growth of 
cases has been observed since then, there have been concerns 
in the adoption of the most up-to-date practices in Latin 
America.8–10 In developing countries, disparities in practice 
of a high-cost medical procedure can be exacerbated due to 
several factors, such as lower-income health systems, lower 
center volumes, less experienced operators, unavailability of 
certain devices, among others. Understanding such differences 
is crucial to better comprehend the contemporary practices 
and seek for further standardization. Moreover, it could aid 
in developing policies by the local regulators to achieve 
more widespread adoption of TAVR in such underserved 
populations, since published data in Latin America are limited.

Therefore, the general and secondary objectives of the study 
were: i) to compare TAVR practice between Latin-American 
centers and centers from the rest of the world based on data 
obtained from the 2015 WRITTEN survey; ii) to assess the 
changes in TAVR practice in Latin America after 5 years through 
reapplication of the survey in the continent.

 Methods
The WRITTEN survey was an internet-based questionnaire 

designed to investigate the practices in TAVR centers around 
the world. The survey design has been described previously.7 
In summary, at least one regional TAVR expert from each 
country or region was contacted and invited to distribute 
the survey locally. The survey was promoted through general 
interventional cardiology mailing lists, announcements 
by official societies of interventional cardiology, website 
advertisements, and personalized emails to TAVR operators. 
Invitations were distributed in different geographic areas 
simultaneously over 6 months (March 2015 to September 
2015). A second enquiry was performed from July 2019 to 
January 2020, with similar methods, involving only Latin-
American centers without a specific cutoff on the number of 
procedures performed by the center (Figure 1). The survey 
consisted of an online platform hosted on the collaborative 
research website (www.cardiogroup.org/TAVI/) with 59 
questions addressing five domains of TAVR (Supplemental 
Table 1): (i) general information about the program at each 
institution, (ii) patient selection, (iii) procedural techniques and 
imaging, (iv) postprocedural management, and (v) follow-up. 
It was requested that only one individual from each TAVR 
center completed the survey, and only one questionnaire per 
center was accepted.

Statistical analysis
For the study analysis, the answers corresponding to the 

TAVR practices of the Latin-American centers in 2015 (LATAM15 

centers) were used as reference. Categorical variables were 
expressed as absolute frequencies and percentages, and 
continuous variables as median and interquartile range 
(IQR). For comparison of categorical variables, Fisher’s exact 
test was used to assess the association between dependent 
(centers group) and independent variables (results from the 
questionnaire) for dichotomous answers with a two-tailed P 
value. For questions with more than two possible answers, the 
association between independent and dependent variables 
was tested with the chi-square test. Continuous variables were 
compared with the Mann-Whitney test due to the non-normal 
distribution of the variables, confirmed by the Shapiro-Wilk 
test, also with a two-tailed P value. A 5% level of significance 
was adopted for all statistical analyses. All analyses were 
performed with the software GraphPad Prism version 7.0 
(GraphPad Software, USA).

Results
As previously published, 250 centers completed the 

questionnaire properly and were included in the 2015 survey.7 
Of these, 29 (11.6%) were from LATAM15 centers. Figure 1 
illustrates the global distribution of the centers. Figure  2 
summarizes the enrollment of the 46 centers participating 
in the Latin-American survey in 2020 (LATAM20). Out of 
the 296 questionnaires, 263 (88.8%) were fully answered, 
while the remaining had more than 80% of their questions 
responded. The very few missing data were considered as 
completely at random, and no special treatment was made. 
The names of the cities and countries of all centers are listed 
in the Supplemental Tables 2 and 3.

By the time of the surveys’ completion, the sum of all TAVR 
performed by the participating centers in Latin America in 
2015 and 2020 (LATAM15 and LATAM20) and worldwide 
(WORLD) accounted for 73 707 procedures combined. In 
comparison to LATAM15, WORD15 centers had performed a 
much higher number of procedures in their whole experience 
(median of 34, IQR: 12 to 101 vs. 200, IQR: 84 to 453, 
p<0.001), as well as in the year before survey completion 
(median of 12, IQR: 5 to 23 vs. 60, IQR: 27 to 110, p<0.001). 
Compared to LATAM15, the LATAM20 total experience was 
~2-fold larger (median of 62, IQR: 22 to 138, p=0.08), but 
only slightly higher in the year before the survey (median of 
16, IQR: 6 to 30, p=0.29). The complete survey results are 
found in Supplemental Tables 4-7.

Pre-procedural evaluation
In all three groups, the majority of TAVR patients treated 

in their current practice were at high or prohibited surgical 
risk. Nonetheless, when comparing LATAM15 to LATAM20, 
an increase over time was observed in the proportion 
of intermediate and low surgical risk patients (Figure  3). 
WORLD15 centers had a higher median number of heart-team 
meetings monthly than LATAM15 centers (4, IQR: 2 to 4 vs. 
1, IQR: 1 to 2, p=0.001), with a slight increase in LATAM20 
centers (1.5, IQR: 1 to 4, p=0.27). The Society of Thoracic 
Surgeons (STS) score was the most common risk-stratification 
tool, used routinely by 90%, 69%, and 98% of the LATAM15, 
WORDL15, and LATAM20 centers, respectively. Meanwhile, 
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Figure 1 – Geographical distribution of the participating centers in the 2015 and 2020 surveys.

USA/Canada 
64 centers

Latin America 
29 centers

North/Central 
Europe 52 
centers

Mediterranean 
Europe 96 
centers

Asia 
7 centers

 Oceania 
2 centers

Latin America 
46 centers

Source: Bernardi, 2022.

2015 WRITTEN Survey

2020 WRITTEN LATAM Survey

Figure 2 – Enrollment flowchart of the 2020 WRITTEN LATAM survey.

Total number of LATAM TAVR centers that 
showed interest in participating of the study 

and received an invitation to answer the 
questionnaire 

N=117

Number of centers that registered at the 
online platform for answering the study 

questionnaire

 N=56

Final number of questionnaires meeting 
criteria for participation in the study

 N=46

Source: Bernardi, 2022

Centers that received an invitation but 
did not register at the online platform 
during the period of study 
N=61

Incomplete questionnarires 
N=5

Reapeated entry
N=2

Answered questionnaries from non-LATAM centers 
N=4

only 28%, 47%, and 39% of the centers, respectively, applied frailty 
tests routinely. Regarding pre-TAVR imaging (Figure 4), almost 
all centers performed cardiac computed tomography in their 
practice. Transesophageal echocardiography as a routine before 
the procedure was performed more often by LATAM15 centers.

A lower proportion of WORLD15 and LATAM20 centers 
regularly administered dual-antiplatelet therapy (DAPT) before 
transfemoral procedures in comparison to LATAM15 centers 
(45% and 56% vs. 83%, p<0.001 and p=0.02, respectively). 
Regarding the time of percutaneous coronary intervention 
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Figure 3 – Mean proportions of treated patients according to the risk profile.

*P value for the comparison of the mean proportions of low/intermediate-risk patients between the groups 
(Mann-Whitney test) 
Source: Bernardi, 2022
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p = 0.04*
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Figure 4 – Routinely performed preprocedural imaging studies (% of centers). TEE: transesophageal echocardiogram; CT: computed tomography

Source: Bernardi, 2020.
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(PCI) when a severe proximal coronary lesion was detected, the 
most common approach by the centers from all groups was to 
perform PCI before TAVR. In cases deemed risky for coronary 
obstruction, the three groups agreed the most frequent strategy 
was to have a PCI protection wire during TAVR (Supplemental 
Table 4). Regarding antibiotic prophylaxis, more than 90% 
of the centers administer antibiotics as a routine, with half 
of them administering 1 dose and the other half ≥ 2 doses.

Procedural management

The comparison of answers to procedural management 
questions is summarized in Table  1. Transfemoral TAVR 
was the preferred approach by all centers, but a higher 
proportion of LATAM15 over WORLD15 centers performed 
≥ 90% of their cases via the transfemoral route (72% vs. 
42%, respectively, p=0.003). No significant change was 

noted after 5 years (LATAM20 87%, p=0.14). Almost 
all centers reported having an anesthesiologist to assist 
in transfemoral procedures, but LATAM15 centers more 
commonly performed these procedures under general 
anesthesia compared to WORLD15 and LATAM20 centers 
(Figure 5). Additionally, 86% of LATAM15 centers reported 
having a cardiac surgeon assisting transfemoral TAVR vs. 61% 
for WORLD15 (p=0.01) and 52% for LATAM20 (p=0.005). 
Meanwhile, interventional cardiologists regularly assisted 
transapical/transaortic procedures in most LATAM15 (88%) 
and WORLD15 (88%) centers, with a significant reduction 
after 5 years in LATAM20 centers (56%, p=0.008). Regarding 
procedural transesophageal echocardiography guidance, 83% 
of LATAM15 centers reported always relying on it, compared to 
41% for WORLD15 and 15% for LATAM20 centers (Table 1).

In transfemoral cases, TAVR with a fully percutaneous 
approach was more frequently performed by the WORLD15 

Table 1 – Comparison of technical procedural management between the LATAM15, WORLD15, and LATAM20 centers

LATAM15 
(N=29)

WORLD15 
(N=221) p value LATAM20 

(N=46) p value#

Site where TAVR is routinely performed (% centers)

Operating room 3% 9% 0.48 0 0.38

Cath lab 83% 63% 0.04 83% 1.0

Hybrid room 24% 45% 0.04 19% 0.77

TEE during TAVR (% of centers)

Always 83% 41%

<0.001

15%

<0.001Only in certain patients 10% 42% 63%

Never 7% 17% 22%

Type of closure device routinely used in transfemoral 
percutaneous access (% centers)

1 Perclose 0 1% 9%

2 or more Perclose 90% 59% 0.03 83% 0.17

Prostar 10% 40% 2%

Protection guidewire from contralateral artery in femoral 
percutaneous cases (% of centers)

Always 33% 35%

0.06

32%

Never 4.8% 25.2% 4% 1.0

Only in challenging iliofemoral access 62% 40% 61%

Peripheral balloon during access closure in percutaneous 
cases (% centers)

Routinely 10% 12.9%
1.0

4%
0.6

Just in case of complication 90% 87.1% 96%

In case of femoral perforation in percutaneous cases (% 
centers)

Usually implant self-expandable or balloon-expandable 
covered stent

70% 78%

0.99

78%

0.54
Usually assisted by vascular surgeons or an interventional 
radiologist

30% 22% 22%

Embolic protection device as a routine (% centers) 0 16% 0.02 0 1.0

Notes: # P-values for the LATAM20 in comparison to the LATAM15 results. TAVR: transcatheter aortic valve replacement; TEE: transesophageal echocardiography; TTE: 
transthoracic echocardiography.
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and LATAM20 centers (Figure 5). For these, the Perclose (Abbott 
Vascular, Abbott Park, IL) was the most utilized device in all 
groups (Table 1). When asked about protective strategies in 
percutaneous transfemoral access, the most common approach 
by all groups was to leave a protection guidewire from the 
collateral artery only in challenging iliofemoral access and 
use of a peripheral balloon during access closure only when a 
complication ensues.  In the case of femoral perforation, the 
most common approach consisted of using self- or balloon-
expandable covered stent by the operator himself (Table 1).

The Corevalve system (Medtronic, Minneapolis, MN) and 
Edwards valves (Edwards Lifesciences, Irvine, CA) were reported 
as being regularly used by most centers from all three groups. 
Nonetheless, in 2015 a higher proportion of Latin-American 
centers implanted a self-expanding valve in > 50% of their 
patients compared to the other centers in the world without a 
significant change after 5 years in Latin-American centers. Of 
note, in 2015, only the Corevalve and Sapien XT transcatheter 
heart valves were commercially available in Latin America for 
these families of valves. In contrast, for LATAM20, most centers 
used the Evolut R and the Sapien 3 systems. The WORLD15 
centers more routinely employed predilatation valvuloplasty than 
LATAM15 and LATAM20 centers (Table 2). Neither LATAM15 nor 
LATAM20 centers reported using embolic protection devices as a 
routine as compared to 16% of the WORLD15 centers (Table 1).

Postprocedural management and follow-up
The main findings on postprocedural care are shown 

in Table  3. Maintenance of telemetry after TAVR varied 
widely among institutions, with no difference between 

LATAM15 and WORLD15 centers (72% vs. 59%, during 
48 hours), although a significant reduction in the period 
of surveillance was observed in LATAM20 centers (72% of 
centers maintained telemetry for just 24 hours). When a self-
expandable valve was implanted, LATAM15 centers tended 
to remove the temporary pacemaker wire (TPW) later than 
WORLD15 and LATAM20 centers, whereas no difference 
was seen with balloon-expandable valves. The preferred 
initial management of transient atrioventricular block by 
all groups was to keep the TPW and watch, regardless of 
the type of valve. Centers also agreed on the management 
of a new left bundle branch block, most opting to keep 
telemetry or TPW for a longer period while waiting for any 
other indication of permanent pacemaker implantation 
(Supplemental Table 5).

Concerning the antithrombotic therapy at discharge, 
when no indication for anticoagulation existed, DAPT with 
aspirin and clopidogrel was the strategy of choice for most 
institutions. However, within the past 5 years, more Latin-
American centers discharged their patients with a single 
antiplatelet agent (Figure  6). For the duration of DAPT, 
there was heterogeneity in practice, but ~90% of the 
centers suspended one of the agents within 6 months. In 
patients with an indication for anticoagulants, antithrombotic 
therapy varied considerably, being the association of an oral 
anticoagulant with only one antiplatelet agent the preferred 
choice by most centers from all groups. In these cases, the 
utilization of novel oral anticoagulants (NOACs) increased 
significantly from 4% to 28% in Latin-American centers during 
the 5-year period (Figure 6).

Figure 5 – A) Percentages of transfemoral procedures performed with conscious sedation/local anesthesia (% of centers). TF: transfemoral; LA: local 
anesthesia; CS: conscious sedation. B) Type of vascular access routinely performed for transfemoral cases (% of centers).

% of centers where <50% of TF cases are done with LA/CS
% of centers where ≥50% of TF cases are done with LA/CS
% of centers where 100% of TF cases are done with LA/CS

Surgical cut-down Percutaneous

Source: Bernardi, 2022.

A. B.
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38%
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Table 3 – Comparison of answers regarding postprocedural care between LATAM15, WORLD15, and LATAM20 centers

LATAM15 
(N=29)

WORLD15 
(N=221) p value LATAM20 

(N=46) p value#

Maintenance of telemetry after TAVR (% center)

24h 36% 20%

0.13

72%

0.00248h 36% 39% 24%

>48h 28% 41% 4%

Maintenance of TPW after self-expanding THV (if no AV 
block or new conduction disorder)

Always remove at the end of procedure 0 11%

0.004

24%

<0.001
At least 12-24h 30% 40% 59%

At least 48h 59% 27% 4%

No standardized protocol 11% 22% 13%

Maintenance of TPW after balloon-expandable THV (if no AV 
block or new conduction disorder)

Always remove at the end of procedure 71% 46%

0.08

70%

0.17
At least 12-24h 10% 24% 15%

At least 48h 10% 6% 0

No standardized protocol 10% 24% 15%

Management of transient AV block in self-expanding THV 
(% centers)

Direct permanent pacemaker implantation 4% 13%

0.31

7%

0.26
TPW and watch 81% 66% 63%

Depends on existence of prior conduction disorders 11% 14% 28%

Other 4% 6% 2%

Management of transient AV-block in balloon-expandable 
THV (% centers)

Direct permanent pacemaker implantation 4.5% 7%

0.06

4%

0.04
TPW and watch 87% 66% 63%

Depends on existence of prior conduction disorders 0 17% 26%

Other 9% 10% 2%

Notes: # P-values for the LATAM20 in comparison to the LATAM15 results. TAVR: transcatheter aortic valve replacement; THV: transcatheter heart valve; AV-block: 
atrioventricular block; TPW: temporary pacing wire.

Table 2 – Comparison of the type of transcatheter heart valve implanted between groups

LATAM15 
(N=29)

WORLD15 
(N=221) p value LATAM20 

(N=46) p value#

Type of THV routinely implanted (% centers)

Corevalve system 86% 79% 91%

Edwards valve 72% 84% 93%

Acurate valve 10% 4% 41%

Lotus valve 3% 26% 11%

Portico valve 0 1% 0

Centers where >50% of cases are done with self-expanding THV 
(% centers)

52% 33% 0.06 46% 0.64

Routine balloon predilatation valvuloplasty (% centers)

For self-expanding valves 44% 50% 0.68 47% 0.81

For balloon-expandable valves 52% 68% 0.13 37% 0.23

In no case 30% 14% 0.04 44% 0.32

Notes: # P-values for the LATAM20 in comparison to the LATAM15 results. THV: transcatheter heart valve.

1091



Arq Bras Cardiol. 2022; 118(6):1085-1096

Original Article

Bernardi et al.
TAVR practice: Latin America vs. World Centers

Discussion
In the present study, the current TAVR practices in Latin-

American centers and their changes between 2015 and 2020 
were evaluated, having for comparison the practice status 
at centers from developed countries in 2015. The main 
findings can be summarized as: 1) overall, Latin-American 
centers had a much lower cumulative experience and annual 
volume in comparison to centers from the rest of the world; 
2) there has been an increase in the proportion of low and 
intermediate surgical risk patients now being treated with 
TAVR in Latin America; 3) the adoption of minimalistic 
TAVR approaches has increased in Latin-American centers 

from 2015 to 2020, a trend already observed in centers 
around the world in 2015; 4) postprocedural care varied 
considerably among institutions, but some significant changes 
in the TAVR practice have been observed in Latin-American 
centers over the studied period, such as a reduction in the 
time of telemetry and TPW after the procedure, less frequent 
administration of DAPT, and more frequent use of NOACs 
when anticoagulation was clinically recommended.

Center volume
Recent studies have highlighted the importance of center 

volume and experience as indicators in TAVR, linking them 

Figure 6 – Antithrombotic therapy after TAVR. A) Routine DAPT after TAVR when no other indication for anticoagulation exists (% of centers). DAPT: dual-
antiplatelet therapy; B) Routine duration of DAPT (% of centers); C) Routine antithrombotic therapy in cases where there is an indication for anticoagulation 
(% of centers); D. Type of oral anticoagulant utilized when an indication for anticoagulation exists (% of centers). VKA: vitamin K antagonist; NOAC: novel 
oral anticoagulant.

Source: Bernardi, 2022.
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to improved outcomes and better practices.8–11 In the present 
study, we observed that the volume of procedures in Latin-
American centers is still much lower than that in developed 
countries. Even in 2020, the median number of procedures 
performed in Latin-American institutions corresponded to a 
third of the volume performed in centers around the world 
5 years earlier. Our data corroborate an estimate from 2017 
on the geographical dispersion of TAVR across the world, 
showing that Latin-American countries implant less than 
10 valves per 1 000 000 inhabitants, while the numbers for 
nations, such as the United States, France, and Germany, 
were above 100 implants per 1  000  000 people.12 When 
considering the proportion of centers per elderly inhabitants, 
this discrepancy is even more evident. Currently, Latin America 
has an estimate of 200 active TAVR centers for an elderly 
population of ~56 million (3.6 centers/million) vs. 698 centers 
in the United States (according to the National Cardiovascular 
Data Registry13) for ~52 million elderly (13.4 centers/million).14 
Economic factors are most probably one of the most significant 
in explaining this disparity.

Over the past decades, despite economic growth and 
improvement in social indicators, wealth inequality is still a 
major issue in Latin America, directly impacting population 
well-being and health systems.15 Developing countries often 
lag behind wealthier nations in implementing high-cost 
technological medical procedures in their health systems, 
which is the case of TAVR and cardiovascular surgery in 
general.16 With demographic changes in Latin America towards 
population aging, the demand for TAVR is expected to rise 
accordingly. For the health systems to afford such demand, 
governments and local leaders will need to find ways to 
improve the cost-effectiveness of TAVR in the continent. 
Implementation of policies targeting a reduction in procedural 
costs will be key, primarily by lowering device prices that today 
represent on average ~70% of the procedure’s total cost. This 
could be achieved by subsidizing or reducing importation 
taxes, stimulating more medical industries to come to Latin 
America, and creating incentives for manufacturing the high-
cost prosthesis locally, which has been the case of Brazil 
recently. On the effectiveness side, the present study signals 
to a reduction in the disparities between Latin-American 
countries and the current TAVR practices compared to the rest 
of the world. In addition, data from the Brazilian TAVR registry 
from 2016 showed similar clinical outcomes as compared 
with the literature, even though more contemporary data is 
lacking.17 This development in practice can be attributed mainly 
to a strong support of the local medical societies and industries, 
promoting scientific and hands-on training sessions, along with 
strong proctoring programs in Latin America over the recent years.

Periprocedural management
In addition to a volume-outcomes relationship, a volume-

practice relationship exists, as centers with a higher number 
of TAVR change their routine practice over time. Recent 
analysis from the North American Transcatheter Valve Therapy 
(TVT) Registry on the TAVR learning curve demonstrates that, 
as an institution’s cumulative experience progresses, TAVR 
procedures are more likely to be performed with conscious 
sedation, local anesthesia, and fully percutaneous vascular 

access. The so-called minimalistic approach.8,11 Although 
there is no definitive data in the literature showing that 
these less invasive techniques are directly associated with 
improvements in hard clinical outcomes,18–21 they surely 
represent incremental expertise of the heart teams.

The present study captured this phenomenon. In 2015, 
a higher proportion of centers around the world had 
already adopted the routine use of the minimalistic TAVR 
when compared to their Latin-American counterparts. But 
interestingly, after 5 years, even though Latin-American centers 
continue to have low volumes overall, with a median of only 
16 cases yearly, there has been consistent incorporation of 
these more current techniques. The proportion of centers that 
performed more than half of cases with local anesthesia and 
conscious sedation increased ~6-fold. A similar trend has been 
observed in the TVT Registry during the latest years, where a 
steady increase in conscious sedation procedures has been 
reported, currently accounting for 64% of the North American 
cases.22 Similarly, a fully percutaneous approach as a routine 
practice increased from 62% to 91% of the Latin-American 
centers, showing that TAVR practices are evolving in the 
continent despite the struggle to improve procedural volume.

Postprocedural management and follow-up
Proper postprocedural care is another fundamental, but 

sometimes overlooked, factor in a TAVR program. Of note, 
most clinical trials to date have aimed to assess intraprocedural 
aspects of TAVR. Consequently, there is a scarcity of definitive 
data on the best management of patients after the procedure. 
Not surprisingly, the present study showed heterogeneity in 
practice among centers in this domain. Yet, some significant 
changes in practice have been noted in Latin-American centers 
in the last 5 years. The routine prescription of DAPT on hospital 
discharge was less frequent and NOACs were more often 
used in patients with an indication for oral anticoagulation 
therapy. These changes in practice are probably attributed to 
data published between the two surveys showing a potential 
benefit of single oral antiplatelet therapy in reducing bleeding 
complications23 and to a more widespread use of NOACs in 
general cardiology due to safety profile in elderly patients. 
Still, the optimal antithrombotic regimen and the utilization of 
NOACs after TAVR remain open to debate, particularly after 
the dismal results from a recent large randomized trial with 
rivaroxaban.24 Hence, data from future randomized trials are 
warranted to define the optimal postprocedural care.

Finally, the progression of Latin-American practices reveals 
that even centers from developing and underserved countries 
can follow along with the rapid ongoing progressions in the 
field. This has been catalyzed thanks to a deep engagement 
of the medical societies in spreading the knowledge in 
Latin America. For instance, in Brazil, a formal TAVR 
certification has been adopted since 2017. Through multi-
faceted and multilevel educational programs, the country 
has already trained more than 700 cardiologists. Likewise, 
similar initiatives in other countries, such as Argentina, 
Chile, Colombia, and Mexico, have also been adopted. All 
these efforts have contributed to a steady increase in new 
centers performing TAVR in Latin America and have played 
a significant role in the development of the most modern 
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techniques and adherence to them. However, continous 
efforts should be implemented for diminishing the gap to 
developed nations. As the number of TAVR centers increases, 
expansion of proctoring and continuing medical education 
programs will be necessary. In the post-COVID-19 era, 
innovations, like teleproctoring, can be an invaluable asset. 
The creation of virtual simulation programs to soften the 
learning curve of lower volume centers/operators seems 
another attractive emerging option.25 Finally, improving 
publication of scientific content by Latin-American centers 
is urgently warranted, accompanied by the creation of 
nationwide databanks in all Latin-American countries to 
determine the actual clinical outcomes and further define 
the potential gaps for improvement.

Limitations
Although this study was a unique opportunity to capture 

variations in practice among centers and regions of the world, 
as well as the changes in Latin-American centers over the past 5 
years, some limitations must be mentioned. First, this was a self-
reported voluntary survey, which, by its nature, makes it prone 
to biases. Results from such studies can under- or overestimate 
the actual reality of the participating centers. Reports on 
the differences in the baseline characteristics of the patients 
treated by each center, which could influence the adoption 
of different practices, were not available. Moreover, the study 
did not include information on clinical outcomes. Thus, it is 
impossible to draw conclusions on whether the differences 
in practice impacted patients’ outcomes. In addition, there is 
big heterogeneity among Latin-American countries, regions, 
and institutions. It is difficult to assume that one survey can 
precisely represent the whole continent’s reality, even though 
we estimate ~15% of Latin-American centers participated in 
the latest inquiry. Nevertheless, the results give us a notion 
of which direction we are moving to and the gaps that still 
need to be filled, in addition to serving as a guide for the less 
experienced centers in defining their protocols. Finally, since 
the WRITTEN survey was not reconducted in the rest of the 
world during 2019-2020, a direct comparison of the current 
TAVR practice in Latin America with other centers through 
the survey’s responses was not possible.

Conclusion
In conclusion, differences in TAVR practice exist between 

the Latin America and other developed nations of the world, 
with an at least 5-year delay in the widespread adoption of 

some techniques in Latin America. Some of these differences 
in practice seem to be linked to a lower procedural volume 
in Latin-American centers, while others could be merely 
associated with a lack of global consensus and regional 
variability. Nevertheless, the gap appears to be diminishing 
since this volume-practice relationship has softened in the 
latest years due to practice development and the adoption 
of more refined techniques even by lower volume centers in 
Latin America. Future studies in the continent are warranted 
to evaluate the impact of such changes in practice on patients’ 
clinical outcomes.
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As with percutaneous coronary intervention, the 
Transcatheter Aortic Valve Implantation (TAVI) is making 
great strides toward overcoming the surgical approach 
and becoming the predominant procedure in treating 
aortic stenosis. Since the first percutaneous implantation 
made by Dr. Alain Cribier, who turns 2 decades old this 
year, TAVI has demonstrated, study after study, robust 
evidence of its efficacy and safety.1 At each stage of this 
journey, the challenges were successively overcome both 
by the improvement of the devices and the skills acquired 
by the operators, which allowed us to move consistently 
from the prohibitive surgical risk scenario to the low-risk 
scenario in just over 15 years.2-7 Furthermore, evolution is 
unfolding8-10 – ongoing studies investigate the expansion of 
TAVI for young patient populations, bicuspid aortic valve, 
asymptomatic and even pure aortic regurgitation.

Today the million-dollar question is about the durability 
of devices that, in part, starts to be answered. In 2019, 
Thyregod et al.11 published the 5-year result of the NOTION 
study (The Nordic Aortic Valve Intervention Trial), showing 
no differences in either the primary composite endpoint 
of death from any cause, stroke or heart attack (TAVR 
38% vs. SAVR 36%; p=0.86) as in individual events. More 
recently, at the American College of Cardiology Congress 
(ACC 2022), Michael Reardon presented the 5-year results 
combining the CoreValve US Pivotal and SURTAVI studies 
showing that in intermediate- or high-risk patients, the 
rate of valve structural deterioration was significantly 
lower in the TAVI group compared to the surgical group 
(2.57% x 4.38%; p=0.0095). Nevertheless, these data are 
still insufficient to answer whether TAVI will be the Gold 
Standard for treating aortic valve diseases, regardless of 
etiology, age or type of dysfunction.

Another important aspect is the financing of technology. 
Whenever a technological advance appears with safety and 
efficacy proven by clinical studies, there is a clash between 
evidence and the cost of technology, generating a debate 

that ends up consuming time between the consolidation of 
evidence and the incorporation of technology into health 
systems around the world. However, this struggle is even 
longer in developing countries, creating a paradox in which 
technology is present in medical practice but inaccessible 
to most of the population for years. Such a mismatch 
establishes a gap between the realities of developed and 
developing countries in terms of procedure volume, number 
of trained centers, operators’ expertise, and the availability 
of different devices.

With an eye on the subject, in this edition of Arquivos 
Brasileiros de Cardiologia, Bernardini et al.12 sought as a 
primary objective to compare the TAVI practice between 
Latin American centers and the rest of the world, based 
on data from the WRITTEN 2015 survey that covered 
250 centers worldwide, being  29 in Latin America, 
represented here as LATAM 15, and 221 in other countries 
and continents (WORLD 15). The research consisted of a 
questionnaire composed of 59 questions covering different 
TAVI domains sent to several centers worldwide whose 
decision to participate was spontaneous and voluntary. As 
a secondary objective, the authors also sought to assess 
the evolution of TAVI practice in Latin America (LA) after 
5 years through a new round of the questionnaire on the 
continent in 2020 (LATAM 20).

The results are not surprising when compared to the rest 
of the world, noting that in LA, the cumulative experience 
and the annual volume of procedures were much lower 
(median 34 vs. 200; p<0.001), reflecting the gap between 
developed and developing countries. However, there is 
a positive side observed in this study, which shows an 
approximation of the practices of the LATAM 20 centers 
with the WORLD 15 centers. It is worth mentioning the 
nearly 2-fold increase in procedure volume comparing the 
5-year period between 2015 and 2020 in LA – event though 
not statistically significant – (median 62 vs 34 procedures; 
p=0.08); the significant increase in the proportion of 
patients with intermediate and low surgical risk (15.2% vs 
21.2% and 2.2% vs 6.4%, respectively for LATAM 15 and 
20, p=0,04) and the significant increase in the number of 
centers performing transfemoral procedures with conscious 
sedation/local anesthesia (LATAM 15 4% x LATAM 20 11%; 
P<0.001). The approximation of practices also appears in 
the peri- and post-procedure and follow-up procedures, 
which in the LATAM 20 centers are in step with those 
observed in the WORLD 15 centers.

The fact that the findings are backed by retrospective 
information, provided through optional and non-
compulsory questionnaires, weakens the extrapolation DOI: https://doi.org/10.36660/abc.20220325
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Abstract

Background: Three-dimensional echocardiography (3D ECHO) allows the generation of a volume-time curve representative of 
changes in the left ventricular (LV) volume throughout the entire cardiac cycle.

Objective: This study aims to demonstrate the hemodynamic adaptations present in Chagas cardiomyopathy (CC) by means of 
the volume and flow measurements obtained by the volume-time curve by 3D ECHO.

Methods: Twenty patients with CC and 15 healthy subjects were prospectively enrolled in a cross-sectional design study. 3D 
ECHO was performed in all subjects and the volume over time curves of the LV was generated. The flow was obtained by the first 
derivative of the volume-time curve using the software MATLAB. Statistical significance was set at p<0.05.

Results: Although CC patients had lower LV ejection fraction compared to the control group (29.8±7.5 vs. 57.7±6.1, p<0.001), 
stroke volume (61.5±25.2 vs. 53.8±21.0, p=0.364) and maximum ejection flow during systole (-360.3±147.5 vs. -305.6±126.0, 
p=0.231) were similar between the groups. Likewise, the maximum flow in the early diastolic filling phase and during atrial 
contraction was similar between groups. An increase in preload expressed by LV end diastolic volume (204.8±79.4 vs. 
93.0±32.6), p<0.001) may maintain the flow and stroke volumes similar to the controls.

Conclusion: Using a non-invasive tool, we demonstrated that an increase in LV end-diastolic volume may be the main adaptation 
mechanism that maintains the flow and stroke volumes in the setting of severe LV systolic dysfunction.

Keywords: Echocardiography, Three Dimensional Echocardiogram; Atrial Fibrillation; Stroke Volume; Chagas Cardiomyopathy; 
Frank-Starling Law.

Introduction
Current two-dimensional (2D) echocardiography methods 

for the assessment of left ventricular (LV) volume are limited by 
observer variability, and geometric assumptions.1 The advent 
of three-dimensional echocardiography (3D ECHO) allowed 
ventricular volumes assessed without using any geometric 
assumptions, allowing the generation of a volume-time curve 
representative of changes in LV volume throughout the entire

cardiac cycle, thus much less subject to observer variability 
due to the semiautomated detection of LV edges.2 However, 
currently 3D ECHO has been used for morphological 
evaluation of cardiac structures, but hemodynamic evaluation 
is still performed using 2D echocardiographic variables, 
including dimension and velocity in the continuity equation. 
Although single plane measurements of LV size are routinely 
used to evaluate cardiac chamber enlargement, 3D volume 
measurements best represent overall chamber dilatation.1 In 
addition, measurements of instantaneous flow within a cardiac 
chamber can be obtained using data from the first derivative 
of volume curves.

This non-invasive approach for characterization of 
cardiac chamber dilatation has not been studied in patients 
with Chagas cardiomyopathy. Therefore, this study aims to 
demonstrate the hemodynamic adaptations present in Chagas 
cardiomyopathy using the measures of volume and flow 
obtained by volume-time curve using 3D echocardiography.

1099

https://orcid.org/0000-0003-3526-5263
https://orcid.org/0000-0001-8801-1828
https://orcid.org/0000-0002-7663-8751
https://orcid.org/0000-0002-4721-1767
mailto:mcarmo@waymail.com.br


Arq Bras Cardiol. 2022; 118(6):1099-1105

Original Article

Pinto et al.
Hemodynamic Adaptations in Chagas Cardiomyopathy

Methods
A total of 44 patients presenting Chagas cardiomyopathy 

were initially recruited for the study. Patients with arterial 
hypertension, atrial fibrillation, valvular heart disease, 
congenital heart disease, pericardiomyopathy, and those 
who had pacemakers were excluded. Based on these 
exclusion criteria, 24 patients were excluded and 20 patients 
were included in the study (study flowchart, Figure 1). The 
individuals in the control group had no clinical history of 
cardiovascular disease. Clinical and echocardiographic 
examinations were normal.

Chagas cardiomyopathy was defined as the presence of LV 
ejection fraction smaller than or equal to 54% and LV end-
diastolic diameter greater than 56 mm.

The echocardiographic study was performed by a single 
examiner, using a IE 33-Philips echocardiograph according to 
the protocol of the American Society of Echocardiography.3 
Three-dimensional echocardiography was performed in all 
subjects using a X3-1 transducer. The volume-time curves 
of the left ventricle were generated by proprietary software 
Qlab (Figure 2, A). These curves yielded left ventricular end-
diastolic volume, left ventricular end-systolic volume and 
stroke volume. The volume curve was generated at intervals of 
around 3 ms. The software MATLAB version R2017a generated 
a polynomial adjusted to the left ventricular volume curve 
(Figure 2, B). The correlation between the volume curves 

generated by Qlab and the polynomial obtained by Mathlab 
presented r≥0.99 in all patients.

The flow values during cardiac cycle (Figure 2, C) 
were obtained by the first derivative of the representative 
polynomial of the volume curve. 

For our analysis, we used the maximum flow during 
systole, early filling and atrial contraction (Figure 2, C). In 
addition, we calculated the maximum flow systole divided 
by left ventricular end-diastolic volume (QS/LVEDV)  
(Figure 2, D).

Statistical analysis
This study was designed to achieve 95% power to detect 

a 50% reduction in the ratio between peak instantaneous 
systolic flow (QS) and LV end-diastolic volume in patients 
with Chagas cardiomyopathy compared to the control 
group based on the values obtained by Marshall et al. 
(n1=12, n2=10, mean x1=3.4 sec-1 and x2=1.22 sec-1).4 

Therefore, considering an alpha error of 0.05 and a 
patient:control ratio of 1, a sample of 3 patients and 3 controls 
was obtained. For the calculations, the G Power software 
version 3.1 was used.

Chi-square test was used to compare the categorical 
variables between the groups. The continuous variables 
with normal distribution were expressed as mean±standard 
deviation or as median or interquartile range if they presented 

Figure 1 – Study population flow chart.
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a non-normal distribution. We used the Shapiro-Wilk test to 
assess the normality of the variables.

Unpaired Student’s t test was used to compare continuous 
variables with normal distribution, and the Mann-Whitney test 
was used to compare variables with non-normal distribution 
between the groups. 

The correlations were performed using the Pearson method. 
Statistical significance was set at p<0.05. All analyzes were 
performed using the software SPSS version 15.0 (SPSS, Inc., 
Chicago, IL).

This study was approved by the Research Ethics 
Committee of Universidade Federal de Minas Gerais 
(CAAE:48354315.8.3001.5091) and written informed consent 
was obtained from all patients.

Results
Twenty patients with CC, mean age 45±12, 55% males, 

were compared with 15 sex- and age-matched healthy controls. 

There was no sex difference between patients and controls. 
The echocardiographic characteristics of the study population 
are shown in Table 1. The majority the patients (70%) had 
exertional dyspnea, on treatment for heart failure, mainly using 
angiotensin-converting enzyme inhibitors and beta-blockers 
(Table 2).

Heart rate (beats per minute) was similar between the Chagas 
cardiomyopathy and the control group — 62.4±10.2 vs. 66.1± 
11.0, p=0.3, respectively.

The patients with CC had greater LV end-diastolic and end-
systolic volumes, and lower LV ejection fraction, compared 
to the control group. However, stroke volume and maximum 
ejection flow during systole (QS) were similar between the 
groups. There was a strong correlation between QS and stroke 
volume: r=0.91, p<0.001. 

The CC group had a lower QS/LV end-diastolic volume 
ratio compared with the controls (Figure 2, D). The QS/LV end-
diastolic volume ratio presented a strong correlation with the 
ejection fraction: r=0.89, p<0.001.

Figure 2 – A) Left ventricular volume curve generated by Qlab software in a patient with Chagas cardiomyopathy. B) Representation of the left ventricular 
volume curve, in black, generated by the Qlab Software and the interval of the polynomial generated by the MATLAB software, in red. C) Flow curve 
obtained in a patient with Chagas cardiomyopathy during the cardiac cycle. Negative values occur during systole and positive values during diastole.  
QS= Absolute maximum systolic flow, QE= peak flow during early left ventricular filling. QA = peak flow during atrial contraction. D) Boxplot of the absolute value of the 
QS/LV end-diastolic volume   according to the study group.
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Table 1 - Echocardiographic characteristics of the study population

Variable * Chagas cardiomyopathy (n=20) Controls (n=15) p value

LV end-diastolic diameter (mm) 68.4±9.2 46.6±4.2 <0.001

LV end-systolic diameter (mm) 56.1±10.8 30.1±3.7 <0.001

LV end-diastolic volume (mL) 204.8±79.4 93.0±32.6 <0.001

LV end-systolic volume (mL) 143.3±60.8 39.2±13.6 <0.001

Stroke volume (mL) 61.5±25.2 53.8±21.0 0.364

3D LV ejection fraction (%) 29.8±7.5 57.7±6.1 <0.001

QS (mL/s) - 360.3±147.5 -305.6±126.0 0.231

QS/LV end-diastolic volume (s-1) 1.80±0.40 3.28±0.64 <0.001

QE (mL/s) 270.4±135.3 201.9±61.5 0.104

QA (mL/s) 134.4±88.1 109.1±37.8 0.623

QE/QA 2.2±1.3 1.8±0.5 0.382

Mitral peak E velocity (m/s) 81.0±30.2 81.9±19.5 0.921

Deceleration time (ms) 166.5 (79) 190.0 (38) 0.290

Mitral peak A velocity (m/s) 51.2±24.5 55.4±15.6 0.583

Mitral E/A ratio 1.9±1.1 1.6±0.6 0.404

E/e’ ratio  15.2±9.3 7.6±1.7 0.002

Data are expressed as mean±standard deviation, or median (interquartile range). LV: left ventricular; QS:peak instantaneous systolic flow; QE: peak flow during early 
left ventricular filling; QA: peak flow during atrial contraction.

 Doppler evaluation of mitral velocity did not show any 
difference in E, A, E/A ratio and E wave deceleration time. As 
expected, the patients with CC showed an increase in preload 
compared with the control group, as demonstrated by an 
increased LV end-diastolic volume and E/e’ ratio.

The maximum flow in the early and passive filling phase 
(QE) and during atrial contraction (QA) was similar between 
patients and controls.

Discussion 
In our study, we evaluated the hemodynamic adaptations 

of the LV in CC using volume and flow curves by 3D 
echocardiography compared to a control group. Although 
the patients with CC had severe LV systolic function with 
ejection fraction of 30%, the stroke volumes were similar to 
controls. This discrepancy may be explained by the adaptive 
mechanisms that occur in chronic LV systolic dysfunction.5,6 
The ventricle with low ejection fraction but with increased 
end-diastolic volume ejects the same amount of blood as 
a ventricle with normal end-diastolic volume and ejection 
fraction.7 This is due to preservation of the Frank-Starling 
mechanism in CC at rest, which is in agreement with the 
findings of Holubasch et al.5

Three-dimensional echocardiography allows non-invasive 
preload measurement with high accuracy. End-diastolic 
LV volume is the best representation of preload, which 
expresses the degree of myocardial stretch before contraction. 
Limitations in evaluating accurately ventricular volume by 
standard echocardiographic methods lead to used ventricular 
filling pressures as a surrogate measurement of preload. 

However, the relationship between filling pressures and 
ventricular volume is not linear, depending on the compliance 
of left-sided cardiac chamber.8 

The volume-time curve by 3D echocardiography also 
provides information for calculating flow at any stage of 
the cardiac cycle. In our study, the flow was obtained by 
polynomial interpolation. Polynomial interpolation is an 
accurate low-complexity method that allows to measure the 
variation of any derivable curve. We recently used this tool 
to conduct a Covid-19 growth rate analysis.9,10

Maximal ejection flow (QS) was similar between the groups, 
which did not reflect left ventricular systolic function. The 
strong correlation between absolute QS and stroke volume 
suggests that the same mechanism that normalized the Stroke 
volume competed for the normalization of QS. Therefore, QS/
LV end-diastolic volume withdraws the effect of left ventricular 
dilatation, which is increased preload, and derive a variable 
that allows assessing LV global systolic function. Indeed, in 
our study, absolute QS/LV end-diastolic volume was lower in 
those patients who had CC than in normal controls, which is 
in agreement with the findings of other authors.4,11,12

This artifice is the same used to calculate ejection fraction. 
By dividing the systolic volume (SV) by end-diastolic left 
ventricular volume, the result is more than a percentage 
of the final left ventricular volume that is ejected. The 
ratio represents the normalization of stroke volume by the 
representative of preload: LV end volume. Since preload 
is one of the determinants of systolic function, this may 
explain the prognostic importance of ejection fraction in 
cardiomyopathies.
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Similarly, Hammersmeister et al.11 validated a method 
for assessing LV volume and flow in 1974, in several 
cardiovascular diseases, by cardiac catheterization.11 

Ventricular volume was calculated by ventriculography 
at a frequency of 60 frames/s, using the area-length 
method. The flow was obtained by the first derivative 
of the polynomial that approached the volume curve. 
However, this method is limited due to its invasive nature. 
On the other hand, in our study, we obtained the LV 
volume curve during the cardiac cycle with a frequency 
three times greater than a similar method described by 
Hammermeister et al.11 In addition, we found a strong 
correlation between the polynomial and LV volume curve, 
allowing the calculation of flow with great accuracy.

The absence of difference between diastolic flow values 
between groups was also observed by Hammermeister 
et al.13 The “U” behavior of these variables considering  
diastolic function worsening explains these results, as 
observed by Ohno et al.6 in an experimental study.6 Despite 
this, the E/e’ratio was higher in the group with CC than in 
the control group, which is in agreement with Oliveira et 
al.,14 who observed that this variable was an independent 
predictor for elevated brain natriuretic peptide (BNP) 
levels in CC.14

Three-dimensional echocardiography allows to revisit 
experimental studies from the beginning of the last century, 
when the Frank-Starling mechanism was described and the 
mechanical factors related to stroke volume, recognized at 
that time as a measure of cardiac function, were studied.15

This study had the following limitations: left ventricular 
diastolic function was not classified, but the parameters 
to assess diastolic function were taken. The normal values 
for QS/LV end-diastolic volume was based on the controls, 
which may not be the reference values. Finally, the clinical 
importance and prognostic implications of these findings 
are not fully known yet. However, our objective was to 
demonstrate the hemodynamic adaptations present in 
Chagas cardiomyopathy using the measures of volume and 

flow obtained by the volume-time curve.

Conclusions 
Our study shows that instantaneous systolic flow and stroke 

volume were similar between patients with severe ventricular 
dysfunction due to CC and healthy controls. Using a non-
invasive tool for the first time in CC, we demonstrated that 
an increase in LV end-diastolic volume, which is a measure 
of ventricular preload, is the main adaptation mechanism 
that maintains the flow and stroke volumes in the setting of 
severe systolic dysfunction. QS/LV end-diastolic volume, in 
this study, was shown to be representative of left ventricular 
global systolic function, whose usefulness and prognostic value 
should be studied in later studies.

Author Contributions
Conception and design of the research and Critical revision 

of the manuscript for intellectual content Pinto AS, Nunes MC, 
Rodrigues C, Oliveira BM, Medrado Neto JR, Tan TC, Rocha 
MOC; Acquisition of data: Pinto AS, Nunes MC; Analysis and 
interpretation of the data: Pinto AS, Nunes MC, Rodrigues 
C, Oliveira BM, Medrado Neto JR, Rocha MOC; Statistical 
analysis: Pinto AS, Nunes MC, Medrado Neto JR; Obtaining 
financing: Nunes MC, Rocha MOC; Writing of the manuscript: 
Pinto AS, Nunes MC, Rodrigues C.

Potential Conflict of Interest 
No potential conflict of interest relevant to this article was 

reported.

Sources of Funding 
This study was partially funded by FAPEMIG and CNPq.

Study Association 
This article is part of the thesis of Doctoral submitted by 

Airandes de Sousa Pinto, from Programa de Pós-Graduação 
em Ciências da Saúde e Medicina Tropical da Faculdade de 
Medicina da Universidade Federal de Minas Gerais.

Table 2 - Medications used by the 20 patients with chronic dilated Chagas cardiomyopathy

Medications Number of patients (%)

Diuretics 19 (95)

Spironolactone 5 (25)

Angiotensin-converting enzyme inhibitors 16 (80)

Angiotensin receptor antagonists 3 (15)

Digoxin 13 (65)

Amiodarone 6 (30)

Anticoagulant therapy 8 (40)

Beta-blockers 17 (85)

Aspirin 1 (5)
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Three-dimensional echocardiography (3DE) represents a great 
innovation in cardiovascular ultrasound.1 Increased computer 
processing power and advances in the development of transducers 
have allowed acquiring of cardiac structures from any spatial point 
of view, without assumptions about their shape. Recent studies 
have demonstrated that when cardiac chamber sizes are quantified 
using 3DE, their volumes are similar to those obtained using cardiac 
magnetic resonance imaging compared to two-dimensional 
echocardiography (2DE).2,3 The usefulness of 3DE has particularly 
been demonstrated primarily in realistic anatomical heart valve 
images and in guiding and monitoring cardiac procedures.4 

3DE allows volume calculation of the left ventricle (LV) 
throughout the cardiac cycle, making it possible to construct a 
volume-time curve. This method is more accurate than 2DE 
because the left ventricular volume is constructed by analyzing 
hundreds of points at the edge of the endocardium. No specific 
plane or geometric model is necessary to describe the complex 
LV structure. In this paper, Pinto et al.5 tested the hypothesis of 
studying the hemodynamic adaptations of non-invasive Chagas 
cardiomyopathy using the volume-time curve generated by 3DE.5 
They generated a polynomial adjusted to the LV volume curve using 
specific software. Their objective was to present a cross-sectional 
study evaluating LV function, comparing volume curves in 20 
patients with Chagas cardiomyopathy (CC) and 15 gender- and 
age-matched healthy controls.

The CC patients presented greater LV end-diastolic and end-
systolic volumes and lowered LV ejection fraction than the control 
group. However, the stroke volume and maximum ejection 
flow during systole, QS, were similar between groups. A strong 
correlation existed between flow and stroke volumes, Rs=0.91, 
p<0.001.

The CC group presented a lower QS / LV end-diastolic volume 
ratio than the control. The QS/LV end-diastolic volume ratio 
presented a strong correlation with ejection fraction, Rs=0.89, 
p<0.001.

The maximum flow in the early and passive filling phases, QE, 
and during atrial contraction, QA, was similar between patients 
and controls.

Although the CC patients had severe LV systolic dysfunction 
with a 30% ejection fraction, the stroke volumes were similar to 
controls.5

Any LV with a low ejection fraction but increased end-
diastolic volume ejects the same amount of blood as a LV 
with normal end-diastolic volume and ejection fraction. This 
difference occurs due to the preservation of the Frank-Starling 
mechanism in CC patients at rest.6

According to the mechanism, the greater the ventricular 
diastolic volume, the more the myocardial fibers are stretched 
during diastole. Within a normal physiologic range, the more 
the myocardial fibers are stretched, the greater the tension in the 
muscle fibers and the greater the ventricular contraction force 
when stimulated.6

Holubarsch et al.7 found that the Frank-Starling mechanism 
is maintained in the end-stage of failing human hearts, whereas 
significant alterations of diastolic myocardial distensibility are 
evident in chronic heart failure.7

Three-dimensional echocardiography can accurately measure 
a non-invasive preload, and the volume-time curve can calculate 
flow at any stage of the cardiac cycle.8,9

Hammermeister et al.10 invasively validated this measure in 
1974. Peak LV systolic ejection rate (S dV/dt) was calculated from 
a single plane, and cineangiographically measured LV volumes in 
113 adult patients and related to other measures of cardiovascular 
function. Mean S dV/dt for the group of 29 normal patients was not 
significantly different in patients with coronary artery disease, aortic 
stenosis, mitral stenosis, or cardiomyopathy. S dV/dt correlated 
poorly with the ejection fraction and LV end-diastolic pressure.10

This study shows that instantaneous systolic flow and stroke 
volume were similar between patients with severe ventricular 
dysfunction due to CC and healthy controls. The great merit of 
the methodology is the first usage of a non-invasive tool in CC. 

They demonstrated and confirmed that an increase in LV end-
diastolic volume in CC patients is the main adaptation mechanism 
maintaining flow and stroke volumes in severe systolic dysfunction. 

This study showed the QS/LV end-diastolic volume to represent 
LV global systolic function. Further studies are recommended to 
confirm the usefulness and prognostic value of these findings in 
improving the clinical management of CC patients.DOI: https://doi.org/10.36660/abc.20220284
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Abstract

Background: Liver dysfunction is a postulated variable for poor prognosis in dilated cardiomyopathy (DCM).

Objective: This study aimed to investigate the prognostic value of the albumin-bilirubin (ALBI) score, a relatively new 
model for evaluating liver function, in patients with idiopathic DCM.

Methods: A total of 1025 patients with idiopathic DCM were retrospectively included and divided into three groups based 
on ALBI scores: grade 1 (≤ −2.60, n = 113), grade 2 (−2.60 to −1.39, n = 835), and grade 3 (> −1.39, n = 77). The 
association of ALBI score with in-hospital major adverse clinical events (MACEs) and long-term mortality was analyzed. 
P-value less than 0.05 was considered statistically significant.

Results: The in-hospital  MACEs rate was significantly higher in the grade 3 patients (2.7% versus 7.1% versus 24.7%, p < 
0.001). Multivariate analysis showed that ALBI score was an independent predictor for in-hospital MACEs (adjusted odds 
ratio = 2.80, 95%CI: 1.63 – 4.80, p < 0.001). After a median 27-month follow-up, 146 (14.2%) patients died. The Kaplan–
Meier curve indicated that the cumulative rate of long-term survival was significantly lower in patients with higher ALBI 
grade (log-rank = 45.50, p < 0.001). ALBI score was independently associated with long-term mortality (adjusted hazard 
ratio = 2.84, 95%CI: 1.95 – 4.13, p < 0.001).

Conclusion: ALBI score as a simple risk model could be considered a risk-stratifying tool for patients with idiopathic DCM.

Keywords: Dilated Cardiomyopathy; Heart Failure; Prognosis.

Introduction
Dilated cardiomyopathy (DCM), one of the leading 

causes of heart failure, is characterized by ventricular 
dilation and systolic dysfunction.1 About 50% of the cases 
have an unknown cause, which is termed as idiopathic 
DCM.2 Epidemiological data have indicated that the one-
year mortality of DCM is 25% to 30%, which continuously 
increased at 5 years.3 Therefore, continued risk assessment 
is essential to identify patients at high risk of death and 
establish optimal treatment strategies to improve prognosis.

Liver injury is common in patients with heart failure 
owing to impaired perfusion and systemic congestion due 
to hemodynamic changes.4 Hepatic dysfunction has been 
identified as one of the risk factors for poor outcomes in 
patients with DCM.5 The albumin-bilirubin (ALBI) score 
is a simple and objective method to assess liver function. 

In previous studies, ALBI score has been widely used 
in patients with liver diseases, including hepatocellular 
carcinoma, liver cirrhosis, and liver failure.6-8 In addition, 
Matsue et al indicated that the ALBI score is associated 
with fluid overload and the prognosis of patients with 
acute heart failure.9 However, it is yet unclear whether this 
score can be considered a risk-stratifying tool in patients 
with idiopathic DCM. Hence, this study was conducted to 
investigate the association of the ALBI score and adverse 
outcomes in idiopathic DCM.

Methods

Study design and patients
This was a retrospective cohort study conducted 

at Guangdong Provincial People’s Hospital. Patients 
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diagnosed with idiopathic DCM were consecutively 
enrolled between January 2010 and November 2015. The 
diagnosis of DCM was in agreement with the statement 
of the European Society of Cardiology working group 
on myocardial and pericardial diseases.10 The exclusion 
criteria were as follows: 1) age < 18 years; 2) presence of 
malignant tumor; 3) pregnancy; 4) autoimmune disease; 
5) previous cardiac synchronization therapy or heart 
transplantation; and 6) DCM with definite etiology such 
as hypertensive heart disease, coronary artery disease 
(> 50% obstructive lesion in one or more epicardial 
vessels), valvular heart disease, congenital heart disease, 
myocarditis triggers, alcoholic cardiomyopathy, peripartum 
cardiomyopathy, cardiomyopathy caused by endocrine 
disorder, noncompaction of the ventricular myocardium, 
and arrhythmia-induced cardiomyopathy. Furthermore, we 
also excluded patients without admission serum albumin 
or bilirubin records. A total of 1025 idiopathic DCM 
patients were enrolled. The present study was approved 
by the ethics committee of Guangdong Provincial People’s 
Hospital, with a waiver of informed consent.

Examination and data collection
Venous blood samples were collected for measurement 

of albumin and bilirubin concentrations in the morning 
after an overnight stay. Serum albumin and bilirubin levels 
were detected on an automated biochemical analyzer 
(Beckman Coulter AU5821 or AU5831; Beckman Coulter 
Inc, CA, USA). Transthoracic echocardiography was 
routinely performed within 24 hours of admission. Left 
atrial diameter (LAD), left ventricular end diastolic diameter 
(LVEDD), left ventricular ejection fraction (LVEF), and 
other echocardiogram indices were measured according 
to the recommendations of the American Society of 
Echocardiography.11

Clinical variables were collected from the electronic 
case report form by one researcher and randomly checked 
by another. Estimated glomerular filtration rate (eGFR, 
expressed in mL/min/1.73 m2) was calculated using the 
Chronic Kidney Disease Epidemiology Collaboration 
equation.12 The ALBI score was calculated using the 
following formula: 0.66× log10 bilirubin-0.085×albumin.6

Follow-up and outcomes
All in-hospital survival patients were followed up 

through telephone interviews. We also reviewed hospital 
readmission records and outpatient clinic interviews for 
possible events. The primary outcome was long-term 
mortality, and the secondary outcome was in-hospital 
major adverse clinical events (MACEs) such as death, stroke, 
dialysis, and acute heart failure during hospitalization.

Statistical analysis
Included patients were divided into three groups based 

on ALBI score: grade 1 (≤ −2.60, n = 113); grade 2 (−2.60 
to −1.39, n = 835); and grade 3 (> −1.39, n = 77). The 
distribution of variables was assessed by the Kolmogorov-
Smirnov test. Normally distributed continuous variables 

are presented as mean ± standard deviation, and non-
normally distributed continuous variables are presented 
as median and interquartile range. Categorical variables 
are presented as numbers and percentage. Continuous 
variables were compared using one-way ANOVA when 
normally distributed or the Kruskal-Wallis H test when not 
normally distributed. The chi-square test was performed 
for categorical variables. Receiver operating characteristic 
(ROC) curve analysis was used to determine the optimum 
cut-off levels of ALBI score for predicting adverse events. 
Logistic regression and Cox survival analysis were used to 
assess the effect of ALBI score on in-hospital MACEs and 
long-term mortality, respectively. Significant variables in 
univariate analysis (except the elements of ALBI) were 
included into the multivariate analysis. In addition, 
Kaplan–Meier curves were drawn and compared using the 
log-rank test among groups. For all analyses, p < 0.05 was 
considered to indicate statistical significance. All analyses 
were conducted using SPSS software (version 16.0; SPSS 
Inc, Chicago, IL, USA).

Results
In all, 1025 patients were included in this analysis. 

Baseline characteristics among the groups are displayed 
in Table 1. Patients in the grade 3 group were more likely 
to be male. In addition, patients with higher ALBI grade 
had worse cardiac function; namely, the rate of patients 
with New York Heart Association (NYHA) functional class 
> II was higher. Positive trends were observed for serum 
creatinine, alanine transaminase (ALT), total bilirubin, 
and LAD in relation to increasing ALBI score. However, a 
negative trend was observed for hemoglobin and serum 
albumin in relation to increasing ALBI score. Diuretics 
(including furosemide and spironolactone) and digoxin 
were more frequently used in patients with higher ALBI 
grade. 

During hospitalization, 15 patients (1.5%) died; 48 
(4.7%) suffered from acute heart failure; 23 (2.2%) 
required renal dialysis, and 23 (2.2%) suffered a stroke. 
The in-hospital MACE rate was significantly higher in 
patients with grade 3 than in those with grades 1 and 2 
(2.7% versus 7.1% versus 24.7%, p < 0.001, Table 1). In 
univariate logistic regression analysis, ALBI score, NYHA 
functional class > II, anemia, eGFR < 60 mL/min/1.73 
m2, lgALT(log10ALT), total bilirubin, LAD, LVEDD, LVEF, and 
β-blocker usage were associated with in-hospital MACEs 
(Table 2). After adjusting for potential risk factors, ALBI 
score was an independent predictor of in-hospital MACEs 
(adjusted odds ratio = 2.80, 95% confidence interval [CI]: 
1.63 – 4.80, p < 0.001, Table 2).

After a median 27 months of follow-up, 146 (14.2%) 
patients died. The Kaplan–Meier curve indicated that the 
cumulative rate of long-term survival rate was significantly 
lower in patients with higher ALBI grade (log-rank test 
= 45.50, p < 0.001, Figure 1). The univariate Cox 
proportional hazard model of long-term mortality is shown 
in Table 3. ALBI score was associated with increased risk 
of long-term death (unadjusted hazard ratio = 3.16, 95% 
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CI: 2.31 – 4.33, p < 0.001). Other significant variables 
included age, NYHA functional class > II, anemia, eGFR 
< 60 mL/min/1.73 m2, lgALT, hypoproteinemia, total 
bilirubin, LAD, LVEDD, LVEF, and β-blocker and digoxin 
use. These significant risk factors, except the components 
of ALBI score, were included in the multivariate Cox 
survival model, which revealed that ALBI score remained 
an independent predictor for long-term mortality (adjusted 
hazard ratio = 2.84, 95% CI: 1.95 – 4.13, p < 0.001, Table 
4). In addition, the ALBI score was included in this model 
as a categorical variable rather than a continuous one. 
The result showed that, compared with ALBI grade 1, the 
adjusted hazard ratio was 5.69 (95% CI: 1.40 – 23.18, p 
= 0.015, Table 4) and 16.79 (95% CI: 3.91 – 72.04, p < 
0.001, Table 4) for Grade 2 and 3, respectively.

ROC curve analysis indicated that the area under the 
curve of ALBI score, serum albumin, and total bilirubin for 
predicting long-term death were 0.684 (95% CI: 0.654 – 

0.714, Figure 2), 0.662 (95% CI: 0.631 – 0.692, Figure 2) 
and 0.588 (95% CI: 0.556 – 0.619, Figure 2) respectively. 
ALBI score exhibited relatively superior predictive ability 
for long-term death than serum albumin (0.684 versus 
0.662, p = 0.026, Figure 2) and total bilirubin (0.684 
versus 0.588, p = 0.002, Figure 2).

Discussion
To our knowledge, this is the first study to evaluate the 

prognostic role of ALBI score in patients with idiopathic 
DCM. The results showed that ALBI score was an 
independent risk factor for in-hospital MACEs and long-
term mortality. In addition, ALBI score exhibited better 
predictive ability for long-term death than serum albumin 
and total bilirubin. The ALBI score can be easily measured 
and would be useful in identifying idiopathic DCM patients 
who are at a high risk of poor outcomes. 

Table 1 – Baseline characteristics classified by tertile of ALBI grade

Clinical variables Grade 1  
(n=113)

Grade 2  
(n=835)

Grade 3  
(n=77) p

Age (years) 52.8±12.5 55.9±13.6 52.7±16.2 0.018

Sex

Male, n (%) 70(61.9) 609(72.9) 65(84.4)
0.003

Female, n (%) 43(38.1) 226(27.1) 12(15.6)

Hypertension, n (%) 31(27.4) 221(26.5) 18(23.4) 0.809

Diabetes, n (%) 15(13.3) 148(17.7) 9(11.7) 0.228

Smokers, n (%) 29(25.7) 233(27.9) 20(26.0) 0.840

NYHA functional class>II 43(38.1) 445(53.3) 53(68.8) <0.001

Hemoglobin (g/L) 143.3±17.0 139.4±18.4 134.0±24.6 0.004

Serum creatinine, (μmol/L) 85.0(69.3.102.5) 94.0(78.5.113.0) 113.5(90.0.152.0) <0.001

Liver function tests

ALT (U/L) 24.5(16.8.34.0) 29.0(19.0.48.0) 31.5(20.3.106.8) 0.001

Albumin (g/L) 41.9±2.2 34.8±3.5 25.9±3.3 <0.001

Total bilirubin, (μmol/L) 15.6(11.4.20.8) 21.6(15.1.31.2) 45.7(23.7.78.3) <0.001

Echocardiography data

LAD, (mm) 41.4±7.0 44.6±7.2 46.8±9.5 <0.001

LVEDD, (mm) 67.1±8.3 67.0±8.7 68.0±8.0 0.604

LVEF, (%) 30.1±7.5 29.2±7.7 27.5±8.7 0.075

Medicine during hospitalization

ACEI/ARB 95(84.1) 708(84.8) 60(77.9) 0.286

Beta-blockers 90(79.6) 658(78.8) 54(70.1) 0.196

Lasix 90(79.6) 730(87.4) 72(93.5) 0.015

Aldactone 89(78.8) 741(88.7) 72(93.5) 0.003

Digoxin 48(42.5) 509(61.0) 65(84.4) <0.001

In-hospital MACEs 3(2.7) 59(7.1) 19(24.7) <0.001

ACEI: angiotensin-converting enzyme inhibitors; ALBI: albumin-bilirubin; ALT: alanine transaminase; ARB: angiotensin receptor blocker; LAD: left atrial diameter; 
LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection fraction; MACEs: major adverse cardiac events; NYHA: New York Heart Association.
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DCM is characterized by ventricular remodeling which 
can gradually develop into left heart failure and even global 
heart failure.13,14 In addition, right ventricular dysfunction 
is prevalent in patients with DCM, 15 and it has been 
demonstrated to influence the course and prognosis of 
DCM.16 Progression of right ventricular dysfunction can lead 
to systemic congestion, resulting in sinusoidal congestion 
and peri-sinusoidal edema, which impair delivery of 
oxygen and nutrients to hepatocytes.17-19 In addition, 
decreased cardiac output and inadequate liver perfusion 
may trigger hypoxic injury. This injury of hepatocytes 
can manifest as decreased serum albumin and elevated 
bilirubin. 

Albumin, which reflects the synthetic function of 
the liver, has multiple physiological roles, such as 
counterbalancing hydrostatic pressure, antioxidant and 
anti-inflammatory functions, and transporting molecules 
and drugs.20 We found that hypoalbuminemia was related 
to adverse outcome in patients with idiopathic DCM. This 
could be explained by several theories. First, in addition 
to being a marker of liver injury, hypoalbuminemia is 
frequently associated with renal dysfunction.20,21 Albumin 
is restricted by the normal glomerular barrier, and filtered 

Table 2 – Univariate and multivariable logistic regression analysis for in-hospital MACEs

Clinical variables
Univariate analysis Multivariate analysis

OR p OR 95% CI p

ALBI score 4.07 <0.001 2.80 1.63 – 4.80 <0.001

Age (years) 1.01 0.440

Female sex 0.92 0.754

Hypertension 0.85 0.540

Diabetes 1.24 0.456

Smokers 0.85 0.554

NYHA functional class>II 1.88 0.010 1.20 0.70 – 2.05 0.506

Anemia 2.16 0.015 1.75 0.88 – 3.47 0.112

eGFR<60mL/min/1.73 m2 2.42 <0.001 1.70 1.02 – 2.83 0.040

lgALT 2.73 <0.001 1.77 1.08 – 2.92 0.025

Hypoproteinemia 2.48 <0.001

Total bilirubin 1.01 0.001

LAD 1.03 0.049 1.01 0.97 – 1.04 0.680

LVEDD 1.04 0.004 1.03 1.00 – 1.06 0.085

LVEF 0.95 0.001 0.97 0.94 – 1.01 0.152

ACEI/ARB usage 0.74 0.312

Beta-blocker usage 0.41 <0.001 0.47 0.28 – 0.79 0.004

Lasix usage 1.21 0.603

Aldactone usage 0.97 0.921

Digoxin usage 1.59 0.065

ACEI: angiotensin-converting enzyme inhibitors; ALBI: albumin-bilirubin; ALT: alanine transaminase; ARB: angiotensin receptor blocker; CI: confidence interval; DB: 
direct bilirubin; eGFR: estimated glomerular filtration rate; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection 
fraction; NYHA: New York Heart Association; OR: odds ratio; TB: total bilirubin.

albumin can be reabsorbed by proximal tubular cells.22 

However, increased protein urine discharge can be found 
in renal insufficiency, which results in hypoalbuminemia. 
Therefore, hypoalbuminemia might reflect the concurrent 
renal dysfunction and portend poor outcomes. Second, 
hypoalbuminemia results in lower serum osmotic pressure 
and can exacerbate pulmonary edema and pleural effusion, 
precipitating refractory heart failure in patients with 
DCM.21 Third, serum albumin and prealbumin levels have 
been shown to reflect nutritional status.23,24 Malnutrition 
at times may progress to cardiac cachexia, which is 
characterized by protein-calorie malnutrition with muscle 
wasting and peripheral edema, leading to poor quality of 
life and increased mortality.24 

Similarly, in patients with advanced DCM, several 
metabolic processes of bilirubin in the liver, including 
uptake, conjugation, and secretion, are attenuated by 
hepatocellular hypoxia and congestion, leading to greater 
increase in serum total bilirubin. Although bilirubin has 
antioxidant and anti-inflammatory properties, extremely 
elevated bilirubin levels represent impaired hemodynamics 
caused by right ventricular dysfunction, which has an 
adverse prognostic effect on patients with DCM.16 In 
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addition, hyperbilirubinemia reflects poor latent cardiac 
status in chronic heart failure.25 Lang et al. indicated that 
bilirubin had adverse effects on erythrocytes, inducing 
suicidal death of erythrocytes. Excessive damage to 
erythrocytes leads to severe anemia and further affects the 
prognosis.26 These pieces of evidence support our finding 
that hyperbilirubinemia is a risk factor for patients with 
idiopathic DCM.

Both hypoalbuminemia and hyperbilirubinemia were 
risk factors for poor prognosis in patients with idiopathic 
DCM. The ALBI score, combining these two effects, has 
been extensively tested as an objective, simple, and 
distinguishing method for assessing liver function.27 To 
the best of our knowledge, no study yet has evaluated the 
prognostic value of ALBI score in patients with idiopathic 
DCM. The present study demonstrated that ALBI score 
was independently associated with in-hospital and long-
term adverse outcomes. The ALBI score consists of only 
two variables, and it is a simple risk-stratifying tool in 
patients with idiopathic DCM. Based on the current study, 

Figure 1 – Kaplan–Meier curve of overall survival.

Table 3 – Univariate Cox proportional hazard of long-term mortality

Clinical variables HR 95% CI p-value

ALBI score 3.16 2.31 – 4.33 <0.001

Age (years) 1.03 1.02 – 1.04 <0.001

Female sex 0.96 0.67 – 1.39 0.845

Hypertension 0.99 0.69 – 1.44 0.975

Diabetes 0.96 0.62 – 1.49 0.854

Smokers 1.03 0.72 – 1.49 0.859

NYHA functional class>II 1.81 1.28 – 2.54 0.001

Anemia 1.97 1.25 – 3.10 0.003

eGFR<60mL/min/1.73 m2 2.09 1.51 – 2.91 <0.001

lgALT 1.78 1.21 – 2.62 0.004

Hypoproteinemia 2.46 1.73 – 3.48 <0.001

Total bilirubin 1.01 1.00 – 1.01 <0.001

LAD 1.03 1.01 – 1.05 0.016

LVEDD 1.04 1.03 – 1.06 <0.001

LVEF 0.96 0.94 – 0.98 <0.001

ACEI/ARB usage 0.93 0.60 – 1.44 0.733

Beta-blocker usage 0.53 0.37 – 0.75 <0.001

Lasix usage 1.08 0.67 – 1.76 0.742

Aldactone usage 1.43 0.83 – 2.48 0.202

Digoxin usage 1.55 1.09 – 2.20 0.016

ACEI: angiotensin-converting enzyme inhibitors; ALBI: albumin-bilirubin; ARB: angiotensin receptor blocker; ALT: alanine transaminase; CI: confidence interval; 
eGFR: estimated glomerular filtration rate; HR: hazard ratio; LAD: left atrial diameter; LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection 
fraction; NYHA: New York Heart Association.
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the clinical application of the ALBI score might be extended 
from hepatic diseases to idiopathic DCM.

Limitations

Our study has some limitations. First, this was a 
retrospective cohort study; therefore, some admission 
bilirubin and albumin levels were missing, which may 
affect the results. Second, bilirubin and albumin were not 
dynamically detected. The relationship between prognosis 
and ALBI score at different time points is unknown. 
Finally, as our included study population did not represent 
patients with idiopathic DCM in different settings, such as 

Table 4 – Multivariate Cox proportional hazard of long-term mortality

Clinical variables HR 95% CI p-value

Model 1

ALBI 2.84 1.95 – 4.13  <0.001

Age (years) 1.03 1.02 – 1.05  <0.001

NYHA functional class>II 1.25 0.86 – 1.82  0.236

Anemia 1.25 0.76 – 2.06  0.382

eGFR<60mL/min/1.73 m2 1.30 0.91 – 1.85  0.156

lgALT 1.46 1.00 – 2.14 0.050

LAD 1.00 0.98 – 1.03 0.898

LVEDD 1.04 1.02 – 1.06  <0.001

LVEF 0.99 0.97 – 1.01  0.348

Beta-blocker usage 0.65 0.45 – 0.95  0.024

Digoxin usage 1.05 0.72 – 1.54  0.804

Model 2

ALBI

Grade 1 - - -

Grade 2 5.69 1.40 – 23.18  0.015

Grade 3 16.79 3.91 – 72.04  <0.001

Age (years) 1.03 1.02 – 1.05  <0.001

NYHA functional class>II 1.24 0.85 – 1.81  0.262

Anemia 1.37 0.84 – 2.24  0.205

eGFR<60mL/min/1.73 m2 1.29 0.90 – 1.84  0.168

lgALT 1.57 1.08 – 2.28  0.019

LAD 1.00 0.98 – 1.03  0.758

LVEDD 1.04 1.02 – 1.07 <0.001

LVEF 0.98 0.96 – 1.01 0.180

Beta-blocker usage 0.59 0.41 – 0.85  0.005

Digoxin usage 1.08 0.74 – 1.58  0.702

ALBI: albumin-bilirubin; ALT: alanine transaminase; CI: confidence interval; eGFR: estimated glomerular filtration rate; HR: hazard ratio; LAD: left atrial diameter; 
LVEDD: left ventricular end-diastolic dimension; LVEF: left ventricular ejection fraction; NYHA: New York Heart Association.

in western countries, the study results should be validated 
in different idiopathic DCM cohorts. 

Conclusions 
This study showed that the ALBI score was independently 

associated with increased risk of in-hospital MACEs and 
long-term mortality in patients with idiopathic DCM. 
Moreover, compared to bilirubin and albumin, the ALBI 
score exhibited relatively superior predictive ability for 
long-term mortality, which might identify more patients 
at high risk of poor outcomes. 
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The manuscript “Albumin-bilirubin score to predict 
outcomes in patients with idiopathic dilated cardiomyopathy” 
provides an important way to assess the prognosis of patients 
with dilated cardiomyopathy (DCM) by demonstrating a higher 
rate of major adverse clinical events (MACEs) in patients with a 
higher score. Furthermore, this score works as an independent 
predictor of long-term mortality.1

Heart Failure with reduced ejection fraction (HFrEF), often 
characterized as DCM, has its pathophysiological aspects 
closely related to its therapy and prognosis. The study of 
the pathophysiology of HFrEF is based on cardiovascular 
hemodynamic alterations and intense neurohumoral activation 
(mainly of the autonomic nervous system, renin-angiotensin-
aldosterone system and natriuretic peptides system). These 
pathophysiological aspects are widely used in the therapy and 
prognostic assessment of patients with HFrEF.2

Regarding prognosis, the most studied variables are related 
to aspects of this pathophysiology or its clinical aspects, such 
as ejection fraction, cardiac remodeling, catecholamine 
dosage, functional capacity, maximum oxygen consumption, 
natriuretic peptide dosage, functional class, pulmonary 
ultrasound, among other markers.3-5

More recently, other pathophysiological pathways have 
been increasingly studied and incorporated into the treatment 
of patients with HFrEF. An example of this is the study of 
changes in glucose metabolism and its treatment in this group 
of patients. Therefore, the evaluation of other metabolic 
pathways or the involvement of other organs and systems 
in patients with HFrEF is an important aspect to be studied 
regarding the prognosis of these patients.6

Rahimi et al. published a systematic review in which 
the main prognostic variables were related to clinical-

epidemiological aspects or the most traditionally studied 
aspects of pathophysiology, such as age, sex, renal function, 
blood pressure, and ejection fraction, functional class, 
functional capacity and levels of natriuretic peptides. 
However, other parameters such as diabetes, weight or body 
mass index were also associated with a worse prognosis.3

Other parameters not directly related to the heart have also 
been associated with a worse prognosis in HFrEF. Alatas et al. 
demonstrated in a multivariate analysis that microalbuminuria 
predicted in-hospital mortality in patients with HFrEF and mid-
range ejection fraction (HFmrEF) but not in preserved ejection 
fraction (HFpEF).7 Anemia and iron metabolism have been 
extensively studied to improve symptoms and quality of life 
and the prognostic assessment of patients with HF.8 In addition, 
Tavares et al. observed an association between cachexia and 
malnutrition with mortality in patients with chronic Chagas’ 
heart disease, findings also found in other etiologies.9 

Therefore, greater knowledge of the importance of the 
involvement of other organs in patients with HF may improve 
the general assessment of these patients. In this context, liver 
dysfunction assessed by the Albumin-bilirubin score is useful 
for a more complete prognostic assessment. Other studies 
demonstrated the importance of the liver dysfunction also 
in patients with acute heart failure.10,11

We know that HFrEF has shown a substantial improvement 
in mortality curves over the years, but it remains with high 
mortality rates, especially between 5 and 10 years.12,13 

New forms of evaluation, including the involvement of 
other organs and systems and/or even genetic evaluation, 
may contribute to an even greater improvement in these 
mortality curves through improved therapy and prognostic 
assessment.14
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Abstract

Background: The New York Heart Association (NYHA) functional classification is the most commonly used classification 
system for heart failure (HF), whereas cardiopulmonary exercise testing (CPET) is the gold standard for functional status 
evaluation in HF. 
Objective: This study aimed to analyze correlation and concordance between NYHA classes and CPET variables. 
Methods: HF patients with clinical indication for CPET and ejection fraction (EF) < 50% were selected. Correlation 
(Spearman coefficient) and concordance (kappa) between NYHA classification and CPET-based classifications were 
analyzed. A p < 0.05 was accepted as significant. 
Results: In total, 244 patients were included. Mean age was 56 ± 14 years, and mean EF was 35.5% ± 10%. Distribution 
of patients according to NYHA classification was 31.2%% class I, 48.3% class II, 19.2% class III, and 1.3% class IV. 
Correlation (r) between NYHA and Weber classes was 0.489 (p < 0.001), and concordance was 0.231 (p < 0.001). 
Correlation (r) between NYHA and ventilatory classes (minute ventilation/carbon dioxide production [VE/VCO2] slope) 
was 0.218 (p < 0.001), and concordance was 0.002 (p = 0.959). Spearman correlation between NYHA and CPET score 
classes was 0.223 (p = 0.004), and kappa concordance was 0.027 (p = 0.606). 
Conclusion: There was a moderate association between NYHA and Weber classes, although concordance was low. 
Ventilatory (VE/VCO2 slope) and CPET score classes had a weak association and a low concordance with NYHA classes.
Keywords: Heart Failure; Prognosis; Exercise Test.

Introduction
Despite being a progressive disease, heart failure (HF) 

does not have a linear course. Hospitalizations due to HF 
decompensations are independent factors for prognosis. 
Risk prediction models and prognostic scores will determine 
the need to escalate specific therapeutic strategies, such 
as medication change, cardiac resynchronization therapy, 
implantable cardioverter-defibrillator, ventricular assist device, 
and cardiac transplantation.1

The New York Heart Association (NYHA) classification 
is a well-known, low-cost, simple functional stratification 
tool for HF with prognostic value.2,3 It divides patients into 
4 different groups according to self-reported dyspnea severity 

and limitations to physical activities.2,3 However, the NYHA 
functional class depends on self-reported symptoms and, 
therefore, is influenced by the subjectivity of each patient.4,5

Conversely, functional status is assessed objectively by 
cardiopulmonary exercise testing (CPET), which is a prognostic 
tool considered to be the gold standard for HF assessment.6,7 
Important guidelines define CPET as a class I recommendation 
for cardiac transplantation and a class IIa recommendation for 
exercise prescription in this context.6,7

Classically, CPET prognostic evaluation is based on 
peak oxygen uptake (VO2peak) measures.8,9 However, other 
variables such as minute ventilation/carbon dioxide 
production (VE/VCO2) slope, heart rate recovery in 1 minute 
(HRR1), oxygen uptake efficiency slope (OUES), end-tidal 
carbon dioxide partial pressure (PetCO2), and periodic 
ventilation have demonstrated an independent and 
incremental prognostic value to VO2peak in HF.10 Based on 
those variables, specific prognostic classifications have 
been validated, namely Weber classes (VO2peak), ventilatory 
classes (VE/VCO2 slope), and CPET score (combining 
VO2peak, VE/VCO2 slope, HRR1, OUES, and PetCO2).

11-13

Even though the NYHA classification system is widely 
used, there are few studies correlating NYHA classes with HF 
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prognosis or CPET variables.14,15 Recently, a systematic review 
compared NYHA classification and CPET variables, and the 
variable that was common to all analyzed studies was VO2peak, 
yet with much heterogeneity.14 This study aimed to evaluate 
correlation and concordance between NYHA classification for 
HF and CPET-based functional classifications, namely Weber 
classes, ventilatory classes, and CPET score.11–13

Methods
This cross-sectional study consecutively recruited 

patients who underwent CPET for HF evaluation. Inclusion 
criteria were the following: 1) age ≥ 18 years; 2) confirmed 
HF diagnosis with ejection fraction (EF) < 50%; and 3) 
clinical indication for CPET between 2009 and 2019. 
Exclusion criteria were moderate-to-severe chronic 
obstructive pulmonary disease, pulmonary hypertension, 
and/or fibrosis or symptomatic anemia.

CPET variables and demographic data were collected 
together with clinical information and relevant complementary 
tests (12-lead resting electrocardiogram and Doppler 
echocardiogram from the past 3 months). CPET was 
symptom-limited and was performed at maximal effort 
with a ramp protocol in a treadmill (Micromed Centurion 
300, São Paulo, Brazil) using a Cortex 3b breath-by-breath 
analyzer (Cortex Inc., Leipzig, Germany). Two-point gas 
calibration was done before the tests. All techniques followed 
current guidelines, and a nationally certified physician was 
responsible for each test.10 

All CPET tests were conducted by the same physician, a 
cardiologist who specializes in CPET. Before CPET, the same 
physician in charge of the test determined each patient’s 
NYHA class according to self-reported limitation to physical 
activity: (I) no limitation to physical activity; (II) slight limitation 
to physical activity; (III) marked limitation to physical activity; 
or (IV) unable to perform any physical activity without 
discomfort.16 Then, based on CPET variables, patients were 
classified into Weber classes, ventilatory classes, and CPET 
score classes according to their CPET results.11–13 

Weber classification categorizes patients according to 
their VO2peak as follows: (A) VO2 > 20 mL.kg-1.min-1; (B) 
VO2 16-20 mL.kg-1.min-1; (C) VO2 10-15 mL.kg-1.min-1; 
or  (D) VO2 < 10 mL.kg-1.min-1.12 Ventilatory classes use 
VE/VCO2 slope: (I) VE/VCO2 ≤ 29.9; (II) VE/VCO2 30-35.9; 
(III) VE/VCO2 36-44.9; or (IV) VE/VCO2 ≥ 45.13 CPET score 
was calculated for each patient based on the summation of 
abnormal responses as follows: VE/VCO2 ≥ 34 (7 points); 
HRR1 ≤ 6 bpm (5 points); OUES ≤ 1.4 (3 points); PetCO2 
< 33 mm Hg (3 points); and VO2peak ≤ 14 mL.kg-1.min-1 
(2 points).11,15 The score is then divided into quartiles: (I) 
0-5; (II) 6-10; (III) 10-15; and (IV) > 15.11

Statistical analysis
SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used 

for all statistical analyses. Continuous variables were reported 
as mean and standard deviation for parametric distribution 
or as median and interquartile range for nonparametric 

distribution. Kolmogorov-Smirnov normality test and 
histogram analysis were used for determination of distribution. 
Categorical  variables were reported as absolute numbers 
and proportions. Correlation between variables was assessed 
using Spearman (s) or Pearson (p) correlation coefficient, and 
concordance was assessed using kappa (k) coefficient. For all 
analyses, a p < 0.05 was accepted as statistically significant.

An institutional research ethics committee approved 
the study protocol. Also, the study respects all national and 
international regulations for human research.

Results
Patients’ characteristics are described in Table 1. 

The sample included 244 patients, mainly men (77.9%), 
and mean age was 56 ± 14 years. Ischemia was the most 
frequent etiology (44.4%). Mean EF was 35.5% ± 10%. 
Patients were on optimized medical therapy as follows: 
86.4% angiotensin-converting enzyme inhibitors or 
angiotensin II receptor blockers, 91.4% beta-blockers, 
57.0% aldosterone antagonists, and 53.5% diuretics. 
Mean VO2peak was 19.2 ± 6.7 mL.kg-1.min-1, whereas mean 
VE/VCO2 slope was 39 ± 10. Mean respiratory exchange 
ratio (RER) was 1.041 ± 0.12 (25% had a RER > 1.10). 
All tests were interrupted by the effort criteria, and none 
was interrupted prematurely or due to hemodynamic, 
arrhythmic, or ischemic criteria. Patients were distributed 
according to NYHA classification as follows: 31.3% class I, 
48.3% class II, 19.2% class III, and 1.3% class IV (Table 2). 

Figure 1 shows NYHA class distribution according to 
Weber classes (Figure 1A), ventilatory classes (Figure 1B), and 
CPET score classes (Figure 1C). Correlation (r) between NYHA 
and Weber classes was 0.489 (p < 0.001), and concordance 
was 0.231 (p < 0.001). Correlation (r) between NYHA and 
ventilatory classes was 0.218 (p < 0.001), and concordance 
was 0.002 (p = 0.959). Finally, correlation (r) between 
NYHA and CPET score classes was 0.223 (p  =  0.004), 
and concordance was 0.027 (p = 0.606).

Discussion
In patients with HF with reduced ejection fraction who 

underwent CPET after clinical indication, we found only a 
moderate association between NYHA and Weber classes, 
with a low concordance. However, there was an even lower 
association or concordance rate between NYHA classification 
and ventilatory or CPET score classes. 

All those functional status classifications have their 
prognostic value validated for HF.3,11–13 Thus, functional 
status is the best parameter for risk prediction in those 
patients.3,11–13 However, as we showed, there was a 
low concordance between NYHA classification and the 
3  classifications based on CPET (which is an objective 
clinical test). Even though we found a moderate correlation 
between NYHA and Weber classes, it seems reasonable 
to hypothesize that subjectivity interferes in NYHA 
classification risk prediction for HF and has a subsequent 
impact on therapeutic decisions. 
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Table 1 – General patient demographic, clinical, and cardiopulmonary exercise test characteristics (n = 244)

Variables

Age (mean ± SD) 56±14 years

Gender

Male, n (%) 190 (77.9)

Etiology

Ischemic, n (%) 107 (44.4)

Idiopathic, n (%) 56 (23.2)

Viral, n (%) 30 (12.4)

Chagasic, n (%) 18 (7.5)

Other, n (%) 30 (12.5)

Comorbidities

Hypertension, n (%) 70 (34.7)

Diabetes mellitus, n (%) 43 (21.2)

Coronary artery disease, n (%) 94 (46.3)

Smoking, n (%) 4 (2.0)

Medications used

ACEI or ARB, n (%) 209 (86.4)

Beta-blocker, n (%) 222 (91.4)

MCRA, n (%) 138 (57.0)

Diuretics, n (%) 129 (53.5)

Implantable devices

Pacemaker, n (%) 17 (7.0)

CRT and/or ICD, n (%) 28 (11.5)

VO2peak (mL.kg-1.min-1), mean ± SD 19.2±6.7

Percent of predicted VO2peak (%), mean ± SD 63±20

EF (%), mean ± SD 35.5±10

RER, mean ± SD 1.041±0.12

VE/VCO2 slope, mean ± SD 39.0±10.8

PetCO2 (mm Hg), mean ± SD 29.8±4.66

HRR1, median (IQR) 18.0 (15)

SBP at rest, median (IQR) 120 (10)

HR at rest, median (IQR) 74 (22)

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; MCRA: mineralocorticoid-receptor antagonists; CRT: cardiac 
resynchronization therapy; ICD: implantable cardioverter-defibrillator; VO2peak: peak oxygen uptake; SD: standard deviation; EF: ejection fraction; RER: respiratory 
exchange ratio; VE/VCO2: minute ventilation/carbon dioxide production; PetCO2: end-tidal carbon dioxide partial pressure; HRR1: heart rate recovery in 1 minute; 
SBP: systolic blood pressure; HR: heart rate; NYHA: New York Heart Association; CPET: cardiopulmonary exercise test; IQR; interquartile range

Table 2 – Sample distribution according to subjective and objective classifications, n (%)

I II III IV

NYHA class 75 (31.2) 116 (48.3) 46 (19.2) 3 (1.3)

VE/VCO2 slope 42 (17.2) 70 (28.7) 74 (30.3) 58 (23.8)

CPET score 57 (34.7) 61 (37.2) 36 (22.0) 10 (6.1)

A B C D

Weber class 95 (39) 55 (22.5) 81 (33.2) 13 (5.3)

NYHA: New York Heart Association; VE/VCO2: minute ventilation/carbon dioxide production; CPET: cardiopulmonary exercise test.

1120



Arq Bras Cardiol. 2022; 118(6):1118-1123

Original Article

Ritt et al.
Cardiopulmonary Exercise Test and NYHA Correlations

Figure 1 – NYHA class distribution, correlation, and concordance according to (A) Weber classes, (B) ventilatory classes (VE/VCO2 slope), and (C) CPET score classes. NYHA: 
New York Heart Association; VE/VCO2: minute ventilation/carbon dioxide production; CPET: cardiopulmonary exercise test; r: correlation coefficient.
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References

A recent systematic review addressed the correlation 
between NYHA classification for HF and VO2peak measures 
(determined by CPET).14 It found a great heterogeneity in 
NYHA classes among the included studies.14 Our findings 
support those of Lim et al. and reflect a further correlation 
analysis, as we described the correlation between the subjective 
NYHA classification and some objective classifications that are 
based on CPET results, either through a validated score or 
through ventilatory classes. For example, patients subjectively 
considered to be in NYHA class I by their attending physicians 
may have ventilatory class IV VE/VCO2 slope values ​​(poorest 
prognosis) or be in the poorest prognostic quartile of the CPET 
score (Figure 1).11,13 

NYHA classification may lead to different interpretations 
of the same patient from different attending physicians,3 
especially when symptoms from intermediate classes (II and 
III) are reported. In a publication from our group, Ritt et al. 
demonstrated that patients in Weber class B could be divided 
into two different prognostic groups when the CPET score 
was calculated.15 The groups were then divided into one 
of higher risk and another of lower risk. However, patients 
in intermediate NYHA classes are generally those whose 
functional status is of great importance for decision-making. 
These decisions include increasing or changing medications, 
providing surgical indications, or implanting devices (such 
as cardiac resynchronization therapy or ventricular assist 
device).16 In such groups, NYHA classification may not be 
sensitive enough to address minor but important clinical 
features. Therefore, an objective, easily reproducible, reliable 
classification is urgently needed. In patients with NYHA 
class I or II, CPET may reclassify them to higher risk, and 
patients with NYHA class III may be reclassified to lower risk, 
especially those who are candidates to medication changes 
and/or devices. The use of CPET for this purpose is a matter 
for future studies.

Our study has some limitations, such as lack of clinical 
follow-up of our patient sample. We excluded symptomatic 
anemia, as we focused on clinical diagnostic criteria, but one 
may argue that asymptomatic anemia may also impact 
functional capacity. Also, the prevalence of depression was 
not assessed in our patients, although it may contribute 
to the lack of effort. Our sample had a mean RER of 
1.04; one may argue that a RER > 1.10 is the pattern for 
achieving acidosis, although in HF some use RER > 1.00 
as an acceptable criterion.17 Although this may impact 
VO2peak, it does not impact VE/VCO2 slope, OUES, or HRR1. 
New studies addressing a wider population and analyzing 

clinical outcomes are necessary to a better understanding 
of the actual prognostic value of each HF classification 
(NYHA, VE/VCO2 slope, Weber classes, and CPET score). 
We focused on Weber classes, VE/VCO2 slope classes, and 
CPET score because all these parameters may be presented 
as 4-level scale classifications as NYHA; also, VO2peak and 
VE/VCO2 slope are the most studied variables in CPET, and 
other variables from CPET are inserted in the CPET score. 
However, future studies focusing on specific CPET variables 
are valuable. Importantly, it remains to be determined 
whether there is, in fact, an objective CPET-based strategy 
that is more accurate than the others. 

Conclusion
There was a moderate association between the 

subjective NYHA classification and the objectively 
measured Weber classes, although concordance was 
low. The objectively measured ventilatory classes and 
CPET score classes had a weak association and a low 
concordance with the NYHA classification.
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Heart failure (HF) is considered a prevalent disease, 
limiting survival and constituting one of the leading causes of 
hospitalization or death in several countries, including Brazil.1 
Therefore, clinical classification in patients with HF can be 
considered important as an initial reference, as it informs 
the functional condition of these patients. Classically, the 
subjective classification of the New York Heart Association 
(NYHA) and the objective classification of Weber2 are the 
most used. The NYHA functional classification and oxygen 
consumption at peak exertion were decisive in determining 
the functional condition of patients with Chagas disease.3 
However, certain patients with minor symptoms are at high 
risk of hospitalization or death.4

In patients with HF, the 6-minute walk test is also 
considered in assessing functional and prognostic capacity. 
This test has a predictive value for mortality in patients with 
HF functional class II and III (NYHA).5

Studies of cardiopulmonary assessment have expanded, 
simultaneously, to studies of exercise physiology, with 

better precision in the functional evaluation and, through 
the parameters obtained in the Cardiopulmonary Exercise 
Test (CPET), we have prognostic inference variables, which 
define conducts and guide the prescription of exercises.6

The well-designed study by Ritt et al.7 analyzed the 
correlation and agreement between NYHA classes and 
CPET variables. The most studied variables today were 
highlighted.1 We suggest, as a continuation of the study, 
to include correlations with Circulatory Power (Maximum 
Systolic Blood Pressure x V’O2 peak)8 and V’O2 at 
the threshold I,9 parameters that determine prognostic 
perspectives and, as a future study, the risk score to predict 
post-discharge mortality in patients with HF.10

We reiterate our congratulations to the authors7 for 
the study and the suggestion for future research aiming at 
a classification based on the parameters obtained in the 
CPET, with accuracy for indication of heart transplantation 
or placement of artificial ventricle.
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Abstract

Background: The use of the coronary artery calcium score to aid cardiovascular risk stratification may be a more cost-
effective tool than the conventional strategy.

Objectives: Evaluation of the cost-effectiveness of the use of the calcium score in therapeutic guidance for primary 
cardiovascular prevention.

Methods: A microsimulation model to assess the clinical and economic consequences of atherosclerotic cardiovascular 
disease, comparing the prevention strategy using the calcium score and the conventional strategy.

Results: The results obtained demonstrated a better cost-effectiveness of the therapeutic strategy guided by the calcium 
score, by reducing incremental costs and increasing quality-adjusted life years (QALY), which corresponds, in number, to 
improving the quality of life of the individual.

Conclusions: The use of the coronary artery calcium score proved to be more cost-effective than the conventional 
strategy, both in terms of cost and QALY, in most of the scenarios studied.

Keywords: Cost-Benefit Analysis; Primary Prevention; Cardiac Imaging Techniques; Coronary Artery Calcium.

risk (>20% of events in ten years); moderate risk (7.5–20% of 
events in ten years); borderline (5–7.5% of events in ten years) 
and low risk (<5% of events in ten years). 3,4

However, it is possible to note that this classification 
unites a heterogeneous cardiovascular risk population, since 
a portion of individuals who are candidates for statin use do 
not show symptoms or signs of overt atherosclerotic disease. 
Consequently, many individuals eligible for pharmacological 
therapy could marginally benefit from this therapy in the long 
term, since the accumulated benefit of the treatment is directly 
proportional to the baseline risk.2,5 

In this scenario, the coronary artery calcium score (CAC), 
performed by means of computed tomography to quantify 
the atherosclerotic burden of individuals, may be useful 
to reclassify the intermediate patient to low or high risk of 
events, avoiding or eventually even intensifying the need for 
lipid-lowering therapy in this population.3,4,6,7

Thus, it is important to evaluate the therapeutic effectiveness 
and cost-effectiveness of this tool in comparison to other 
mechanisms of risk stratification of the population, with the 
objective of guiding clinical practice, as well as strategically 
directing health efforts and resources.

Thanks to new ways of classifying the risk of cardiovascular 
events in primary prevention, which are recommended by the 
guidelines of the main cardiology societies in the world, there 
is a significant increase in the population eligible for the use of 
statins.1,2 As an example of these changes, the 2018 dyslipidemia 
management and 2019 cardiovascular prevention guidelines of 
the American Heart Association (AHA) and American College 
of Cardiology (ACC) suggest the use of a cardiovascular risk 
score (Pooled Cohort Equations, ASCVD) to estimate the risk 
of cardiovascular events related to atherosclerosis over a period 
of ten years.3,4 This score classifies the individual, according 
to modifiable and non-modifiable variables, as being at high 
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Several cost-effectiveness studies have compared the use 
of CAC to therapy guided by risk scores or other classification 
methods.5,8–11 Among them, Nasir et al. studied the cost-
effectiveness of using CAC and compared it with stratification 
guided only by the risk score for cardiovascular events. This 
analysis used data and expected costs in the United States and 
was based on population data from the Multi-Ethnic Study of 
Atherosclerosis (MESA), a cohort composed of 6,814 participants 
from different study centers in the country.12 

Here, we used the aforementioned study as a reference, 
with the same population base mentioned, adapting the costs 
to the Brazilian reality, to determine the reproducibility of the 
method in Brazil.

Methods
In this analysis, the methods were replicated from the article 

published by Nasir et al., using a microsimulation model (TreeAge 
Pro version 2016 — Williamstown, MA, USA). The model 
simulates the clinical and economic consequences on the basis 
of atherosclerotic cardiovascular disease, in the context of primary 
prevention in patients with moderate cardiovascular risk. The 
strategies compared in this analysis are (Figure 1) explained below.

Strategy 1 (conventional): patients did not undergo CAC and 
were submitted to pharmacological therapy with moderate-
intensity statin.

Strategy 2 (CAC: The CAC was determined in patients, and 
treatment was guided by the outcome. Subjects with CAC 1–100 
underwent moderate-intensity statin treatment.

With a CAC value greater than 100, treatment with high-
intensity statin was started. However, with CAC 0, drug treatment 
was not started.

The intensity of treatment with statins, classified as low-, 
moderate- and high-intensity, follows the criteria contained in 

the guidelines of the AHA and the Brazilian Society of Cardiology 
(SBC).4,13 The other medications for continuous use, if indicated, 
were not modified after the risk reclassification.

The comparative analysis of the cost-effectiveness study was 
based on quality-adjusted life years (QALY) as a measure of 
benefit. QALY is a health outcome measure, which combines 
the population’s quantity (mortality) and quality (morbidity) of 
life in a numerical index, being useful to compare and analyze 
the comparative result between strategies 1 and 2.

The population of this analysis, as mentioned, is based on the 
MESA study, and the population characteristics and distribution 
of the calcium score according to cardiovascular risk, based on 
the ACC/AHA scores, are shown in Tables 1 and 2.

In this investigation, patients were run through the model 
until they had a cardiovascular event or death from other causes, 
and the number of years of statin use or cardiovascular event 
was searched for each patient. The time horizon was updated 
with one-year cycles. All costs and results were discounted at 
3% per year.

As a limitation of our study, we emphasize that the analysis of 
the assumptions was not performed, since in this case, the results 
are extensions of studies carried out previously.

Costs
As previously mentioned, the costs were adapted to the 

Brazilian reality. The values are shown in Table 3, in reais (R$) 
and, due to the high variability, they are represented in the table in 
three scales: median, minimum and maximum. Thus, our analysis 
was conducted with a wide range of assumptions.

It is important to note that the cost of CAC was added to 
the model only once, as the test is not repeated frequently. In 
the literature, the warrant time, that is, CAC guarantee time 
for individuals with CAC=0, is relatively long in addition to 

Risk of ASCVD 
event

High-intensity 
statin

Moderate-intensity 
statin

Moderate-intensity 
statin

No statin

Treat all

Intermediate Risk
ACC/AHA risk of events in 10 years (ASCVD)
5-7.5% statin considered
>7.5% statin recommended

Two strategies are compared: 
1) statin treatment for all eligible with intermediate risk (ASCVD) versus 
2) CAC to guide the treatment. CAC: coronary artery calcium score

CAC>100

CAC 1–100CAC

CAC = 0

Risk of ASCVD 
event

Risk of ASCVD 
event

Risk of ASCVD 
event

Figure 1 – Strategies for risk stratification in intermediate-risk patients.
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Table 1 – Characteristics and distribution of coronary artery calcium score in the Multi-Ethnic Study of Atherosclerosis population 
based on cardiovascular risk categories

Statin recommended (n=2,377) Statin considered (n=538)

Age (years) 64.7 ± 3 58.4 ± 6.5

Male 1,434 (60) 299 (51)

Ethnicity

While 795 (33) 220 (37)

Black 791 (33) 180 (31)

Hispanic 534 (23) 124 (21)

Asian 527 (11) 65 (11)

Diabetes 472 (20) 0 (0)

Hypertension 1.439 (61) 193 (33)

Smoker

Never 1,023 (43) 280 (47)

Former 918 (39) 211 (36)

Current 436 (18) 98 (17)

Family history of CAD 948 (43) 237 (43)

BMI (kg/m2) 28.7± 5.3 38.5 ± 5.4

Total  cholesterol (mg/dl) 201.5 ± 34.8 199.8 ± 30.6

LDL-C (mg/dl) 126.4 ± 31.2 124.6 ± 26.4

HDL-C (mg/dl) 48.5 ± 13.8 49.9 ± 13.9 

Triglycerides 132.8 ± 67 126.4 ± 64.4

Values given as mean ± SD or n(%). BMI: body mass index; CAD: coronary artery disease; LDL-C: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein 
cholesterol.

Table 2 – Distribution of coronary artery calcium scores according to American College of Cardiology and American Heart Association 
guidelines

Statin recommended 2,377

CAC 0 878 (33.0)

CAC 1–100 714 (24/1)

CAC >100 685 (23.1)

Statin considered 598

CAC 0 338 (11.4)

CAC 1–100 184 (6.2)

CAC >100 67 (2.3)

Total 2,966 (100)

Values are n or n (%). CAC: coronary artery calcium score.

being individualized, taking into account several aspects such 
as age, sex and the presence of risk factors, including diabetes. 
Therefore, in case of a zero calcium score, the indication of its 
repetition is variable and may be indicated at intervals of three 
to seven years.14

The rest of the clinical parameters, including probabilistic 
multiparameter sensitivity analyses, were used as described in 
the previous publication.

Results 
When comparing the cost-effectiveness of using CAC in the 

cardiovascular stratification of primary prevention of individuals 
with moderate cardiovascular risk between strategies 1 and 2, 
we observed that when considering the median cost of all statins 
and the CAC, there was a statistically significant reduction of R$ 
672.00 in accumulated costs in favor of the group in which CAC 
was determined (Table 4 – base case). In the same way, when 
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the cost of the statin was reduced to the median of moderate-
intensity statins, the accumulated cost difference of R$ 423.00 
remained, also favorable to the performance of the CAC. In 
another analysis, we observed that in addition to the financial 
benefit, there was a greater QALY survival, which confirmed the 
cost-effectiveness of the method in relation to the conventional 
strategy based on the guidelines.

Considering the multiple variables presented, 10,000 Monte 
Carlo simulations were also performed to illustrate the probabilistic 
sensitivity analysis of the multiple parameters included in the 
model (Figure 2). The graph in question analyzed the use of the 
conventional strategy, that is, the non-use of CAC in stratification, 
through an incremental gain of QALY on the X axis and the 
incremental cost ($ — in local currency of reais) on the Y axis. 
Each point on the graph represents a cross between the 10,000 
possible simulations. Therefore, it is possible to infer that using 
the conventional strategy of stratification in these individuals, 
more than 95% of the combinations were associated with an 

incremental gain in cost without an incremental gain in QALY; 
that is, they were favorable to the use of CAC. Thus, there was a 
financial benefit when comparing the conventional strategy to the 
strategy that used CAC. However, when analyzing QALY, there was 
a greater dispersion of the simulations, which did not show a clear 
difference between the strategies used in the sensitivity analysis, 
despite a slight tendency to favor the group that involved CAC.

Discussion
Therefore, based on the results of this analysis, adjusted 

for Brazilian costs, we have data that are favorable to the use 
of strategy 2, that is, the use of CAC to support cardiovascular 
stratification and statin indication, with better cost-effectiveness. 
compared to strategy 1 (conservative).

When comparing the cost-effectiveness of using the CAC as 
a tool to aid in risk stratification in patients undergoing primary 
prevention and moderate risk of cardiovascular events, we 

Table 3 – Brazilian costs

Variable (TreeAge Pro version 2016 – Williamstown, MA, USA) Median (R$) Min (R$) Max (R$) Source

CAC examination 418 300 713 1

Statin (moderate-intensity), annual  cost 276.96 210.96 804 2

Statin (high-intensity), annual cost 435.84 324.60 725.64 3

Statin (all intensities, median), annual cost 356.40 267.78 764.82 4

Fatal infarction 9,816.80 7,853.44 11,780.16 5

Nonfatal myocardial infarction, first year 28,048 22,438.40 33,657.60 6

Nonfatal infarction, other years 4,207.20 3,365.76 5,048.64 7

Cardiac arrest resuscitated 42,072 33,657.60 50,486.40 8

Fatal CVA 12,761.84 10,209.47 15,314.20 9

Nonfatal CVA, first year 56,096 44,876.80 67,315.20 10

Nonfatal CVA, other years 5,890.08 4,712.06 7,068.09 11

Mild complications of statins 650 520 780 12

Major complications of statins 19,500 15,600 23,400 13

Follow-up investigation for non-cardiac findings (repeat imaging) 240 200 340 14

Clinical follow-up and laboratory tests (CAC review, lipid panel, liver panel) 80 65 130 15

CAC: coronary artery calcium score.

Table 4 – Parameters for the microsimulation model that compared strategies for statin therapy in individuals at intermediate risk for an 
ASCVD event

CAC Statin 
cost

Total cost per 
guidelines

CAC — Total 
cost

Cost 
difference

Guidelines — 
QALY CAC — QALY QALY 

Difference Conclusion

Base case R$ 418.00 R$ 356.00
R$ 6.160,00 

(95%CI: 
5,587–6,757)

R$ 5.488,00 
(95%CI: 

4,900–6,113)
-R$  672

11,849 (95%CI: 
10,834–12,829)

11,859 (95%CI: 
10,859–12,838)

0.01
CAC 

dominates

Case with 
moderate-
intensity 
statins 

R$ 418.00 R$ 276.00
R$ 5.492,00 

(95%CI: 
2,035–10,651)

R$ 5.069,00 
(95%CI: 

743–10,730)
-R$  423

11,849 (95%CI: 
10,834–12,829)

11,859 (95%CI: 
10,859–12,838)

0.01
CAC 

dominates

CAC: coronary artery calcium score; CI: confidence interval.
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Figure 2 – Monte Carlo simulations with 10,000 multivariate analyses.
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understand its real benefits and its applicability in clinical practice. 
The factors that support this analysis are: 1) the reduction of the 
incremental cost of each strategy; and 2) the increase in QALY, 
which corresponds, in number, to the benefit incorporated into 
the individual’s quality of life.

The results obtained in this study are in agreement with the 
literature, even after adjusting the costs to the Brazilian reality. 
Thus, stratifying individuals at moderate risk for cardiovascular 
events with CAC and on the basis of the results obtained, 
deciding whether or not to use a statin proves to be advantageous 
compared to the conservative strategy.

Thus, the number of individuals eligible for drug treatment is 
limited and consequently the possibility of adverse drug-related 
effects. At the same time, treatment of the individual is initiated 
with real benefit from its use, and therefore, cardiovascular events 
associated with atherosclerosis can be prevented. Therefore, the 
cost-effectiveness of the strategy that includes the use of CAC in 
the stratification of these individuals is evident, as an extremely 
important tool when implemented on a large scale.
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Cardiovascular diseases (CVD) statistics never fail to impress 
even the most hardened and experienced physician. One-third 
of deaths worldwide are still due to cardiovascular causes (85% 
of those are myocardial infarction and stroke), and 75% occur 
in mid-to-low income countries.1,2 Half the people who died 
of myocardial infarction never had symptoms before the tragic 
event, and most never had the diagnosis of coronary artery 
disease.3 Despite our best efforts, the prevalence of ischemic 
heart disease (IHD) has been steadily rising for the last 30 years 
worldwide due to population aging, but even if we standardize 
by age, the prevalence has been stable, and notwithstanding 
fallen. This fact highlights the importance of lifestyle changes 
that allow for a healthier heart and the need to focus on 
implementing existing cost-effective policies and interventions. 4

Coronary calcification is almost always a marker of 
atherosclerosis. The coronary calcium score (CCS) is a number 
that quantifies coronary calcification as a surrogate for total 
coronary atherosclerotic burden. Even though calcification 
results from plaque healing, higher-risk plaques tend to have 
proportionately greater non-calcified components;5 CCS has 
been proven to be a strong predictor of CVD and IHD events 
in multiple large, solid, population-based studies.6

Primary prevention is guided and titrated by CVD risk, 
i.e., patients with higher risk should have higher intensity 
treatment, and low-risk patients may require no treatment 
besides general healthcare counseling. CCS determines 
cardiovascular risk better than clinical assessment and clinical 
risk calculators because CVD has such diverse and complex 
pathophysiology, with so many different risk factors, that 
compiling all risk factors in a calculator is ineffective and 
inaccurate. Additionally, risk factors are so common that they 
fail to differentiate who will have an event and who will not. 
For instance, the prevalence of 1 major risk factor (aside from 

age) is very high among persons aged 40 years who develop 
IHD,7 but it is also very high among those who do not develop 
IHD.8 Instead of focusing on how to guess who has CVD, we 
should focus on the early diagnosis of preclinical CVD, and 
coronary calcium score is probably the best tool available, 
for it is accurate, relatively cheap, widely available, and cost-
effective in multiple clinical scenarios and populations.9

This month’s ABC brings a very important article that 
investigates the cost-effectiveness of CCS in Brazil.10 Since 
scanning, medications and other healthcare costs vary 
worldwide, it is important to perform cost-effectiveness 
analysis locally to guide national healthcare policies better. 
The authors demonstrated that, among patients clinically 
classified as intermediate risk, who would be recommended or 
considered for moderate intensity statin treatment by current 
clinical guidelines, the introduction of CCS is cost-effective 
in all analyzed scenarios. Not only an increase in statin 
intensity would be recommended for the patient population 
with CCS>100 (25% of the cohort) who would otherwise be 
taking only moderate-intensity treatment, but perhaps more 
important is the fact that approximately 45% of the patient 
population would be withdrawn from medical therapy since 
they have CCS=0. The cost of the CCS scan is compensated 
by lowering event rates in CCS>100 and the savings from 
long-term statin suspension among those with CCS=0.

Some important features are missing from the analysis, 
since they did not show how they collected cost data and did 
not provide sensitivity analysis. Nevertheless, despite these 
shortcomings, their paper is valuable for population healthcare 
planning in Brazil. Together with other cost-effectiveness data that 
analyzed similar technologies,11 their paper reinforces calcium 
score as a valuable tool to guide and titrate medical therapy and 
improve patient adherence to necessary behavioral changes.
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Abstract
Atherosclerosis is the most common cause of cardiovascular 

disease globally, associated with a high incidence of clinical 
events. Accumulating evidence has elucidated that long 
non-coding RNAs (lncRNAs) as a novel class of transcripts 
with critical roles in the pathophysiological processes of 
atherosclerosis. In this review, we summarize the recent 
progress of lncRNAs in the development of atherosclerosis. 
We mainly describe the diverse regulatory mechanisms of 
lncRNAs at the transcriptional and post-transcriptional levels. 
This study may provide helpful insights about lncRNAs as 
therapeutic targets or biomarkers for atherosclerosis treatment. 

Introduction
Cardiovascular diseases (CVDs) are regarded as a global 

health problem that accounts for 17.9 million deaths every 
year.1 Atherosclerosis (AS), the principal driver of CVDs 
worldwide, is a lipid-driven chronic inflammatory process with 
endothelial dysfunction, foam cells formation and final plaque 
buildup.2 This process is accompanied by cells proliferation, 
apoptosis, and the release of pro-inflammatory factors3 (Figure 
1). These can trigger plaque rupture and thrombosis formation, 
leading to acute clinical events, such as stroke and acute 
coronary syndrome.4

In the mammalian genome, the encoded protein RNAs 
are only < 3%.5 That fraction of the coding gene makes, 
therefore, hard to explain the complex regulatory mechanism 
of the organism. In recent years, accumulating studies have 
revealed the important role of non-coding protein RNAs 
in the pathophysiological processes of various diseases.6,7 
According to the length, the non-coding RNAs (ncRNAs) 
can be divided into long non-coding RNA (lncRNA, >200 
nucleotides) and small non-coding RNA (<200 nucleotides, 
such as miRNAs, piRNAs and siRNAs).8 In many researches, 

some small ncRNAs’ regulatory functions and biological 
effects have been demonstrated.9-11 The function of many 
lncRNAs is unknown, but an increasing number of lncRNAs 
have been characterized. 

The biosynthesis of lncRNA is similar to that of mRNA. 
LncRNAs are transcribed by RNA polymerase II but lack 
open reading frames, and they are in a lower expression than 
protein-coding genes.8 LncRNAs are mainly located within 
the nucleus and cytoplasm.12 In the cytoplasm, lncRNAs can 
bind with ribosomes13 or originate from the mitochondrial 
genome.14 Early reports show that many lncRNAs can’t encode 
proteins because they lack open reading frames (ORFs) or 
contain few ORFs. But emerging evidence suggests that 
some lncRNAs contain small ORFs encoding small proteins or 
micropeptides, which are regarded as key regulators in various 
biological processes.8,15,16 Studies demonstrate that lncRNAs 
play critical roles in the function of endothelial and vascular 
smooth muscle cells (VSMC), macrophage activation, lipid 
metabolism and inflammatory response.17,18 In this review, we 
mainly discuss the regulation of lncRNAs are involved in the 
pathophysiologic process of atherosclerosis at transcriptional 
and post-transcriptional levels.

The pathogenesis of atherosclerosis is accompanied by cell 
dysfunction, such as proliferation, apoptosis, and migration. 
The result is foam cells formation and plaque buildup.

The classifications and regulatory mechanism of LncRNAs
According to the correlation between the genomic 

location and protein-coding genes, lncRNAs can be divided 
into (1) intergenic lncRNAs (lincRNAs) that express protein-
coding genes as an independent unit. (2) intronic lncRNAs 
that derive from the introns of protein-coding genes. (3) 
antisense lncRNAs transcribed from the opposite direction 
of protein-coding genes. (4) sense lncRNAs that overlap 
with exons of protein-coding genes on the same strand. (5) 
enhancers that originate in the enhancer of protein-coding 
genes. (6) bidirectional lncRNAs that are transcribed from 
the divergent bidirectional promoters.19,20 The criteria of 
classification also include the various functions in local 
gene regulation: cis- (regulating proximal genes expression) 
and trans- (regulating distant genes expression).21 Besides, 
lncRNAs transcripts can also be categorized into linear  
or circular.22

The mechanism of lncRNAs functioning has not been 
completely elucidated, but it can be classified roughly into 
several groups: 1. transcriptional regulation is embodied 
in transcriptional interference, chromatin remodeling and 
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promotion of transcription; 2. post-transcriptional levels 
manifest in mRNAs splicing regulation translational control 
and even as sponges for miRNAs; 3. Others contain protein 
localization, telomere replication, and RNA interference, 
etc. Furthermore, their targeting mechanisms for regulating 
gene expression are summarized as the following: signals, 
decoys, guides and scaffolds.22,23

Transcriptional regulation
LncRNAs can exert their transcriptional regulation 

through cis-acting and trans-acting mechanisms. (Table 1) 
LncRNAs regulate neighboring genes expression in cis via 
transcriptional interference or chromatin remodeling.24 
Trans-acting lncRNAs can interact with RNA polymerases 
and transcription elongation factors or serve as a scaffold 
for chromatin modification complexes to regulate the 
distant genes.24,25

The Wellcome Trust Case Control Consortium (WTCCC) 
study and the genome-wide association studies found that 
a region on chromosome 9p21 (Chr9p21) was strongly 
associated with coronary artery disease strongly.26 The 
region is adjacent to a lincRNA named antisense non-
coding RNA in the INK4 locus (ANRIL, also known as 
CDKN2BAS).27 Holdt LM et al.28 had revealed that ANRIL 

expression was correlated with atherosclerosis severity by 
affecting mRNAs’ transcription, and the ANRIL was also 
detected in atherosclerotic plaques in their study.28

Two protein-coding genes, cyclin-dependent kinase 
inhibitors(CDKN2A, CDKN2B) and the alternative 
reading frame (ARF) on chromosome 9p21, are tied to 
ANRIL inextricably, which are tumor suppressors.27 The 
polycomb repressive complex-1 (PRC-1) and polycomb 
repressive complex-2 (PRC-2) are two kinds of polycomb 
group proteins involved in maintaining chromatin state.29 
Their subunits CBX7 and SUZ12 bind ANRIL separately 
to silence CDKN2A/B locus through H3 lysine27 (K27H3) 
trimethylation.30,31 Yet, the repression of CDKN2A/B 
may be related to cell proliferation and apoptosis in the 
atherosclerosis process.32

Holdt et al.28 found that ANRIL was in a position to 
exert a regulatory function in distant gene expression in 
trans. Alu element, marking the promoter of the ANRIL 
trans-regulated genes, is decisive for linear ANRIL trans-
regulation. PcG proteins, triggered by binding with ANRIL, 
were highly abundant downstream of the Alu motifs.33 The 
recruitment of PcG proteins could regulate the expression 
of the target genes (TSC22D3、COL3A1) and attenuate 
ANRIL-mediated pro-atherogenic functions, such as cell 
adhesion, proliferation, and apoptosis.3,33 Furthermore, 
ANRIL plays a pivotal role in the inflammatory processes 
through TNF-α/NF-kB-ANRIL/YY1-IL6/8 pathway. PRC-
associated proteins Yin Yang 1 (YY1), a transcriptional 
factor, form a functional complex with ANRIL.33 ANRIL-
YYI complex binds to IL6/8 promoter loci and stimulates 
their recruitment in the TNF-α/NF-κB signaling, leading to 
vascular inflammation.34

MALAT1, located on chromosome 11q13, is first 
described as lncRNA associated with metastasis of 
lung tumors.35 MALAT1 expression is downregulated 
in atherosclerotic plaques in comparison to non-
atherosclerotic arteries.36 Michalik et al.37 found that 
silencing of MALAT1 inhibited a switch from a promigratory 
to a proliferative state of the endothelial cells, resulting in 
the reduction of vessel growth.37 And MALAT1 also acts 
as a molecular scaffold to interact with unmethylated 
Polycomb 2 (Pc2); the expression of Pc2 promotes E2F1 
SUMOylation and regulates histone modifications to 
increase cell proliferation.38

In a control experiment, Gast et al.39 observed that 
the serum levels of TNF, IL-6, and IFN-γ were increased 
in the MALAT1-deficient ApoE-/- mice, causing immune 
dysfunction and aggravated atherosclerosis.39 MALAT1 may 
be involved in the LPS‐induced inflammatory response via 
LPS/TLR4/NF-κB signaling. MALAT1 interacts with NF-κB 
subunits p65/p50, inhibiting p65/p50 binding to target 
promoters such as TNF-α and IL-6, then attenuating an 
excessive inflammation.40

In lipid metabolism, MALAT1 may be upregulated in 
macrophages during ox-LDL stimulation.41 CD36, a class 
B scavenger receptor, is required for lipid uptake of ox-
LDL.42 MALAT1 overexpression induces the recruitment 
of β-catenin on the CD36 promoter to enhance CD36 

Figure 1 – The pathogenesis of atherosclerosis.
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Table 1 – The role of lncRNAs in the pathologic process of atherosclerosis

lncRNAs Mechanism Effect References

Cells function Proliferation Apoptosis

Endothelial cells (ECs) MALAT1 MALAT1-Pc2 (CBX4)-E2F1 + 38

GAS5 GAS5 - ceRNA (miR-21) - + 75

HOTTIP TNF-α/PDGFBB-HOTTIP-β-catenin + 47

MALAT1 ceRNA (miR-22-3p) - 60

TUG1 ceRNA (miR-26a) + 71

Macrophages、
Smooth muscular cells

ANRIL Bind with CBX7 and SUZ12 + - 32

NEAT1 NEAT1-WDR5-SM-specific genes + 44

LincRNA-p21 lincRNA-p21-MDM2/ p300-p53 + - 45

HAS2 remodeling chromatin structure + 49,50

RP11-714G18.1 upregulate LRP2BP expression - 53

H19 ceRNA (miR-148b) + - 66

MIAT ceRNA (miR-181b) + - 69

lncRNAs Mechanism Effect References

Lipid accumulation MALAT1 MALAT1-CD36-lipid uptake + 45

NEAT1 NEAT1-CD36-lipid uptake - 41

MeXis LXR-MeXis-Abca1 - 46

H19 ceRNA (miR-130b) - 65

TUG1 ceRNA (miR-133a) + 72

lncRNAs Mechanism Effect References

Inflammatory response

ANRIL TNF-α/NF-kB-ANRIL/YY1-IL6/8 + 34

MALAT1 MALAT1-p65/p50-TNF-α and IL-6 - 40

MALAT1 ceRNA (miR-503 or miR-155) - 61,62

H19 ceRNA (miR-130b) -

NEAT1 ceRNA (miR-342-3p) + 70

TUG1 ceRNA (miR-133a) + 72

(+) represents prompt or increase, and (-) represents prevent or decrease.

transcription, promoting lipid uptake in macrophages and 
accelerating the foam cell formation in atherosclerotic 
plaques.41

NEAT1, an adjacent transcript of MALAT1, can enhance 
the paraspeckles formation in oxLDL‑induced macrophage, 
which suppresses lipid uptake by binding CD36 mRNA 
to inhibit CD36 expression and stimulates inflammatory 
response via phosphorylating p65 to promote TNF‑α 
secretion.43 Besides, Ahmed ASI et al.44 found that NEAT1 
expression was upregulated in vascular smooth muscle 
cells (VSMCs) after vascular injury in vivo and in vitro, 
leading to an inactive chromatin state in SM-specific genes 
through binding with the chromatin modifier WDR5. The 
repression of SM-specific genes expression switched VSMCs 
to proliferative phenotype, promoting VSMCs proliferation 
and migration and thereby neointima formation.44

The expression of lincRNA-p21 was downregulated 
in the atherosclerotic plaques. LincRNA-p21 decreased 
MDM2/p53 interaction and increased p300/p53 interaction 
to facilitate the transcriptional activity of p53, leading to the 
repression of neointimal formation, the inhibition of cell 
proliferation and the enhancement of apoptosis in VSMCs 
and mononuclear macrophage cells in vitro and vivo.45

Also, some other lncRNAs are involved in the AS process 
at the transcriptional level, but the descriptions are limited. 
The overexpression of lncRNA-MeXis in macrophages may 
facilitate macrophage reversing cholesterol transport via the 
LXR-MeXis-Abca1 axis, suggesting that lncRNA-MeXis plays 
a protective role in the development of atherosclerosis.46 
Ectopic expression of lncRNA-HOTTIP, induced by TNF-α 
or platelet-derived growth factor (PDGFBB), increases 
proliferative markers cyclin D1 and PCNA expression 
through the Wnt/β-catenin pathway, subsequently 
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prompting the endothelial cell proliferation and migration.47 
The O-GlcNAcylation modulates HAS2-AS1 promoter 
activation, HAS2-AS1 natural antisense transcript can 
regulate HAS2 transcription in cis through remodeling 
chromatin structure,48 HAS2 may be related to VSMCs 
proliferation,49,50 macrophages recruitment,50 VSMCs 
migration and neointima formation,51,52 inflammatory 
response.50,52 The expression of lncRNA RP11-714G18.1 
in atherosclerotic plaque is low. Still, it can upregulate 
nearby gene LRP2BP expression to impair cell migration, 
suppress the adhesion of ECs to monocytes, reduce 
the neoangiogenesis, decrease VSMCs apoptosis and 
promote nitric oxide production. Furthermore, the serum 
LRP2BP was positively related to high-density lipoprotein 
cholesterol.53

HOXC-AS1 may suppress the cholesterol accumulation 
in macrophages via promoting HOXC6 expression at 
mRNA levels.54 LEENE can improve endothelial function 
by enhancing eNOS initial RNA transcription.55 Lethe Lin 
et al.56 acts as a decoy lncRNA to interact with the NF-
κB subunit RelA and inhibits RelA binding to target genes 
DNA, such as IL6, SOD2, IL8, attenuating the inflammatory 
response.56 LncRNA-TSLP induces HOTAIR transcription 
through PI3K/AKT-IRF1 pathway, promoting endothelial 
cell proliferation and migration in atherosclerosis.57 Besides, 
ox-LDL induced TSLP may bind to dendritic cells (DCs) to 
activate the Th17 inflammation,58 which is related to the 
severity and progression of AS.59

Post-transcriptional regulation
LncRNAs mainly act as competing endogenous RNAs 

(ceRNAs) or miRNAs “sponge” interacting with miRNAs 
in the process of atherosclerosis at the post-transcriptional 
regulation level. (Table 1) Furthermore, they are also 
involved in translational control, splicing regulation and small 
interfering RNA (siRNA) mechanism.24

MALAT1 acts as ceRNA in ox-LDL-induced cells injury and 
plays a protective role in atherosclerosis disease. MALAT1 
could compete with miR-22-3p for endogenous RNA and 
upregulate the target genes CXCR2 and AKT of miR-22-3p 
to inhibit endothelial cells apoptosis and promote the ECs 
migration and angiogenesis.60 Cremer S et al.61 found that 
MALAT1 “sponged” miR-503 to reduce the release of pro-
inflammatory cytokines, attenuating plaque inflammation.61 
Besides, the suppressor of cytokine signaling 1 (SOCS1) is 
the target protein of miR-155 that negatively regulates Janus 
activated kinase (JAK)-signal transducer and activator of 
transcription (STAT) signaling. MALAT1 could downregulate 
miR-155 and increase the expression of SOCS1 to alleviate 
the inflammation and apoptosis in atherosclerosis.62 Thus, 
MALAT1 may play a protective role via interacting with 
miRNAs in the pathogenesis of atherosclerosis.

The expression of lncRNA H19 was up-regulated in 
ox-LDL treated macrophages. MiR-130b regulates the 
inflammatory response by decreasing the translational 
levels of TNF-α, Sp1, NF-κB with lipid stimulation63 and 
inhibits adipogenesis by targeting PPAR-g.64 Silencing of H19 
significantly increases the expression of miR-130b, which 

ameliorates inflammation and lipid synthesis in ox-LDL-
treated Raw264.7 cells.65 H19 can accelerate proliferation 
and impede apoptosis in ox-LDL-stimulated VSMCs by 
directly suppressing miR-148b expression and enhancing 
miR-148b target gene WNT1 expression.66

LncRNA-MIAT may be involved in atherosclerotic plaque 
progression. MIAT is mainly expressed in the macrophages 
of advanced atherosclerotic plaques. With the ox-LDL 
treatment, the expression of MIAT is upregulated. Anti-
phagocytic molecule CD47, a target gene of miR-149-
5p, is related to apoptotic cell clearance and necrotic 
cores.67 MIAT interferes with miR-149-5p pathways to 
increase the CD47 level in macrophages, promoting 
plaque vulnerability.68 The formation of the MIAT/miR-
181b/STAT3 axis plays a critical role in ox-LDL induced 
human aorta vascular smooth muscle cells (HA-VSMCs) 
and human mononuclear cells (U937). MIAT up-regulates 
signal transducer and activator of transcription 3 (STAT3) 
protein level through sequestering miR-181b, subsequently 
promoting proliferation, facilitating cell cycle arrest and 
inhibiting apoptosis in HA-VSMCs and U937 cells.69

NEAT1 was also involved in the atherosclerotic 
process as ceRNA except for remodeling chromatin at the 
transcriptional level. Lei Wang et al.70 found that NEAT1 
was significantly upregulated in the presence of ox-LDL and 
served as a sponge to repress the expression of miR-342-3p, 
increasing the serum level of IL-6, IL-1β, COX-2, and total 
cholesterol leading to accelerating inflammation process 
and the formation of foam cells.70 LncRNA-TUG1 could 
down-regulate the expression of miR-26a and increase 
the mRNA and protein level of TRPC6 to facilitate the 
endothelial cells apoptosis.71 Lei Zhang et al.72 revealed 
that TUG1 sponged miR-133a and up-regulated fibroblast 
growth factor 1 (FGF1) expression, resulting in increased 
hyperlipidemia and excessive inflammatory response 
aggravated atherosclerotic lesion.72

In addition, more and more studies have demonstrated 
that plenty of atherosclerosis-related lncRNAs plays a 
crucial role in the pathogenesis of AS by interacting with 
miRNAs at the post-transcriptional level. LINC00305 
acts as an endogenous sponge for miR-136 and inhibits 
miR-136 expression to suppress the vascular endothelial 
cells proliferation and enhance apoptosis.73 LincRNA-p21 
functions as ceRNA to promote ECs apoptosis and induces 
cell cycle progression by targeting the miR-130b.74 LncRNA-
GAS5 negatively regulates miR-21 expression to enhance 
programmed cell death 4 (PDCD4) expression, suppressing 
ECs proliferation and triggering ECs apoptosis.75

Others
LncRNAs may function through protein localization, 

telomere replication and RNA interference in some 
processes,24 such as localizing RNP particles in legume plants, 
extending telomere during DNA replication in eukaryote,76 
reducing Dicer-generated siRNA and affecting the expression 
of Dicer-regulated genes.77 While their underlying molecular 
mechanism related to the development of atherosclerosis 
remains unknown.
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Introduction 
The novel coronavirus disease-2019 (COVID-19) caused 

by “Severe Acute Respiratory Syndrome Coronavirus-2” 
(SARS-CoV-2) became a global pandemic. Although respiratory 
involvement is the predominant presentation, current evidence 
has shown that COVID-19 is a multisystemic disease with 
coagulopathy and thromboembolic complications. Increased 
production of tissue factor and thrombin reduced fibrinolysis 
due to hyperinflammation are the proposed mechanisms of 
COVID-19 induced thrombosis.1

We present a case of a COVID-19 infected patient with 
thrombosis of the mechanical mitral valve.

Case Report
A 46-year-old male patient who underwent mitral mechanical 

valve replacement 3 years ago was admitted with a 1 week 
history of mild dyspnea and malaise. Physical examination 
revealed the absence of prosthetic click. There was neither 
jugular venous distension nor rales on lung auscultation. The 
patient was hemodynamically stable. Electrocardiography showed 
sinus rhythm with nonspecific ST-segment changes. Regular 
medications consisted of only warfarin 5 mg/day. His recent 
medical history was remarkable due to the COVID-19 infection 
in his household. It was decided to test the patient for COVID- 19 
because of close contact and subfebrile fever (37.5 °C). Real-time 
polymerase chain reaction nasopharyngeal swab test was positive 
for SARS-CoV2. Chest computed tomography scan performed 
in the emergency department revealed bilateral centrilobular 
infiltrations, which were reported as atypical COVID-19. 
Transthoracic echocardiography (TTE) detected severely restricted 
leaflet mobility, with a mean transvalvular gradient of 23 mmHg 
(Figure 1). Obstructive thrombus with a 2.2 X 0.8 cm diameter 
extending to the left ventricular outflow tract was seen (Figure 1, 
Video 1). Fluoroscopy also showed restricted mobility of leaflets. 
Admission INR was 3.26. Medical records revealed monthly 

therapeutic INR measurements before hospitalization. There was 
no other thrombotic episode in the patient’s past medical history. 
There was mild hypoxemia (PaO2:71 mmHg) on arterial blood 
gas analysis. Initial laboratory tests showed levels of D dimer 1.0 
mg/L (< 0.55), C- reactive protein 0.02708 g/L (0 - 0.005), IL-6 
14.7 pg/mL (0 – 3.4), platelets 258 x 10^9/L(150-400), and 
ferritin 58 µg/L (22 – 322). Blood cultures were obtained to rule 
out infective endocarditis. Emergent surgery was declined due to 
hemodynamic stability and active COVID-19 infection.

The patient was admitted to the intensive care unit to 
monitor symptoms and hemodynamics. Warfarin was stopped, 
and intravenous unfractionated heparin was administered 
with aPTT guided dosing. The patient was closely monitored 
for signs of heart failure and hemodynamic instability. On the 
third day of treatment, TTE showed decreased mitral valve 
gradients (mean 12 mmHg). Heparin treatment was continued. 
However, the patient deteriorated because of supraventricular 
tachycardia and subsequent pulmonary edema on day 7. Bedside 
echocardiography was done immediately and demonstrated re-
elevation of the mean pressure gradient to 28 mmHg. Emergent 
thrombolytic was administered 10 mg bolus of tPA and 90 mg 
infusion in 90 minutes; however, no amelioration was seen in 
neither clinical nor echocardiographic parameters after lytics. 
Urgent mitral valve replacement was needed. Adherences 
from previous cardiac surgery were released after redo median 
sternotomy. Cardiopulmonary bypass was established with venous 
cannulation. Thrombosis was observed on the mechanical valve 
by the left atriotomy approach. The thrombosed mechanical 
valve was excised, and a new mechanical valve (29 mm, Sorin) 
was replaced. He was discharged with a target INR of 3.5 after 
uneventful postoperative care. As COVID-19 infection was 
supposed to be the trigger of mechanical valve thrombosis, no 
further hematological investigation was done. The patient has not 
experienced any adverse event after discharge.

Discussion
We described a case of mechanical mitral valve thrombosis 

in a COVID-19 patient. Thrombotic complications of the 
cardiovascular system are evident in the literature. There have 
been reports of venous thromboembolism and coronary artery 
thrombosis cases related to COVID-19.2,3 Bioprosthetic mitral 
valve thrombosis was successfully treated by the initiation of 
anticoagulation in an elderly patient with COVID-19.4 Guidelines 
recommend at least prophylactic dose of low molecular weight 
heparin for all hospitalized COVID-19 patients in the absence 
of absolute contraindications.1 

Mechanical heart valve thrombosis is a life-threatening 
complication necessitating prompt diagnosis and treatment.  
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It is usually associated with inadequate anticoagulation. TTE and 
transesophageal echocardiography (TEE) are essential for diagnosis 
and determining the degree and cause of valve dysfunction. 
TEE was not performed in this COVID-19 patient due to the 
heightened risk for SARS-Cov-2 spread. Cinefluoroscopic provides 
additional information about leaflet mobility and opening. 
Emergency valve replacement is recommended for obstructive 
prosthetic valve thrombosis in critically ill patients, but fibrinolysis 
should be considered if the surgical risk is high.5  Low risk of 
bleeding, involvement of the right valves, first episode of valve 
thrombosis, and thrombus smaller than 1 cm² are other factors 
that make fibrinolysis more favorable.6 Heart team decided to 
administer fibrinolytic due to concerns about perioperative hyper 
inflammation and hypercoagulability associated with COVID-19 7 

but redo surgery was eventually needed after thrombolytics failed.
COVID-19 infection has been associated with increased 

mortality in patients undergoing cardiac surgery.8 Exaggerated 
inflammatory response to the virus may augment the risk of acute 
respiratory distress syndrome (ARDS) postoperatively.9 A case of 
acute postoperative thrombosis of the aortic valve and subsequent 
coronary embolism was reported.10 The risk of perioperative 
transmission of the virus to health care personnel should also be 
kept in mind. However, delaying the surgery in a patient with 
prosthetic valve thrombosis is also risky due to complications such as 
cardiogenic shock, heart failure and systemic embolism. The decision 
between surgery and thrombolysis for mechanical valve thrombosis 
should be individualized. Clinical factors, local experience and 
surgical expertise are critical factors in the decision pathway.

Conclusions
Literature has consistent data regarding hypercoagulability 

in COVID-19 infection, so we presumed that Coronavirus 
disease was the predisposing factor in the development of 
mechanical valve thrombosis in a patient with therapeutic INR 

values. However, it should be noted that thrombosis developed 
although proinflammatory markers were moderately elevated. 
Similarly, recurrent coronary thrombosis in a moderate case 
of COVID-19 was reported,2 so hyper inflammation may not 
be the sole pathway leading to thrombosis in patients with 
COVID-19.

Physicians should be aware of thrombotic complications during 
this outbreak. Preventive and therapeutic use of antithrombotic 
drugs should be done in parallel to formal recommendations to 
mitigate the thrombotic burden in COVID-19 patients.1

Author Contributions
Conception and design of the research: Bayram H, Küçüker 

SA; Acquisition of data: Aruğaslan E, Çalapkulu Y; Analysis and 
interpretation of the data: Karanfil M; Writing of the manuscript: 
Aruğaslan E, Karanfil M, Örnek E; Critical revision of the manuscript 
for intellectual contente: Örnek E, Bayram H, Küçüker SA.

Potential Conflict of Interest 
No potential conflict of interest relevant to this article was 

reported. 

Sources of Funding 
There were no external funding sources for this study. 

Study Association 
This study is not associated with any thesis or dissertation work.

Ethics approval and consent to participate 
This article does not contain any studies with human 

participants or animals performed by any of the authors.

Figure 1 – Echocardiographic images of obstructed mechanical valve.
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Introduction
Coxiella burnetii infective endocarditis (IE) represents 

a rarely reported zoonosis in Brazil.1 It is estimated that 
Coxiella burnetii is responsible for up to 5% of all IE cases 
worldwide.2 The disease affects mostly valvulopathy 
patients and immunocompromised subjects. 

Different from the classical acute and sub-acute 
endocarditis, the clinical picture is frustrating , and, 
because this is an obligate intracellular microorganism, 
hemocultures (HMC) are predominantly negative, which 
makes the clinical suspicion more difficult.1 

This paper presents a rare endocarditis clinical case that 
manifested in an atypical manner, and was diagnosed with 
the help of specific Coxiella burnetii serology and of the 
positron emission tomography (PET). 

Case report 
A 25-year-old female patient, was born in and is a 

resident of Monte Santo, Bahia and who is a farming 
technician, had a history of two mitral valve replacements 
with biological prosthesis due to rheumatic valve disease, 
with the most recent occurrence in 2017. She was referred 
to the emergency unit by the valvulopathy clinic with 
suspected IE. The patient reported that, in July 2020, she 
exhibited erythematous lesions in the lower and upper 
limbs, associated with intermittent low-grade fever, which 
persisted for 6 months. The picture was fully solved with 
the use of cephalexin for 5 days, in January 2021. Upon 
hospital admission, in February 2021, the patient was 
asymptomatic, exhibited no alterations in the physical 
examination, and provided a transthoracic echocardiogram 
(TTE) performed at the clinic 5 days before showing a 
mitral biological prosthesis whose leaflets exhibited pannus 
formation, with the possibility of vegetation not excluded 

(Figure 1A). A transesophageal echocardiogram (TEE) was 
scheduled to better view the valvular prosthesis. The TEE 
showed an oval shape, with well-defined borders, which 
adhered to the posterior leaflet base atrial face, measuring 
11x5 mm, and which may correspond to vegetation 
or suture thread with fibrin, with no mitral prosthesis 
dysfunction (Figure 1B). Given the IE hypothesis, the 
patient was admitted to the hospitals and 3 pairs of HMC 
and laboratory tests were conducted showing 6,720/mm³ 
white blood cells, an erythrocyte sedimentation rate at 
18 mm, C-reactive protein at 18mg/dl, and normal urine 
I and liver function tests. Due to the clinical stability, the 
patient was kept off antibiotics until the hemoculture 
results were available. As the hemocultures were negative, 
Coxiella burnetii and Bartonella henselae serology tests 
were conducted. Serology was reactive to Coxiella burnetii 
(titer >1:1,600), and treatment was started on the day 
after hospital admission, combining intravenous 400 
mg ciprofloxacin every 12 hours for 7 days, 100 mg oral 
delivery (OD) doxycycline every 12 hours, and 200 mg 
OD hydroxychloroquine every 8 hours for 18 months. 
To complement the investigation, on the third day of 
hospital stay, a PET was conducted, which, with the use 
of antibiotic therapy, showed inflammatory activity in the 
mitral valve area; however, it was deemed possible that 
the infective process was being resolved (Figure 2). The 
patient progressed with hemodynamic stability and was 
discharged after 8 days of hospital stay with the described 
antibiotic therapy. 

Discussion
Coxiella burnetii IE represents a worldwide spread 

zoonosis. The most common means of transmission in 
human beings is the inhalation of aerosols derived from 
cattle organic secretion, during birth or by ingesting 
contaminated raw milk.1 In the clinical case, as the patient 
was under occupational risk, the possibility of Coxiella 
burnetii infection was highly suspected. 

Most patients exhibit insidious symptoms of heart 
failure, and unspecified symptoms, such as low-grade 
fever and fatigue. The physical examination may detect the 
presence of hepatosplenomegaly and digital clubbing.1 Skin 
manifestations are uncommon and may be represented by 
purpuric, punctiform, or maculopapular eruptions, and are 
commonly present in the acute form of the disease.3 As 
the patient reported a skin manifestation 7 months prior 
to admission, during the hospital stay period, the patient 
was probably in the chronic phase of the disease.

Serology is one of Duke’s major criteria for Coxiella 
burnetii IE. It constitutes a diagnostic marker of chronic 
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infection when it exhibits antiphase I IgG antibody titers 
>1:800, with high sensitivity and specificity.1

The TTE is capable of revealing abnormalities in only 
12% of the cases, due to the presence of small, nodular, 
or flat vegetations that go unnoticed even in the TTE.1

The PET has demonstrated a diagnostic value in valve 
prosthesis or intracardiac device IE (87% sensitivity and 
92% specificity). It was incorporated in the guideline 
diagnosis algorithm and is not recommended for native 
vales or early postoperative stages.4 There are several 
reports of PET-CT being used as a diagnostic tool in Coxiella 
burnetii IE, suggesting that this technique may help in 
locating the infection in patients with serological evidence 
of persistent infection.5

Therefore, this paper presents an IE case with high 
mortality if not treated early. The diagnosis is difficult due 
to the chronic behavior of the disease. The vegetation is 
unspecified to the echocardiogram and hemocultures are 
negative.1 The PET and serology stand out in this scenario, 
considering that a non-conclusive echocardiogram does 
not exclude the diagnosis in patients with highly suspected 
IT.6 In the clinical case, even during antibiotic therapy and 
in the chronic form of the disease, the PET was able to 
infer and locate the infection, allowing for a more precise 
diagnosis and avoiding lethal outcomes. 
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Figure 1 – A) 2D TTE in longitudinal parasternal position showing mitral prosthesis with thickened leaflets and pannus aspect. B) 2D TEE at 60º showing an oval shape 
adhered to the posterior leaflet atrial face. RV: right ventricle; LV: left ventricle; AO: aorta; LA: left atrium. 
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Figure 2 – PET, computed tomography (CT), and fusion generated images. PET demonstrated diffuse fluorodeoxyglucose uptake in mitral valve topography 
in the coronal (A), sagittal (B), and axial (C) planes, and in 3D (D).
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Introduction
Scientific evidence shows that the regular practice of 

physical exercise (PE) is beneficial for various organs and 
systems of the human body, mainly for the heart and 
cardiovascular system.1 In both systems, aerobic and strength 
PE promote physiological cardiac hypertrophy, respectively 
eccentric and concentric,  improving myocardial function.2

In addition to the benefits for the heart, PE impacts blood 
vessels through shear stress and alters long-term vascular 
function, improving endothelial cell and smooth muscle 
cell function, generating arterial remodeling and a potential 
antiatherogenic effect.3 These benefits on the cardiovascular 
system occur in both healthy individuals and individuals with 
cardiovascular diseases, such as systemic arterial hypertension 
(SAH)4 and myocardial infarction (MI),5 for example.

However, the molecular mechanisms that govern these 
PE-induced benefits have not been completely elucidated, 
especially the mechanisms regulated by microRNAs (miRs), 
which are small non-coding RNAs that modulate the pattern 
of gene and protein expression in healthy individuals and 
those with cardiovascular diseases.6 

Thus, the present study aims to emphasize the importance 
of PE in the prevention and treatment of SAH and MI, as well 
as explaining the role of PE-induced miRs in these pathological 
conditions.

Systemic arterial hypertension, miRs and PE
SAH is a multifactorial disease and is associated with 

genetic factors and modifiable risk factors, such as a high-salt 
and high-calorie diet, smoking, stress, sedentary behavior 
and physical inactivity, being considered an independent 
risk factor for MI.7 PE in turn, is extremely beneficial for 
individuals with SAH because it reduces pressure levels 
after training.8 This decrease in blood pressure is due in 
part to arterial remodeling, attenuating peripheral vascular 
resistance and also due to reduced sympathetic nerve 
activity.8 However, the role of miRs in reducing blood 
pressure remains unclear.

Few studies have demonstrated the regulatory role of miRs 
to reduce blood pressure. In one study, the authors showed 
that aerobic PE lowered blood pressure in hypertensive rats 
by reducing the expression of miR-16 that targets the vascular 
endothelial growth factor (VEGF) gene, with a consequent 
increase in VEGF expression, improving endothelial function 
and decrease in miR-21 expression, with a consequent 
increase in its target, the Bcl-2, attenuating apoptosis, 
demonstrating that PE promoted an alteration in angiogenic 
and apoptotic factors, minimizing microvascular abnormalities, 
and generating peripheral revascularization in SAH.9 

In this context, it was also shown that aerobic PE increased 
the expression of miR-27a, decreasing the expression of its 
target, the ACE gene, increased the expression of miR-155 
reducing the expression of the AT1R and decreased the 
expression of miR-153, increasing the expression of ACE2. 
These molecular changes induced by PE, generated changes 
in the phenotype of the aorta artery in hypertensive rats, such 
as reduced aortic weight and length, decreased wall thickness, 
attenuation of elastin and hydroxyproline expression, with 
consequent improvement in the relaxation of the aorta and 
endothelial function, decreasing blood pressure.10

In another study, aerobic PE increased the expression 
of miR-145 with modulation of the AKT signaling pathway, 
inducing the phenotype change of vascular smooth muscle 
cells in hypertensive rats, decreasing the medial layer 
thickness, promoting arterial remodeling and decreasing 
systolic and diastolic blood pressure.11

Corroborating the abovementioned studies, another 
study also showed that PE reduced systolic blood pressure 
in hypertensive rats, but an increase in miR-214 expression 
was observed in this study, exacerbating the availability 
of intracellular calcium and the relaxation of isolated 
cardiomyocytes.12

Thus, PE is an excellent tool to modulate the expression 
of miRs and regulate signaling pathways, inducing long-term 
cardiac and vascular phenotypic changes in hypertensive 
rats; however, these experiments still need to be performed 
in human beings with SAH, to ascertain whether these effects 
observed in in vivo studies occur in humans.

Myocardial infarction, miRs and PE
MI is a condition in which blood flow is reduced in one or 

more coronary arteries, resulting in a reduction in the supply 
of oxygen and nutrients to some cardiomyocytes, with 
consequent death of these cells. MI is considered one of 
the main causes of morbidity and mortality worldwide.13 On 
the other hand, regular PE practice is important to prevent 
and treat the individuals after an MI, but the molecular 
mechanisms of these benefits need to be further elucidated. 
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Regarding the effects of PE on the expression of miRs in 
post-MI in animal models, aerobic PE increased the expression 
of miR-29a, miR-29b and miR-29c, decreasing the expression 
of COL1A1 and COL3A1 genes, reducing the collagen 
content in the myocardium of post-MI rats quantified by the 
concentration of hydroxyproline, promoting improvement in 
cardiac function assessed by echocardiography.14

Another study also showed that aerobic PE exacerbated 
the expression of miR-29a, inhibiting the expression of 
TGF-β, inactivating its signaling pathway, which is pro-
fibrotic. In addition to miR-29a, the authors also showed 
that PE increased the expression of miR-101a, which 
targets the FOS gene, decreasing its expression and 
further attenuating the TGF-β pathway. These PE-induced 
molecular changes resulted in reduced myocardial 
interstitial fibrosis in rats after MI15 (Figure 1).

Therefore, PE has a great potential to reduce the cardiac 
fibrotic profile in post-MI rats through the modulation of 
miRs; however, these outcomes also need to be elucidated 
in humans, both at the molecular and tissue level.

Conclusions
Finally, PE is an excellent strategy to prevent and 

treat individuals with SAH and post-MI. PE-modulated 
miRs have been described as regulators of signaling 
pathways inducing modification of the cardiac and 

vascular phenotype in hypertensive rats, promoting blood 
pressure reduction, physiological cardiac hypertrophy and 
arterial remodeling, with improved endothelial function. 
Furthermore, PE-modulated miRs also regulated signaling 
pathways associated with the cardiac fibrosis process 
in post-MI rats, improving cardiac function. However, 
these beneficial effects of PE-regulated miRs have been 
described in animal models, requiring clinical trials to 
confirm these results obtained in vivo, being a promising 
and challenging new line of research.
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Figure 1 – PE modulating miRs and targets in SAH and MI.
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Systemic Lupus Erythematosus (SLE) is an autoimmune 
disease with a wide spectrum of clinical manifestations. 
The cardiovascular system has relevant clinical importance 
among the affected organs because it is associated with 
higher mortality in these patients. The heart can be affected 
in any structure, and lupus myocarditis is a major diagnostic 
challenge in clinical practice.1

Non-invasive tests such as electrocardiograms and 
echocardiograms are not sensitive or specific enough for this 
diagnosis. Cardiac magnetic resonance imaging (CMR) is the 
preferred imaging modality for diagnosing myocarditis, but it 
has contraindications, such as patients with metallic implants 
or using gadolinium in chronic kidney disease.

Despite being considered the gold standard, myocardial 
biopsy has the great disadvantage of being an invasive 
procedure with inherent risks.2 Thus, diagnostic alternatives 
with greater sensitivity, specificity, and less risk to the 
patient have been studied. The use of positron emission 
tomography associated with computed tomography with 
fluorodeoxyglucose (18F-FDG PET/CT) emerges as a new 
imaging method for evaluating inflammatory processes 
in rheumatologic diseases, including SLE.3,4 18F-FDG PET/
CT combines the technique of nuclear medicine with 
computed tomography imaging.

Although the myocardium can capture glucose as 
an energy substrate, in the investigation of cardiac 

inflammatory processes, the preparation with fasting of 
at least 12 hours, a low-carbohydrate diet, fat and use of 
heparin 15 minutes before injection of 18F-FDG suppresses 
physiological glucose uptake by cardiomyocytes. Thus, 
if we visualize cardiac uptake of 18F-FDG, uptake by 
inflammatory cells is inferred since they do not suffer 
interference in glucose uptake with this preparation.5 
Few studies associate 18F-FDG PET/CT with the diagnosis 
and follow-up of lupus myocarditis.3,4 The image of this 
case is of a female patient, 16 years old, hospitalized with 
persistent fever, significant weight loss, cough, edema, 
and menstrual delay. She initiated research for several 
infectious diseases, including tuberculous pericarditis 
and autoimmune diseases. Among the tests performed, 
the transthoracic echocardiogram showed a biventricular 
deficit, pulmonary arterial hypertension, and severe mitral 
regurgitation. It was decided to perform 18F-FDG PET/CT 
during the diagnostic investigation due to renal dysfunction. 
After performing this examination, which showed a marked 
and diffuse cardiac hyperuptake of FDG (Figure 1), the 
possibility of lupus myocarditis was raised, which was later 
confirmed by serological tests, given the entire clinical 
context. The patient was treated with immunosuppressants 
(Methylprednisolone and mycophenolate mofetil), and 
after 2 months, the exam was repeated, showing complete 
regression of myocardial uptake (Figure 2). Considering 
the clinical case in question and a literature review, it is 
suggested that the use of 18F-FDG PET/CT may be useful 
and promising in the diagnosis and follow-up of patients 
with lupus myocarditis.
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Figure 1 – 18F-FDG PET/CT in pre-treatment lupus myocarditis: There is intense diffuse uptake of 18F-FDG in the left ventricle, suggesting myocarditis.
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Figure 2 – 18F-FDG PET-CT in post-treatment lupus myocarditis: Complete regression of uptake is observed after 2 months of immunosuppressant treatment.

1.	 Doria A, Laccarino L, Sarzi-Puttini P, Atzeni F, Turriel M, Petri M. Cardiac 
involvement in systemic lupus erythematosus. Lupus. 2005;14(9):683-6. 
doi: 10.1191/0961203305lu2200oa.

2.	 Cooper LT. Myocarditis. N Engl J Med. 2009;360(15):1526-38. doi: 
10.1056/NEJMra0800028.

3.	 Alchammas J, Al-Faham Z, Roumayah Y, Wong OCY. The evaluation of lupus 
myocarditis with 13N-Ammonia and 18F-FDG PET. J Nucl Med Technol. 
2016;44(3):210-1. doi: 10.2967/jnmt.115.165639.

4.	 Perel-Winkler A, Bokhari S, Perez-Recio T, Zartoshti A, Askanase A, 
Geraldino-Pardilla A. Myocarditis in systemic lupus erythematosus 
diagnosed by 18 F-fluorodeoxyglucose positron emission tomography. Lupus 
Sci Med. 2018; 5(1):e000265. doi: 10.1136/lupus-2018-000265.

5. 	 Al-Fahan Z, Jolepalem P, Wong CO. The evaluation of cardiac sarcoidosis with 
18F-FDG PET scan. J Nucl Med Technol. 2016; 44(2):92-3. DOI: 10.2967/
jnmt.115.158857

References

1152

https://doi.org/10.2967/jnmt.115.158857
https://doi.org/10.2967/jnmt.115.158857


Arq Bras Cardiol. 2022; 118(6):1153

Erratum

April 2022 Issue, vol. 118(4), pages 797-857
In the “Joint Guideline on Venous Thromboembolism - 2022”, with doi number: https://doi.org/10.36660/abc.20220213, 
published in the journal Arquivos Brasileiros de Cardiologia, 118(4): 797-857, the following corrections were made: 
Included the institution Hospital DF Star, Rede D’Or, Brasília, DF – Brazil, for the author Simone Nascimento dos Santos. 
At Angiolab Vitória, Laboratório Vascular, corrected the location “Rio de Janeiro, RJ” for “Vitória, ES”. 
On page 804, Chart 2, an arrow from “Positive” to “VUS” was inserted.
Only in the Portuguese version, page 806, Chart 5, right column, the position of “Positivo” and “Negativo” was changed. 
Only in the Portuguese version, page 822, Chart 9, line 7, corrected the spelling of “ Compressibilidade”.
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