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Abstract

Background: Multivariate prognostic analysis has been traditionally performed by regression models. However, many 
algorithms capable of translating an infinity of patterns into probabilities have emerged. The comparative accuracy of 
artificial intelligence and traditional statistical models has not been established in the medical field.

Objective: To test the artificial intelligence as an accurate algorithm for predicting coronary disease in the scenario of 
acute chest pain and evaluate whether its performance is superior to traditional statistical model.

Methods: A consecutive sample of 962 patients admitted with chest pain was analyzed. Two probabilistic models 
of coronary disease were built using the first two-thirds of patients: a machine learning algorithm and a traditional 
logistic model. The performance of these two predictive strategies were evaluated in the remaining third of patients. 
The final logistic regression model had significant variables only, at the 5% significance level.

Results: The training sample had an average age of 59 ± 15 years, 58% males, and a 52% prevalence of coronary 
disease. The logistic model was composed of nine independent predictors. The machine learning algorithm was 
composed of all candidates for predictors. In the test sample, the area under the ROC curve for prediction of coronary 
disease was 0.81 (95% CI = 0.77 - 0.86) for the machine learning algorithm, similar to that obtained in logistic model 
(0.82; 95% CI = 0.77 - 0.87), p = 0.68.

Conclusion: The present study suggests that an accurate machine learning prediction tool did not prove to be superior 
to the statistical model of logistic regression.

Keywords: Validation Studies; Artificial Intelligence; Coronary Artery Disease/diagnostic; Data Interpretacion, Statistical.

Introduction
In the last decades, computers’ ability to generate and 

store data has improved substantially, leading to highly 
complex and large datasets. Traditional statistical modeling 
has the advantage of simplicity, as it fits the relationship 
between predictors and outcomes into a regression formula. 
However, these models have many assumptions that are 
difficult to be satisfied in complex sets of information: limited 
number of variables, adequate distribution, independence 
of observations, no multicollinearity, and concerns with 
interactions. In contrast, the prediction mechanism of artificial 
intelligence is algorithm-based, with no assumptions or limit 
of variables. Therefore, different from statistical modelling, 

prediction algorithms do not become less accurate as data get 
complex. In these scenarios of “big data”, artificial intelligence 
becomes more accurate than traditional statistics.1,2 

Medical data can suffer from bias if not collected under 
a pre-established protocol. For this reason, the traditional 
epidemiological approach of small sets of data, prospectively 
collected, is the most appropriate choice in medical research.3 
Therefore, it is important to explore whether artificial 
intelligence remains superior to statistical modelling if exposed 
to samples of moderate size and limited number of variables, 
as in most epidemiological studies. 

Prediction of coronary artery disease (CAD) in patients 
with acute chest pain is a major challenge for the emergency 
physician who has to decide whether to discharge the patient, 
proceed with further non-invasive tests or go directly to 
invasive angiography. Discharging a patient with unstable 
coronary disease may be devastating, but admitting anybody 
with chest pain could have unintentional consequences.4 
In  this process, the probability of obstructive CAD should 
drive medical decision-making.5

In the present study, we utilized data from a prospective 
registry of chest pain5 to build a machine learning model to 
predict obstructive coronary disease. We aimed to evaluate 
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whether an artificial intelligence algorithm  is a better 
predictor than logistic regression in a traditional set of simple 
epidemiological data, considering both discrimination and 
calibration properties.

Methods

Sample selection
From September 2011 to November 2017, all patients 

admitted with chest pain and clinical suspicion of CAD 
(regardless of electrocardiogram or troponin results) to the 
coronary care unit of our hospital were included in the study. 
Exclusion criterion was patient’s refusal to participate. As defined 
a priori, a total of 962 patients were divided into the derivation 
sample (first two-thirds, n=641) and validation sample (last third, 
n= 321). The study was approved by an institutional review 
committee and that the subjects gave informed consent.

Predictors of obstructive CAD
At admission (baseline), three sets of variables were recorded 

as candidates for prediction of obstructive CAD. First, 13 
variables related to medical history and clinical presentation; 
second, 14 characteristics of chest discomfort; third, 11 
variables related to abnormalities in imaging or laboratory 
tests at admission: ischemic changes on electrocardiogram (T 
wave inversion ≥ 1 mm or dynamic ST deviation ≥  0.5 mm), 
positive troponin (> 99th percentile for the general population; 
Ortho-Clinical Diagnostics, Rochester, NY, USA), N-terminal 
pro-B-type natriuretic peptide (NT-proBNP, enzyme-linked 
fluorescent assay, Biomérieux, France), high-sensitivity 
C-reactive protein (CRP, nephelometry, Dade-Behring, 
USA), D-Dimer (immunoenzymatic essay, Biomérieux, 
France), low-density lipoprotein (LDL)-cholesterol (Friedwald 
equation), creatinine, white cell count, platelets, plasma 
glucose, and hemoglobin. Laboratory tests were performed 
in plasma material collected at presentation to the emergency 
department. Medical history and chest pain characteristics 
were recorded by three investigators (M.C., A.M.C., R.B.), 
trained to interview participants in a standardized manner to 
minimize bias and improve reproducibility. Radiologic signs of 
ventricular failure and the electrocardiogram were interpreted 
by the same investigator (L.C.).

Outcomes
The primary outcome to be predicted by the model was 

diagnosis of obstructive CAD, defined by subsequent tests 
performed during hospital stay. Outcome data was collected 
by three investigators (M.C., A.M.C., R.B.) and confirmed by 
a fourth investigator (L.C.). For diagnostic evaluation, patients 
underwent invasive coronary angiography or a provocation test 
(perfusion magnetic resonance imaging, single-photon emission 
computed tomography or dobutamine stress echocardiogram), 
at the discretion of the assistant cardiologist. In case of a positive 
non-invasive test, patients had angiography for confirmation. 
Based on this diagnostic algorithm, obstructive CAD was defined 
as a stenosis ≥ 70% by angiography. A normal non-invasive test 

indicated absence of obstructive CAD and no further test was 
required. Regardless of coronary tests, patients were classified 
as “no obstructive CAD” if one of the following conditions was 
diagnosed by imaging test – pericarditis, pulmonary embolism, 
aortic dissection, or pneumonia. 

Statistical analysis
Shapiro-Wilk test was used to assess whether the data was 

normally distributed. For descriptive analysis, we used mean 
and standard deviation for continuous variables with normal 
distribution, and median and interquartile range for continuous 
variables without normal distribution. Category  variables 
were described as frequencies. In the derivation sample, 
we first used unpaired Student’s t test for normally distributed 
continuous variables and Pearson’s chi-square test for univariate 
analysis of categorical variables. Numeric variables without 
normal distribution were analyzed by the non-parametric 
Mann‑Whitney test. Then, variables with a p-value < 0.20 in 
the univariate analysis were included in the multivariate logistic 
regression analysis for prediction of obstructive CAD. 

Multivariate models were developed by the stepwise 
method; all variables were fitted into a logistic regression 
model by using the forced entry and, at each step, the least 
significant stepwise term was removed from the model, using 
the Wald test. Initially, three intermediate models were built, 
according to the type of predictive variables (medical history, 
chest pain characteristics or physical exam/laboratory tests). 
Independent predictors (p < 0.10) in each intermediate model 
were included as covariates in the final model, constructed by 
including significant variables only, at the 5% significance level.

The machine learning algorithm recognizes patterns of 
clinical characteristics associated with outcome probabilities. 
Fisher discriminant analysis was used to generate dendrograms, 
which were combined repeatedly until the error ratio indicated 
optimal performance. The derivation sample was used for 
building the machine learning algorithm. Different from 
logistic regression, there was no preselection of variables and 
all 55 parameters were included with no further elimination. 
The influence of each variable on the probability calculation 
was defined by the purity of nodes and the percentage increase 
of associated error.  As the result of the graphical analysis, we 
made 8,000 combination interactions. 

The two models were compared in the validation sample. 
Area under the receiver operating characteristic (ROC) 
curves were used to test discrimination and compared 
between the models by DeLong's test. Calibration was 
evaluated by the Hosmer-Lemeshow test (applied to the 
probabilities generated by the models), and by calculating 
the calibration slope and intercept of the linear plot of mean 
predicted probability against observed incidence of events 
per deciles of prediction (a perfectly calibrated model has 
an intercept of 0 and slope of 1). Before performing linear 
regression, the  following assumptions had to be verified: 
linear relationship, independence of observations, normality 
of residuals, homoscedasticity of residuals. 

Statistical significance was defined as p < 0.05. The SPSS 
software was used for data analysis. 
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Determination of sample size 
Machine learning does not have sample size assumptions. 

For logistic regression, the derivation set was planned to allow 
inclusion of at least 15 covariates in logistic regression model. 
Calculation was based on the following assumptions: 50% 
prevalence of obstructive CAD and the need for 10 events 
for each covariate in the logistic regression model.6,7 
Therefore, a minimum of 300 patients would be required 
in the derivation sample. The validation sample was set to 
test the discriminatory accuracy by the ROC curve analysis. 
Based on the assumption of an AUC of 0.70, to provide 90% 
power to reject the null hypothesis of AUC equal 0.50, with 
an alpha of 5%, a minimum of 85 patients was required. 
Therefore, a minimum of 100 patients would be required 
in the validation group. These assumptions were satisfied. 
The analysis of this sample was performed and completed 
in January 2018 to avoid multiple testing.

Results

Characteristics of the derivation sample
Six hundred forty-one patients were studied, aged 

59 ± 15 years, 58% males, 30% with previous history of 
coronary disease. Median time elapsed between the onset 
of symptoms and first clinical evaluation in the hospital was 
4.2 hours (interquartile range 1.9 - 14 hours). By using the 
study protocol, we identified 330 patients with obstructive 
CAD, a prevalence of 52%. All these cases had the diagnosis 
confirmed by invasive coronary angiography. Regarding the 
311 patients without CAD, 93 were classified by a negative 
angiography, 169 by a negative noninvasive test and 52 had 
other dominant diagnosis (14 pulmonary embolism, five aortic 
dissection, 28 pericarditis, two pneumonia).

Characteristics of the validation sample
Three hundred twenty-one patients were studied, with 

some characteristics similar to the derivation group, age of 
59 ± 16 years, 58% males, 22% with previous history of 
coronary disease. Time elapsed between onset of symptoms 
and first clinical evaluation in the hospital had a median of 
7.0 hours (interquartile range = 2.4 - 23 hours). Using the 
study protocol, we identified 163 patients with obstructive 
CAD, a prevalence of 51%. All these cases had the diagnosis 
confirmed by invasive coronary angiography. Regarding the 
158 patients without CAD, 88 were classified by a negative 
angiography, 13 by a negative non-invasive test and 57 had 
another dominant diagnosis (25 pulmonary embolism, two 
aortic dissection, 25 pericarditis, five pneumonia).

Development of the logistic model
Among the 13 variables related to medical history and 

clinical presentation, seven were positively associated with 
obstructive CAD at a significance level < 10%: age, male 
gender, acute left ventricular dysfunction, previous history of 
CAD, diabetes, smoking, and symptoms triggered by exercise 
– Table 1. When these seven variables were included in the 
logistic regression, previous history of CAD lost significance and 

all others remained significant at a level < 5% - (Intermediate 
Model 1, Table 2).

Regarding chest pain characteristics, among 14 variables, 
six had positive association with CAD: oppressive nature, 
irradiation to left arm, severe intensity, duration in minutes, 
relief with nitrates, similarity to previous infarction; and 
three had negative association with CAD: worsening with 
compression, arm movement and deep breath (Table 1). 
When these nine variables were added to the logistic 
regression, only three remained significant at a level < 5 – 
worsening with compression, deep breath and severe 
intensity (intermediate model 2, Table 2).

Among 11 laboratory tests, seven were positively associated 
with CAD: ischemic electrocardiogram, positive troponin, 
creatinine, glycaemia, NT-pro-BNP, CRP, white cell count 
(Table 1). When these seven variables were included in 
the logistic regression, only ischemic electrocardiogram 
and positive troponin remained significant at a level < 5% 
(intermediate model 3, Table 2).

The 11 significant variables in the intermediate model 
were included in the final logistic regression analysis, 
generating a final model with nine significant variables to 
predict the presence of CAD: age, male gender, ischemic 
electrocardiogram, positive troponin, left ventricular 
dysfunction, exercise induction, smoking, diabetes, and 
worsening with deep breath as the only “protective variable”. 
Regression coefficients and odds ratios are depicted in Table 3.

Development of the machine learning model
All 55 variables related to medical history, clinical 

presentation, chest pain characteristics and laboratory tests 
were included in the machine learning model. Performance 
of each variable in the model is depicted in Table 4 by 
the parameters of node purity and percentage increase in 
associated error. 

Machine Learning versus Logistic Regression 
(validation sample)

Regarding discrimination, the area under the ROC 
curve of the machine learning probabilities was 0.81 (95%  
CI = 0.77 – 0.86), very similar to the area under the curve 
of logistic regression model 0.82 (95% CI = 0.78 – 0.87),  
p = 0.68 (Figure 1).

Regarding calibration, both models were validated by the 
Hosmer-Lemeshow test, but the logistic model showed lower 
level of significance of the difference between predicted and 
observed values (chi-square = 6.2; p = 0.62), as compared 
with the machine learning (chi-square = 12.9; p = 0.11), 
suggesting a better calibration of the first model. 

Accordingly, linear regression between mean predictive 
probability and observed incidence of events per deciles of 
prediction showed an intercept of 0.010 (95% CI = -0.083 
– 0.103) and slope of 1.004 (95% CI = 0.840 – 0.168) 
for logistic regression (r = 0.981). For machine learning, 
an intercept = -0.119 (95% CI = -0.296 – 0.059) and  
slope = 1.228 (95% CI = 0.909 – 1.547; r = 0.953) were 
found (Figure 2).  
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Figure 1 – Scatter plot for linear regression analyses between mean predictive values per deciles and observed incidences. Panel A indicates calibration 
of machine learning model (intercept = -0.119, slope = 1.228, r = 0.953). Panel B shows calibration of logistic regression model (intercept = 0.010,  
slope = 1.004, r = 0.981).
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Figure 2 – Area under the ROC curves of probabilities by the machine learning model and logistic regression model, respectively 0.81 (95% CI = 0.77 – 
0.86) and 0.82 (95% CI = 0.78 – 0.87).
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Table 1 – Comparison of medical history, chest pain characteristics and laboratory tests between patients with and without obstructive 
coronary artery disease in the derivation sample  

Obstructive CAD
p-value

Yes (N = 330) No (N = 311)

Medical History

Age (years) 63 ± 13 56 ± 16 < 0.001

Male gender 226 (69%) 148 (48%) < 0.001

Body Mass Index (Kg/m2) 28 ± 4.8 28 ± 5.9 0.86

Systolic Blood Pressure (mmHg) 154 ± 32 152 ± 30 0.55

Heart rate (bpm) 78.7 ± 19 79.4 ± 19 0.63

X-ray and clinical signs of LVF 41 (13%) 6 (2.0%) < 0.001

History of CAD 113 (34%) 77 (25%) 0.01

Diabetes 122 (37%) 74 (24%) < 0.001

Systemic hypertension 236 (72%) 210 (68%) 0.27

Current smoking 44 (13%) 26 (8.4%) 0.04

Family history of CAD 87 (26%) 79 (25%) 0.78

Exercise induction 50 (15%) 22 (7.1%) 0.001

Emotional induction 8 (2.4%) 15 (4.8%) 0.10

Chest pain characteristics

Anterior left side location 268 (81%) 261 (84%) 0.37

Oppressive nature 189 (57%) 157 (51%) 0.09

Irradiation to neck 82 (25%) 74 (24%) 0.76

Irradiation to left arm 120 (36%) 93 (30%) 0.08

Vagal symptoms 146 (44%) 132 (42%) 0.65

Severe intensity 185 (56%) 150 (48%) 0.05

Number of episodes 1 (1 – 2) 1 (1 – 3) 0.14

Duration (minutes) 75 (20 – 129) 60 (11 – 214) 0.07

Intensity (1 – 10 scale) 7.7 ± 2.4 7.3 ± 2.4 0.03

Relief with nitrate 134 (41%) 98 (32%) 0.02

Similar to previous infarction 105 (32%) 76 (24%) 0.04

Worsening with compression 19 (5.8%) 43 (14%) 0.001

Worsening with position change 53 (16%) 60 (19%) 0.28

Worsening with arm movement 19 (5.8%) 31 (10%) 0.05

Worsening with deep breath 34 (10%) 68 (22%) < 0.001

Laboratory tests at admission

Ischemic changes on ECG 219 (66%) 119 (38%) < 0.001

Positive troponin 215 (65%) 102 (33%) < 0.001

NT-proBNP (pg/ml) 432 (155 – 1212) 73 (24 – 301) < 0.001

Plasma creatinine (mg/dl) 0.90 (0.80 – 1.20) 0.80 (0.70 – 1.1) < 0.001

LDL-cholesterol (mg/dl) 104 ± 53 108 ± 74 0.46

Plasma glucose (mg/dl) 130 (99 – 160) 107 (90 – 145) 0.009

C-reactive protein (mg/L) 7.4 (2.4 – 15) 6.3 (1.6 – 15) 0.003

White cell count 7.600 (6.050 – 10.100) 7.200 (5.700 – 9.550) 0.04

Platelets 232 (192 – 290) 232 (197 – 274) 0.83

D-Dimer (ng/ml) 474 (279 – 981) 424 (278 – 913) 0.43

Hemoglobin (g/dl) 14.1 ± 1.9 13.7 ± 1.7 0.11

CAD: coronary artery disease; Family history of CAD implies a first-degree female relative with disease before 55 years of age or first-degree male relative 
before 45 years of age; LVF: left ventricular failure; NT-pro-BNP: N-terminal pro b-type natriuretic peptide; ECG: electrocardiogram; LDL: low-density lipoprotein.
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Table 2 – Intermediate logistic regression models of medical history (Model 1), chest pain characteristics (Model 2) and laboratory 
tests (Model 3)

Variables Multivariate significance level

Model 1 (medical history)

Age (years) < 0.001

Male gender < 0.001

X-ray or clinical signs of LVF < 0.001

Exercise trigger 0.005

Diabetes 0.009

Smoking 0.02

Previous CAD 0.32

Model 2 (pain characteristics)

Worsening with deep breath 0.001

Worsening with compression 0.01

Severe intensity 0.01

Oppressive nature 0.06

Similar to previous infarction 0.08

Irradiation to left arm 0.16

Relief with nitrate 0.25

Duration (minutes) 0.32

Worsening with arm movement 0.67

Model 3 (laboratory tests)

Ischemic changes on ECG < 0.001

Positive troponin < 0.001

NT-proBNP (pg/ml) 0.89

Plasma creatinine (mg/dl) 0.17

Plasma glucose (mg/dl) 0.12

C-reactive protein (mg/L) 0.58

White cell count 0.80

CAD: coronary artery disease; LVF: left ventricular failure; NT-pro-BNP: N-terminal pro b-type natriuretic peptide; ECG: electrocardiogram; LDL: low-density lipoprotein.

Table 3 – Final model of logistic regression defining the independent predictors of obstructive coronary artery disease

Variables βeta Odds Ratio (95% IC) p Value

Age (each year) 0.032 1.03 (1.02 – 1.05) < 0.001

Male gender 1.04 2.8 (1.9 – 4.2) < 0.001

Ischemic changes on ECG 1.05 3.0 (1.96 – 4.2) < 0.001

Positive troponin 1.03 2.8 (1.9 – 4.1) < 0.001

Signs of LVF 1.49 4.4 (1.7 – 12) 0.002

Exercise induction 0.93 2.5 (1.4 – 4.7) 0.003

Smoking 0.63 1.9 (1.5 – 3.4) 0.03

Diabetes 0.53 1.7 (1.1 – 2.6) 0.01

Worsening with deep breath - 0.93 0.39 (0.23 – 0.68) 0.001

Constant -3.70 ---- ----

Excluded Variables

Severe Intensity ---- ---- 0.06

Worsening with compression ---- ---- 0.20

Hosmer-Lemeshow test = 4.1; p = 0.85; Area under the ROC curve of the model = 0.81; 95%CI = 0.77 – 0.84; p < 0.001. ECG: electrocardiogram; 
LVF: left ventricular failure.
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Table 4 – Model of machine learning showing the weight of each variable in defining probability, according to the parameters of nodes 
purity and percentage increase of associated error

Parameters
Node purity Error increase (%)

Age (years) 9.966665 0.015613620
Male gender 2.8464500 0.007500700
Weight (kg) 4.1309610 0.001209398
Height (cm) 3.4111841 0.001045826
Systolic blood pressure (mmHg) 4.9687120 0.001186313
Diastolic blood pressure (mmHg) 3.8970542 0.000573540
Heart rate (bpm) 4.8355910 0.001049536
X-ray and clinical signs of LVF 1.5479285 0.002145387
History of CAD 0.774541 0.000883823
History of angioplasty 0.809141 0.000852728
Past surgical revascularization 0.407289 0.000246474
History of stroke 0.502479 0.000155925
Carotid disease 0.352677 0.000111797
Peripheral artery disease 0.237674 0.000046758
Diabetes 0.606332 0.00041533
Systemic hypertension 0.680378 0.00059024
Current smoking 0.515775 0.00027025
Family history of CAD 0.471644 0.00002877
Statin therapy 0.496937 0.00023743
Aspirin therapy 1.004764 0.00120421
Chronic renal failure 0.137357 -0.000055424
Dialysis 0.016785 0.000007401
Menopause 0.683362 0.00094085
Hormone replacement therapy 0.379223 0.00010860
Physical/emotional trigger 1.951236 0.00097193
Anterior left side location 0.42644 0.00011250
Oppressive nature 0.90551 0.00070792
Irradiation to neck 0.41147 -0.00011320
Irradiation to left arm 0.70464 0.00025748
Vagal symptoms 0.493875 0.00003483
Severe intensity 0.624608 0.00016137
Intensity (0 – 10) 0.696121 0.00053586
Number of episodes 1.701348 0.00006361
Duration (minutes) 0.493875 0.00089453
Intensity (1 – 10 scale) 2.604802 0.00053586
Relief with nitrate 4.880035 0.00140420
Similar to previous infarction 0.696121 0.000699946
Worsening with compression 0.905519 0.000707922
Worsening with position change 0.384833 0.000041857
Worsening with arm movement 0.295489 -0.000075263
Worsening with deep breath 1.006767 0.000973174
Ischemic changes on ECG 4.880035 0.009409961
Positive troponin 7.935190 0.002336380
NT-proBNP (pg/ml) 17.39237 0.00367361
Plasma creatinine (mg/dL) 4.497093 0.00040330
Total cholesterol (mg/dL) 4.291174 0.00298651
LDL-cholesterol (mg/dL) 4.246389 0.00159658
HDL-cholesterol (mg/dL) 6.131821 0.00596194
Triglycerides (mg/dL) 5.213428 0.00397991
Plasma glucose (mg/dL) 4.115463 0.00222222
C-reactive protein (mg/L) 3.948830 0.00315613
D-dimer 3.418193 -0.00010837
White cell count 4.7122731 0.00034806
Hemoglobin (g/dL) 6.0717680 0.00230890
Platelets 5.0908595 0.00103027

CAD: coronary artery disease; LVF: left ventricular failure; NT-pro-BNP: N-terminal pro b-type natriuretic peptide; ECG: electrocardiogram; LDL: low-density 
lipoprotein; HDL: high density lipoprotein.
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Discussion
In the present study, we tested the concept of building a 

machine learning tool for prediction of obstructive CAD in a 
small sample of patients with acute chest pain at admission, 
based on epidemiological data, prospectively collected, and a 
limited number of variables. First, we confirmed that artificial 
intelligence can be built from this type of data and be accurate 
in discrimination (yes or no) and calibration (probability 
prediction); second, our validation analysis suggested that 
artificial intelligence is not superior to traditional statistics in 
these circumstances. 

In the fifties, the psychologist Paul Meehl demonstrated that 
statistical prediction is generally superior to clinical prediction 
by human judgement.8 This idea was supported by the work 
of Nobel laureate Daniel Kahneman, who described an 
array of cognitive bias responsible for inaccuracies of human 
heuristics.9 Such concepts supported the emphasis on using 
statistical models as the best evidence-based approach to 
diagnostic and prognostic predictions. More recently, artificial 
intelligence rouses as a more robust technique for building 
prediction tools. 

Typically, artificial intelligence is derived from large 
databases, available from electronic records or web-based 
interfaces.10 It provides precision due to the enormous sample 
size and no assumptions regarding the number of variables, 
distribution, independence of observations, multicollinearity 
and concerns with interactions.1 However, since these large 
data sets are not collected for scientific purpose, they lack 
information quality.3 On the other hand, epidemiological 
prospective studies with planned, standardized, and a 
priori data collection, are the best method for generating 
data sets of ideal quality. In this circumstances, traditional 
statistical modellings usually have assumptions fulfilled 
and good performance. Thus, the question arises: in these 
ideal circumstances for statistical modeling, does artificial 
intelligence remain a superior technique?

In the scenario of acute coronary syndromes and traditional 
data sets, four authors have compared machine learning 
versus statistics. Three of the studies evaluated prognosis in 
acute coronary syndrome and compared machine learning 
with risk scores, showing some superiority in discrimination 
for artificial intelligence.11-13 However, in these studies, the 
variables used to build machine learning models were different 
from those of the TIMI and GRACE scores, which impairs any 
extrapolation for the concept of artificial intelligence versus 
statistics. The only study that built the two types of models from 
the same set of variables (sample size of 628; 38 variables) did 
not show consistent superiority of the several types of machine 
learning over logistic regression neither for discrimination nor 
calibration.14 Also, a systematic review that assessed 71 studies 
comparing machine learning and logistic regression, showed 
no superiority of the former over the latter.15 Therefore, 
based on the set of studies in patients with acute chest pain, 
whether machine learning is superior to traditional statistics 
is an unresolved issue. 

Our study indicates that artificial intelligence can build an 
accurate model from a sample of less than a thousand patients 
and a few dozens of predictive variables. However, in contrast 
with the current hype about artificial intelligence, we did not 
find it superior to the logistic regression model. Our study 
reinforces traditional statistics applied to a data set that meet 
its assumptions. Similar results in favor of traditional modelling 
were observed for prediction of deterioration of hospitalized 
patients16 or readmission of heart failure patients.17

Despite both models fulfilled the calibration criteria, logistic 
regression showed a better calibration than machine learning. 
This suggests that machine learning might need larger data sets 
to calibrate patterns and probabilities.  

On the other hand, our results may be interpreted in favor 
of machine learning. Considering that machine learning has 
the ability of constantly improve its predictive value as it is 
exposed to new data, starting with a reasonable accuracy at 
baseline, it might become a better model in the long run if 
exposed to continuous administrative data. Hypothesis that 
need to be tested, but the present study gives support to invest 
in this possibility.

One should also contextualize artificial intelligence in 
terms of medical decision making: it should not be confused 
with a concept of certainty. Machine learning will not be a 
paradigm shift in decision making, because if has the same 
concept of providing probabilities of an outcome, instead 
of certainty. In this sense, medicine continues to be the 
“science of uncertainty and art of probability”, as William 
Osler defined several decades ago.18 Furthermore, decision 
does not only depend on prediction of outcomes, but also 
on their negative effects. A highly probable outcome of 
no serious consequences might be preferable than a low 
probability outcome of devastating consequences. Thus, after 
assessing probability through a machine learning model, 
physician should exercise judgment. In addition to possible 
damage, judgment should be based on the cost of trying to 
prevent the event and possible unintended consequences. 
Thus, clinical judgement is not to be replaced by statistical 
models or machine learning algorithms. 

We believe our sample meets assumptions for building 
both statistical and artificial intelligence models. Number of 
events was large enough for the number of predictive variables 
entered into the logistic regression and for discrimination 
analysis. However, for calibration analysis, the number of 
events was low in each decile of predictive probability, making 
estimation of observed probabilities imprecise. These are our 
main limitations.

Conclusion
The present study suggests that an accurate machine 

learning prediction tool can be derived from a moderate size 
and relatively simple sample of patients. However, machine 
learning did not prove to be superior to the statistical model 
of logistic regression. 
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Recent clinical recommendations indicate that additional 
tests for assessing anatomical (extent, severity, morphology) or 
functional (ventricular function, presence/extent of ischemia) 
aspects of chronic and symptomatic coronary artery disease 
(CAD) may be helpful in certain cases.1 Emergency physicians 
must determine whether to release the patient, do further 
non‑invasive testing, or perform invasive angiography on patients 
with acute chest discomfort. Accepting anybody with chest pain 
may have unintended effects if discharged with unstable coronary 
disease.2 The likelihood of obstructive CAD should guide medical 
decisions.3 Machine learning (ML) algorithms can supplement the 
diagnostic and prognostic capabilities of conventional regression 
methods. The disparity between the applicability of such methods 
and the outcomes achieved with them was due to the data 
analysis software platforms used.4

ML may use thoracic phase signal features to build final 
mathematical models that evaluate the existence of severe 
CAD. Cardiac phase space analysis seems similar to the most 
widely used functional stress tests and needs little patient 
time.5 The 2-year results showed that deep learning fractional 
flow reserve derived from CT (DL-FFRCT) may be used to 
guide revascularization, with high cancellation rate and low 
event rate. A positive DL-FFRCT for tandem lesions was 
linked with reduced major adverse cardiac events (MACEs) 
after 2 years.6 The ML-ischemia risk score (ML-IRS) obtained 
from quantitative coronary CT angiography enhanced the 
prediction of future revascularization and may be used to 
identify individuals who are likely to need revascularization 
if referred for cardiac catheterization. This machine learning 
score is linked with invasive fractional flow reserve (FFR) 
measures, providing external validation across two centers 
and augmenting clinical risk prediction models.7

Even with older computed tomography (CT) scanners, the 
new version of fractional flow reserve derived from CT (FFRCT) 
demonstrated excellent diagnostic performance for flow-limiting 
obstructive coronary lesions, with a substantial reduction in 

false-positive instances, which may reduce the number of 
patients referred for further testing. The clinical significance of 
these results must be confirmed by research evaluating clinical 
outcomes. This program uses cutting-edge machine learning 
technologies to improve accessibility, speed, and save costs.8

Al’Aref et al.9 found out that artificial intelligence (AI) has 
changed fundamental elements of human existence. ML, a type 
of AI in which computers autonomously learn knowledge 
by identifying patterns from huge datasets, is  widely used 
in medicine, particularly in cardiovascular disease. A short 
introduction of ML methods for building inferential and predictive 
data-driven models is presented. In particular, they emphasize 
non-invasive imaging techniques such as coronary artery calcium 
scoring and coronary computed tomography angiography (CTA). 
In the end of their study, they discuss the current limitations of 
ML algorithms in the field of cardiovascular illness.

Because of its capacity to assist decision-making and improve 
diagnostic and prognostic performance, AI is promoting a 
major paradigm change in a wide range of medical fields, 
especially in Cardiology. A non-systematic overview of the 
main articles published on AI in Cardiology is presented here, 
focusing on its primary applications, effects, and difficulties.10 
Despite better patient outcomes, fractional flow reserve (FFR) 
remains underused in daily practice. Roguin et al.11 wanted to 
see whether an automated AI angiography‑based FFR program 
(AutocathFFR) may help interventional cardiologists make 
decisions. AutocathFFR was used to take angiographic pictures 
of patients who had pressure wire FFR measurements. The FFR 
cut-off 0.8 was computed sensitivity and specificity. Automatic 
lesion identification worked on all lesions with FFR 0.8 or below. 
A wire-based FFR >0.8 was predicted with accuracy level of 
90% and an area under the curve of 0.91 by AutocathFFR. 
AutocathFFR is a promising technology that may help people 
with coronary artery disease make better decisions and choose 
better treatment options.

AI has grown steadily owing to technological advancements. 
To enhance the quality of picture collection and reconstruction 
while integrating information obtained from the images to 
build powerful prediction models, many AI algorithms have 
been used for CAD. In CTA, AI can help with many aspects 
of plaque analysis, including stenosis degree and plaque 
shape. An increasing body of data links some plaques, termed 
high-risk or susceptible plaques, to cardiovascular events, 
regardless of stenosis. The radiologist must understand and 
actively engage in the development and implementation of AI. 
We discuss the merits, limits, new applications, and potential 
advancements of using AI to characterize plaques using CT 
in this current literature review.12DOI: https://doi.org/10.36660/abc.20210823
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Abstract

Background: According to the World Health Organization, emerging countries will have an enormous growth in the 
number of heart attacks and related deaths. The main medical issue in Brazil is mortality caused by acute ST elevation 
myocardial infarction (STEMI). The Society of Cardiology in the State of São Paulo has never trained non-cardiologists 
as emergency personnel. Patients usually seek help from emergency departments instead of calling for an ambulance.

Objectives: We aimed at reducing in-hospital death rates from acute myocardial infarction by training emergency personnel 
in the city of Sao Paulo.

Methods: We used a training program for the personnel of five hospitals with >100 patients admitted with STEMI per 
year, and at least 15% in-hospital STEMI-associated mortality rate. We performed internet training, biannual-quarterly 
symposia for up to 400 participants, informative folders and handouts. Statistical analysis used the two proportion 
comparison test with p <0.05.

Results: Nearly 200 physicians and 350 nurses attended at least one training from May 2010 to December 2013. Initially, 
many emergency physicians could not recognize an acute myocardial infarction on the electrocardiogram, but tele-
electrocardiography is used in some emergency departments to determine the diagnosis. The death rate in the five 
hospitals decreased from 25.6%, in 2009, to 18.2%, in 2010 (p=0.005). After the entire period of training, the STEMI-
associated death rate in all public hospitals of São Paulo decreased from 14.31%, in 2009, to 11.25%, in 2014 (p<0.0001).

Conclusion: Even simple training programs for emergency personnel can greatly reduce acute myocardial infarction 
death rates in undeveloped countries.

Keywords: Acute Coronary,Syndrome; Myocardial Infarction/drug therapy; Training; Epidemiology; Mortality; 
Emergency Services.

main medical issue in Brazil is mortality caused by ST 
elevation myocardial infarction (STEMI), which is no longer 
the case for developed countries.4 The biggest city in Brazil, 
the São Paulo metropolitan area, has nearly 18 million 
inhabitants, most of whom depend on the city’s public 
health system. Public authorities estimate that ≥70% of the 
population uses public health services, from primary care to 
specialized treatments. The city’s in-hospital mortality rate 
due to STEMI in 2009 was 14.1%,5 nearly twice as much 
as the percentage in developed countries. At that time, 
the available treatment for STEMI in most of the hospitals 
in São Paulo was thrombolytic therapy with streptokinase. 
Currently, the public health system has 46 general hospitals, 
139 emergency units for basic emergency care, and 400 
ambulatory units. Out of the 46 general hospitals, only 6 
can provide primary percutaneous coronary intervention 
(PCI), and there is no organized system to transfer patients 
to these hospitals for PCI nor to submit patients to coronary 
angiography immediately after thrombolysis. The Society 

Introduction
Cardiovascular disease continues to be the leading 

cause of death in many countries. According to the World 
Health Organization, emerging countries will present an 
enormous growth in the number of heart attacks and, 
consequently, in the number of deaths.1 In 2010, Brazil, 
which had 200 million inhabitants, had an estimated 
incidence of 116 heart attacks per 100,000 people,2 
compared to 294 per 100,000 in the United States.3 The 
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of Cardiology in the State of São Paulo, which is part of 
the Brazilian Society of Cardiology, thought to improve the 
care addressed to these patients. The Society has trained 
cardiologists for many years, but cardiologists are not in the 
emergency rooms; instead, internal medicine physicians 
and specialists such as gynecologists and orthopedists 
compose the staff of the emergency units.

Training, retraining, and revising are important tools 
for any medical update, but this may not be necessary for 
very basic training. Many similar initiatives have brought 
clear results in other countries.6-12 Even considering the 
relative simplicity of diagnosing and treating STEMI, it is 
uncertain whether or not basic training can substantially 
reduce mortality rates. In the public hospitals of São Paulo, 
only those with specialized cardiology units can provide 
PCI, and STEMI-associated mortality is acceptable (6 to 
7%) in these hospitals. Some of the 24 hospitals unable to 
provide interventional cardiology treatment had a >15% 
STEMI-associated death rate in 2009, according to data 
from the Health Secretariat of the State of São Paulo.13 The 
Society of Cardiology in the State of São Paulo has trained 
cardiologists, including for the diagnosis and treatment of 
STEMI, since 1976, but has never trained non-cardiologist 
emergency personnel. The residents of São Paulo do not 
usually call 193 (similar to 911 in the United States) for 
acute chest pain, but instead go to emergency rooms, basic 
health units, and general hospitals in the city. Therefore, we 
aimed at reducing in-hospital STEMI-associated mortality 
rates by providing a training program to emergency 
personnel (physicians, nurses and other staff) in the city 
of São Paulo.

Methods
After three meetings with the heads of emergency 

units and hospital emergency departments, the Society of 
Cardiology, together with the Secretariat of Health in the 
State of São Paulo and the Secretariat of Health in the city 
of São Paulo, designed a training program. 

We pre-determined a first target: to teach personnel in 
the five hospitals with more than 100 STEMI patients per 
year and ≥15% in-hospital STEMI-associated mortality rate. 
For these five hospitals, we performed on-site training on 
Saturdays. During the meetings, we observed that many 
participants feared starting thrombolytic therapy. 

Besides on-site training, we used internet tools for online 
training, had update meetings, such as symposia for up to 
400 participants 2-4 times each year, created informative 
online folders and handouts. On-site meetings and the 
symposia included a four-hour training program with 
three seminars discussing differential diagnosis of chest 
pain, thoracic pain, and diagnosis and treatment of acute 
myocardial infarction (AMI) in the emergency department. 
After each training, a Q&A session was held. Physicians, 
nurses and other emergency personnel were invited.

The main goal was to evaluate the effects of the training 
on in-hospital STEMI-associated mortality rates. During 
this three-year period, streptokinase was replaced with 
tenecteplase in some hospitals. After treatment with the 

thrombolytic, aspirin, clopidogrel, and enoxaparin, patients 
were transferred to a tertiary hospital capable of providing 
interventional cardiology treatment and surgery. The 
incidence of AMI and associated death rate was updated 
every semester by the Secretariat of Health in the State of 
São Paulo. This information came from public hospitals, 
which filled out forms including admission, discharge and 
in-hospital mortality rates.

To evaluate the influence  of both the training program 
and the strategy of tecnecteplase followed by transfer to 
a reference hospital on mortality rates, we specifically 
monitored one hospital in which tecnecteplase was 
introduced and evaluated mortality rates after four months 
of training,  and then after the onset of the tenecteplase 
strategy along the years, after 2013 until 2015. Besides, we 
took the same data from five other hospitals with ≥15% 
in-hospital STEMI-associated mortality rate as a control. 
An Institutional Review Board (IRB) approved this study, 
whose data was collected from the Secretariat of Health 
in the State of São Paulo, Brazil. 

Statistical Analysis 
For this study, we obtained data from the Secretariat of 

Health in the city of São Paulo. The database contained data 
from each health unit where a patient had been admitted 
by generating an authorization for hospitalization. We used 
number of deaths (N) and mortality rates (%) to perform 
the two proportion comparison test, using the statistic 
software Primer of Biostatistics®, version 4.02.9.14 P-value 
was significant when < 0.05.

Results
We provided on-site training to the emergency personnel 

in five hospitals and extended the training to three other 
hospitals in 2010. The same participants were retrained in 
online meetings and update symposia. Twelve emergency 
units also trained their staff. Many other hospitals trained 
their emergency and intensive care unit personnel from 
2011 to 2013. In total, nearly 200 physicians and 350 
nurses attended at least one training session from May, 
2010, to December, 2013. We observed that many 
emergency physicians were unable to identify an AMI on 
the electrocardiogram. Nearly 50 emergency departments 
used tele-electrocardiography, causing a five-minute delay 
in diagnosis. Even in those departments, the emergency 
staff often feared starting thrombolytic therapy. The 
STEMI-associated death rates in the five pre-determined 
hospitals (numbered from 1 to 5) with on-site training 
reduced their rates from 25.9%, in 2009, to 18.3%, in 
2010, with significant difference (p < 0.001) (Table 1 and 
Figure 1). The five non-trained hospitals (numbered from 6 
to 10) did not show differences in STEMI-associated death 
rates: from 17.8%, in 2009, to 21.2%, in 2010 (p=0.138) 
(Table  2 and Figure  2). After the entire training period, 
the in-hospital STEMI-associated death rates in all the 
public hospitals of São Paulo decreased from 14.31%, in 
2009 (July-December), to 11.25%, in 2013 (January-July) 
(p < 0.0001, Table 3).
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Figure 1 – Mortality rate (%) in the first five hospitals attending the first training program. Comparison between 2008-2009 and 2010 (p-value for comparison). 
Columns: gray= before; and dash= after training. The numbers on the columns show the exact percentage death rate in each hospital.
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Table 1 – Frequency, number of deaths and mortality rate from 2008-09 to 2010 in the five trained hospitals

Frequency
(N)

Number of Deaths
(N)

Mortality rate
(%) p-value

Hospital 2008-09 2010 2008-09 2010 2008-09 2010

1 112 127 26 17 23.2 13.4

2 121 138 26 25 21.5 18.1

3 142 157 42 28 29.6 17.8

4 185 189 50 28 27.0 14.8

5 165 174 44 46 26.7 26.4

Total 725 785 188 144 25.9 18.3 < 0.001

Table 2 –  Frequency, number of deaths and mortality rate from 2008-09 to 2010 in the five trained hospitals

Frequency
(N)

Number of Deaths
(N)

Mortality rate
(%) p-value

Hospital 2008-09 2010 2008-09 2010 2008-09 2010

1 112 151 19 30 13.9 19.9

2 214 172 34 28 15.9 16.3

3 107 147 28 48 26.2 32.7

4 73 86 16 23 21.9 26,7

5 198 194 33 30 16.7 15.5

Total 729 750 130 159 17.8 21.2 0.138

Over the three-year period, the number of diagnosed 
myocardial infarctions increased by 12.61%. However, the 
number of deaths decreased by 177, an absolute reduction 
of 3.06% and a relative risk reduction of 21.39%.

Data from the monitored hospital were as follows: this 
hospital (number 1 in Figure 1) had a 23.7% mortality 

rate before training, and even had streptokinase that was 
not used. Four months after the beginning of the training, 
mortality rates decreased to 13.9%. After the educational 
program, the administration of tenecteplase was started in 
trained hospitals and mortality rates progressively decreased, 
reaching 6.7% in this monitored hospital in 2015.
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Discussion
Although the reduced mortality rates we observed after 

training could have been affected by other factors, such as 
weather changes or H. influenza vaccination, we feel this is not 
the case. The median temperature was higher in 2013 than 
in 2010, especially in the winter, being 6% higher.15 We had 
previously found an influence of temperature on the number 
of AMI-associated deaths in the city of São Paulo, showing a 
strong association between lower temperatures and increasing 
death rates. Compared to an average 24-hour day temperature 
of 22.6oC, an average of 13.7oC increased the number of deaths 
in 32.8%. On the other hand, we observed an increase of 11.8% 
in death rates when temperatures rose from 21.6-22.6ºC to 
23.8-27.3oC.16 The temperature in São Paulo had a 6% increase 
in 2013, in comparison to 2010, and this could not explain the 

reduction in death rates observed in this study, since such an 
increase was more evident in the summer, which should rise – 
and not reduce – the number of deaths according to our data. 
In fact, there was a very slight growth in the number of cases 
of AMI in 2014,15 but with lower death rates. In addition, the 
level of humidity was very similar between these two periods, 
so differences related to this factor could not have influenced 
the reduction of death rates. Another factor that could have had 
an impact on the results is the vaccine for the influenza virus; 
however, it has been available since 1998, and vaccination rates 
have been stable, >70%, since 2000.16 Therefore, the expected 
reduction in cases of AMI due to vaccination had already 
occurred as of 1996-2006.17 The other confounding factor 
would be an increase in the number of primary angioplasty 
procedures performed in São Paulo from 2010 to 2013, 
but this is not the case, according to the National Registry of 

Figure 2 – Mortality rate (%) in the five hospitals that did not receive the training program. Comparison between 2008-2009 and 2010 (p-value for comparison). 
Columns: gray= before; and dash= after. The number on the columns show the exact percentage death rate in each hospital.
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Table 3 – Frequency, number of deaths and mortality rate from 2010 to 2013 in all health units in the city of São Paulo

Age range
(years)

Frequency
(N)

Number of Deaths
(N)

Mortality rate
(%) p-value

2010 2013 2010 2013 2010 2013

up to 39 290 275 20 21 6.9 7.64

40-49 909 1,046 70 56 7.70 5.35

50-59 1,955 2,252 183 141 9.36 6.26

60-69 1,900 2,297 229 231 12.05 10.06

70-79 1,384 1,436 280 235 20.23 16.36

80and+ 705 738 240 221 34.04 29.95

Total 7,143 8,044 1,022 905 14.31 11.25 < 0.0001
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Interventions18 in public hospitals. Actually, the opposite was 
true, because the number of primary angioplasty procedures 
decreased from 503, in 2010, to 185, in 2013. Based on all of 
these data, we believe that the extreme reduction in mortality 
rates observed in this study was owed to the training program, 
which started in May, 2010.

The percentage of deaths caused by AMI remained 
stable from 2002 to 2009.5 This number was very high 
(14%), compared to the data in the United States (5.9%).13 
The absolute increase in the number of cases of AMI from 
2010 to 2013 is in accordance with the projections from the 
World Health Organization,1 and is supposed to grow even 
more in the next twenty years. In this study, basic training of 
emergency personnel caused a significant reduction in the 
number of deaths due to AMI (1,022 vs 905), with an absolute 
reduction of 3.06%. In fact, there were two main issues 
addressed by the training program: difficulty in interpreting 
an electrocardiogram; and fear of prescribing thrombolytic 
therapy due to the possibility of brain bleed. We know that 
these achieved results must be maintained, and we consider 
this will only be possible with a continuous training program 
directed to emergency personnel. We acknowledge the 
possibility that the strategy of treating AMI with tenecteplase, 
followed by transfer to a reference hospital, could have 
contributed with the observed reduction in mortality rates. 
However, as we had pre-established the monitoring of one 
hospital, it was possible to observe an impressive mortality 
reduction: from 23.7% to 13.9%, even before the beginning 
of the strategy with tenecteplase and just four months after 
the training had started. The non-trained hospitals did not 
show any differences in this period, and some of them even 
presented higher mortality rates instead. Unfortunately, 
mortality rates continue to rise among STEMI patients in our 
city, and efforts to change this scenario should strongly consider 
the strategy of training emergency personnel and giving 
support through tele- electrocardiography and telemedicine.

Study limitations
The study had some limitations. It was not possible to 

have all the data we wanted, such as the exact number of 
trained professionals, the number of retrained professionals, 

the onset of symptoms, the onset-to-door and door-to-balloon 
times, as well as door-to-thrombolysis time. The data were 
from a few years ago, but nowadays public hospitals that are 
similar to that in this study still do not have a routine to carry 
out thrombolysis or immediate transfer to hospitals that are 
capable of PCI.

Conclusion
In conclusion, the training of emergency personnel 

significantly reduced AMI in-hospital morbidity and mortality 
rates. The strategy of implementing personnel training and 
retraining in public hospitals is life-saving.
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Early reperfusion with primary percutaneous coronary 
intervention (PPCI) or thrombolysis (TL) has decreased the 
morbimortality from acute myocardial infarction (AMI) in Latin 
America and worldwide. National and international guidelines 
recommend reperfusion, using either method, according to its 
availability at the medical center, for patients admitted within 
12 hours of AMI symptom onset.1,2

PPCI has been shown to be superior to TL, especially when 
performed at a specialized care center with the infrastructure, 
staff, and experience necessary to ensure good results and 
minimize complications.3-5 However, because of the high costs 
associated with implementing and developing cardiovascular 
intervention programs, the availability of centers with the 
capacity to perform this intervention varies by country and 
even by region within a given country.

International evidence also indicates that pre-hospital TL 
followed by timely transfer to a higher-complexity hospital for 
an invasive study can match or even exceed the results obtained 
with PPCI.6 Given the abovementioned findings, some authors 
recommend a routine invasive study of thrombolyzed patients 
within the first 24 hours after reperfusion.7 TL has been shown 
to be particularly effective if a latest-generation thrombolytic 
is administered in a timely fashion, that is, within the first 2-4 
hours after symptom onset.8,9 Recent studies have shown the 
benefits of implementing a pharmacoinvasive strategy, that 
is TL with Tenecteplase at weight and age-adjusted doses, 
followed by transfer to a PCI center to perform rescue or 
elective PCI, depending on the signs of positive or negative 
reperfusion.9,10 Nonspecialized doctors usually prefer a 
transfer to a PCI center, with a long delay, and the consequent 
underuse of thrombolytics.11 

The implementation of these strategies has been 
successfully performed in Europe and USA and whenever 
possible, in Latin America, but there are persistent inequities 

in different regions. Large cities, such as Sao Paulo, represent 
a challenge, particularly at public hospitals, since improving 
MI care needs adequate public policies. First, the people 
should be educated about how to recognize symptoms and the 
need for prompt care at the emergency services. This should 
be followed by an early diagnosis made by the health team 
(doctors and nurses), support of tele-electrocardiography to 
accelerate the diagnosis and the implementation of the best 
available reperfusion therapy at each center. This implies using 
TL when the chances for transfer to a tertiary center will delay 
the time for optimal reperfusion.

In the study performed by Machado et al.12 and published 
in this issue of Arquivos Brasileiros de Cardiologia, the authors 
report their experience with the training of doctors and nurses 
from emergency services in five public hospitals that exhibit 
high MI mortality rates at baseline, and compare results 
with data from hospitals with non-trained staff in the long-
term follow up. The obtained results are quite impressive, 
since they achieve a significant reduction of mortality at the 
trained centers.12 Certainly, this is an initiative that should 
be continued over time and extended to other hospitals. 
Rotation of health personnel in emergency services represent 
an additional challenge and, for that reason, the training should 
be continued over time.

This experience was supported by the Society of Cardiology 
from the State of Sao Paulo and the Health Secretariat of 
Sao Paulo. Additional support should be found to add other 
policies such as education, tele-electrocardiography, and the 
building of networks with tertiary centers.13 Last, but not least, 
it would be convenient that treatment of acute MI could be 
supported by government authorities to facilitate consultation 
at the nearest available hospital. These policies have been 
successful in other countries, where they have achieved a 
significant reduction in MI mortality.14
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Abstract

Background: Chagas heart disease (CHD) is a slow progressing condition with fibrosis as the main histopathological 
finding.

Objectives: To study if cardiac fibrosis increases over time and correlates with increase in left ventricular (LV) size 
and reduction of ejection fraction (EF) in chronic CHD.

Methods: Retrospective study that included 20 individuals (50% men; 60±10 years) with chronic CHD who 
underwent two cardiac magnetic resonance imaging (MRI) with late gadolinium enhancement with a minimum 
interval of four years between tests. LV volume, EF, and fibrosis mass were determined by cardiac MRI. Associations 
of fibrosis mass at the first cardiac MRI and changes in LV volume and EF at the second cardiac MRI were tested 
using logistic regression analysis. P values <0.05 were considered significant.

Results: Patients were classified as follows: A (n=13; changes typical of CHD in the electrocardiogram and 
normal global and segmental LV systolic function) and B1 (n=7; LV wall motion abnormality and EF≥45%). Mean 
time between cardiac MRI studies was 5.4±0.5 years. LV fibrosis (in %LV mass) increased from 12.6±7.9% to 
18.0±14.1% between MRI studies (p=0.02). Cardiac fibrosis mass at baseline was associated with decrease in >5 
absolute units in LV EF from the first to the second MRI (OR 1.48, 95% CI 1.03-2.13, p=0.03). LV fibrosis mass 
was larger and increased between MRI studies in the group that presented decrease in LV EF between the tests.   

Conclusions: Even patients at an initial stage of CHD show an increase in myocardial fibrosis over time, and the 
presence of LV fibrosis at baseline is associated with a decrease in LV systolic function.

Keywords: Chagas Cardiomyopathy; Chagas Disease; Endomyocardial Fibrosis; Ventricular Dysfunction, Left; 
Diagnostic, Imaging; Magnetic Resonance Imaging/methods; Electrocardiography/methods.

replacement of myocardial fibers by areas of fibrosis 
and compensatory hypertrophy of remnant  myocytes, 
which would be correlated to CHD progression, cardiac 
remodeling and left ventricular (LV) systolic dysfunction.4,5

Cardiac magnetic resonance imaging (MRI) allows the 
non-invasive recognition and quantification of cardiac 
fibrosis, the identification of global and segmental wall 
motion abnormalities, and aneurysm and intracardiac 
thrombi, as well as evaluation of LV systolic function in 
patients with CHD.6 Fibrosis mass correlates directly to 
functional class and inversely to the LV ejection fraction.7 
Moreover, fibrosis identified by cardiac MRI is associated to 
ventricular arrhythmias,8 especially in the presence of two or 
more contiguous areas of transmural fibrosis.9 Longitudinal 
studies found that fibrosis mass was an independent predictor 
of the combined end-point of cardiovascular death, sustained 
ventricular tachycardia,10 and all-cause mortality.11

Furthermore, cardiac MRI can identify areas of fibrosis 
in around 20% of the patients with the indeterminate form 
of Chagas disease7,8 and in 43.7% of patients at the stage 
A of CHD,8 who have normal global and segmental LV 
systolic function on two-dimensional echocardiography. 

Introduction
Chagas disease is caused by the protozoan Trypanosoma 

cruzi that infects around 10 million people worldwide1 
and 1 to 3 million people in Brazil.2 Among those patients 
with chronic Chagas disease, 20 to 40% have the cardiac 
form or Chagas heart disease (CHD)2 and around 2% of 
patients will progress each year from the indeterminate to 
the cardiac form.3

Histopathological studies of myocardial specimens 
obtained from patients with CHD revealed a low-grade 
chronic fibrosing cardiomyopathy with a continuous 
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On the other hand, in patients with more advanced stages 
of the cardiac form, cardiac fibrosis is detected in 89-100% 
of the patients.7,9 Therefore, cardiac MRI can identify early 
cardiac involvement in Chagas disease and the prevalence 
of patients with cardiac fibrosis increases with the severity 
of the disease. 

Therefore, we aimed to evaluate if cardiac fibrosis 
progresses over time and if it correlates with worsening of 
LV function and LV geometry. For that, we retrospectively 
evaluated a group of patients at early stages of CHD, who 
underwent two cardiac MRI tests with a minimum interval 
of four years between them.

Methods

Study subjects
This is a retrospective study that included a convenience 

sample composed of adult patients with chronic Chagas 
disease regularly followed at the institutional outpatient Chagas 
disease clinic. 

The criteria of Chagas disease classification followed the 
Brazilian consensus on Chagas disease:2 indeterminate form 
(no evidence of cardiac involvement), cardiac form (evidence 
of typical CHD changes in the electrocardiogram [ECG]), 
digestive form (evidence of megacolon or megaesophagus), 
or cardiodigestive form. Cardiac form was classified into stage 
A (no symptoms of heart failure [HF] with isolated changes in 
the ECG), stage B (no HF symptoms with segmental or global 
LV systolic dysfunction; B1: LV ejection fraction ≥ 45%; B2: 
LV ejection fraction < 45%), stage C (symptomatic HF), or 
stage D (end-stage HF). 

All patients with CHD at stages A or B1 who underwent 
two cardiac MRI tests with late gadolinium enhancement (LGE) 
protocol within a minimum interval of four years, with cardiac 
fibrosis detected at the first MRI, and negative test for coronary 
artery disease on treadmill exercise testing at baseline were 
included in this study. Most patients included in this study 
were part of a previous study.8

Epidemiological and clinical data, including comorbidities, 
symptoms, echocardiogram, ECG, 24-hour Holter monitoring, 
and blood tests, were obtained by analysis of medical records.

Cardiac Magnetic Resonance Imaging (MRI)
The first cardiac MRI was performed in a GE HDxt 1.5 Tesla 

(T) MRI scanner (Wakeusha, Wisconsin, USA) and analyzed 
using the ReportCard® GE software, version 3.6, as previously 
described.8 The second cardiac MRI was performed using a 
Siemens Avanto 1.5 T scanner (Siemens Healthcare, Germany) 
or a Siemens Verio 3.0 T scanner (Siemens Healthcare, 
Germany). LV images were obtained during a 15-s breath 
hold to minimize artefacts due to breathing movements. LV 
long-axis and short-axis images were obtained by two ECG-
triggered pulse sequences at the same locations. LV and right 
ventricular (RV) systolic function were analyzed by cine-CMR 
using steady-state free precession protocol. End-diastolic LV 
diameter, end-diastolic and end-systolic LV volumes, LV mass, 
LV ejection fraction, end-diastolic RV volume and ejection 

fraction were determined by the Simpson’s method. Papillary 
muscles were regarded as part of the LV cavity for calculation 
of LV volume and mass. Images were acquired with 8-mm 
slice thickness and 2-mm slice spacing up to the LV apex. 

In order to evaluate myocardial fibrosis, images were 
acquired 10 to 20 min after intravenous bolus of 0.1mmol/kg 
of gadolinium-based contrast (Dotarem®, Guerbet, Aulnay Sous 
Bois, France) using an inversion-recovery prepared gradient-
echo sequence for myocardial delayed enhancement (MDE) 
protocol in the long- and short-axis projections. The presence, 
location and pattern of fibrosis were qualitatively determined. 
Fibrosis mass was calculated using the ReportCard® GE software 
version 3.6 in the first cardiac MRI and using the CVI42 software 
(Circle Cardiovascular Imaging, Canada) in the second cardiac 
MRI). Calculation of fibrosis mass was based on semi-automatic 
detection of hyperintense areas compatible with fibrosis on short-
axis MDE sequences. The researcher was free to edit the limits of 
the area of fibrosis. Signal threshold of ≥ 3 standard deviations 
(SDs) above the mean signal of the reference myocardium was 
applied to determine the scar volume for both software programs 
used for fibrosis mass calculation. LV fibrosis mass was defined in 
absolute values and as percentage of the LV mass. Segmental MDE 
was analyzed using LV 17-segment model.12 Scar distribution 
patterns were classified as follows: 1) transmural, if there was 
any area of scar that occupied >50% of the wall thickness but 
in no more than eight segments; 2) focal, if the scar area was 
not transmural and identified in no more than eight segments; 
and 3) diffuse, if the scar areas were present in more than eight 
segments, regardless of the presence of transmural areas.10 Fibrosis 
in individual segments was classified as subendocardial, midwall, 
subepicardial, or transmural.

The analyses of the first cardiac MRI were done by two 
observers, while the analyses of the second cardiac MRI were 
done by two other different observers who were unaware of 
the results of the first cardiac MRI.

Statistical analysis
Calculations were done using statistical software MedCalc 

12.5.0.0. Continuous variables were expressed as mean 
± SD, and categorical variables as absolute values and 
percentages. All continuous variables passed the normality test 
(Kolmogorov-Smirnov test) allowing the use of parametric tests. 
Data between first and second cardiac MRI were compared 
using paired Student’s t-test. Associations between fibrosis 
mass at the first cardiac MRI and changes on LV structure and 
function between first and second cardiac MRI were tested 
using logistic regression analysis. A decrease >5 units in LV 
ejection fraction, an increase >10 mL/m2 in end-diastolic LV 
volume, and an increase >10 mL/m2 in end-systolic LV volume 
were considered events for this analysis.  P values below 0.05 
were considered significant. 

Results

Patients’ characteristics
A total of 20 patients were included in this study. All patients 

had CHD and 65% were at stage A and 35% at stage B1 of 
the disease at the time of the first cardiac MRI. Associated 
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digestive disease was present in 35% of the participants. There 
was an equal gender distribution, most patients were born in 
the northeast region of Brazil, were white, had elementary 
schooling, and had hypertension (Table 1). No participant had 
history of sudden cardiac arrest, HF symptoms, pacemaker, or 
diabetes mellitus. Most common symptom was palpitations, 
followed by near-syncope, and syncope (Table 1). One patient 
had a history of previous stroke and another of transient 
ischemic attack.

Regarding ECG, all patients at baseline were in sinus rhythm, 
and the most common ECG changes were right bundle branch 
block, left-anterior hemiblock, and primary T wave changes 
(Table 1). No participant had left bundle branch block, low 
QRS voltage, or periods of electrical inactivity. Except for one 
participant, all had 24-hour Holter monitor exams recorded 
on medical records. No participant had sustained ventricular 
tachycardia and only three had sinus pause longer than two 
seconds. Almost 40% had a high incidence of premature 
ventricular contractions and one fifth had non-sustained 
ventricular tachycardia on Holter exams (Table 1). Except for 
two patients with enlarged end-systolic LV diameter and one 
patient with enlarged LV diastolic diameter, all participants 
had normal LV diameters and ejection fraction. Half of the 
patients also presented normal LV diastolic function (Table 1).

At the time of the second cardiac MRI, three patients 
progressed from stage A to B1, one patient progressed from 
stage B1 to B2, and one patient progressed from stage B1 to 
C. No patient presented any clinical event compatible with 
acute coronary syndrome during the study follow-up.

Cardiac MRI
The mean time between the cardiac MRI studies was 5.4 

± 0.5 years. The proportion of the LV segments with areas of 
scar at the first and second cardiac MRI is depicted in Figure 1.

Fibrosis pattern was classified as focal in 13 patients (65%) 
and transmural in seven patients (35%) at the first cardiac MRI. 
Sixty-two out of 340 walls (18.2%) showed cardiac fibrosis 
with the following distribution: basal inferolateral (55%), 
apex (30%), apical lateral (30%), apical inferior (25%), apical 
anterior (25%), mid inferolateral (25%), basal inferior (20%), 
apical septal (20%), mid anterolateral (20%), basal anterolateral 
(15%), basal anteroseptal (10%), mid inferoseptal (10%), basal 
anterior (5%), basal inferoseptal (5%), mid anterior (5%), mid 
inferior (5%), and mid anteroseptal (5%). The fibrosis pattern 
was classified as midwall in 37 segments, transmural in 23 
segments, subepicardial and midwall in one segment, and 
subendocardial and midwall in one segment. 

At the second cardiac MRI, the fibrosis pattern presented 
by the patients was classified as focal in 13 patients (65%), 
transmural in three patients (15%), and diffuse in four patients 
(20%). The number of walls with areas of fibrosis increased 
to 102 (30% of 340 walls) and the frequency the walls with 
areas of fibrosis were: basal inferolateral (75%), basal inferior 
(50%), mid inferolateral (45%), apical lateral (40%), basal 
anterolateral (35%), mid anterolateral (35%), basal anteroseptal 
(30%), apex (30%), apical inferior (25%), apical anterior 
(25%), apical septal (25%), mid inferoseptal (20%), mid 
inferior (20%), basal inferoseptal (15%),mid anterior (15%), 

mid anteroseptal (15%), and basal anterior (10%). The fibrosis 
pattern was classified as midwall in 74 segments, transmural 
in 25 segments, subepicardial and midwall in one segment, 
and subendocardial and midwall in two segments.

Regarding LV size and function, mean values of end-systolic 
LV volume and LV mass were greater, and the LV ejection fraction 
was lower at the second cardiac MRI compared to the first 
cardiac MRI. Mean end-diastolic LV diameter and volume, and 
the right ventricular volume and ejection fraction did not change 
significantly from the first to the second cardiac MRI (Table 2).

The mean fibrosis mass in % of LV mass increased 43% from 
the first cardiac MRI to the second cardiac MRI (Figure 2; Table 
2). Regarding the pattern of fibrosis distribution, patients with 
a transmural pattern showed an increase in fibrosis mass from 
19.3±6.1% to 31.4±14.2%, p=0.02, and those with focal 
pattern presented a non-significant increase in fibrosis mass 
from 9.0±6.3% to 10.8±7.1%, p=0.36. The number of LV 
segments with scar increased in both groups: from 38 to 65 
(a 71% increase) in the group classified as transmural pattern 
and from 24 to 37 (a 54.2% increase) in the group classified 
as focal pattern of fibrosis distribution. The cardiac fibrosis 
mass increased in 11 of the 20 patients studied (Figure 3). 

From the first to the second cardiac MRI, 14 subjects 
showed a decrease greater than five units in LV ejection 
fraction, five subjects presented an increase greater than 10 
mL/m2 in end-diastolic LV volume, and seven subjects showed 
an increase >10 mL/m2 in end-systolic LV volume. Cardiac 
fibrosis mass in % of LV mass detected at the first cardiac MRI 
showed a univariate significant association, with a decrease 
of >5 units in LV ejection fraction (OR 1.48, 95% CI 1.03 to 
2.13, p=0.03) from the first to the second MRI. There was no 
univariate or multivariate significant association between sex, 
age, LV fibrosis mass at the first cardiac MRI and the changes 
in end-diastolic or end-systolic LV volume > 10 mL/m2 from 
the first to the second cardiac MRI (Table 3). 

We stratified the patients into those who had a decrease>5 
units in LV ejection fraction and those who did not (Figure 
3). LV fibrosis mass in % of LV mass in the first cardiac MRI 
was greater among those who had a decrease in LV ejection 
fraction than those who did not (15.8±7.3% vs. 5.1±2.2%; 
p=0.017). Also, the LV fibrosis mass in % of LV mass increased 
from the first to the second cardiac MRI only among patients 
who presented a decrease in LV ejection fraction (15.8±7.3% 
vs. 22.9±14.2%; p=0.013; Figure 3A). Among those who did 
not present a decrease in LV ejection fraction, the cardiac 
fibrosis mass in % of LV mass did not change from the first to 
the second cardiac MRI (5.1±2.2% vs. 6.7±2.2%; p=0.25; 
Figure 3B). 

Discussion
CHD is a slow, relentless, silent condition characterized by 

a chronic fibrosing myocarditis that culminates in a myriad of 
cardiovascular events such as HF, stroke and life threatening 
arrythmias.2,4,5 It is hypothesized that after an initial insult, 
cardiac damage progresses continuously until symptomatic 
HF supervenes.13 In this paper, we show in a group of patients 
at the initial stages of CHD that the cardiac insult caused by 
T. cruzi infection, measured by cardiac fibrosis mass, increases 
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Table 1 – Clinical and epidemiological characteristics of study participants (n=20)

Age, years 60.5 ± 10.4

Male gender 10 (50%)

Place of origin

Northeast 14 (70%)

Southeast 5 (25%)

Central-West 1 (5%)

Ethnicity

Caucasian 14 (70%)

Mixed/Pardo 4 (20%)

Afro-Brazilian 2 (10%)

Schooling

Illiterate 2 (10%)

Elementary School 12 (60%)

High school 6 (30%)

Clinical parameters

ChD clinical form

Cardiac – Stage A 9 (45%)

Cardiac – Stage B1 4 (20%)

Cardiodigestive A 4 (20%)

Cardiodigestive B1 3 (15%)

Symptoms 

Near-syncope 5 (25%)

Syncope 3 (15%)

Palpitations 7 (35%)

Hypertension 13 (65%)

Electrocardiogram

  RBBB 14 (70%)

LAHB 14 (70%)

Primary T wave changes 18 (90%)

Premature ventricular contraction 5 (25%)

24 h Holter
Premature ventricular contraction

> 30/hour 7 (36.8%)

10-30/hour 3 (15.8%)

< 10/hour 5 (26.3%)

None 4 (21%)

Nonsustained ventricular tachycardia 4 (21%)

Echocardiogram

  Left atrial diameter, cm 3.5 ± 0.5

  LV end-diastolic diameter, cm 5.1 ± 0.5

  LV end-systolic diameter, cm 3.3 ± 0.5

  LV ejection fraction, % 64.9 ± 7.9

  LV aneurysm 2 (10%)

  LV diastolic function

   Normal 10 (50%)

   Delayed relaxation 9 (45%)

   Not determined 1 (5%)

ChD: Chagas disease; LAHB: left anterior hemiblock; LV: left ventricular; RBBB: right bundle branch block; values are mean ± SD or n (%).
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Figure 1 – Proportion of left ventricular segments with scar at the first and second cardiac magnetic resonance imaging tests according to the 17-segment 
model.12 Note the increase in the frequency in almost all segments; LV: left ventricular; MRI: magnetic resonance imaging.  
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over time. Moreover, the degree of cardiac damage, i.e. cardiac 
fibrosis mass, is associated with decrease in LV ejection fraction.

Cardiac fibrosis is a hallmark of CHD and a promising 
prognostic index. As far as we know, this is the first study to 
address changes in cardiac fibrosis mass and LV structure by 
means of cardiac MRI in patients at an early stage of CHD. 

We found an increase not only in fibrosis mass, but also in the 
number of segments with fibrosis, together with a worsening of 
LV systolic function and an increase in LV end-systolic volume 
from the first to the second cardiac MRI after a mean follow-up 
time of five years. The increase in LV fibrosis occurred mainly 
in the group of patients with transmural fibrosis. In our study, 
LV fibrosis was associated with decrease in LV ejection fraction 

Table 2 – Comparison of left ventricular fibrosis and left and right ventricular chamber size and function between the first and the second 
cardiac magnetic resonance imaging tests 

1st MRI 2nd MRI p Valuea

Fibrosis mass (grams) 12.4 ± 9.1 17.9 ± 16.7 0.03

Fibrosis mass (% of LV mass) 12.6 ± 7.9 18.0 ± 14.1 0.02

End-diastolic LV diameter, mm 53 ± 4 53 ± 7 0.90

End-diastolic LV volume, mL/m2 76.6 ± 19.1 76.8 ± 21.7 0.94

End-systolic LV volume, mL/m2 30.5 ± 13.1 37.9 ± 17.9 0.004

LV ejection fraction, % 61.1 ±9.5 52.5 ± 11.7 <0.0001

LV mass, g/m2 53.9 ± 11.8 56.5 ± 12.6 0.008

End-diastolic RV volume, mL/m2 58.9 ± 14.6 62.0 ± 15.8 0.11

RV ejection fraction, % 56.7 ± 3.2 56.1 ± 10.2 0.79

LV: left ventricular; MRI: magnet resonance imaging; RV: right ventricular. aPaired Student’s t-test.

Figure 2 – Cardiac magnetic resonance imaging of a patient with progressive changes in fibrosis mass. A) Myocardial delayed enhancement on horizontal 
and vertical long-axis slices depicts areas of midwall fibrosis (bright areas) in mid segments of the septum and transmural cardiac fibrosis in all apical 
walls and apex. Myocardial fibrosis mass was estimated in 33 grams. B) Myocardial delayed enhancement images obtained from the same patient 4.5 
years later depict areas of midwall cardiac fibrosis in basal segments of inferoseptal, inferolateral, and anterolateral walls, mid segments of the septum 
and anterior walls, and transmural cardiac fibrosis in mid segments of inferolateral and anterolateral walls, all apical walls and apex. The estimated cardiac 
fibrosis mass increased to 58 grams.

A.

B.

Horizontal Long-axis Vertical Long-axis
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Figure 3 – Individual changes of cardiac fibrosis mass in % of left ventricular (LV) mass from the first cardiac magnetic resonance imaging test (MRI) to 
the second cardiac MRI among patients who presented a decrease in LV ejection fraction over time (A) and among those who did not present a decrease 
in LV ejection fraction (B). Note the LV fibrosis mass is larger at baseline and increased from the first to the second cardiac MRI only in the group who 
showed a decrease in LV ejection fraction over time.
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over time. LV fibrosis mass was greater in the first cardiac 
MRI and increased from the first to the second cardiac MRI 
only in those patients who showed a decrease in LV ejection 
fraction over time. 

Chagas disease patients with cardiac fibrosis have lower LV 
ejection fraction and higher LV volume and mass, and larger 
left atrial size than patients without cardiac fibrosis.10,14 In fact, 
there is a negative, strong correlation between LV fibrosis mass 
and LV ejection fraction.7,15 In a previous study of our group, 
only patents with cardiac fibrosis had worsening of Chagas 

disease and LV function measured by LV longitudinal and 
circumferential strain.16 Myocardial fibrosis was independently 
associated with all-cause mortality in a retrospective study11 
and with the occurrence of the combined end-point of 
cardiovascular death and sustained ventricular tachycardia 
in a prospective study.10

At the first cardiac MRI, fibrosis was more commonly seen 
in the infero-lateral and apical segments, as previously shown 
in Chagas disease.7-9 After a mean follow-up of 5.4 years, the 
prevalence of cardiac fibrosis increased in almost all segments, 
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Table 3 – Univariate and multivariate associations of the studied events with left ventricular fibrosis mass, age and sex

Univariate Association Multivariate Association

OR 95% CI p values OR 95% CI p values

Decrease >5 units in LV ejection fraction

Male sex 0.37 0.05-2.77- 0.34 0.14 0.00-15.9 0.42

Age, years 1.03 0.94-1.13 0.47 1.37 0.89-2.11 0.15

LV fibrosis mass, % 1.48 1.03-2.13 0.03 2.27 0.87-5.91 0.09

Increase >10 mL/m2 in end-diastolic LV volume

Male sex 0.58 0.07-4.56 0.61 0.56 0.04-7.65 0.66

Age, years 1.10 0.96-1.27 0.17 1.12 0.96-1.31 0.15

LV fibrosis mass, % 1.04 0.91-1.18 0.56 1.05 0.89-1.24 0.57

Increase >10 mL/m2 in end-systolic LV vol

Sex, male 0.64 0.10-4.10 0.64 1.03 0.07-14.8 0.98

Age, years 1.13 0.97-1.31 0.10 1.17 0.97-1.40 0.09

LV fibrosis mass, % 1.06 0.94-1.20 0.33 1.11 0.93-1.33 0.24

LV: left ventricular; Vol: volume logistic regression analysis (enter method).

more notably in the basal segments. There was an aggravation 
of cardiac fibrosis, as in four patients, fibrosis pattern changed 
from transmural to diffuse. This reinforces the progressive nature 
of the cardiac insult caused by Chagas disease.

Our data demonstrated that myocardial fibrosis mass increases 
over time, which may be related to a slowly progressive fibrosing 
myopathy with changes in extracellular matrix that leads to 
cardiac remodeling and HF. In fact, enzymes involved in the 
extracellular matrix modulation (metalloproteinases [MMP] 2 
and 9), present in the pathogenesis of several cardiovascular 
diseases,17 may have an important role in Chagas disease 
pathogenesis. Changes in the balance between MMP and their 
inhibitors activity may be important for cardiac remodeling.18 
In T.cruzi infected mice, MMP-2/MMP-9 inhibitors treatment 
induced a decrease in myocardial inflammation and a survival 
increase.19 In patients with chronic Chagas disease, both 
MMP-2 and MMP-9 serum levels are higher in patients at the 
indeterminate and cardiac forms than controls.20,21 However, 
MMP-2 serum levels were higher in patients with the cardiac form 
than with the indeterminate form,21,22 while MMP-9 serum levels 
were higher in patients with the indeterminate form than with 
the cardiac form.22 Therefore, a MMP-2/MMP-9 balance seems 
to be important for Chagas disease progression.23

 
Limitations

This study is limited by its retrospective design, a small 
convenience sample, and by the fact that the cardiac MRIs 
were performed in machines of different vendors and analyzed 
by different experts, without an assessment of interobserver 
variability. However, the interobserver agreement for cardiac 
fibrosis mass of the group that performed the first cardiac MRI 
was previously described as excellent.8 In a previous study,24 the 
interobserver variability for the signal threshold versus reference 
myocardium (STRM)-based scar quantification technique, 
which we used to evaluate LV fibrosis, was -1.2% (95% CI 
-8.8 to 9.2%).24 In our study, six patients had a decrease in LV 

fibrosis mass in % of LV mass, that ranged from 1.56 to 7.48%, 
all within the 95% CI described for the interobserver variability. 
On the other hand, from the 11 patients who presented an 
increase in LV fibrosis mass in % of LV mass, seven showed 
an increase above the 95% CI described for the interobserver 
variability. Three other patients had a difference less than one 
percent between exams. Therefore, all patients with a difference 
between exams above the test variability showed an increase 
in LV fibrosis mass and corresponded to 35% of the studied 
population. Therefore, we believe that our results were not 
biased by intra or inter-observer variability.

Regarding exclusion of patients with previous coronary artery 
disease, a negative treadmill exercise test result does not exclude 
the possibility of complete occlusion of a coronary branch. 
However, patients denied previous clinical events compatible 
with acute coronary syndrome. Patients also did not undergo a 
second treadmill exercise test or coronary angiography before 
the second MRI to exclude coronary artery disease. However, no 
patient presented any clinical event compatible with coronary 
artery disease during the study follow-up. 

Conclusions
In this retrospective study that included patients at an initial 

stage of CHD, myocardial fibrosis increased over time and 
LV fibrosis at baseline was associated with a decrease in LV 
systolic function. This important finding should be confirmed 
in prospective designed studies. Cardiac fibrosis must also 
be further studied as a prognostic index for Chagas disease 
progression and cardiovascular events.
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Myocardial fibrosis is one of the most important biological 
markers of Chagas’ cardiomyopathy and is directly related 
to the severity of the cardiomyopathy and the stage of the 
disease.1 In addition, myocardial fibrosis has prognostic 
value for major cardiovascular events, with a strong and close 
relationship with arrhythmic events in these patients.2-4

Cardiac magnetic resonance (CMR) is the reference 
imaging method for myocardial fibrosis detection and 
quantification in many cardiomyopathies, including 
Chagas cardiomyopathy. Initial studies included patients 
with Chagas cardiomyopathy at different stages of the 
disease and clearly demonstrated that the higher the 
disease severity the larger the amount of myocardial 
fibrosis. Based on these data and on the natural history of 
the disease, with progression of left ventricle dysfunction, 
one could safely infer that myocardial fibrosis progresses 
with time for any given patient. However, the longitudinal 
data using CMR in patients with Chagas disease was not 
available until the publication of the original article in this 
issue of ABC Cardiol by Santos et al.5 This is the first study 
to include data on myocardial fibrosis from two consecutive 
CMR of the same patient with a relatively long follow-up 
of 5.4  years. The authors demonstrated an impressive 
43% increase of myocardial fibrosis over the follow-up 
period, which indicates a mean of 7.9% increase per year 
of myocardial fibrosis detected by CMR. 

Despite the originality of this finding, which was perhaps, a 
hypothesis generator, this is a retrospective study with a rather 
small sample only 20 patients. The study also investigated the 
association of myocardial fibrosis with left ventricle function, 

which has already been demonstrated in previous studies. 
This, in my view, took the focus away from myocardial 
fibrosis progression, which was the original information of the 
manuscript and should have been explored more deeply and 
in more detail. I understand the limited sample size might not 
allow such a detailed analysis. For this reason, additional and 
larger studies are mandatory to further the knowledge on this 
crucial parameter that could be the “the one” to help us to 
understand the pathophysiology and develop new treatments 
for Chagas cardiomyopathy.

Mechanisms involved in the progression of myocardial 
fibrosis, including aspects of the myocardial microcirculation,6 
status of the epicardial coronary arteries7 and even 
involvement of specific metabolic pathways8 were not 
discussed in this manuscript.

A surprising result of the study was the lack of association 
of fibrosis with age and gender, which has been demonstrated 
in previous work.9 Again, this might be the result of very small 
sample size.

Another interesting aspect of Chagas cardiomyopathy is 
the low frequency of myocardial fibrosis observed in the 
acute phase of Chagas disease (personal communication 
by João Marcos Ferreira) and the possible appearance of 
new cardiac abnormalities over the follow-up.10 This may 
indicate that myocardial fibrosis in Chagas disease is a 
relentless process, depending on time and the intensity 
of the inflammatory process. In this regard, prior work 
has also shown that, differently from ischemic fibrosis, 
Chagas cardiomyopathy fibrosis is associated to myocardial 
edema detected by T2- weighted CMR images, indicating 
the presence of inflammation.

Myocardial fibrosis in Chagas disease is not a fixed and 
bystander process, but rather, a dynamic and unfolding process 
leading to progressive myocardial injury and inflammation. 
This concept is essential for developing methods to try to stop 
this lethal pathway.

Although the study published in this issue of ABC Cardiol5 
was not designed to investigate the mechanism of the 
progression of myocardial fibrosis, this knowledge is crucial if 
we want to advance our knowledge in the pathophysiology 
and treatment of Chagas cardiomyopathy in the early future.DOI: https://doi.org/10.36660/abc.20210897
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Abstract
Background: Sauromatum guttatum (S. guttatum) is used in the treatment of blood disorders and reportedly has a 
spasmolytic activity through Ca2+ channel inhibition.

Objectives: The aim of this study was to investigate the antihypertensive potential of S. guttatum in high salt-induced 
hypertensive Sprague-Dawley (SD) rat model (HSHRs).

Methods: SD rats were divided into normotensive, hypertensive, S. guttatum and verapamil treated groups. S. guttatum 
crude extract (Sg.Cr) (100, 150 and 300 mg/kg/day) and verapamil (5, 10 and 15 mg/kg/day) were administered orally 
along with NaCl. Aortic rings and right atrial strips from normotensive rats were used to investigate the underlying 
mechanisms. The level of statistical significance was set at 5%.

Results: Mean arterial pressure decreased in the Sg.Cr and verapamil-treated hypertensive groups in a dose-dependent 
manner (p < 0.001). In the vascular reactivity study, acetylcholine induced relaxations with an EC50 value of 0.6 µg/mL 
(0.3–1.0) in Sg.Cr-treated hypertensive rats (300 mg/kg), suggesting endothelial preservation. In isolated normotensive 
rat aorta, Sg.Cr-treated rats showed vasorelaxation with an EC50 value of 0.15 mg/mL (0.10-0.20), ablated by endothelial 
denudation or pretreatment with L-NAME and atropine. Sg.Cr treatment caused relaxation against high K+-induced 
contractions, like verapamil. Sg.Cr showed negative inotropic (82%) and chronotropic effects (56%) in isolated rat atrial 
preparations reduced with atropine. The phytochemical investigation indicated presence of alkaloids, flavonoids and 
tannins.

Conclusion: S. guttatum has a vasodilatory effect through endothelial function preservation, muscarinic receptor-mediated 
NO release and Ca2+ movement inhibition, while atrial myocardial depressant effect can be linked to the muscarinic 
receptor. These findings provide pharmacological base for using S. guttatum extract as an antihypertensive medication.

Keywords:  Rats; Antihypertensive; Sauromatum guttatum; Blood Pressure; Hypertension; Vasodilatation; Calcium Channel 
Blockers; Cardiac Performance.

Hypertension management measures include lifestyle 
adjustments, diet modification, exercise, as well as 
conventional and alternative therapies, including herbal 
remedies.6-8 Sauromatum guttatum (S. guttatum) belongs to 
the Araceae family, and is commonly known as “Voodoo 
Lilly”. Sauromatum guttatum is known as “Sanp ki Booti” 
in Pakistan and India, where it is ubiquitous. S. guttatum 
is traditionally used for treating inflammation, breathing 
difficulties,9 gastric troubles,10 tuberculosis, blood disorders, 
snakebites and skin infections.11 S. guttatum contains lectins, 
dimethyl sulphides, caryophyllene, indole, skatole, ammonia, 
trimethylamine and primary amines.12-14 The corms contain 
carbon, magnesium, sulfur, oxygen, phosphorus, potassium 
and chlorine. In vitro studies revealed S. guttatum’s 
mitogenic,15 antiproliferative,16 herbicidal,17 lipoxygenase 
inhibitor,18 antioxidant, antibacterial,19 spasmolytic18,20 and 
insecticidal activities.17,21 It is traditionally used to manage 
blood disorders. It has been previously reported that its 
spasmolytic effect is mediated through Ca2+ entry blockade 
in the smooth muscles of the intestine.20 Ca2+ entry blockers 
also have an important therapeutic role in the management 
of hypertension. All these observations provide a solid 

Introduction 
Hypertension is an important risk factor for cardiovascular 

disease and mortality due to target-organ damage.1 There are 
many environmental factors that contribute to the etiology 
of hypertension, including high salt intake. High salt intake 
has remained the most important factor in the etiology 
of hypertension in humans.2 In rats, high salt intake also 
promotes hypertension, providing a convenient model to 
study human hypertension.3 Sustained consumption of a 
high-salt diet leads to endothelial dysfunction, which may 
pose a particularly significant risk factor in the development 
of hypertension,4 negatively affecting the quality of life.5 
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foundation for our hypothesis that S. guttatum extract might 
have antihypertensive properties. The objective of this 
study was to investigate the antihypertensive potential of S. 
guttatum and to reveal the underlying mechanisms by using 
in vivo and in vitro methods.

Materials and methods

Preparation of crude extract and phytochemical screening
S. guttatum corms were procured in Nathia Gali, Pakistan 

(June-July, 2018), identified and validated by Dr. Abdul Nazir, 
Assistant Professor, Department of Biotechnology, COMSATS 
University Islamabad, Abbottabad Campus, Pakistan. CHUA-
112 is voucher code for the specimen in the herbarium, 
Department of Pharmacy, COMSATS University Islamabad, 
Abbottabad Campus, Pakistan. Fresh corms were chopped 
and dried under the shade at room temperature. Then the dry 
material was powdered, soaked in a (70%) aqueous methanol 
solution, with occasional shaking for fifteen, seven and three 
days. The macerate was filtered through a muslin cloth and 
then through a qualitative filter paper (Whatman, Grade 1).22 
This process was repeated thrice. Then, a rotary evaporator 
(-760 mmHg at 37°C) was used to concentrate the liquid 
extract. The crude extract was analyzed phytochemically for all 
important constituents such as flavonoids, alkaloids, saponins, 
phenols and tannins.23

Animals
All the experiments were performed in conformity with the 

guidelines from the Commission on Life Sciences, Institute of 
Laboratory Animal Resources, National Research Council24 
and approved by the Ethical Committee. Sprague-Dawley 
(SD) rats were kept in the Animal House with food and water 
available ad libitum.

Pharmacological investigations

Drugs and standards 
Drugs and standards were purchased from the following 

sources: acetylcholine chloride, phenylephrine hydrochloride, 
atropine sulfate, pentothal sodium from Abbott Laboratories, 
Pakistan; while isoprenaline hydrochloride, potassium 
chloride, Nω-nitro-L-arginine methyl ester hydrochloride 
(L-NAME) and verapamil hydrochloride were obtained from 
Sigma chemicals company, USA.

In vivo studies
High salt-induced hypertensive rat (HSHR) model and 

grouping
SD rats (200-250 g) (n=60) were divided randomly into 

eight groups (n=5-7 in each group). The sampling was done 
by convenience sampling. Group 1 (normal control group) was 
given a normal diet. Group 2 (hypertensive group) was given 
NaCl (8% in diet + 1% in drinking water) for 8 weeks. Groups 
3-5 (S. guttatum-treated group) were given NaCl (8% in diet + 
1% in drinking water) and different oral doses of S. guttatum 

crude extract (100 mg/kg/day, 150 mg/kg/day and 300 mg/
kg/day) once daily for 8 weeks. Groups 6-8 (standard treated 
group) were given oral daily doses of verapamil (5 mg/kg/day, 
10 mg/kg and 15 mg/kg/day) along with a NaCl diet containing 
8% NaCl + 1% NaCl in drinking water for 8 weeks.25-27

Invasive blood pressure recording in HSHR
The tracheal intubation of anesthetized (pentothal, 40–100 

mg/kg, i.p) SD rats were performed using polyethylene tubing 
(PE-20). To monitor blood pressure, the right carotid artery was 
canulated using polyethylene tubing (PE-50) and affixed to a 
PowerLab Data Acquisition System (ADInstrument, Australia), 
through a pressure transducer (MLT 0699). An overhead 
lamp was used to maintain the animal’s body temperature. 
Mean arterial pressure was monitored for 30 minutes in each 
group.25,28

Body weight profile
Body weight was determined at the beginning of the 

experiment in all groups and subsequently monitored weekly. 
After 8 weeks of treatment, the change in body weight was 
calculated. 

In vitro studies	

Vascular reactivity studies
To investigate the crude extract-induced endothelium 

preservation effect in HSHR, we isolated aortae from the 
normotensive, hypertensive and treated groups. Aortic rings 
were hanged in tissue baths (10 mL), containing carbogen (5% 
CO2 and 95% O2) aerated normal Kreb’s solution consisting 
of NaCl, 118.2 mM; KCl, 4.7 mM; MgSO4, 1.2 mM; KH2PO4, 
1.3 mM; NaHCO3, 25.0 mM; Glucose, 11.7 mM; CaCl2, 
2.5 mM, and kept at 37°C. The force was monitored by the 
PowerLab Data Acquisition System (ADInstrument, Australia) 
and a bridge amplifier (N12128) using a force displacement 
transducer (MLT 0201). Aortic rings were stabilized at 2 g 
isometric tension for 60-90 minutes by changing the Kreb’s 
solution every 15 minutes. To determine the endothelial 
integrity, different concentrations of acetylcholine were used 
on phenylephrine (1 µM) pre-constricted aortic rings.25,28

Isolated SD rat aortic preparations
Aortic rings were hanged in tissue baths filled with 10 mL 

of carbogen (5% CO2 and 95% O2) aerated normal Kreb’s 
solution maintained at 37°C, affixed to a PowerLab Data 
Acquisition System (ADInstrument, Australia) and a bridge 
amplifier (N12128) using a force displacement transducer 
(MLT 0201). The rings were equilibrated for 60-90 minutes 
at an isometric tension of 2 g, while the solution was changed 
after every 15 minutes. Different concentrations (0.1–10 mg/
mL) of S. guttatum were added to PE preconstricted rings. 
To determine the underlying mechanism, aortic rings were 
pre-treated with 1 µM atropine or 10 µM L-NAME for 30 
minutes. In some experiments, endothelium-denuded rings 
from normotensive rats were used.25,28,29
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Isolated right atrial preparations
The right atria from normotensive SD rats were dissected. 

The atrial preparations were hanged in tissue baths containing 
10 mL of aerated Kreb’s solution, maintained at 32°C, linked to 
PowerLab (ML 846) Data Acquisition System (ADInstrument, 
Australia) and bridge amplifier (N12128) via force transducer 
(MLT 0201). The tissues were stabilized at the resting tension of 
1 g for 30 minutes. The muscarinic receptor involvement was 
studied in atropine (1 µM) pre-treated atrial preparations.25,28

Statistical analysis 
Data were normally distributed, as determined by the 

Shapiro-Wilk’s test of normality. Data were expressed as 
mean ± standard deviation (SD) and the median effective 
concentrations (EC50 values) with the 95% confidence interval 
(CI). The % of change in MAP or body weight profiles were 
calculated by one-way analysis of variance (ANOVA) (followed 
by post-hoc Tukey HSD test). The % of vasorelaxation in 
normotensive and hypertensive rats were calculated by two-
way ANOVA (followed by post-hoc Bonferroni test) using 
SPSS software, v. 21 (USA). The accepted level of statistical 
significance was set at 5%. 

Results

Phytochemical constituents
Preliminary phytochemical analysis performed on S. 

guttatum corms extract indicated presence of alkaloids, 
flavonoids, phenols, phytosterols, saponins and tannins.

Pharmacological investigation

In vivo studies

Invasive blood pressure monitoring
The mean arterial pressure (MAP) values measured in 

different experimental groups are shown in Figures 1 and 
2. The MAP of the HSHR group showed a 67.7% elevation 
in blood pressure as compared to the normotensive control 
group. This elevation in MAP was reversed by Sg.Cr treatment 
in a dose-dependent manner (p < 0.01) with up to 300 mg/
kg concentration, where it reached its maximal MAP lowering 
effect (p < 0.001). The MAP in verapamil-treated rats (5 mg/
kg and 10 mg/kg) also decreased in a dose-dependent manner 
(p < 0.01 and p < 0.001 respectively) reaching the maximal 
effect at a 15 mg/kg concentration (p < 0.001). 

Body weight profile
High salt intake for 8 weeks caused a significant (p < 0.001) 

decrease in body weight in the hypertensive control group 
(Table.1). The treatment of hypertensive rats with Sauromatum 
guttatum crude extract (Sg.Cr) prevented significant changes 
in body weight at all doses, while verapamil-treated animals 
at 5 mg/kg showed a significant decrease in body weight (p 
< 0.05). Animals in the verapamil-treated groups (both 10 

mg/kg and 15 mg/kg) did not show any significant changes in 
body weight (Table.1).

In vitro studies

In vitro vascular reactivity studies
In aortas isolated from the normotensive group, 

acetylcholine caused complete relaxation with an EC50 value of 
0.2 µM (0.1–0.3) (Figure 3). Aortas from hypertensive control 
rats, on the other hand, displayed only 5.5% acetylcholine-
dependent relaxation as shown in Figure 3. S. guttatum 
crude extract treatment at doses of 100 mg/kg and 150 mg/
kg partially restored the acetylcholine-induced relaxation to 
38.5%, and 45.5%, respectively. However, rings from SD rats 
treated with 300 mg/kg S. guttatum crude extract showed 
100% acetylcholine-dependent relaxation with an EC50 
value of 0.6 µM (0.3–1.0) (Figure 3). Treatment with 5 mg/kg 
verapamil caused only a negligible relaxation, while treatment 
with 10 mg/kg induced relaxation up to 16%. Interestingly, 
the increase in verapamil concentration up to 15 mg/kg did 
not further increase the acetylcholine-induced relaxation 
(Figure 3). 

In vitro rat aorta studies
Pharmacological studies were performed in normotensive 

rat aortae to investigate the antihypertensive effect of the S. 
guttatum crude extract. Relaxation induced by the cumulative 
addition of the crude extract on PE-preconstricted aortic rings 
showed an EC50 value of 0.15 mg/mL (0.10-0.20) (Figure 4). 
L-NAME (10 µM) pre-treated rings showed relaxation with EC50 
value of 5.1 mg/mL (3.0-7.1) (Figure 4). S. guttatum crude 
extract failed to induce relaxation in atropine (1 µM) pretreated 
and endothelial denuded rings. Both atropine pretreatment (1 
µM) and endothelium removal decreased the crude extract-
induced relaxation by 26% and 14%, respectively (Figure 4). S. 
guttatum crude extract also produced vasorelaxation in aortic 
rings preconstricted with high K+ concentration, with an EC50 
value of 9.03 mg/mL (8.06-10.00). In comparison, verapamil 
relaxed the high K+ preconstricted aortas with EC50 value of 
2.02 µM (1.02-3.02) (Figure 5).

In vitro rat right atrial study
Right atrial strips from normotensive rats were used to 

investigate chronotropic and inotropic effects of S. guttatum. 
The crude extract showed a dose-dependent decrease in 
force of contraction and heart rate with an EC50 value of 
2.99 mg/mL (1.08-4.90) and 1.83 (1.02-2.64), respectively 
(Figure 6). In atropine pre-treated tissues, the decrease in force 
of contraction and heart rate was shown to be 29% and 44%, 
respectively (Figure 6).

Discussion
Traditionally, S. guttatum has been used in the management 

of blood disorders. It contains ample amounts of magnesium 
and potassium.11,15 Additionally, it has been reported as an 
antioxidant, spasmolytic and Ca2+ entry blocker agent.19, 20 
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Figure 1 – Mean arterial pressure in the normotensive, hypertensive and Sauromatum guttatum crude extract (Sg.Cr)-treated high salt-induced 
hypertensive rats at doses of 100 mg/kg, 150 mg/kg and 300 mg/kg (n=5-7; mean ± SEM). Compared with hypertensive control values, **p < 0.01 
and ***p < 0.001
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Figure 2 – Mean arterial pressure in the normotensive, hypertensive and verapamil-treated high salt-induced hypertensive rats at doses of 5 mg/kg, 10 
mg/kg and 15 mg/kg) (n=5-7; mean ± SEM). Compared with hypertensive control values, **p < 0.01 and ***p < 0.001
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Plants with antioxidant properties, DASH diet rich in 
potassium and magnesium and Ca2+ entry blockers are 
recommended for hypertension management.8,30,31 The 
present study, using the hypertensive SD rat model, was 
carried out to explore the use of the crude extract from 
S. guttatum as a potential antihypertensive drug. Different 
doses of S. guttatum crude extracts were given orally to 
high salt diet-induced hypertensive SD rats. This treatment 
resulted in a significant decrease in the mean arterial 
pressure, with a maximum effect observed at the dose of 
300 mg/kg. This effect of the crude extract was comparable 
to that of verapamil, which is a standard antihypertensive 
drug and calcium channel blocker.31 This finding revealed 
that S. guttatum extract is effective against the development 
of high salt diet-induced experimental hypertension. 
However, further studies were needed to identify the 
possible underlying action mechanism.

Since blood pressure is the product of elevated peripheral 
vascular resistance and high cardiac output,32 further 
experiments were carried out using isolated vascular and cardiac 
preparations. First, an attempt was made to establish how high 
salt intake induces endothelial dysfunction. Endothelial integrity 
was confirmed by applying sub maximum concentrations of 
acetylcholine on phenylephrine-preconstricted aortic rings 
from HSHR. Acetylcholine failed to induce relaxation in aortic 
rings in the HSHR group, indicating that the endothelium was 
damaged. This finding is supported by previous studies.33-35 In 
aortic rings from normotensive rats, on the other hand, same 
concentrations of acetylcholine induced relaxation, indicating 
the presence of a functional endothelium. In the extract-treated 
groups, the response to acetylcholine was restored. These 
results indicate that the crude extract treatment can reverse 
the endothelial damage and also prevent the elevation in mean 
arterial pressure observed in in-vivo. In comparison, verapamil 
failed to induce vasorelaxation in aortic rings in HSHR control 
or treated rats, indicating that its action mechanism is different 
from that of the crude extract. S. guttatum extract exerts its 
antihypertensive function on experimental hypertension by 
partially preserving the endothelial function.

Further in vitro studies were carried out in the aorta 
to investigate the underlying action mechanism(s). In 

acetylcholine-preconstricted aortic rings of normotensive 
rats, the cumulative additions of crude extract concentrations 
induced vasorelaxation. Endothelial denudation completely 
reversed this effect, suggesting that vascular endothelial-
derived factors might play a role. However, high 
concentrations of acetylcholine still induced relaxation, 
suggesting the involvement of different mechanisms. To 
study the involvement of nitric oxide, aortic rings were 
pretreated with L-NAME, a nitric oxide synthase inhibitor.36 
Interestingly, the vasorelaxant effect of S. guttatum extract 
was reduced by about 75% at 1 mg/mL concentration, 
while higher concentrations shifted the response curve to 
the right. These findings suggest that S. guttatum induces 
vasorelaxation through both an endothelium-dependent 
(at a lower concentration) and endothelium-independent 
(at a higher concentration) pathways. The endothelium-
dependent component could be attributed to nitric oxide. 
In vascular endothelial cells, nitric oxide release is coupled 
to muscarinic receptors.37 To see if the effect of S. guttatum 
crude extract is linked to muscarinic receptors and nitric 
oxide, aortic rings were precontracted with atropine, 
a muscarinic receptor antagonist.37 This pretreatment 
abolished vasorelaxation associated to the crude extract of 
S. guttatum, thus indicating an action through a muscarinic 
receptor-linked NO pathway. Atropine or L-NAME failed 
to inhibit relaxation at higher concentrations of the crude 
extract, further suggesting that the extract might also act 
on vascular smooth muscles. To test this hypothesis, aortic 
rings were precontracted with high K+ concentration. 
Interestingly, the cumulative addition of the crude extract 
induced a vasorelaxant effect that was 10 times less potent 
than against PE. High K+ was used to induce contractions, 
as it activates voltage-dependent calcium channels (VDCs) 
and Ca2+ release through depolarization, resulting in 
vasoconstriction.38,39 These findings indicate that the crude 
extract of S. guttatum also inhibit Ca2+ entry through VDCs. 
It also suggests that vascular NO plays a dominant role in the 
vasorelaxant and antihypertensive effects of S. guttatum, in 
addition to the effect on vascular smooth muscles.

To investigate the effect of S. guttatum extract on cardiac 
parameters, isolated rat atrial strips were used. S. guttatum 

Table 1 – Effect on body weight in normal control, hypertensive control and rats treated with different doses of the crude extract of 
Sauromatum guttatum (Sg.Cr) and verapamil. Values are expressed as mean ± SD (n=5-7)

Groups Weight (g) Weight (g) after 8 weeks

Normal control 244.66 ± 6.36 267.61 ± 3.08

Hypertensive group 249.28 ± 3.25 182.10 ± 5.09***

Sg.Cr 100 mg/kg treated 241.66 ± 3.81 245.01 ± 4.66

Sg.Cr 150 mg/kg treated 245.93 ± 6.43 250.90 ± 3.53

Sg.Cr 300 mg/kg treated 239.43 ± 1.48 248.63 ± 4.52

Verapamil 5 mg/kg treated 240.50 ± 1.41 214.23 ± 3.53*

Verapamil 10 mg/kg treated 242.25 ± 5.65 247.68 ± 2.96

Verapamil 15 mg/kg treated 245.83 ± 6.36 254.48 ± 3.32

Sg.Cr: Crude extract of Sauromatum guttatum. Values are expressed as mean ± SD (n=5-7). *p < 0.05, **p < 0.01 and ***p < 0.001 vs. pretreatment 
values (One-way ANOVA analysis followed by Tukey HSD post-hoc test).
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Figure 3 – Typical tracings and graphs show the effect of acetylcholine (ACh) against phenylephrine-induced contractions in isolated rat aortic rings in 
normotensive, hypertensive control (A) and Sauromatum guttatum crude extract (Sg.Cr) treated high salt-induced hypertensive rats at doses of 100 mg/
kg, 150 mg/kg and 300 mg/kg (B) and verapamil treated high salt-induced hypertensive rats at doses of 5 mg/kg, 10 mg/kg and 15 mg/kg (C) (n=5-7; 
mean ± SD). Compared with hypertensive control values, *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 4 – Tracing (A) and graph (B) show the effect of Sauromatum guttatum crude extract on intact, L-NAME (10 µM) and atropine (1µM) pretreated 
and endothelium denuded normotensive rat aorta against phenylephrine-induced contractions (n=5-7; mean ± SD). *p < 0.05, **p < 0.01 and ***p < 0.001 
vs Control (pretreated values). Two-way ANOVA analysis followed by Bonferroni’s post-hoc test.
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showed negative inotropic (82%) and chronotropic (56%) effects 
when added cumulatively to spontaneously contracting right atrial 
strips. To test the possible role of cardiac muscarinic receptors, 
atrial strips were pretreated with atropine. This pretreatment 
partially inhibited the effect of the crude extract of S. guttatum, 
thus indicating a possibility that the observed negative inotropic 
or chronotropic effect is due to cardiac muscarinic receptor 
activation. However, our findings revealed that the extract is 
more selective for the vascular than cardiac muscarinic receptors. 

S. guttatum was also tested for the presence of phytochemical 
constituents. It was found to contain flavonoids, phenols, and 
tannins. Previous studies revealed the therapeutic effect of 
flavonoids, phenols and tannins on hypertension.40-42 So, these 

constituents might be the active agents responsible for lowering 
blood pressure and the vascular effects in high salt-induced 
hypertension. Future phytochemical studies will be focused on 
isolating the active components and exploring the underlying 
mechanisms, such as calcium blocking and nitric oxide pathway 
at the molecular level.

Conclusion 
These findings indicate that S. guttatum has antihypertensive 

activity resulting from the vasodilatory and atrial myocardium 
depressant effects linked to muscarinic receptors. Endothelial 
function preservation, muscarinic receptor dependent NO 

1099



Arq Bras Cardiol. 2021; 117(6):1093-1103

Original Article

Bibi et al.
Antihypertensive effect of Sauromatum guttatum

0.01

0

0.1 0.11 110 10

[Sg.Cr] mg/mL [Verapamil] μM

Figure 5 – Tracing (A) and graph (B, C) show the effect of Sauromatum guttatum crude extract on high potassium (K+) (80 mM)-induced contractions in 
intact rat aortic preparation (n=5-7; mean ± SD). *p < 0.05, **p < 0.01 and ***p < 0.001 vs. Control (pretreated values). Two-way ANOVA analysis followed 
by Bonferroni’s post-hoc test
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Figure 6 – Tracing (A) and graph (B, C) show the inotropic and chronotropic effects of Sauromatum guttatum crude extract without and with atropine (1 
µM) pre-treated normotensive rat right atria (n=5-7; mean ± SD). *p < 0.05, **p < 0.01 and ***p < 0.001 vs. control (pretreated values). Two-way ANOVA 
analysis followed by Bonferroni’s post-hoc test.

A

B

With atropine

Without atropine

Te
ns

io
n 

(g
)

Te
ns

io
n 

(g
)

Sg.Cr (mg/mL)

Sg.Cr (mg/mL)

Force (without atropine) Force (with atropine)
Heart rate (without atropine) Heart rate (with atropine) 

[Sg.Cr] mg/mL

%
 o

f C
on

tr
ol

%
 o

f C
on

tr
ol

[Sg.Cr] mg/mL

0.01

0.01

8

8

4

4

0

0

12

12

100 100

75 75

25

0.01 0.010.1 0.11 110 10

25

0 0

50 50

0.03

0.03

0.1

0.1

0.3

0.3

1

1

3

3

5

5

10

10

release and Ca+2  movement inhibition are the underlying 
mechanisms of vasodilation. S. guttatum also exerts negative 
inotropic and chronotropic effects, possibly due to activation 
of cardiac muscarinic receptors. Our results observed in the SD 
rat model provide pharmacological explanation for S. guttatum 
antihypertensive potential. 
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Cardiovascular diseases (CDs) are the major cause of death 
worldwide. Impressively, approximately 17.9 million people 
died from CDs in 2019, representing almost 32% of global 
deaths.  Also, nearly three-quarters of deaths due to CDs occur 
in low- and middle-income countries, which is a risk factor for 
Brazilians.1 There are several underlying mechanisms involved 
in CDs, and hypertension is a significant contributor. Today, it 
is thought that about 1.28 billion adults aged 30-79 years have 
hypertension in the world. Furthermore, it has been estimated 
that 60–70% of hypertension in adults is attributable to obesity, 
associated with insulin resistance, dyslipidemia and metabolic 
syndrome.2 Also, almost 50% of adults with hypertension are 
unaware of its condition, and only 20% have hypertension 
under control.3  

According to the American College of Cardiology and the 
American Heart Association,4 Normal Blood pressure (BP) is 
considering when Systolic Blood Pressure (SBP) is <120 mm Hg 
and < 80 mm Hg for diastolic blood pressure (DBP). Elevated 
BP is considered when SBP is 120-129, and DBP is <80 mg. 
Stage 1 and 2 hypertension are considering when SBP is 130-
139 mm Hg or > 140 mm Hg, respectively, or DBP is 80-89 
mm Hg or >90 mm Hg, respectively. These values follow the 
most recent Brazilian guideline to diagnostic hypertension.5  

The numbers show us that the search for new compounds 
to ameliorate hypertension is of great importance to treat 
patients worldwide. Repurposing therapies is one possibility. 
For example, a recent pilot study demonstrated that a single 
dose of infliximab could reduce mean and DBP levels 
immediately after its infusion, compared to placebo in patients 
with hypertension. However, not every patient may benefit 
from this type of therapy.6 

In this scenario, natural products play an essential part.  
The implementation of natural products has increased over 
the last decades. In an in-depth review study that covered 
all-natural products as sources of new drugs, from 1981 

to 2019 approved by the Food and Drug Administration, 
approximately 1946 new compounds were approved to 
treat human diseases. In the context of antihypertensive, 82 
natural compounds were authorized.7  However, despite the 
increasing number of natural compounds authorized, it is still 
necessary to find new compounds to treat hypertension since 
patients are not responsive to a given antihypertensive class 
or do not adhere to the treatment. 

Bibi et al.8 describe a novel crude plant extract from 
Sauromatum guttatum to treat experimental hypertension. In 
the manuscript, the authors evaluate the potential therapeutic 
application of the plant extract in the classical animal model 
of High salt-induced hypertension in rats (DOCA-hypertensive 
rats). Their study found that hypertensive animals daily treated 
for eight weeks with S. guttatum significantly attenuated Arterial 
Blood Pressure in a dose-dependent manner. Furthermore, 
300 mg/kg of S. guttatum had a similar antihypertensive effect 
as Verapamil 15 mg/kg treated during the same time frame. 
The use of isolated aortic rings from hypertensive rats favored 
acetylcholine-dependent relaxation. Importantly, aortic 
Rings isolated from hypertensive rats orally treated with S. 
guttatum crude extract at 300 mg/kg for 28 days had a similar 
potency for acetylcholine-dependent relaxant effect against 
phenylephrine-induced contractions that observed for control. 
Interestingly, aortic rings isolated from hypertensive animals 
treated with Verapamil at 15 mg/kg for 28 days showed only 
modest improvement in the same experimental approach. 
Apparently, the mechanism involved in the relaxation effect 
of S. guttatum involves activating muscarinic receptors in 
endothelial cells and stimulating nitric oxide production.  
Also, the crude extract may interact with the L-type calcium 
channel found in aortic rings, which may also contribute to the 
antihypertensive effect observed. Thus, future studies should 
isolate the main antihypertensive active compound found in S. 
guttatum to uncover its potential further to treat hypertension 
in additional animal models in vivo.

Despite the growing number of natural products 
approved as therapeutic agents, considering hypertension, 
it is still necessary to find new compounds that act at 
low doses. Also, a natural compound could be helpful 
for compliance issues and patients who do not respond 
to a particular class of antihypertensive treatment. 
As hypertension is a common factor among CDs, natural 
products can provide a whole new treatment’ spectrum 
for several patients. Thus, we would like to highlight the 
importance of natural products and perhaps stimulate 
the search for new (natural) therapeutic agents that act 
as antihypertensive, providing a scientific basis for its use.DOI: https://doi.org/10.36660/abc.20210869
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Abstract

Background: To date, copaiba oil’s systemic effects have never documented in Cor pulmonale induced by monocrotaline. 

Objectives: To investigate copaiba oil’s effects in peripheral markers of oxidative stress in rats with Cor pulmonale. 

Methods: Male Wistar rats (170±20g, n=7/group) were divided into four groups: control (CO), monocrotaline (MCT), 
copaiba oil (O), and monocrotaline+copaiba oil (MCT-O). MCT (60 mg/kg i.p.) was administered, and after one week, 
treatment with copaiba oil (400 mg/kg/day-gavage-14 days) was begun. Echocardiography was performed and, later, 
trunk blood collection was performed for oxidative stress evaluations. Statistical analysis: two-way ANOVA with Student-
Newman-Keuls post-hoc test. P values<0.05 were considered significant. 

Results: Copaiba oil reduced pulmonary vascular resistance and right ventricle (RV) hypertrophy (Fulton index (mg/mg): 
MCT-O=0.39±0.03; MCT=0.49±0.01), and improved RV systolic function (RV shortening fraction, %) in the MCT-O 
group (17.8±8.2) as compared to the MCT group (9.4±3.1; p<0.05). Moreover, in the MCT-O group, reactive oxygen 
species and carbonyl levels were reduced, and antioxidant parameters were increased in the peripheral blood (p<0.05). 
Conclusions: Our results suggest that copaiba oil has an interesting systemic antioxidant effect, which is reflected in the 
improvements in function and RV morphometry in this Cor pulmonale model. Cor pulmonale attenuation promoted by 
copaiba oil coincided with a reduction in systemic oxidative stress.

Keywords: Cor Pulmonale; Monocrotaline,Rats; Oxidative Stress; Fabaceae; Phytotherapy; Hypertrophy, Right Ventricular; Copaiba Oil

copaiba oil on cardiovascular diseases, such as pulmonary 
arterial hypertension (PAH).5,6 

PAH is a chronic and fatal disease that is associated with 
progressive increases in pulmonary vascular resistance and 
pressure. These changes impair the performance of the right 
ventricle (RV) and result in RV failure, and ultimately death.7 
To study the physiopathological mechanisms involved in RV 
dysfunction and PAH development, a monocrotaline (MCT) 
model was used.8 The active metabolite of MCT causes 
damage in the pulmonary endothelium, leading to PAH.9

The MCT model mimics aspects of  human PAH, 
including  Cor pulmonale, which is a term used to describe 
pathological RV hypertrophy induced by lung dysfunction.10 
In fact, multiple studies in animal models and patients 
implicate oxidative stress in the development of Cor 
pulmonale and PAH.11-13 Oxidative stress can cause damage 
to pulmonary endothelial cells,14 as well as contribute to RV 
dysfunction and failure.11 However, no study has explored 
the impact of PAH on oxidative stress markers in peripheral 
blood by analyzing copaiba oil’s effects. It was reported 
that oxidative stress measured in the blood of patients with 
a neurodegenerative disease could represent a reflection 
of the oxidative brain damage in those patients.15 In this 
sense, evaluating peripheral markers of oxidative stress 
could have clinical applicability, since obtaining a blood 
sample represents a minimally invasive procedure.16 This 

Introduction
The Amazon forest could be considered a natural 

laboratory, since it has a wide diversity of plants with 
medicinal properties. The great majority of these plants 
have not yet been fully studied, as it is the case of copaiba.1 
Copaiba is a large tree that grows abundantly in the northern 
region of Brazil. Since the 16th century, copaiba oil has been 
used by the native indigenous people of the country in the 
treatment of various diseases. These traditional uses have 
motivated some researchers to study this oil.2 

According to some reports, copaiba oil presents 
antioxidant and anti-lipoperoxidative properties.3,4 The 
antioxidant properties of copaiba oil could be very useful 
in the treatment of some cardiovascular diseases associated 
with oxidative stress. However, only two studies were found 
in the literature demonstrating the beneficial effects of 
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approach could be useful to cardiopulmonary diseases, 
such as PAH, in order to monitor the disease’s progression, 
together with the need and efficacy of antioxidant therapy, 
such as copaiba oil.

Thus, the aim of this study was to investigate whether 
peripheral markers of oxidative stress reflect the structural 
and functional changes promoted in RV by PAH and the 
effects of copaiba oil under these markers. 

Methods

Animals, induction of cor pulmonale, and groups: 
All procedures were approved by the institutional Animal 

Ethics Committee (protocol number: 31765). In total, 28 
male Wistar rats (weighing 170±20g) from the Center for 
Reproduction and Experimentation of Laboratory Animals 
(CREAL) of Universidade Federal do Rio Grande do Sul were 
studied. These were kept at 20-22°C and with a 12:12h 
dark/light photoperiod. All animals had ad libitum access 
to regular rodent chow and water, and the experiments 
were conducted in accordance with the Guide for the Care 
and Use of Laboratory Animals (U.S. Department of Health 
and Human Services, NIH Publication No. 86-23) and with 
institutional guidelines. 

The number of animals per group was estimated based 
on previous studies from our research group,6,7 considering 
the minimum difference between the groups of two standard 
deviations, a minimum probability of type I error of 5% (a = 
0.05), and a probability of type II error of 20% (b = 0.2). This 
calculation was performed using the Computer Programs for 
Epidemiologists (PEPI - Version 4.04x) software.

Animals were divided into four experimental groups 
(N=7/group): control (CO), copaiba oil (O), monocrotaline 
(MCT), and monocrotaline+copaiba oil (MCT-O). On 
the first day, PAH was induced by a single in bolus MCT 
injection (60mg/kg i.p.), as described elsewhere.10 One 
week after PAH induction, animals in the O and MCT-O 
groups received copaiba oil (400mg/kg) by gavage, once 
a day, for 14 days.5 This dose corresponds to a volume 
of 0.63mL/kg of copaiba oil. During this period, animals 
from the CO and MCT groups received the same volume 
of water by gavage. 

Echocardiographic analysis
The flow through the pulmonary artery and RV contractile 

function were evaluated by echocardiography after the end 
of treatment to estimate the effect of copaiba oil on the 
cardiovascular function. Animals were anesthetized (ketamine, 
90mg/kg; xylazine, 20mg/kg, intraperitoneal) and placed in 
the left lateral decubitus position to obtain cardiac images. 
An EnVisor Philips system (Andover, MA) was used, with a 
12–13MHz transducer, by a trained operator with experience 
in small animal echocardiography. The RV shortening fraction 
(RVSF), which estimates RV contractile function, as well as the 
acceleration time (AT) and the ejection time (ET) of pulmonary 
artery flow velocity tracings were measured, which estimates 
pulmonary vascular resistance.17

Morphometric analysis
After the end of treatment, rats were killed by decapitation. 

RV and left ventricle (LV) were harvested for morphometric 
measurement, and blood was collected from the venous 
trunk for oxidative stress analysis. RV and LV+septum (S) 
were weighed to determine cardiac hypertrophy through the 
Fulton index (RV weight/LV+S weight).18

Blood sample preparation: 
Systemic antioxidant defenses and total reactive oxygen 

species (ROS) were evaluated in red blood cells, and carbonyls 
were measured in plasma. Heparinized blood samples were 
washed three times in a solution of sodium chloride (9g/L) 
and centrifuged at 3,000g for 10min. at room temperature. 
Washed erythrocytes were diluted 1/10 in a solution of 
acetic acid (1mmol/L) and magnesium sulphate (4mmol/L). 
The final solution was centrifuged at 4,200g for 20 min. The 
supernatant was stored in freezers at -80ºC for later oxidative 
stress measurements.15

Protein concentration
Protein concentration was quantified by the method 

established by Lowry et al.,19 using bovine albumin as a 
standard solution at a concentration of 1mg/mL. All oxidative 
stress results were normalized by the amount of protein.19 

Determination of total ROS levels
ROS generation was measured by DCFH-DA fluorescence 

emission (Sigma-Aldrich, USA). Dichlorofluorescein diacetate 
is a permeable membrane and is rapidly oxidized to the highly 
fluorescent 2,7-dichlorofluorescein (DCF) in the presence of 
ROS. The samples were excited at 488 nm and emission was 
collected with a 525nm long pass filter. ROS was expressed 
as nmol per milligram of protein.20

Carbonyl assay 
This technique is based on the reaction of oxidized proteins 

with 2,4-dinitro-phenyl hydrazine (DNPH). Briefly, these 
proteins were added to a DNPH 10mmol/L in 2.5mol/L HCl 
solution for 1 h in the dark at room temperature, with shaking 
every 15 min. A 20% trichloroacetic acid (w/v) solution was 
then added to the plasma samples, which were centrifuged 
(1,000g for 5 min) to collect protein precipitates. Thereafter, 
the pellet was dissolved with ethanol:ethyl acetate (1:1) (v/v) 
and incubated for 10 min at 37ºC with 6mol/L guanidine 
hydrochloride solution. The absorbance was measured in a 
spectrophotometer at 360nm and results were expressed as 
nmol DNPH derivatives/mg protein.21

Determination of antioxidant enzyme activities: 
Superoxide dismutase (SOD) activity was determined 

by measuring the velocity of oxidized pyrogalol formation, 
and expressed as units per milligram of protein, according 
to Marklund.22 Catalase (CAT) activity was determined by 
following the decrease in 240nm absorption of hydrogen 
peroxide. This was expressed as ɳmol of hydrogen peroxide 
reduced per minute per milligram of protein.23
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Glutathione peroxidase (GPx) activity, expressed as 
nmol of hydroperoxide reduced per min per mg protein, 
was measured following NADPH oxidation at 340nm in a 
reaction medium containing 0.17mmol/L reduced glutathione, 
0.2U/mL glutathione reductase, and 0.5mmol/L tert-butyl 
hydroperoxide.24

Total glutathione levels
Total glutathione (GSH) levels were determined as 

described by Akerboom and Sies,25 with modifications. GSH 
was measured in erythrocytes after protein precipitation 
with 10% trichloroacetic acid. An aliquot of the sample was 
added to phosphate buffer with 500μmol/L DTNB. Color 
development, resulting from the reaction between DTNB 
and the thiols, reached a maximum in 5 min and was stable 
for more than 30 min. Absorbance was read at 412nm after 
10 min. A standard curve of reduced glutathione was used to 
calculate the GSH levels in the samples.25

	
Statistical Analysis 

For statistical analysis, the SigmaPlot software was used. 
Data are shown as mean±standard deviation. The normality 
test (Shapiro-Wilks) was performed to determine the data 
distribution. As our results presented normal distribution, 
statistical analysis was performed using two-way ANOVA, 
followed by the Student-Newman-Keuls post-hoc test. 
Pearson correlation was used to study the association between 
variables. P values less than 0.05 were considered significant.

Results

Echocardiographic evaluations
A significant decrease was observed in the AT in the MCT 

group, while it was increased in the O group, as compared 
to CO. However, copaiba oil recovered this parameter to 
control levels in the MCT-O group.  By contrast, no difference 
was found among groups in the ET parameter. RVSF, which 
estimates RV systolic function, decreased in the MCT group, 
and copaiba oil prevented this change in the MCT-O animals 
(Table 1).

Morphometric evaluation
The right ventricular hypertrophy index (RV/LV+S weight), 

shown in Table 1, was significantly increased in the MCT group 

in comparison to the CO group. This parameter decreased 
significantly in the animals from the MCT-O group.

Oxidative stress analysis 
There was a significant increase in the ROS and carbonyl 

levels (Figure 1A and 1B, respectively) in the MCT group in 
comparison with CO. No significant difference was found 
between the MCT group and the MCT-O, or between the 
MCT-O and the O group in ROS levels. However, carbonyl 
levels, which increased in the MCT group, were reduced in 
MCT-O.

Antioxidant analysis 
Antioxidant enzyme activities (SOD, CAT, and GPx), and 

GSH concentration were significantly lower in the MCT group, 
when compared to the CO group. Treatment with copaiba 
oil significantly recovered these parameters in the animals 
from the MCT-O group (Figure 2A, 2B, 2C, 2D, respectively). 

Correlations
	 A positive correlation (R=0.688; p<0.05) was 

observed between total ROS and the RV weight/LV+S weight 
ratio (Figure 3A), as compared to a negative correlation 
(R=0.614; p<0.05) between GSH concentration and the RV 
weight/LV+S weight ratio (Figure 3B).

Discussion
The main findings of the present study where that copaiba 

oil modulated MCT-induced Cor pulmonale, since it promoted 
reduction in the pulmonary artery resistance, as well as in RV 
hypertrophy and dysfunction. In parallel with these changes, 
it was found that: copaiba oil treatment reversed the systemic 
oxidative stress increased by MCT, which was observed 
by enhanced ROS and carbonyl levels, and a reduction in 
antioxidant defenses. 

According to the literature, the elevation in the pulmonary 
artery resistance is accompanied by RV hypertrophy, which 
characterizes Cor pulmonale.10 In fact, in this study, a decrease 
in the acceleration time through pulmonary artery (AT) was 
observed, which indicates an increase in pulmonary artery 
resistance and an increase in RV hypertrophy in animals from 
the MCT group. On the other hand, copaiba oil treatment was 
able to mitigate these effects. The reduction of resistance in the 
pulmonary artery, which contributed to an improvement in RV 

Table 1 – Echocardiographic and morphometric results

CO MCT O MCT-O

AT (s) 0.029±0.005 0.018±0.001a 0.034±0.001a 0.025±0.003b

ET (s) 0.099±0.01 0.106±0.007 0.098±0.01 0.11±0.001

RVSF (%) 21.2±2.4 9.4±3.1a 18.8±2.4 17.8±8.2b

Fulton index (mg/mg) 0.29±0.02 0.49±0.01a 0.29±0.01 0.39±0.03b

Data are expressed as mean±SD. a P<0.05 vs CO; b P<0.05 vs MCT. CO:control; O: Copaiba oil; MCT: Monocrotaline; MCT-O: Monocrotaline+Oil; 
AT: acceleration time; ET: ejection time; RV: right ventricle; RVSF: right ventricle shortening fraction. Fulton index: RV weight/LV+Septum weight; 
N: 7 animals per group.
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Figure 1 – Oxidative stress A) Total reactive oxygen species concentration; B) Carbonyl levels. Data are expressed as mean±SD. a P<0.05 vs CO; b P<0.05 
vs MCT. Control group: CO; Monocrotaline group: MCT, Copaiba oil group: O, Monocrotaline+Copaiba oil group: MCT-O.

RO
S 

(n
m

ol
/m

g 
pr

ot
ei

n)

CO
0.0 0

5

10

15

20

25

30

35

0.1

0.2

0.3

0.4

0.5

0.6
a

A B

a

b

COMCT MCTMCT-O MCT-OO O

Ca
rb

on
yl

 le
ve

ls
 (n

m
ol

/m
g 

pr
ot

ei
n)

Figure 2 – Antioxidant measurements. A) Superoxide dismutase activity; B) Catalase activity; C) Glutathione peroxidase activity; D) Total glutathione 
levels. Data are expressed as mean±SD. a P<0.05 vs CO; b P<0.05 vs MCT. Control group: CO; Monocrotaline group: MCT; Copaiba oil group: O; 
Monocrotaline+Copaiba oil group: MCT-O.

0

00

0

20

20

40

60

80

100

120

140

160

180

200

10

15

20

25

5

1

40
2

60
3

4

80

100

120

A

C

B

D

a
a

a

a

b
b

b

b

CO

CO CO

COMCT

MCT MCT

MCTMCT-O

MCT-O MCT-O

MCT-OO

O O

O

SO
D 

ac
tiv

ity
 (U

/m
g 

pr
ot

ei
n)

GP
x 

ac
tiv

ity
 (n

m
ol

/m
in

/m
g 

pr
ot

ei
n)

CA
T 

ac
tiv

ity
 (n

m
ol

/m
in

/m
g 

pr
ot

ei
n)

GS
H 

le
ve

ls
 (µ

m
ol

/m
g 

pr
ot

eí
na

)

1109



Arq Bras Cardiol. 2021; 117(6):1106-1112

Original Article

Campos et al.
Copaiba oil and Cor pulmonale

Figure 3 –  Correlations between RV weight/LV+S weight and (A) ROS (p < 0.05); and (B) GSH (p<0.05). RV: right ventricle; LV: left ventricle; ROS: reactive 
oxygen species; GSH:Total glutathione levels.
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remodeling, could contribute to improving the RV function. 
Previous investigations in patients with PAH indicate that a RV 
function impairment is related to adverse clinical outcomes 
and reduced survival,26 which highlights the importance of 
a treatment, such as copaiba oil, which softens this harmful 
damage in the RV. Moreover, a decrease was found in the RV 
shortening fraction (RVSF) in the MCT group, which indicates 
impairment of the RV contractile function. This result is in 
accordance with others27,28 that have studied this disease. 
Conversely, as described in a previous work, copaiba oil was 
able to increase this parameter, which indicates that this oil 
could improve the RV function.6 

According to Jim et al.,29 there is an increase in systemic 
ROS production in a rat model of pulmonary hypertension. 
Moreover, Mohammadi 30 also observed a decrease in the CAT, 
SOD, GPx activities, and GSH concentration measured in the 
blood in an MCT-induced PAH. Those data encouraged us to 
investigate the antioxidant effects of copaiba oil on PAH. Our 
data have shown that copaiba oil reversed oxidative damage 
by elevating the systemic antioxidant defenses and reducing 
carbonyl to levels close to that observed in control rats, 
suggesting that this oil has enlarged the antioxidant reserve. 

In a previous study from our group, copaiba oil composition 
was evaluated.5 Chemical analysis of this oil was carried 
out using gas chromatography – mass spectroscopy. It was 
found that copaiba oil is composed of terpenes with the 
predominance of β-caryophyllene. This compound has 
antioxidant activity, leading to a reduction in ROS due to 
its free radical-scavenging effect against superoxide anions, 
hydroxyl anions, and lipid peroxides.31 

Thus, it is reasonable to believe that the antioxidant 
effects observed after treatment with copaiba oil are due to 
the β-caryophyllene present in this oil. On the other hand, 
the antioxidant effects of copaiba oil may also be due to an 
interaction between its various components. As reported in 
a previous study, copaiba oil is composed of a large variety 

of other sesquiterpenes and diterpenes, which also have 
antioxidant properties.5

Oxidative stress is involved in the development of 
pathologic cardiac hypertrophy and in a bad prognosis.32 
The reduction in RV hypertrophy found in the present study 
could be associated with the copaiba oil antioxidant effect. 
In fact, a positive correlation was found between ROS levels 
and cardiac hypertrophy in this study. On the other hand, 
increased levels of GSH, an endogenous non-enzymatic 
antioxidant, were correlated with lower rates of cardiac 
hypertrophy. Thus, it is suggested that copaiba oil can protect 
RV against cardiac hypertrophy through its antioxidant 
proprieties. This finding is of tremendous importance 
because, according to Rosca et al., RV hypertrophy is 
correlated with an increased risk of sudden cardiac death.33  
Since there was an association between systemic oxidative 
stress and a cardiac morphometric alteration, these markers 
may be a reflection of the changes in the RV promoted by 
PAH.

The present study was the first to test the systemic effect 
of copaiba oil in a Cor pulmonale model. Some oxidative 
stress peripheral markers to detect changes in the systemic 
redox state were evaluated. Evaluations in the peripheral 
blood are important and useful because they reflect the 
organism’s general state of health. Blood samples are easily 
accessible, available in large quantity, and its collection is 
less invasive than a tissue biopsy, for example. Thus, the 
evaluation of oxidative stress markers in the blood of patients 
with PAH could be useful to monitor the development of 
Cor pulmonale and the applied treatment, as performed in 
the animals used in the present study.

Conclusions
The results obtained suggest that copaiba oil has an 

interesting systemic antioxidant effect, which is reflected in 
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the RV morphometric and function improvement in this Cor 
pulmonale model. These results highlight the importance of 
copaiba oil as a potential adjuvant treatment for PAH.
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In this issue of the journal Arquivos Brasileiros de 
Cardiologia, important and original research work on rats 
is published.1 The work is important because pulmonary 
hypertension represents a serious pathology that is very difficult 
to treat. The only way to relieve patients is lung transplantation, 
but are very well known the difficulties and limitations of this 
treatment. The work is also original because a lot has been 
published about the beneficial effects of copaiba oil, such as 
its anti-inflammatory action, analgesic effect, and ability to 
prevent infections and improve the healing process. However, 
the beneficial effect of copaiba oil on pulmonary hypertension 
had not been described. In this sense, the group led by Adriane 
Belló Klein has been working for several years on this important 
issue of pulmonary hypertension in general,2-4 and the effects 
of copaiba oil on this particular pathology,5,6 which has made 
this research group an international benchmark on this theme.

It is important to mention that pulmonary hypertension 
induced in rats by monocrotaline produces vascular lesions 
very similar to those found in patients with this pathology.7,8 
In essence, what the work published in this issue of the 
journal Arquivos Brasileiros de Cardiologia1 shows is that 
the administration of copaiba oil to a group of rats with 
pulmonary hypertension induced by monocrotaline produces 
a clear beneficial effect, through the decrease in peripheral 
blood indicators of oxidative stress, a reduction in pulmonary 
vascular resistance, and a favorable remodeling of the right 
ventricle, with a reduction in hypertrophy, which translates 
into a better systolic function of that ventricle. This finding 
is very important because it is well known that myocardial 
hypertrophy is one of the most important causes of heart 
failure and sudden death. The positive relationship between 
the degree of hypertrophy and the decrease in oxidative 

stress shown by the authors is clearly proven in this work by 
the high r-value obtained when these two variables were 
correlated. However, and beyond this important correlation, 
future studies should determine if the beneficial effect on 
the right ventricle is due to the reduction of oxidative stress 
or if there is also a direct effect of copaiba oil on myocardial 
fibers. Perhaps experiments that could be carried out on 
isolated hearts would make it possible to detect or not a 
direct impact of this natural agent. In this sense, it is important 
to mention that the authors of this study also published an 
interesting work previously5 where they showed that the 
administration of copaiba oil decreased apoptosis signals 
in the hypertrophic right ventricle and attributed the better 
remodeling to a possible decrease in the apoptosis mentioned 
above; obviously this same mechanism could be acting in 
the work that we are commenting now. Nevertheless, here 
it is important to make some clarifications that may allow a 
better understanding of what is happening in these hearts 
with hypertrophy secondary to pulmonary hypertension. 

In previous work, we have shown9 that apoptosis that 
develops during hypertrophy does not correlate with 
ventricular function. That is, apoptosis is not necessarily 
responsible for the decrease in ventricular function as has 
been previously suggested, and in addition, and even more 
important, cardiac apoptosis is not only of myocytes, but 
the vast majority is due to nonmyocyte cells, which includes 
endothelial cells, fibroblasts, or macrophages. Therefore, it 
could be that the decrease in apoptosis due to copaiba oil 
in these hearts with hypertrophy secondary to pulmonary 
hypertension is not mainly in myocardial cells and therefore, 
this decrease in apoptosis does not affect ventricular function, 
not being involved in the beneficial effect of copaiba oil. 
Although variables related to apoptosis were not measured 
in the present work, the fact that the same authors have 
suggested in a previous work that this mechanism could have 
been included in the beneficial effect of copaiba oil, I think, 
justifies this comment on apoptosis. In other words, we are 
commenting in this editorial an excellent experimental work, 
well designed, with clear, important and original results, 
showing strong experimental evidence of a beneficial effect 
of copaiba oil in inhibiting oxidative stress. Perhaps in future 
works, other mechanisms involved could be described, which 
could include, in addition to the effect of oxidative stress, 
direct action on the myocardial fiber or a more detailed 
study of apoptosis.DOI: https://doi.org/10.36660/abc.20210935
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Abstract
Background: While invasive coronary angiography is considered the gold standard for the diagnosis of coronary 
artery disease (CAD) involving the epicardial coronary vessels, coronary physiology-guided revascularization 
represents a contemporary gold-standard practice for the invasive management of patients with intermediate 
CAD. Nevertheless, the long-term results of assessing the severity of stenosis through physiology compared to the 
angiogram as the guide to bypass surgery – coronary artery bypass grafting (CABG) are still uncertain. This meta-
analysis aims to assess the clinical outcomes of a physiology guided CABG compared to the angiography-guided 
CABG.

Objectives: We sought to determine if outcomes differ between a physiology guided CABG compared to an 
angiography-guided CABG.

Methods: We searched Medline, EMBASE, and the Cochrane Library. The last date for this search was June 2020, 
and all of the previous studies were included. We conducted a pooled risk-ratio meta-analysis for four main 
outcomes: all-cause death, myocardial infarction (MI), target vessel revascularization (TVR) and major adverse 
cardiovascular events (MACE). P-value <0.05 was considered as statistically significant. Heterogeneity was assessed 
with Cochran’s Q test and quantified by the I2 index.

Results: We identified five studies that included a total of 1,114 patients. A pooled meta-analysis showed no 
significant difference between a physiology guided strategy and an angiography-guided strategy in MI (risk ratio 
[RR] = 0.72; 95%CI, 0.39–1.33; I2 = 0%; p = 0.65), TVR (RR = 1.25; 95%CI = 0.73–2.13; I2 = 0%; p = 0.52), or 
MACE (RR = 0.81; 95%CI = 0.62–1.07; I2 = 0%; p = 1). The physiology guided strategy has 0.63 times the risk of 
all-cause death compared to the angiography-guided strategy (RR = 0.63; 95%CI = 0.42–0.96; I2 = 0%; p = 0.55).

Conclusion: This meta-analysis demonstrated a reduction in all-cause death when a physiology guided CABG 
strategy was used. Nevertheless, the short follow-up period, small sample size of the included studies and the 
non-discrimination of the causes of death can largely justify these conclusions. Studies with an extended follow-up 
period of observation are required to draw more robust and definitive conclusions.

Keywords: Coronary Artery Disease; Angiography; Metanalysis; Coronary Artery/physiology; Coronary Angiography; 
Coronary Artery Bypass.

angiographic severity and the physiological significance of 
CAD.2,3 Discrepancies occur because, unlike angiography, 
physiology incorporates the combined and inter-related 
effects of coronary flow and microvascular resistance.3

There is growing evidence supporting the clinical benefit 
and cost-effectiveness of coronary physiology guided 
percutaneous revascularization, either by indices based on 
hyperemia or indices based on pressure difference during 
a specific period in diastole, compared to percutaneous 
revascularization based on coronary angiography.4-7 
However, the long-term results of assessing the severity of 
stenosis through physiology compared to the angiogram as 
the guide to bypass surgery are still uncertain.

Cardiac surgeons are, in the light of the results, 
progress ively guiding mult ivessel  disease (MVD) 
revascularization based on coronary physiology. However, 
whether this decision entails better long-term clinical 

Introduction
Invasive coronary angiography is considered as 

the gold standard for the diagnosis of coronary artery 
disease (CAD) involving the epicardial coronary vessels.1 
Nevertheless, visual assessment by traditional coronary 
angiography is unable to distinguish if a coronary stenosis 
is hemodynamically significant, particularly in intermediate 
CAD, so there are often discordances between the 
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outcomes or not is still unclear. Recommendations on 
the use of CABG compared with medical therapy or 
percutaneous coronary intervention (PCI) are entirely based 
on studies that used anatomical and non-functional criteria 
to guide revascularization.8-12

Given this data, several authors have already evaluated 
the potential clinical benefit of physiology guided coronary 
bypass surgery in addition to anatomic detail for surgical 
decisions.13-20 In this article, we extend the work of 
Spadaccio et al.20 by pooling all results from randomized 
and non-randomized studies to assess the effect on clinical 
outcomes between a physiology guided CABG compared 
to angiography-guided CABG. 20

Methods

Data sources and searches
We systematically searched Medline, Embase, and the 

Cochrane Library for relevant published articles. The last 
date for this search was June 2020, and all of the previous 
studies were included in the search. Previous qualitative and 
systematic reviews, if available, were checked for additional 
studies. The following query term was used: “Coronary 
physiology” or “Fractional Flow Reserve” or “FFR” or “Instant 
Wave-Free Ratio” or “iFR” or “Coronary Artery Bypass Graft” 
or “CABG”. Further studies were sought by means of a manual 
search of secondary sources, including references from primary 
articles. No language restrictions were enforced.

Study selection
Citations were first screened at the title/abstract 

level by two independent reviewers (JM and LS), and 

complete manuscripts were retrieved if potentially 
pertinent. Disagreements were resolved after consensus. 
The identified articles were independently appraised by 
the same reviewers according to the following inclusion 
criteria: articles with clinical outcomes comparing the 
two strategies for CABG revascularization (physiology vs 
angiography). Disputes regarding the inclusion criteria 
were resolved by consensus. Studies comparing the two 
strategies that did not report clinical outcomes were 
excluded. Studies that, despite the evaluation of clinical 
outcomes, did not report the strategy used in detail, were 
also excluded (Figure 1). 

Endpoints
The studied endpoints were: all-cause death, myocardial 

infarction (MI), target vessel revascularization (TVR) and 
major adverse cardiovascular events (MACE) during the 
follow-up period.

MACE was defined as a composite of death, myocardial 
infarction, or any revascularization by Moscona et al.,16 
Fournier et al.18 and as composite of death, myocardial 
infarction, stroke, or any revascularization in the FARGO, 
FUTURE and GRAFFITI studies during the follow-up 
period.13-19

Statistical analysis
To calculate the pooled effect estimates, we used the 

inverse variance assuming a fixed-effect model and the 
DerSimonian and Laird method assuming a random-effect 
model.21 Homogeneity among the studies was evaluated using 
the Cochran’s Q test and the I2 statistic (the values of 0.25, 
0.50, and 0.75 indicated low, moderate, and high levels of 
heterogeneity, respectively). P-value <0.05 was considered 

Figure 1 – Flow chart of studies included in the meta-analysis.

Duplicate studies removed (n = 6)

Exclusion by title and abstract 
screening (n = 321)

Exclusion by full text screening  
(n = 40)

372 articles searched (last date for 
search was June 3, 2020)

366 articles screened

45 full text articles screened

5 articles included
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statistically significant. Publication bias was evaluated using 
the funnel plot. We performed a sensitivity analysis to show 
the impact of each study on the results. MetaXL 2.0 (EpiGear 
International Pty Ltd, Wilston, Queensland, Australia) was used 
to calculate the pooled risk difference effect size (difference 
between the risk between revascularization and conservative 
management groups). 

Results

Study identification
Database searches initially retrieved 372 citations. Of these, 

6 duplicate studies and 321 articles were excluded after the 
review of the title or abstract. After a thorough assessment 
according to the selection criteria, we further excluded 40 
studies. A final total of five studies were included in the analysis. 
These five studies included 1,114 patients: 403 in the physiology 
guided group and 711 the angiography-guided group.

Characteristics of the included studies
Of the five included studies, three were randomized and 

two were non-randomized, observational, and retrospective in 
design (Tables 1 and 2). 

Quantitative synthesis of outcomes
All-cause death. All-cause death was reported in five studies, 

which we considered for pooled analysis, for a total of 1,114 
patients. The physiology guided strategy has 0.63 times the risk 
of all-cause death compared to the angiography-guided strategy 
(RR = 0.63; 95%CI = 0.42–0.96). Figure 2 describes the 
weighted meta-analysis for all-cause death. The pooled analysis 
showed negligible heterogeneity among the studies (I2 = 0%; 
p = 0.55). Under a sensitivity analysis, by recalculating the 
pooled results of the primary analysis by excluding each single 
study in turn, in the study by Fournier et al. this risk difference 
disappears. This effect also disappeared when we limited the 
analysis to Randomized Controlled Trials (RCTs) (RR = 1.09; 
95%CI = 0.28–4.3). Figure 3 describes the weighted meta-
analysis for all-cause death when only RCTs were included.

Myocardial infarction. To analyze the occurrence of MI, 
four studies that included a total of 1,093 patients were pooled. 
No significant difference was noted between the two strategies 
(RR = 0.72; 95%CI = 0.39–1.33) and there was no significant 
heterogeneity among the studies (I2 = 0%; p = 0.65). The 
exclusion of any single study and the non-RCTs did not alter 
the overall combined result. 

Target vessel revascularization. To analyze TVR, four 
studies that included a total of 1,093 patients were pooled. 
No significant difference was noted between the two strategies 
(RR = 1.25; 95%CI = 0.73–2.13) and there was no significant 
heterogeneity among the studies (I2 = 0%; p = 0.55). The 
exclusion of any single study and the non-RCTs did not alter 
the overall combined result. 

MACE. To analyze MACE, five studies that included a total of 
1,114 patients were pooled. No significant difference was noted 
between the two strategies (RR = 0.81; 95%CI = 0.62–1.07) 
and there was no significant heterogeneity among the studies 

(I2 = 0%; p = 1). The exclusion of any single study and the 
non-RCTs did not alter the overall combined result. 

Study Bias
The visual inspection of the funnel plot for the outcomes did 

not reveal any asymmetry among the studies (Figure 4). Further, 
the Begg’s rank correlation test was not statistically significant.

Discussion
Survival has a significant negative correlation with the 

burden of angiographic obstructive CAD. The SYNTAX score 
stratifies the angiographic complexity of coronary artery disease 
and establishes the prognosis of patients with MVD, being 
an important tool to decide on the best revascularization 
strategy.22,23

There are often discordances between the severity of 
angiography and the physiological significance of CAD, so 
the functional SYNTAX score, which is obtained by counting 
only ischemia-provoking lesions, can overcome this limitation. 
Compared with the classic SYNTAX score, the functional 
SYNTAX score has better reproducibility and prognostic value, 
reclassifying up to 32% of CABG candidates, with implications 
in terms of the therapeutic guidance that this entails.22-24

Whether or not the favorable impact of coronary physiology 
on PCI outcomes could be translated to surgical practice 
became the subject of our investigation.

Our meta-analysis showed a 37% reduction in all-cause 
death in the group guided by physiology, with a non-statistically 
significant reduction in MI and MACE; these outcomes were 
not associated with an increase in TVR. These results must be 
interpreted within the limitations intrinsic to each of the studies, 
including selection bias, since this reduction disappears when 
only RCTs have been pooled for analysis.

When clinical outcomes in revascularization are evaluated, 
important considerations must be addressed. The first 
consideration to take into account is related to the (peri) 
procedural outcomes. The type of MI must be clearly established 
when comparing strategies, as it is now universally accepted that 
the prognosis of spontaneous MI is not similar to peri-procedural 
MI or type 2 MI.25,26

The natural history of the disease is another important point 
to consider as a new paradigm focusing on the disease itself 
(atherosclerosis), rand not on the symptom (ischemia). 25,27 
The composition of the plaque, evaluated by certain imaging 
features, seems to be the main determinant of prognosis, more 
than the level of coronary stenosis or its location.28-30 This 
may explain the better prognosis associated with complete 
revascularization in the context of acute coronary syndrome, 
in which plaques in non-culprit lesions appear to have unstable 
characteristics, in contrast to what is found in stable coronary 
disease.31

The third important consideration is the type of 
revascularization. The well-defined benefits of CABG compared 
with angiography-guided PCI as reported in the ASCERT, 
SYNTAX, FREEDOM and BEST trials used anatomical and non-
functional criteria to guide revascularization and are prior to the 
newer generation drug-eluting stent technology.8-12
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Table 1 – Characteristics of the included studies

Author Year N 
total N Strategy FU Study design Conduits Graft patency FU Major clinical 

conclusions

Moscona et 
al.16 2018 109

FFR/iFR-guided: 
14 

Angiography-
guided: 95

18 
months

Retrospective

Arterial conduits: 
92.9% (FFR- 
group; 90.5% 
Angiography-

group)
SVG: 85.7% (FFR- 

group;76.8% 
Angiography-

group) 

NR

A trend toward 
reduction in MACE 
(7.1% vs. 11.6%, 

P=0.369) and angina 
(0.0% vs. 6.3%, 

P=0.429) in the FFR/iFR 
group compared to the 

angiography group 

Thuesen et 
al.14 2018

97 
FFR-guided: 49 

Angiography-
guided: 48

Six 
months

RCT
Arterial conduits: 

37% 

Graft failures of 
all grafts were 
similar in both 

groups (16% vs. 
12%; p = 0.97).

Rates of death, MI, and 
stroke were similar in 

the study groups. 

All-cause mortality at 
six months was 0% 
in the FFR-guided 

group and 4.1% in the 
angiography-guided 

group; one patient died 
because of pulmonary 

embolism, and one 
died because of 

mediastinitis

Rioufol et 
al.17 2018 109

FFR-guided: 55 

Angiography-
guided: 54

One year RCT NR NR

FFR in all-comer 
multivessel-disease 

patients did not 
demonstrate any 

improvement in the 
primary composite 
endpoint composite 

of all-cause 
mortality, MI, repeat 
revascularization, or 
stroke through one 

year (14.6% vs 14.4%; 
HR 0.97; 95%CI 0.69-

1.36)
Risk of death was 

significantly higher in 
the FFR-guided arm 
(3.7% vs 1.5%; P = 

0.036)

Fournier et 
al.15 

2019 627
FFR-guided: 198

Angiography-
guided: 429 

Six years Retrospective

Arterial conduits: 
64% 

SVG: 36% 

The occlusion 
rate was 

significantly 
lower with 

FFR-guided as 
compared with 
angiography-
guided grafts 

FFR-guided CABG 
is associated with a 

significant reduction in 
the rate of overall death 
or myocardial infarction 

(HR 0.59 [95% CI, 
0.38–0.93]; P=0.020) 

Toth et al.19 2019 172
FFR-guided: 88
Angiography-

guided: 84 
One year RCT

NR
Arterial conduits-
to-SVG ratio:  1:1

No difference 
in overall graft 

patency (80% vs 
81%) p=0.885)

No difference in 
the composite of 
death, myocardial 

infarction, target vessel 
revascularization and 

stroke (HR 1.275; 95% 
CI: 0.391 to 4.160, 

p=0.674) 

FU: follow-up; FFR: Fractional flow reserve; iFR: instant wave-free ratio; N: patients included in the study; MI: myocardial infarction; TVR: target vessel 
revascularization; NR: not reported; RCT: randomized controlled trial; SVG: saphenous vein graft; CABG: coronary artery bypass grafting. A value of p 
< 0.05 was considered significant in all included studies.
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An important difference between CABG and PCI depends 
on the protective effects of atherosclerotic disease progression. 
It is known that most stenoses related to MI are located in the 
proximal third of the coronary tree. We also know that most 
MIs arise from non-significant plaques. Surgical bypass grafts are 
usually implanted distally in the coronary circulation, providing 
“a collateralization effect” on revascularization, and it seems 
conceivable that the prognostic benefit of CABG can be explained 
by protection against coronary events, regardless of the severity of 
the stenosis of the grafted vessel. The concept of revascularization 

based on physiology, and not on the type of plaque, eliminates 
the protective effect of the surgical bypass.28-30,32

The concept of complete revascularization arose from the 
early studies on CABG, whereas some publications demonstrated 
that patients who were completely revascularized experienced 
a mortality benefit over those who were incompletely 
revascularized, thus setting the standard for the field of CABG.33-35

The revascularization based on physiology also raises the 
concept of complete anatomical vs. functional revascularization. 
If, on the one hand, the use of coronary physiology reduces the 

Figure 2 – Forest plot of the pooled risk ratio for the outcomes: (A) all cause death; (B) MI; (C) TVR; (D) MACE. The sizes of data markers indicate the 
weight of the study. CI: confidence interval; MI: myocardial infarction; TVR: target vessel revascularization.

Table 2 – Characteristics of the included studies 

Author Year N total N Strategy Death MI TVR MACE

Moscona et al.16

2018 109
FFR/iFR-guided: 14 

Angiography-guided: 95

FFR/iFR: 1

Angiography: 5

FFR/iFR: 0

Angiography: 2

FFR/iFR: 0

Angiography: 4

FFR/iFR: 1

Angiography: 11

Thuesen et al.14

2018
97 

FFR-guided: 49 

Angiography-guided: 48

FFR: 0

Angiography: 2

FFR:  1

Angiography: 0

FFR: 2

Angiography: 0

FFR: 6

Angiography: 6

Rioufol et al.17 2018 109
FFR-guided: 55 

Angiography-guided: 54

FFR: 1

Angiography: 0
NR NR

HR 0.845 
(0.108-6.612)

Fournier et al.15

2019 627
FFR-guided: 198

Angiography-guided: 429 

FFR: 21

Angiography: 79

FFR: 11

Angiography: 34

FFR: 17

Angiography: 27

FFR: 42

Angiography: 
113

Toth et al.19 2019 172
FFR-guided: 88

Angiography-guided: 84 

FFR: 3

Angiography: 2

FFR: 0

Angiography: 2

FFR: 2

Angiography: 4

 FFR: 5

Angiography: 6

MI: myocardial infarction; TVR: target vessel revascularization.
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Figure 4 – Publication bias for: (A) all-cause death; (B) MI; (C) TVR; (D) MACE. Circles represent individual studies of the meta-analysis and the vertical line 
represents the pooled estimate of the Risk Ratio for all cause death, MI, TVR and MACE. MI: myocardial infarction; TVR: target vessel revascularization.

Figure 3 – Forest plot of the pooled risk ratio for the outcomes when only RCTs were included: (A) all-cause death; (B) MI; (C) TVR; (D) MACE. The sizes 
of data markers indicate the weight of the study. CI: confidence interval; MI: myocardial infarction; TVR: target vessel revascularization.

A B
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number of grafted vessels, or even surgery, without extracorporeal 
circulation, on the other hand, it increases the rate of anatomically 
defined incomplete revascularization.19

The use of physiology guided revascularization has been 
shown to reduce the MACE rate in patients with MVD, with the 
FFR 0.78 cut-off point showing a significant association between 
the preoperative FFR measurement of the target vessel and the 
anastomotic functionality at six months. These conclusions are 
also supported by Botman et al.,36 for whom lesions with FFR> 
0.75 are associated with a significant increase in the risk of graft 
occlusion (p <0.0001).18,19,36,37

In light of the differences described in susceptibility to 
competitive flow, it seems likely that the type of conduit used 
in the FARGO and GRAFFITI trials (in which a large proportion 
of grafts were SVGs) versus IMPAG (in which only arterial grafts 
were used) may explain the contradictory results.14,19,38

The FAME 3 study will compare in a multicenter, randomized 
fashion FFR-guided PCI with contemporary drug-eluting stents 
to CABG in patients with 3-vessel coronary artery disease. It will 
not answer, however, the question of physiology guided CABG 
compared to angiography-guided CABG.39

Finally, the role of follow-up in this context would also be 
interesting to consider. The more severe the coronary stenosis, 
the higher the risk of MI, but it is the non-significant plaques that 
are responsible for most MIs. We also know that the main cause 
of death in these patients with CAD is cardiac-related, and that 
MI is a cause of cardiac death, so therapies that reduce the MI 
or cardiovascular death will subsequently decrease mortality.32

We should take the STICH trial as an example, comparing 
treatment with medical therapy plus CABG and medical therapy 
alone in patients with CAD and heart failure, with reduced 
ejection fraction. At five years of follow-up, the intention-to-treat 
analysis demonstrated no significant difference between the two 
strategies with respect to the primary outcome of all-cause death. 
However, after the follow-up period was extended to ten years, 
a significant reduction in mortality was found for CABG plus 
medical therapy compared to medical therapy alone (HR, 0.84; 
95%CI: 0.73-0.97; p=0.02). Another example is the FAME 2 trial, 
in which the data published at five years show a strong tendency 
of lower rates of myocardial infarction in the PCI group (HR 
0.66; 95%CI 0.43-1.00; p = 0.049), a difference that was only 
significant for spontaneous MI (HR 0.62; 95%CI; p = 0.04), not 
periprocedural MI. Recently, the ISCHEMIA trial showed that, in 
early follow-up, the primary composite outcome (cardiovascular 
death, MI, or hospitalization for unstable angina or heart failure) 
was more frequent in the invasive strategy group than in the 
conservative strategy group (5.3% vs. 3.4% at six months), due 
to procedure-related MI’s. However, in a posterior follow-up, 
after about two years, the event curves crossed, and at five years, 
the incidence of the primary outcome was slightly higher in the 
conservative strategy group (18.2% and 16.4%). So, it seems that 
in order to have an impact on hard outcomes, like all-cause death, 
we have to extend the duration of the observation period.25,40,41

In our study, the reduction of all-cause death in a context of 
non-significant reduction of MI and MACE should be interpreted 
with caution, since this situation could be owed to deaths from 
non-cardiac causes. It would be interesting not only to assess if 
these deaths were cardiac-related, but also to extend the follow-

up of the studies to observe if the curves of the hard outcomes 
diverge on longer follow-up periods, allowing to reach definitive 
conclusions. It should be noted that only the study by Fournier 
et al.18 has a follow-up period longer than five years, which can 
explain the results, since the reduction in the composite endpoint 
all-cause death or MI supporting a physiology guided strategy was 
only found when the follow-up was extended.15

Limitations
The conclusions drawn from this meta-analysis are subjected 

to the limitations and differences of the original studies included 
in the analysis. A limitation of this meta-analysis is the presence 
of trials with small samples and wide-ranging, long-term survival 
results. Another limitation is represented by an intrinsic selection 
bias. Several revascularization decisions in the physiology 
guided strategy were deviated from the functional indication 
in the included trials, justified by some authors to be related 
to technical causes and, in some cases ,the reluctance to defer 
revascularization. As aforementioned, as the cause of death was 
not known, this includes non-cardiac deaths unrelated to the 
choice of revascularization strategy. Another limitation was that 
with the inclusion of two retrospective and observational studies, 
some patients included in this registry might have been treated 
with physiology guided PCI instead of CABG. 

Conclusion
This meta-analysis demonstrates a reduction in all-cause death 

when a physiology guided CABG strategy was used. Nevertheless, 
the short follow-up period, small sample size of the included 
studies and the non-discrimination of the causes of death can 
largely justify these conclusions. Studies with an extended follow-
up observation period are required to reach more robust and 
definitive conclusions.
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According to most recent international guidelines 
on myocardial revascularization, fractional flow reserve 
(FFR)-guided percutaneous coronary intervention should 
be considered in patients with multivessel disease. That 
would include evaluation of all lesions between 40 to 
90% diameter stenosis before implanting a stent.1,2 The 
same guidelines suggest prioritizing completeness of 
revascularization when the decision is made for coronary 
artery bypass graft surgery (CABG), which means bypassing 
all lesions >50% diameter stenosis.2

In this issue of Arquivos Brasileiros de Cardiologia, 
Martins et al.,3 approached this paradox with a meta-
analysis of five studies and 1,114 patients, comparing 
physiology-guided CABG and conventional angiography-
guided CABG. Although the pooled meta-analysis showed 
no difference in myocardial infarction and target vessel 
revascularization rates, a 37% relative risk reduction in all-
cause death was associated with physiology-guided CABG.

Multiple studies over the last two decades revealed 
improved outcomes and lower cost with the use of 
FFR-guided angioplasty, with revascularization of only 
functionally significant lesions.4-6 In addition, reclassifying 
patients by adding FFR information to the SYNTAX score 
improve its correlation with events after revascularization, 
the so-called functional SYNTAX score.7 All these robust 
data have been translated into incorporation of invasive 
physiology to the toolbox of most cath-labs.

In the operating rooms, however, bypassing angiographic 
stenosis above 50% diameter is still the standard. The FAME 
(FFR versus Angiography for Multivessel Evaluation) trial showed 
that only 35% of the 50-70% diameter stenosis lesions were 
hemodynamically significant,8 but surgeons still bypass those 

lesions with the rationale of preventing possible progression 
of atherosclerosis. However, it has been demonstrated that 
bypassing lesions not hemodynamically relevant not only results 
in early graft failure but also accelerate progression of coronary 
artery disease in the native vessel.9-11 Moreover, previous studies 
revealed the reduction in the number of graft anastomoses 
and lower rate of on-pump surgery with FFR-guided versus 
angiography-guided CABG.12 All these arguments have not 
been enough to convince surgeons.

The present meta-analysis adds to this controversy. 
Three randomized controlled trials and two retrospective 
studies were evaluated together. The reduction in mortality 
could possibly persuade cardiac surgeons to use FFR in 
their decision-making process. However, major weakness 
of the study prevents this turnaround: 1) the small sample 
sizes and the consequent low number of events in the 
randomized controlled trials; 2) the study with the highest 
number of patients had a retrospective design, hence 
subject to inherent biases; 3) absence of long-term follow-
up, when possible benefits of complete revascularization 
would be more evident; 4) the reduced mortality reported 
by Martins et al.,3 is difficult to explain without reduction 
in myocardial infarction and target vessel revascularization, 
and would be more convincing if a cardiovascular mortality 
reduction was revealed.

Although the DEFER trial4 showed a myocardial infarction 
incidence of only 2.2% in a group of patients with non-
significant lesions on the basis of FFR after a 15-year follow-
up and the recent ISCHEMIA trial raised questions about 
the benefits of any revascularization procedure, “surgical 
collateralization” and “completeness of revascularization” 
will be the arguments of cardiac surgeons until we have a 
large randomized trial with long-term follow-up comparing 
FFR- versus angiography-guided CABG. 

For the time being, the heart team should follow 
the guidelines and use intracoronary physiology as 
much as possible before deciding about the necessity 
of any myocardial revascularization. If the decision is 
for percutaneous coronary intervention, then FFR or 
non‑hyperemic indices should be used to guide the 
procedure. If the decision is for CABG, FFR benefit is still 
to be proved.DOI: https://doi.org/10.36660/abc.20210921
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Abstract

Background: Arterial stiffness is an important predictor factor of aortopathy and myocardial remodeling in patients with 
a bicuspid aortic valve and it might be increased in childhood. 

Objective: To assess the arterial stiffness and left ventricular myocardial function in children with a well-functioning 
bicuspid aortic valve.

Methods: Forty-four children with a bicuspid aortic valve and 41 healthy peers with a tricuspid aortic valve were included 
in this case-control study. Diameters and the related z-scores of the aortic root and ascending aorta were obtained. As 
for the left ventricular myocardial function, along with the mitral inflow velocities and M-Mode parameters, myocardial 
velocities and time intervals were assessed with tissue Doppler imaging. A pulse wave analysis was performed by 
oscillometric device (Mobil-o-Graph). A p value <0.05 was considered significant. 

Results: The left ventricular mass index, mitral inflow A velocity, diameter and z-score of the ascending aorta, and 
myocardial performance index were significantly higher in patients (p=0.04, p=0.02,p=0.04, p<0.001,and p<0.001 
respectively). The myocardial performance index was positively correlated with the diameter of the ascending aorta 
and A velocity (r=0.272;p=0.01, r=356;p=0.001, respectively). The multivariate analysis revealed that the myocardial 
performance index was related to the ascending aorta diameter (p=0.01). The augmentation index and pulse wave 
velocity were similar between the groups (p>0.05). 

Conclusion: According to the oscillometric pulse wave analysis, the children with a well-functioning bicuspid aortic 
valve had similar arterial stiffness to that of the healthy peers.  The ascending aorta diameter was established as an 
independent predictor of left ventricular myocardial function. Arterial stiffness may not be a severe risk factor in pediatric 
patients without marked ascending aorta dilation.

Keywords: Aortic Stiffness; Dilatation Pathologic; Ventricular Function, Left; Pulse Wave Analysis; Myocardial; Child.

Introduction
A bicuspid aortic valve is the most common congenital 

cardiac malformation and occurs in 1-2% of the general 
population.1 In addition to impaired valvular function, 
individuals are also at risk of  aortopathy, which may result in 
aortic dissection and aneurysm formation.2,3 There is no direct 
association between valvular dysfunction and aortopathy.4 
The presence of aorta dilation, even in patients with normal 
valvular function, may be related to a different pathophysiology 
of aortopathy.5 In comparison with healthy controls, patients 
with bicuspid aortic valve without apparent valvular dysfunction 
have shown decreased aortic elasticity and increased central 

aortic stiffness.6 Furthermore, in these individuals, central 
aortic stiffness measured using the ambulatory pulse wave 
velocity monitoring method is positively correlated with the 
degree of aortic dilation.7 Therefore, vascular remodeling has 
been identified as the primary cause of arterial stiffness that 
impacts the monitoring process in these patients.8 The level 
of arterial stiffness, a predictor of the course of cardiovascular 
diseases, tends to increase with age. However, examination of 
intraoperative biopsy and necropsy samples have shown that 
in many cases of congenital heart diseases, arterial stiffness 
increases as from childhood.9,10 Patients with a bicuspid aortic 
valve show progressive aortic dilation during their childhood, 
and data regarding aortic elasticity and arterial stiffness are 
based on ultrasonographic methods, which are highly limited 
in number.11,12 The gold standard method of arterial stiffness 
measurement is pulse wave analysis and the most commonly 
pulse wave analysis technique is tonometry; however, this 
technique can be time-consuming and challenging, especially 
when used in young children.13 Oscillometric devices are 
user‑friendly, practical for use in the clinical setting, and a 
reliable method for evaluating central blood pressure and 
arterial stiffness parameters, even in children.14,15 
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The patients with a bicuspid aortic valve also suffer from 
myocardial remodeling, regardless of valvular functions and 
aortopathy. However, to confirm that myocardial remodeling 
is not only associated with valvular functions, studies including 
cases with intact valve function without additional risk factors 
are required. Pediatric cases comprise an ideal group of 
patients for this purpose, and currently there are only a few 
studies in the literature reporting that the left ventricular 
diastolic functions are affected in pediatric patients.12,16 

We aimed to evaluate arterial stiffness using the oscillometric 
method and to determine whether it is compatible with the 
level of ultrasonographic arterial elasticity in children with a 
well-functioning bicuspid aortic valve. Furthermore, it is aimed 
to assess the global myocardial function via tissue Doppler 
imaging-derived myocardial performance index in our study.

Materials and Methods

Study population
A total of 44 patients (7-18 years of age) followed in 

a pediatric cardiology clinic with a diagnosis of bicuspid 
aortic valve were enrolled in the study. These patients had 
no apparent aortic valvular dysfunction, neither had they 
received preventive medication for aortopathy. Forty-one 
children who had healthy tricuspid aortic valves and with 
similar demographic and anthropometric characteristics were 
included as the control group. Patients with moderate to 
severe valve insufficiency, with a valve velocity >2m/s, who 
had undergone prior surgery or percutaneous intervention, 
and had an additional repaired or unrepaired heart disease 
(e.g., coarctation of the aorta), as well as those with a body 
mass index and systolic blood pressure of >95th percentile 
were excluded from the study. Moreover, patients who had 
received preventive medication were not included, aiming to 
avoid the confounding effects of medications on myocardial 
mechanics and arterial stiffness. As demonstrated by 
laboratory tests, none of the children in the study population 
had hypercholesterolemia. Patients gave a written informed 
consent to participate in the study and the study was approved 
by the local Ethics Committee of Eskisehir Osmangazi 
University on April 04, 2018. 

Echocardiography
Transthoracic echocardiography was performed by a single 

experienced pediatric cardiologist using the commercially 
available equipment Affinity 70 (Philips Medical Systems, 
Bothell, WA, USA) with 2–4 and 4–8 MHz broadband 
probes. The vascular examination was performed using 
VIVID I color Doppler ultrasonography (General Electric 
Ultrasound Systems, Mountain View, CA, USA) equipment 
with a 12-MHz linear probe.

Assessment of aortic valve morphology and functions
Aortic valve morphology was evaluated on the parasternal 

long and short axis sections. Probe frequency was selected 
according to patient size. A definitive bicuspid aortic valve was 
diagnosed when only two valve leaflets were unequivocally 
identified at systole and diastole, with a clear fish-mouth 

appearance in systole.  Leaflet phenotype was defined as 
anteroposterior (left and right cusp fusion) or right–left (right 
and noncoronary cusp fusion). For aortic valve stenosis 
evaluation, peak aortic velocity was measured using continuous 
wave Doppler while the cursor was maintained at the level 
of the Valsalva sinus in the five-chamber view, and a value 
of >2.5 m/s was considered indicative of aortic stenosis.17 
To determine the degree of aortic valve insufficiency, we used 
the proportion of the aorta insufficiency diameter measured 
on the color Doppler images, which were obtained from the 
long-axis section, in relation to the left ventricular outflow tract 
diameter. Ratios <25%, 25-64%, and ≥65% generally indicate 
mild, moderate, and severe aortic regurgitation, respectively.18 

Measurement of aortic root and ascending aorta diameter
Measurements of the four aortic segments, including the 

aortic annulus, Valsalva sinus, sinotubular junction, and proximal 
ascending aorta 2 cm above the sinotubular junction, were 
obtained in the parasternal long-axis view at the end diastole, 
leading-edge-to-leading-edge, and perpendicular to the long 
axis of the aorta.19 Aortic dimensions were normalized to the 
body surface area. A z-score of >2 was considered abnormal. 

Left ventricular M-mode and tissue Doppler 
echocardiography

Left ventricular internal dimensions, interventricular 
septum thickness, and posterior wall thickness were 
measured at the end diastole using two-dimensional 
M-mode echocardiography according to the pediatric 
guidelines of the American Society of Echocardiography.20 
Left ventricular mass was calculated according to the 
Devereux Formula21 and indexed to the height. Left 
ventricular ejection fraction was calculated using the 
Teichholz formula.22 The Doppler sample volume was 
placed at the tips of mitral leaflets to obtain the left 
ventricular inflow waveforms from the apical four-chamber 
view. The mitral inflow early diastolic velocity (E) and the 
late diastolic velocity (A) were also measured. To measure 
the longitudinal myocardial velocities, the sample volume 
was placed on the septal corner of the mitral annulus to 
obtain waveforms from the apical four-chamber view. 
Early diastolic mitral annular velocity (Ea) and late diastolic 
mitral annular velocity (Aa) were measured, and their 
ratio (Ea/Aa) was calculated to estimate left ventricular 
filling pressure. Cardiac time intervals, including the 
isovolumic relaxation time, isovolumic contraction time, 
and ejection time, were obtained by tissue Doppler 
imaging, and the myocardial performance index calculated 
according to Tei’s formula: myocardial performance index 
= (isovolumic contraction time + isovolumic relaxation 
time)/ejection time.23 For each quantitative parameter, 
three consecutive beats were averaged. 

Assessment of aortic elasticity
Aortic elasticity was assessed using the two-dimensional 

guided M-mode evaluation of systolic and diastolic aortic 
diameters, 2 cm above the aortic valve; diastolic diameter was 
obtained at the R wave peak at the simultaneously recorded 
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electrocardiogram, whereas systolic diameter was measured 
at the maximal anterior motion of the aortic wall. 

Aortic strain, aortic distensibility, and aortic stiffness index 
were calculated using the formulas below: 

Aortic strain = 100 (Systolic diameter-Diastolic diameter) 
/ Diastolic diameter 

Aortic stiffness index = natural logarithm (Systolic blood 
pressure/Diastolic blood pressure) / [(Systolic diameter-
Diastolic diameter/Diastolic diameter] 

Aortic distensibility (cm2/dyn/10-6) = 2x (Systolic diameter-
Diastolic diameter) / [(Systolic blood pressure – Diastolic blood 
pressure) X Diastolic diameter]24

Arterial stiffness measurement 
For pulse wave analysis and blood pressure monitoring, 

the Mobil-O-Graph (IEM, Industrielle Entwicklung 
Medizintechnik und Vertriebsgesellschaft mbH, Stolberg, 
Germany) device and the ARCSolver pulse wave analysis 
software (AIT Austrian Institute of Technology GmbH, 
Vienna, Austria) were used. 24-hour blood pressure 
monitoring was performed by connecting a cuff of an 
appropriate size for upper arm circumference. During the 
test, the peripheral and central systolic blood pressure, 
peripheral and central diastolic blood pressure, pulse, pulse 
wave velocity and augmentation index were measured. 

The Mobil-O-Graph is an oscillometric ambulatory 
blood pressure measurement device that is appropriate for 
use in children.25,26 After blood pressure measurement, the 
cuff is inflated to the brachial diastolic pressure level and 
the oscillations (pulse waves) are recorded for 10 seconds. 
After the 24-hour measurement circle, all measurements are 
transferred to the HMS client software and analyzed using the 
ARCSolver software, which has been applied to children.27 

Aortic pulse wave velocity and augmentation index at a 
heart rate (HR) of 75 beats/minute (AIx@75) are markers of 
arterial stiffness.28 Aortic pulse wave velocity is the speed at 
which pulse waves travel in the aortic wall and is a central 
arterial stiffness measure. AIx@75 is derived from the 
augmentation pressure and pulse pressure of a pulse wave. 
Pulse wave is a summation of forward (producing first systolic 
peak) and reflected (producing second peak) waves. Increase 
in the pulse wave amplitude due to pulse wave reflection 
is known as pulse augmentation, and its contribution to 
pulse wave amplitude is known as augmentation pressure. 
Moreover, the percentage of pulse wave amplitude due to 
augmentation pressure is known as augmentation index, 
which is dependent on heart rate. Mobil-o-Graph provides 
it at heart rate 75, a measure of peripheral arterial stiffness.29 

Statistical Analysis
Statistical analysis was performed using the Statistical 

Package for Social Sciences, version 18 (SPSS, Chicago, USA). 
The sample size was determined by the G-power analysis 
software with a statistical power of 85%. The Kolmogorov-
Smirnov test was used for the assessment of normal distribution. 
The results of continuous variables were expressed as mean 

± standard deviation (SD) or median (percentile 25 and 75, 
interquartile range, IQR). The groups were compared using 
independent samples’ T test for continuous variables, and the 
Mann–Whitney U test was used for non-normally distributed 
variables. The Chi-square test was used for the gender 
comparison between the groups. Spearman’s correlation test 
was used for correlations. Multiple linear regression analysis 
using the Backward method was performed to assess the 
independent predictor of the myocardial performance index in 
patients with bicuspid aortic valve. The statistical significance 
level was set at p <0.05. 

Results
The median age of the entire study population (n = 85) 

was 12 (IQR=8.5–14) and ranged from 7 to 18 years. Twelve 
patients in the bicuspid aortic valve group (12/44) and 18 cases 
in the control group (18/41) were females (p=0.084). There 
was no significant difference in terms of age, weight, height, 
body surface area, body mass index, serum lipid profile, and 
glucose levels between the groups (Table 1). 

Echocardiographic and aortic elasticity parameters are 
summarized in Tables 2 and 3. Mitral inflow A velocity, 
isovolumetric relaxation time, isovolumetric contraction time, 
and myocardial performance index were significantly higher in 
patients than in controls (p = 0.03, <0.001, <0.001, <0.001, 
respectively). Fusion of the left and right coronary cusps 
defined as the anteroposterior phenotype was the predominant 
phenotype (63.6%). Along with the aortic velocity, the ascending 
aorta diameter and z-score was higher in patients (p < 0.001, 
p  = 0.04, p < 0.001, respectively). All  aortic elasticity 
parameters were similar between the groups. The central and 
peripheral hemodynamic variables, Alx@75 and pulse wave 
velocity values, which showed no significant difference between 
the groups, are shown in Table 4. 

 The correlation analysis showed that the myocardial 
performance index was positively correlated with the 
ascending aorta diameter (r= 0.275; p= 0.01), aortic 
velocity (r= 0.501; p <0.001) and A velocity (r= 0.351, 
p  =  0.001). Also, the ascending aorta diameter was 
positively correlated with the left ventricular mass index 
(r= 0.273, p= 0.02). The multiple linear regression 
analysis disclosed an independent association between 
the myocardial performance index and the ascending 
aorta diameter (p= 0.01) and aortic velocity (p <0.001).  
A multicollinearity analysis was also performed, and the 
variance influence factor (VIF) values of independent 
variables were found to be less than 5 (VIF = 1.349, 1.467, 
respectively).

Discussion
Arterial stiffness in children with a bicuspid aortic valve with 

preserved valvular function was not found to be increased 
when using the oscillometric method in our study. However, 
greater ascending aorta diameters and impaired global 
myocardial functions were detected in these children, when 
compared to their healthy peers. 
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Table 1 – Baseline demographic, anthropometric and clinical characteristics of the groups

Variable Patients  
(n = 44)

Controls  
(n = 41) p-value

Age (years) 12 (9 - 15) 12 (8 -14) 0.609

Gender (female,%) 12 (27.27) 18 (43.90) 0.084

Height (cm) 147.8 ± 20.1 146.8 ± 15.5 0.798

Weight (kg) 42.3 ± 16.4 38.6 ± 14 0.268

BMI (kg/m2) 18 ± 0.3 17 ± 0.3 0.088

TC (mg/dl) 141.1 ± 23.1 148.3 ± 28.4 0.308

TG (mg/dl) 91.6 ± 38.9 86.6 ± 31.9 0.113

BMI: Body mass index; TC: total cholesterol; TG: total triglycerides. Continuous variables with normal distribution are expressed as mean ± standard 
deviation, and those with non-normally distribution as median (interquartile range).

Table 2 – Echocardiographic measurements in patients and controls

Variable Patients 
(n = 44)

Controls 
(n = 41) p-value

IVSDd (mm) 6.9 ± 1.0 6.7 ± 0.9 0.429

LVEDd (mm) 45 (41 – 48) 42 (39.5 – 45) 0.114

LVPWDd (mm) 6.4 ± 1.0 6.3 ± 1.6 0.674

LVMI (gr/m2.7) 68.9 ± 13.7 62.9 ± 12 0.039

EF (%) 68.9 ± 13.7 62.9 ± 12 0.171

E (cm/s) 98.95 (88.8 – 114) 95 (80.75 – 100) 0.166

A (cm/s) 54.35 (43.92 – 72.6) 48 (40.85 – 57.3) 0.027

Ea (cm/s) 12.1 ± 2.2 11.8 ± 1.9 0.627

Aa (cm/s) 5.8 ± 1.2 6.1 ± 1.4 0.383

Sa (cm/s) 7.5 ± 1.0 7.2 ± 1.0 0.210

E/Ea 8.32 (6.49 – 10.56) 7.91 (6.93 – 8.89) 0.261

IVCT 54.1 ± 7.6 47.6 ± 7.1 <0.001

IVRT 55.9 ± 9.1 46.9 ± 8.3 <0.001

ET 282.5 ± 23.6 283.2 ± 22.5 0.889

MPI 0.38 ± 0.05 0.33 ± 0.04 <0.001

IVSDd: Interventricular septum diameter; LVEDd: end-diastolic left ventricular internal diameters; LVPWDd: end-diastolic left ventricular posterior wall 
thickness; LVMI: left ventricular mass index; IVCT: isovolumetric contraction time; IVRT: isovolumetric relaxation time; ET: ejection time; MPI: myocardial 
performance index. Continuous variables with normal distribution are expressed as mean ± standard deviation, those with non-normally distribution 
as median (interquartile range).

As observed in patients with a bicuspid aortic valve, 
the aortopathy characterized by ascending aorta dilation 
and increased arterial stiffness, constitutes a risk for aortic 
dissection, frequently occurring during adulthood.30 
Using applanation tonometry-based pulse-wave analysis, Shim 
et al.7 revealed that the central aorta is stiffer in adult patients 
with a bicuspid aortic valve.7 Similarly, Wang et al.5 reported 
lower flow-mediated vasodilation related to the enlarged 
size and impaired elastic properties of the ascending aorta in 
adults with a bicuspid aortic valve without significant valvular 
dysfunction.5 In studies investigating the properties of aortic 
elasticity in pediatric patients, ultrasonographic measurements 
are prevalently used to identify the elasticity characteristics of 

the ascending aorta.11,12,16 Erroz et al. reported higher aortic 
stiffness index and lower aortic strain and distensibility in 
children with an isolated bicuspid aortic valve in a manner 
consistent with increased arterial stiffness and decreased 
elasticity.11 Similarly, Ekici et al.12 and Weisman et al.16 reported 
impaired elastic properties of the ascending aorta in children 
with a well-functioning bicuspid aortic valve. In contrast to 
these studies, which focused only on the ascending aorta, 
the study by Eroğlu et al.31 assessed the descending thoracic 
aorta as well and reported that the ascending aorta in children 
with a bicuspid aortic valve is more distensible and less stiff 
compared with that in their healthy peers. They also reported 
that there was no difference between the groups in terms of 
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Table 3 – Aortic valve characteristics, aortic size and elasticity parameters

Variable Patients
(n = 44)

Controls
(n = 41) p-value

Anulus (mm/m2) 14.03 (12.75 – 16.87) 14.28 (12.51 – 17.02) 0.363

Anulus z-score 0.06 ± 1.1 -0.24 ± 0.96 0.185

Sinus of Valsalva (mm/m2) 20.4 ± 4.8 20.5 ± 3.7 0.939

Sinus of Valsalva z-score -0.19 ± 1.3 0.23 ± 0.83 0.08

Sinotubular junction (mm/m2) 15.87 (14.19 – 20.07) 15.80 (14.33 – 18.42) 0.239

Sinotubular junction z-score 0.03 ± 1.2 -0.03 ± 0.8 0.76

Ascending aorta (mm/m2) 20.1 ± 5.1 18.2 ± 3 0.04

Ascending aorta z- score 1.37 ± 1.24 0.4 ± 0.9 <0.001

Aortic velocity (m/s) 1.6 (1.4 – 1.9) 1.1 (0.95 – 1.25) <0.001

SI 2.69 (1.81 – 3.35) 2.5 (2.09 – 3.92) 0.529

DI 0.01± 0.004 0.009 ± 0.004 0.736

Strain 21.7 ± 8.6 21.4 ± 10.2 0.883

SI: Stiffness index; DI: distensibility index. Continuous variables with normal distribution are expressed as mean ± standard deviation, those with 
non-normally distribution as median (interquartile range).

Table 4 – Peripheral and central hemodynamics

Variable Patients    
(n = 44)

Controls
(n = 41) p-value

Peripheral SBP (mmHg) 109.2 ± 7.2 109.2 ± 6 0.996

Peripheral DBP (mmHg) 64.7 ± 5.5 64.2 ± 5.4 0.675

Heart rate (beats/dk) 79.5 ± 11.5 80.9 ± 12.4 0.578

Peripheral PP 44.4 ± 6 44.8 ± 5.8 0.759

Central SBD 98 (94.25-102) 98 (91 – 101) 0.437

Central DBP 66.5 ± 5.8 65.8 ± 5.4 0.588

Alx@75 (%) 18.5 ± 8.3 20.6 ± 8.8 0.256

PWV (m/sec)  4.5 (4.4 – 4.6) 4.5 (4.4 – 4.6) 0.528

SBP: systolic blood pressure; DBP: diastolic blood pressure; PP: pulse pressure; Alx@75, augmentation index normalized for a heart rate of 75 beats/min; 
PWV: pulse wave velocity. Continuous variables with normal distribution are expressed as mean ± standard deviation, those with non-normally distribution 
as median (interquartile range).

elasticity at older ages. In the same study, the level of arterial 
stiffness measured by flow-mediated vasodilation was reported 
to be similar between patients and healthy peers in all age 
groups. In the present study, in agreement with the literature, 
the children with a bicuspid aortic valve had wider ascending 
aortas than the healthy peers. This finding supports the fact that 
aortopathy begins in childhood, regardless of valve function. 
However, similar to the findings by Eroğlu et al.,31 the pediatric 
patients had similar characteristics as their healthy peers in 
terms of elasticity of the ascending aorta, and there was no 
difference between the groups regarding arterial stiffness 
level based on the oscillometric pulse-wave analysis results, 
which is described as a more objective and reliable method 
in our study. The reason for the lack of a significant difference 
in terms of arterial elasticity and stiffness may be related 
with the absence of patients with significant aortic dilation. 

However, aortic dilation was observed to be at a moderate 
level, as there was no patient with an ascending aorta z-score 
>4. On the other hand, most pediatric cardiologists start 
medication to slow down aortic dilation and decrease the risk 
of dissection.32 These medications that have positive effects 
on vascular and myocardial remodeling decrease arterial 
stiffness.33 The present study did not include patients receiving 
preventive medication, therefore our results are more reliable.

In the present study, as the global indicator of left ventricular 
myocardial function, a high myocardial performance index was 
caused by the significantly prolonged isovolumetric contraction 
time and isovolumetric relaxation time. This  suggested that 
both the systolic and diastolic functions were sub-clinically 
affected in children with a well-functioning bicuspid aortic 
valve. In addition, the significantly high levels of A velocity 
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indicated the alteration in the left ventricular diastolic function. 
The potential causes of myocardial remodeling identified in 
patients with a bicuspid aortic valve has been explained as an 
increased load caused by concomitant aortic valve stenosis and/
or dysfunction, and myocardial systolic load caused by arterial 
stiffness, which was found to be increased compared with 
that in healthy controls.6 The present study does not include 
cases with hemodynamically significant functional valvular 
abnormality at a level that might affect the myocardial structure, 
aortic diameter, or arterial functions, as well as the fact that the 
arterial stiffness levels in the patients were determined to be 
similar to those in their healthy peers. Hence,  independent 
from aortic valvular functions and arterial stiffness, the common 
features in the aortopathy etiology may also play a role in left 
ventricular remodeling. The association between the ascending 
aorta sizes and myocardial performance index, support the 
presence of common histopathological changes. Thus, aortic 
dilation in patients with a bicuspid aortic valve has been 
associated with lower endothelial nitric oxide levels, elastic 
fiber degeneration, smooth muscle cell apoptosis, abnormal 
extracellular remodeling, and aortic cystic medial necrosis 
rather than hemodynamic factors.5,8,31 In previous studies, in 
agreement with the present study findings, the histopathological 
changes that have an effect on the occurrence of aortic dilation 
might have also played a role in the myocardial remodeling 
identified in patients with a bicuspid aortic valve in which 
valvular functions were preserved.6 

Limitations and strengths 
Applanation tonometry is the most commonly used method 

to measure arterial stiffness. We did not perform applanation 
tonometry because of its use limitations in children, such 
as maintaining a sufficiently strong signal, cooperation, and 
heart rate variability. The studies about the validation of the 
oscillometric method for children are limited in the literature; 
however, it was reported that it is a user-friendly and reliable 
method for evaluating arterial stiffness parameters.14 In 
addition, aortic elasticity parameters, which were widely 
used for the assessment of arterial stiffness in other studies 
in children with a bicuspid aortic valve were also performed 
in our study. Another limitation of our study is the fact that 
patients with marked aortic dilation were not included, as 
patients receiving preventive medication were excluded. Thus, 
the confounding effect of medication was excluded.

Conclusion 
A bicuspid aortic valve is a disease that is not limited 

to the aortic valve only and where remodeling starts in 
the ascending aorta and left ventricular myocardium 
during childhood. The ascending aorta size may be 
more predictive than valvular functions in myocardial 
remodeling. Arterial stiffness, which plays an important 
role in the emergence of aortic complications in patients 
with a bicuspid aortic valve, may not be a serious risk 
factor in pediatric patients without marked ascending aorta 
dilation. Although the oscillometric method seems reliable 
for the assessment of arterial stiffness in children with 
an isolated bicuspid aortic valve, further comprehensive 
studies are needed on this issue.
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Abstract
Background: Ischemic heart disease has attracted much attention due to its high mortality rates, treatment costs and the 
increasing morbidity in the young population. Strategies for reperfusion have reduced mortality. However, reperfusion can 
lead to cardiomyocyte death and subsequent irreversible myocardial damage. At present, the timely and targeted treatment of 
ischemia-reperfusion (I/R) injury is often lacking.

Objectives: To evaluate if dexmedetomidine (DEX) has a protective effect in myocardiual I/R and explore the possible 
mechanism behind it.

Methods: Rat hearts were perfused with a Langendorff perfusion system, and randomly assigned to five groups: control 
group, perfused with Krebs-Henseleit (K-H) solution for 205 minutes without ischemia; and four test groups that underwent 
40 minutes of global ischemia and 120 min of reperfusion. The DEX group, the yohimbine (YOH) group and the DEX + YOH 
group were perfused with DEX (10 nM), YOH (1 μM) or the combination of DEX and YOH prior to reperfusion, respectively. 
Cardiac hemodynamics, myocardial infarct size, and myocardial histology were evaluated. The expression of glucose-related 
protein 78 (GRP78), protein kinase R-like ER kinase (PERK), phosphorylated PERK, eukaryotic initiation factor 2α (eIF2α), 
phosphorylated eIF2α, activating transcription factor 4 (ATF4), and CCAAT/enhancer-binding protein homologous protein 
(CHOP) were assessed. P<0.05 was considered to indicate a statistically significant difference.

Results: DEX preconditioning improved the cardiac function of I/R hearts, reduced myocardial infarction, myocardial apoptosis, 
and the expression of GRP78, p-PERK, eIF2α, p-eIF2α, ATF4 and CHOP.

Conclusions: DEX pretreatment reduced myocardial I/R injury by suppressing apoptosis, which was induced by the PERK 
pathway.

Keywords: Dexmedetomidine; Ischemic Cardiomyopathy/mortality; Myocardial Reperfusion; Hipnotics and Sedatives; Protein 
Kinases; Rats.

mitochondrial dysfunction, and apoptosis.2 Recent studies 
have demonstrated that the damage inflicted on the 
myocardium involves two processes: ischemia and reperfusion 
injury (I/R injury). I/R injury is a major determinant of long-
term mortality; thus, the possibility of ameliorating the extent 
of the injury is of great individual and socioeconomic value.3-7

It has been demonstrated that cardiomyocyte apoptosis is 
a major mechanism of myocardial I/R-injury.8 Cardiomyocyte 
apoptosis is triggered by the mitochondrial and death receptor 
pathways under the conditions of myocardial reperfusion.9 
However, these mechanisms have yet to be fully determined.2 
Recent studies have explored the association between the 
endoplasmic reticulum (ER) and myocardial I/R-injury.9-11 Stress 
conditions such as I/R, hypoxia, and oxidative stress have been 
identified in the dysregulation of ER functions, thus triggering 
ER stress.12 The pathological consequences of ER lumen 
disruption and miscommunication have been implicated in 
myocardial I/R-injury.13,14 However, it is still unclear whether 
or not ER stress induces apoptosis by activating PERK during 
myocardial reperfusion injury.15 

At present, due to the shortage of specific drugs and 
standard therapies, the timely and targeted treatment of I/R 
injury is often lacking. Dexmedetomidine (DEX) is a highly 
selective α2 adrenergic receptor (AR) agonist, which has limited 

Introduction 
Ischemic heart disease has attracted much attention due 

to its high mortality rates, treatment costs and the increasing 
morbidity in the young population. In the past three decades, 
reperfusion strategies to alleviate ischemic injury have been 
widely included in clinical practice. However, reperfusion 
can lead to cardiomyocyte death, and subsequent irreversible 
myocardial damage.1 

Myocardial ischemia-reperfusion injury (MIRI) is a long-
term and complex pathophysiological process. The process 
of restoring blood flow to the ischemic myocardium can 
induce a wide range of basic biological changes, including 
impaired ion homeostasis, oxygen radical bursts, autophagy, 
ATP metabolic disorders, inflammation, oxidative stress, 
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impact on hemodynamics and breathing, thus providing 
the ideal sedation and analgesia for patients undergoing 
cardiovascular surgery.16 Previous studies have demonstrated 
that DEX preconditioning showed cardioprotective effects 
in ischemic hearts.17-20 However, the molecular mechanism 
of DEX protection, to date, remains unknown. The present 
study hypothesized that pre-treatment with DEX protects the 
heart from I/R injury by PERK pathway activation, which is 
dependent on the activation of the α2 receptor. Therefore, 
the present study used an isolated heart I/R model to evaluate 
the effects of DEX on I/R injury and its potential mechanism.

Methods

Experimental animals 
Male adult Sprague-Dawley rats (8-10 weeks old; 260-

280g) were obtained from the animal experiment center of 
Changsha (Changsha, China). All experimental procedures 
were in accordance with the “Guide for the Care and Use of 
Laboratory Animals”, published in China (No.1492, 2001), 
and were approved by the Experimental Animal Care and 
Use committee of the Zunyi Medical University. All rats were 
housed under standard conditions (room temperature, 22℃; 
12 h light/dark cycle) with free access to food and water in 
the Guizhou Key Laboratory of Anesthesiology and Organ 
Protection of Zunyi Medical University.

Isolation of adult rat hearts 
Rats were anesthetized with sodium pentobarbital (45 mg/

kg, intraperitoneally). After the successful anesthesia, the heart 
was immediately excised from the chest by sternotomy and 
immersed in ice-cold Krebs-Henseleit (K-H) solution (NaCl, 
119 mM; KCl, 6.0 mM; CaCl2, 1.24 mM; NaHCO3, 20.1 mM; 
KH2PO4, 1.24 mM; MgSO4, 1.24 mM; glucose, 11.2 mM). 
The excised heart was retrogradely placed in a Langendorff 
perfusion setup via the aorta (PanLab). The K-H solution was 
perfused at a constant perfusion pressure of 75-80 mmHg 
and balanced with a mixture of 95% O2 and 5% CO2 to a 
pH of 7.35-7.45 at 37°C. A latex balloon connected to a 
pressure transducer was inserted in the left ventricle through 
the mitral valve, and filled with normal saline to produce a 
left ventricular end-diastolic pressure (LVEDP) of 2-10 mmHg. 
The balloon volume was maintained constant throughout the 
experiment. Heart rate (HR), LVEDP, left ventricular developed 
pressure (LVDP = LVSP - LVEDP), left ventricular pressure 
peak rates of positive and negative changes (±dp/dtmax) and 
rate pressure product (RPP = HR x LVDP) were recorded by 
the Lab Chart system.

I/R and DEX preconditioning in isolated rat heart 
For each test, following a 15-minute equilibration of 

perfusion, the hearts in which the baseline LVDP and HR were 
>50mmHg and >200 beats/min were randomly assigned to 
five groups in a sealed envelope randomization assignment. 
The specimens in all groups were perfused for 30 minutes 
prior to 40 minutes of normothermic global ischemia, followed 
by 120 minutes of reperfusion with the exception of the 
control group (n= 6): (i) control group, no preconditioning 

protocol, perfused with normal K-H solution; (ii) I/R group, 
no preconditioning protocol, perfused with normal K-H 
solution prior to ischemia; (iii) DEX group, preconditioned 
with 10 nM DEX prior to ischemia; (iv) yohimbine (YOH) 
group, preconditioned with1 μM YOH prior to ischemia; 
and(v) DEX + YOH group, preconditioned with 10 nM DEX 
+ 1μM YOH prior to ischemia. The concentrations of DEX 
(Hengrui pharmaceutical) and antagonist were selected based 
on previous studies. Yohimbine (YOH) was used as an α2-AR 
antagonist. DEX and YOH were dissolved in the modified 
Krebs-Ringer solution (Figure 1).

Infarct size determination
Infarct size was assessed by the triphenyl tetrazolium 

chloride (TTC) staining method. After reperfusion, the tissues 
that were adherent to the arterial root were removed, and the 
whole heart was frozen. The frozen heart was cut into 1-2 mm 
thick slices. The slices were immersed in a vial with 1% TTC 
and incubated in a water bath for 30 minutes at 37°C. The vial 
was continuously agitated to obtain an even staining. The slices 
were subsequently placed in 10% formaldehyde for 24 hours, 
placed on a glass plate, and a cover glass was placed over the 
slices. Shims of 2 mm were placed in the corners between 
the glasses to obtain the desired slice thickness, and digital 
photographs were taken. Areas of infarction and normal areas 
were determined in a blinded manner by planimetry with the 
Image-Pro Plus 6.0 software (Media Cybernetics, Inc.), and 
infarct size was expressed as a percentage of the total area.

Histopathological examination
Myocardial tissues harvested from the rats were cut into 1 

cm sections, fixed in 4% paraformaldehyde and embedded 
in paraffin. To quantify the extent of myocardial damage, the 
biopsies were cut into 5 µm sections, which were stained 
with hematoxylin and eosin (H&E) for 90 minutes, at room 
temperature, and six fields of view (magnification, x200) were 
randomly selected for evaluation in each group.

TUNEL assay
Terminal deoxynucleotidyl transferase dUTP nick end 

labeling (TUNEL) assays were performed to determine the 
extent of apoptosis in the myocardium using a commercially 
available kit (Baiao Cisco Biological Technology) according to the 
manufacturer’s instructions. Green nuclear labeling was defined 
as TUNEL-positive cells. To determine the extent of myocardial 
apoptosis, five fields (magnification, x 200) were randomly 
selected from two sections in each group, and the apoptosis 
index (AI) was calculated using Image-Pro Plus 6.0 (AI) as follows: 
AI = number of apoptotic cells / total number of cells counted.

Western blotting
The heart was homogenized and lysed with a RIPA buffer 

(Thermo Fisher scientific, Inc.). The tissues were centrifuged 
at 125 x g for six minutes and the supernatant was collected. 
The concentration of the protein was determined by a 
BCA protein assay (Thermo Fisher scientific, Inc.). The 
samples were separated by 10% sodium dodecyl sulphate 
polyacrylamide gel electrophoresis and transferred onto 
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nitrocellulose membranes. The membranes were blocked with 
5% skimmed milk for two hours, membranes were probed 
with anti-GRP78 (1:1000; cat no. PA1-014A; Thermo Fisher 
scientific), anti-PERK (1:1000; cat no. PA5-79193; Thermo 
Fisher scientific), anti-p-PERK (1:1000; cat no. MA5-15033; 
Thermo Fisher scientific), anti-eIF2α (1:1000; cat no. MA1-
079; Thermo Fisher scientific), anti-p-eIF2α (1:1000; cat 
no. 44-728G; Thermo Fisher scientific), anti-ATF4 (1:1000; 
cat no. PA5-68802; Thermo Fisher scientific), anti-CHOP 
(1:1000; cat no. PA5-86145; Thermo Fisher scientific), 
anti-GAPDH (1:1000; cat no. MA5-32539; Thermo Fisher 
scientific) primary antibodies at 4°C overnight. After washing 
the membranes three times, the blots were incubated with 
horseradish peroxidase-conjugated secondary antibodies 
(1:1000; cat no. G-21234; Thermo Fisher scientific) for two 
hours. The content of the protein was determined by a gel 
imaging system (Tanon Science & Technology).

Statistical analysis
The sample size of this study was based on the preliminary 

experiment. Means of LVEDP in the control group, the DEX 
group and the I/R group following reperfusion for 120 minutes 
were 12.52, 16.23, 22.39, respectively, and Standard deviations 

were 1.45, 2.44 and 145, respectively. The α-level test was 
considered as 0.05, Z0.05/2 = 1.96. The power level, 1 − β, 
was considered as 0.8. For the control and the EDX  groups, a 
sample size of six was required for each group. For the I/R and 
the DEX groups, a sample size of four was required for each 
group. So, a sample size of six was determined per group.

Data are presented as mean ± standard deviation (SD). 
SPSS 20.0 (IBM, Corp) was used for statistical analyses. 
Differences between groups were analyzed with the one-
way analysis of variance (ANOVA). The Shapiro-Wilk test was 
employed to verify normality. The LSD test was used for the 
comparison of homogeneous variance, and the Dunnett’s T3 
test was used for the comparison of uneven variance. P<0.05 
was considered to indicate a statistically significant difference.

Results

DEX improves cardiac recovery from the I/R injury
To determine the effects of DEX on myocardial I/R-injury, 

an isolated perfused heart preparation was performed 
by perfusing rat hearts for 30 minutes with modified K-H 
solution prior to 40 minutes of global ischemia, followed 

Figure 1 – Langendorff myocardial ischemia-reperfusion injury model. For each test, after a 15-minute equilibration of perfusion, the prepped hearts 
were randomly assigned to five groups for baseline LVDP and HR, which were less than 50 mmHg and 200 beats/min. The specimens in control group 
were continuously perfused with K-H solution for 205 minutes. The specimens in four other groups were perfused for 30 minutes prior to 40 minutes of 
normothermic global ischemia, followed by 120 minutes of reperfusion. The specimens in the I/R group had no preconditioning protocol perfused with 
normal K-H solution before ischemia; the specimens in DEX group were perfused with DEX (10 nM)  before ischemia; the specimens in YOH group were 
perfused with YOH (1 μM) before ischemia; the specimens in DEX + YOH group were perfused with DEX (10 nM)+YOH (1 μM) before ischemia. LVDP: left 
ventricular developed pressure, HR: heart rate, K-H: Krebs-Henseleit, I/R: ischemia-reperfusion, DEX: dexmedetomidine, YOH: yohimbine
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by 120 minutes of reperfusion. The analysis of variance 
demonstrated there were no significant differences in 
hemodynamics between the groups at the end of the 
balance point. After 45 minutes of perfusion, no significant 
differences were observed in HR, ±dp/dtmax, LVDP, LVEDP 
and RPP, with the exception of the YOH group and the DEX 
+ YOH group. In the control group, HR, ±dp/dtmax, LVDP, 
and RPP were higher and LVEDP was lower compared with 
the other groups after reperfusion for 120 minutes, which 
suggested that 40-minute ischemia at room temperature 
was challenging for rat hearts. During the second half of 
the 120-minute reperfusion, a number of hearts exhibited 
failure and arrhythmia (~10%). However, in the DEX group, 
HR, ±dp/dtmax, LVDP, and RPP were higher and LVEDP was 
lower compared with the other groups after reperfusion 
for 120 minutes, with the exception of the control group. 
Therefore, DEX preconditioning significantly improved the 
hemodynamics following myocardial I/R injury, and the 
effects were reversed by the AR antagonist YOH (Figure 2).

Pre-treatment with DEX reduces myocardial infarct size
TTC staining, which is the gold standard for testing 

myocardial infarct, was used to evaluate the cardio-protective 
function of DEX. In the control group, the percentage of 
infarct was low; however, it was significantly increased 
in the I/R, YOH and DEX + YOH groups (Figure 3A). In 
rats that were pre-treated with DEX, the infarct area was 
significantly smaller when compared with that in the I/R 
group. Additionally, no differences were observed between 
the YOH and the DEX + YOH groups compared with the 
I/R group. Therefore, the addition of YOH reversed the DEX-
mediated protective effects on myocardial injury (Figure 3).

Pretreatment with DEX attenuates myocardial tissue 
damage

Myocardial injury was further measured in the H&E-
stained sections. H&E staining revealed that myocardial 
structure was complete and exhibited regular arrangement, 
normal cardiac muscle fibers and no necrosis, with mild 
cardiomyocyte edema in the control group, whereas the 
structure of the myocardium was severely damaged after 
the I/R injury. The I/R group exhibited disordered myofibril 
arrangement and ruptured cardiac muscle fibers. As shown 
in Figure 3C, DEX preconditioning significantly improved 
these pathological changes; however, YOH partially reversed 
the protective effect.

Pretreatment with DEX suppresses myocardial apoptosis
The TUNEL assay was used to determine the effects 

of DEX on cardiomyocytic apoptosis in isolated rat hearts 
after I/R. Compared with the control group (apoptotic rate, 
0.00±0.00%), the number of TUNEL-positive cells increased 
significantly in the I/R (apoptotic rate, 58.17±0.60%), YOH 
(apoptotic rate, 57.11±1.39%) and DEX + YOH (apoptotic 
rate, 57.62±1.50%) groups, whereas no significant 
differences were observed in apoptotic rate among the I/R, 
YOH and the DEX + YOH groups (Figure 4C). Compared 
with the I/R, YOH and DEX + YOH groups, apoptotic rate 

was significantly decreased in the DEX group. Therefore, 
DEX may decrease myocardial apoptosis. However, YOH 
completely reversed this effect (Figure 4).

DEX pret-reatment alleviates apoptosis by inhibiting the 
ER stress-mediated PERK pathway

To elucidate the successful establishment of an ER stress 
model induced by myocardial I/R injury, the activation 
of GRP78 and PERK was evaluated. In the present study, 
GRP78, which is an important marker for the occurrence 
of ER stress, was extensively upregulated at the protein 
level in all experimental groups compared with the control 
group (Figure 5). As GRP78 is a direct target of PERK, 
which is a highly conserved ER stress-mediated apoptosis 
transducer, the expression levels of PERK and p-PERK 
protein were examined. Under physiological conditions, 
the overexpression of GRP78 did not change the activation 
of PERK as indirectly determined by PERK phosphorylation 
(Figure 6). The expression of p-PERK protein in the I/R, YOH 
and DEX + YOH groups was higher compared with that in 
the control and the DEX groups (Figure 6). By contrast, this 
was successfully blocked by the DEX treatment. These results 
suggested that DEX may participate in ER stress-mediated 
protection against reperfusion injury, whereas the protective 
effect of DEX was reversed by YOH compared with the DEX 
+ YOH group. To further determine the effects of DEX on 
the PERK pathway and its potential molecular mechanism, 
downstream components of the PERK pathway in ER 
stress response were investigated, including the eukaryotic 
initiation factor 2α (eIF2α), activating transcription factor 4 
(ATF4) and CCAAT/enhancer-binding protein homologous 
protein (CHOP). The results demonstrated that the levels of 
p-eIF2α, ATF4 and CHOP were notably upregulated in the 
I/R, YOH and DEX + YOH groups in comparison with the 
control group, whereas pre-treatment with DEX inhibited 
the expression of the three proteins (Figure 5, Figure 6). 
The examination by TUNEL assay confirmed these results. 
Therefore, the results indicated that DEX may relieve 
myocardial I/R injury-mediated apoptosis by suppressing the 
activation of the PERK pathway. 

Discussion
The present study indicated that DEX may protect 

against myocardial I/R injury, which was in accordance 
with a previous study.21 The protective effects of DEX on 
myocardial I/R injury through the inhibition of apoptotic 
pathways have been previously confirmed.22 Similarly, the 
results of the present study indicated that DEX improved 
cardiac hemodynamics and decreased apoptosis, which 
was revealed by the changes in apoptotic morphology and 
apoptotic rates in the TUNEL assay. Excessive ER stress has 
been demonstrated to serve an important role in myocardial 
I/R injury and lead to apoptosis.23 GRP78, which is an ER 
chaperone protein, belongs to one of the heat-shock protein 
70 (Hsp70) family, which indicates the occurrence of ER stress 
and regulates ER homeostasis at a certain point.24 Previous 
studies have demonstrated that I/R induces the expression 
of GRP78 protein.25,26 The results of the present study 
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demonstrated that the GRP78 protein was induced by I/R, 
whereas the DEX treatment decreased GRP78 expression, 
which indicated that DEX may exert its protective effects by 
suppressing ER stress.

PERK is a stress receptor on the ER with serine-
threonine kinase activity, which is activated by trans-
autophosphorylation and oligomerization. Under prolonged 

ER stress conditions, the PERK/eIF2α/ATF4/CHOP pathway 
contributes with apoptosis during myocardial I/R injury.27,28 
A previous study has reported that membrane-localized 
GRP78 is crucial for PERK phosphorylation,26 which was 
also observed in the present study. It is reported that the 
highest expression of GRP78 protein was detected in the 
myocardium from the isolated and perfused rat heart 
with 40-minute ischemia and 120-minute reperfusion.29 

Figure 2 – Dexmedetomidine improves cardiac function of ischemia-reperfusion rat hearts. A-F: effect of dexmedetomidine on the HR, rate pressure 
product (RPP = HR×LVDP), left ventricular pressure peak rates of positive and negative changes (±dp/dtmax) of I/R injury in rats, LVDP, LVEDP. Data are 
presented as the mean ± standard deviation. n=12. •P<0.05, vs. ischemia beginning point, #P<0.05, vs. control group at reperfusion for 120 minutes. 
∆P<0.05, vs. I/R group at reperfusion for 120 minutes. �P<0.05, vs. DEX group at reperfusion for 120 minutes. Baseline: at the end of the balance point, 45 
minutes: ischemia beginning point, 205 minutes: 120 minutes of reperfusion. HR, heart rate, I/R: ischemia-reperfusion, LVDP: left ventricular developed 
pressure, RPP: rate pressure product, ±dp/dtmax: left ventricular pressure peak rates of positive and negative changes, LVDP: left ventricular developed 
pressure, LVEDP: left ventricular end diastolic pressure, DEX: dexmedetomidine.
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Figure 3 – TTC staining and HE staining of Langendorff hearts after ischemia-reperfusion injury. (A) Representative images of TTC stained samples showing 
the infarct area (white) and the non-infarct area (red). (B) Analysis of the myocardial infarct size in control and in I/R-induced isolated heart. Data are 
presented as the mean ± standard deviation. n=6. *P<0.05, vs. control group; #P<0.05, vs. I/R group; ∆P<0.05, vs. DEX group. (C) Representative images 
of HE stained samples (magnification, ×200) demonstrating histopathological changes in the myocardium. TTC: triphenyl tetrazolium chloride staining 
technique. HE: hematoxylin and eosin, I/R: ischemia-reperfusion.
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Figure 4 – TUNEL assays to detect apoptosis in ischemia-reperfusion hearts. (A) Representative images of TUNEL assays (magnification, ×400) showing 
the total nucleus (blue) and apoptotic nucleus (green). (B) Analysis of the cardiomyocytic apoptotic nucleus in the control group and in I/R-induced 
isolated heart. (C) Analysis of the cardiomyocytic apoptosis rates in control group and in I/R-induced isolated heart. Data are presented as the mean ± 
standard deviation. n=6. *P<0.05, vs. control group; #P<0.05, vs. I/R group; ∆P<0.05, vs. DEX group. TUNEL: Terminal deoxynucleotidyl transferase dUTP 
nick end labeling.
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In addition, we previously found that 40-minute ischemia 
was optimal for the Langendorff ischemia-reperfusion rat 
hearts,30 therefore, we selected 40-minute ischemia and 
120-minute reperfusion in the present ex vivo ERS ischemia 
reperfusion injury model. It is also reported that the activation 
of the PERK kinase domain in the early stages of ER stress 
leads to the phosphorylation of eIF2α, which reduces 
transcriptional initiation and protein folding, and maintains 
homeostasis in the endoplasmic reticulum. Advanced 
phosphorylation of eIF2α through the activation of ATF4 
induces the overexpression of the apoptosis protein CHOP, 
which leads to apoptosis.31,32 Related studies have shown 
that the mechanisms of DEX against myocardial I/R injury are 
mediated by the activation of α2-ARs and anti-inflammatory 
processes,22 whereas the effect of DEX on ER stress in 
myocardial I/R injury has rarely been investigated. The results 
of the present study have demonstrated that DEX inhibited 
the ER stress-mediated PERK/eIF2α/ATF4/CHOP pathway 
during myocardial I/R injury. A previous study has described 
that myocardial I/R causes abnormal accumulation of 
unfolded proteins in the lumen of the endoplasmic reticulum, 
and contributes with the autophosphorylation of PERK.33 
In the present study, p-PERK protein expression level was 

increased in the I/R group, but decreased with the DEX pre-
treatment. With the activation of PERK, the phosphorylation 
of downstream protein eIF2α inhibited 80S ribosome 
assembly and massive protein synthesis.34,35 Another study 
has indicated that the dephosphorylation of eIF2α suppressed 
downstream ATF4/CHOP signaling.36 Therefore, eIF2α 
may be a key component in PERK-mediated signaling. The 
results of the present study demonstrated that after the DEX 
treatment, the level of p-eIF2α was reduced compared with 
the I/R group. ATF4 plays a role in promoting apoptosis, 
which is induced by the phosphorylation of eIF2α.37-39 The 
results of the present study suggested that ATF4 may be 
responsible for cardiomyocyte apoptosis during I/R induced 
ER stress, whereas DEX treatment may downregulate ATF4. 
CHOP, which is a member of the CCAAT/enhancer binding 
protein family of transcription factors,40 is a classic marker 
of apoptosis initiation, which plays an important role in 
ER stress-mediated myocardial apoptosis.41,42 Our results 
suggested that the expression of CHOP protein increased 
in the I/R group, which corresponded to the results of the 
apoptosis assay. The present study demonstrated that DEX 
had an anti-apoptotic effect, and the mechanism may be 
dependent on the ER stress-mediated PERK pathway.
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Figure 5 – Dexmedetomidine protected the myocardium from I/R injury and reduced apoptosis. (A) Western-blotting detecting of GRP78, ATF4, CHOP 
protein expression. (B-D) Analysis of the expression of ATF4, GRP78 CHOP in control and I/R-induced isolated heart. Data are presented as the mean ± 
standard deviation. n=6. *P<0.05, vs. control group. #P<0.05, vs. I/R group, ∆P<0.05, vs. DEX group. I/R: ischemia-reperfusion. GRP78: glucose-related 
protein 78, ATF4: activating transcription factor 4, CHOP: CCAAT/enhancer-binding protein homologous protein.
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YOH is a selective blocker of presynaptic α2-AR, which 
dilates vascular smooth muscle, decreases sympathetic 
tone, and increases peripheral parasympathetic tone. In the 
present study, YOH reversed the protective effects of DEX 
pretreatment in the myocardium of rats, which resulted 
in increased myocardial infarct size and cardiomyocyte 
apoptosis; in addition, the expression levels of the PERK 
pathway proteins were increased. Together, these results 
indicated that the protective effect of DEX preconditioning 
in rat myocardium may be antagonized by an AR blocker, 
which is consistent with a previous study.43

Although the results of the present study identified 
an important role for the PERK pathway in the survival 
of cardiomyocytes, there were certain limitations to the 
study. Future work is necessary to analyze other potential 
mechanisms besides apoptosis and the PERK pathway. In 
addition, apoptosis is considered to occur in the context 
of excessive stress in the ER; by contrast, ER promotes 
normal cell survival by providing nutrients from digesting 
damaged organelles and proteins when ER stress levels are 
mild, which is termed ER stress-induced autophagy. Further 

analysis is required to determine the threshold between 
PERK exerting protective self-adaptation and injurious 
apoptosis in myocardial I/R injury.

Conclusion 
This study confirmed that DEX preconditioning reduced 

myocardial I/R injury and improved cardiac function by 
inhibiting PERK-mediated apoptosis pathway.
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Figure 6 – Effect of DEX on the expression of p-PERK and p-eIF2α. (A, B) Western-blotting detecting of PERK, p-PERK, eIF2α, p-eIF2α protein expression. (C, D) 
Analysis of the expression of PERK, p-PERK, eIF2α, p-eIF2α in control and I/R-induced isolated heart. Data are presented as the mean ± standard deviation. 
n=6. *P<0.05, vs. control group. #P<0.05, vs. I/R group, ∆P<0.05, vs. DEX group. I/R: ischemia-reperfusion. PERK: protein kinase R-like ER kinase, p-PERK: 
phosphorylation-protein kinase R-like ER kinase, eIF2a: eukaryotic initiation factor 2a, p-eIF2α: phosphorylation-eukaryotic initiation factor 2a.
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Ischemic heart disease is characterized by a decrease 
in myocardial blood flow, which reduces the relationship 
between oxygen supply and demand. The condition has 
attracted the attention of the scientific community due to its 
high incidence, elevated morbidity and mortality, and high 
therapeutic cost.1 The treatment primarily relies on myocardial 
revascularization. Paradoxically, reperfusion and restoration of 
blood flow can cause additional damage, called myocardial 
ischemia-reperfusion (IR) injury.2 Several mechanisms are 
involved in the IR injury, such as ionic homeostasis change, 
intracellular calcium transient alteration, metabolic and 
mitochondrial dysfunction, inflammation, and reactive oxygen 
species increase.3,4 These factors may contribute to an increase 
in the myocardial necrosis size, post-ischemia heart failure, 
and death.3 

First identified in the mid-1980s, ischemic preconditioning 
is a process whereby repeated application of short periods of 
ischemia alternating with reperfusion protect the myocardium 
from longer ischemic insults, therefore reducing the infarction 
size.5,6 The beneficial effect of ischemic preconditioning 
was shown in angina patients; when evolving to myocardial 
infarction, they had a smaller infarcted area and a better 
clinical prognosis than previously asymptomatic patients.7,8 
Additionally, preconditioning of rats with acute physical 
stress prior to the IR insult reduced infarct size and improved 
hemodynamic parameters.9

Currently, methods to induce ischemia-reperfusion 
have been used experimentally to assess whether different 
pharmacological and non-pharmacological therapies 
are effective in protecting the heart from ischemia and 

reperfusion injury. However, investigations to evaluate 
potential drugs, such as atorvastatin, anti-inflammatory 
medicines, or antioxidants did not result in cardioprotection 
after myocardial ischemia.10 The CIRCUS multicenter clinical 
trial evaluated the effects of cyclosporine A administration 
before revascularization with percutaneous coronary 
intervention in acute myocardial infarction patients. Despite 
a reduction in the infarcted area, there was no long-term 
clinical improvement.11 Currently, there are no specific drugs 
to prevent or attenuate IR injury.

Dexmedetomidine (DEX) is an α2-adrenergic receptor 
agonist used in clinical practice mainly to induce analgesia and 
sedation. Preconditioning with DEX improved left ventricular 
function in rats.12 However, molecular mechanisms related to 
DEX-induced cardioprotection are still not fully understood. 
In this edition of ABC, we read with great interest the study 
by Chen et al.13 evaluating the protective effects of DEX 
administration prior to myocardial ischemia-reperfusion in 
rats. DEX treatment improved hemodynamic and cardiac 
function variables and attenuated the infarcted area compared 
to the untreated animals. Cardiac improvement was combined 
with reduced myocardial apoptosis, assessed by morphological 
analysis, and inhibited expression of proteins of the apoptotic 
pathway PERK/eIF2α/TCF-4/CHOP. The authors also observed 
a decrease in the expression of the GRP78 protein, an 
important marker of endoplasmic reticulum stress. 

The results are exciting and show the need for 
additional studies to better clarify the molecular effects of 
dexmedetomidine on cardioprotection after myocardial injury 
induced by ischemia followed by reperfusion.

DOI: https://doi.org/10.36660/abc.20210908
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Abstract

Background: Doxorubicin (DOX) is frequently used to treat many types of cancers, despite its dose-dependent cardiotoxicity. 
Alternatively, resveratrol is a polyphenol that has shown useful cardioprotective effects in many heart dysfunction models. 

Objective: This study investigated whether resveratrol treatment in pregnant rats protects against doxorubicin-induced 
toxicity in offspring cardiomyocytes.

Methods: Wistar rats (n=8) were supplemented with dietary resveratrol during pregnancy. Upon the offspring’s birth, 
hearts (9-11) were used to obtain the primary culture of cardiomyocytes. DOX-induced cardiotoxicity and the effects 
of resveratrol supplementation were evaluated by oxidative stress markers, such as dichlorofluorescein diacetate 
oxidation, decrease in the activity of antioxidant enzymes, and oxidation of total sulfhydryl content, in addition to cell 
viability evaluation, DNA damage generation, and DNA damage repair response. A value of p<0.05 was considered 
statistically significant.

Results: Neonatal cardiomyocytes from resveratrol supplemented rats exhibiting an increase (p<0.01) in cell viability 
and lower (p<0.0001) apoptotic/necrotic cells after DOX treatment, which correlates with the activities of antioxidant 
enzymes and dichlorofluorescein production. Moreover, resveratrol protected cardiomyocytes from DOX-induced DNA 
damage, showing a decrease (p<0.05) in DNA breaks induced by oxidative stress, evaluated by the activity of DNA-
repair enzymes endonuclease III and formamidopyrimidine glycosylase. Supplementation with resveratrol increased 
(p<0.05) the expression of the repair protein Sirt6 in the cardiomyocytes of the pups.

Conclusion: This research indicates that supplementation with resveratrol during the gestational period has a notable 
cardioprotective effect on the offspring’s heart against DOX-induced toxicity, which may well be due to its antioxidant 
function, and the increase in the DNA damage repair response.

Keywords: Rats; Resveratrol; Doxorubicin; Cardiomyocytes; DNA Repair Enzymes.

The treatment with DOX can cause severe side effects, 
showing a limited therapeutic action due its strong cardiotoxicity, 
which can lead to dose-dependent cardiomyopathy.4 At the 
intracellular level, many pathways may be involved in DOX-
induced toxicity. In many of these, reactive oxygen species 
(ROS) generated by DOX metabolism play an important role in 
the outcome of myocardial dysfunction due to oxidative stress.5

It is currently unclear whether the adverse effects of 
treatment with DOX are necessary for its anti-tumor efficacy. 
With a look at its cardiotoxicity, some strategies to reduce 
toxicity have been investigated, but to date the iron chelating 
agent dexrazoxane is clinically an alternative method for 
preventing DOX-induced cardiotoxicity.6

Therefore, the present challenge is to design a cardioprotective 
protocol for short or long treatments with DOX, without 
hampering its antitumor activity. Many therapeutic strategies, 
such as supplementation with antioxidants or an increase in 
antioxidant capacity by exercise, have already been proposed 
to restrain DOX toxicity.7,8 Remarkably, recently published 
data by our research group have demonstrated that maternal 

Introduction
Anthracycline doxorubicin (DOX) is a chemotherapeutic agent 

generally used to treat leukemia and a wide range of solid tumors.1 
Its cytotoxic action in tumor cells is related to topoisomerase II 
inhibition; DNA intercalation and damage, producing double-
strand breaks; and an increase in the generation of free radicals, 
which compromises the replication and transcription process.2 
Recently, DOX has been proven to evict histones from specific 
regions in the genome, causing chromatin damage with 
consequent epigenomic and transcriptional alterations.3
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exercise during pregnancy is able to reduce the DOX-induced 
cardiotoxic effects on cardiomyocytes of rat pups.9

In line with this, resveratrol is a polyphenolic compound 
that has received attention due to its potential protection 
against cardiovascular diseases.10 Its cardiovascular benefits 
are related to the effects on biological systems - preventing 
platelet aggregation,11 decreasing the expression of nitric oxide 
synthase,12 exerting antioxidant effects, and scavenging free 
radicals.13 The global demand for more reasonable therapeutics 
has identified important features for human health in resveratrol 
associated with cost-effectiveness: low toxicity and high 
availability.14 Moreover, the interest in this bioactive compound 
recently increased after the identification of its protective action 
against skin cancer.15

Bioactive molecules present in the rats’ maternal diet have 
received recent importance due their participation in the 
offspring’s metabolism reprograming.16,17 As resveratrol crosses 
the placental membrane, supplementation by the mother 
during pregnancy has already been associated with beneficial 
effects in experimental models, such as preventing embryo 
death in the course of gestational diabetes18 and controlling 
hypertension in the progeny of spontaneously hypertensive 
animals.19 However, the cardioprotective effect on the offspring 
of resveratrol present in the maternal diet has not yet been 
investigated.

Therefore, considering the bioactive effects of resveratrol 
on cardiovascular diseases, this study tested the hypothesis that 
resveratrol, present in the maternal diet during the gestational 
period, has a cardioprotective effect on DOX-induced toxicity 
in an offspring cardiomyocyte culture through its possible 
effects on the antioxidant defense system and the response to 
DNA damage.

Methods

Animals
Adult female and male Wistar rats (Center of Animals 

Reproduction of the UFCSPA), weighing 70-100 g were 
housed under controlled light, temperature, and humidity 

conditions (12h light/dark period, at 22ºC ± 2, and 55% 
± 5 relative humidity), with water and standard diet ad 
libitum. This research was conducted according to national 
and institutional guidelines on the use of animals for science, 
approved by the UFCSPA Ethics Committee, and logged under 
protocol number 183/13.

Experimental protocol
The mating procedure was conducted after the first 

estrous period. On the subsequent morning after the 
mating procedure, vaginal smears were analyzed to detect 
spermatozoon, which was the confirmation of the gestational 
day zero. Subsequently, the females were assigned to the 
following groups:

Control group (C-G, n=8): without supplementation with 
resveratrol. These received saline solution with 0.05% of Tween 
80 by gavage, and were manipulated once a day, 5 days/week, 
during 21 gestational days, totaling 15 days of gavage.

Resveratrol group (RV-G, n=8): supplemented with 
resveratrol 2.5 mg/Kg body weight20 (dispersed in saline 
with 0.05% of Tween 80)21 by gavage (once a day, 5 days/
week, during 21 gestational days, totaling 15 days of 
supplementation).

For the estimation of sample size, the research of Singh 
et al.18 was used as the reference. For this, a two tailed-test 
was applied, with a significance level at 5% and a power of 
95%. A minimal difference between groups of 12 ŋmol/mg 
protein was estimated, with a 0.096 standard deviation, to 
result in a significant evaluation of a sulfhydryl test, used for 
sample estimation. The sample size estimation resulted in 
eight animals per group.

At the end of the gestational period, pups up to 3 days 
old were euthanized and their hearts9-11 were used to obtain 
a pool of cardiomyocytes used for the primary culture, as 
demonstrated in a simplified time line in Figure 1.

Cardiomyocyte culture
The primary culture from hearts of neonatal rats was 

obtained as previously described by our research group.9 

Figure 1 – Simplified time line of the experimental protocol.
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Briefly, the hearts were submitted to repeated cycles of an 
enzymatic digestion in a buffer containing pancreatin and BSA, 
at 37°C. At the end of the cycles, the pool of cells was plated in a 
75 cm2 bottle culture for fibroblast adhesion. The cell suspension 
was aspirated, centrifuged, and plated in culture plates treated 
with gelatin (0.1% in PBS) for cardiomyocyte adhesion. When 
the cells had acquired confluence, the culture was treated with 
DOX (0.1, 0.5 or 1.0 µM) for 24 or 48 h for the analysis described 
below. All experiments were conducted in triplicates to ensure 
the accuracy of the results.

Assay of cell viability and mechanisms of death
The trypan blue (TB) test was used to evaluate the viability 

of cells.22 The number of viable and dead cells was counted 
in an Automated Cell Counter (Countess®), which enables 
the estimation of the percentage of viable cells (ratio of viable 
cells/total cells). Thereafter, the mechanism of death was 
evaluated by the flow cytometric analysis. After DOX treatment, 
the cardiomyocyte culture was washed, centrifuged, and 
resuspended in binding buffer (100 µL) with Annexin V-PE (3 μL) 
and 7-AAD (3 μL), and then incubated in the dark for 15 min. 
Analyses by flow cytometry, considering 5,000 events/sample, 
were used to access the viable, apoptotic, or necrotic cells (FACS 
Calibur with CellQuest software).

DNA damage detection
The DOX-induced genotoxicity was assessed by the DNA 

damage index, through the previously described alkaline comet 
assay.23,24 After treatment, the cardiomyocyte culture was washed, 
trypsinized, centrifuged, and resuspended in PBS. Thirty μL of 
cell suspension was dissolved in 0.75% agarose (low melting) 
which was distributed on a slide pre-covered with 1% agarose 
(normal melting point). Microscope slides were then incubated in 
a lysis solution during 24 hours at 4°C. To evaluate the presence 
of oxidative damage in DNA, slides were withdrawn from the 
lysis solution, washed, and incubated with repair enzymes - 
endonuclease III (EndoIII) or formamidopyrimidine glycosylase 
(FPG) - (300 mU/gel; 45 min 37°C). After lysis and/or incubation 
with EndoIII or FPG, DNA was unwound for 20 min in a 
horizontal electrophoresis system containing fresh alkaline buffer 
(300 mM NaOH/1 mM EDTA at pH 13.0). The DNA expression 
alkali-labile sites occurred by migration of DNA damage under an 
electric current (25 V; 300 mA; 0.9 V/cm). Slides were neutralized 
and stained beforehand as previously described;25 100 cells/slide 
were visualized by optical microscopy and scored according to 
the method previously described above.26

Cardiomyocyte protein extracts
After 24 or 48 hours of treatment with DOX, the cell medium 

was removed and protein extracts of cardiomyocytes were 
prepared as previously described,9 which were used for all 
additional analyses described below.

Quantification of oxidative stress
Dichlorofluorescein diacetate (H2DCF-DA) is a probe that is 

hydrolyzed by esterases of intracellular medium to form a non-
fluorescent H2DCF that is oxidized by intracellular oxidants into 
a fluorescent dichlorofluorescein (DCF).27 Briefly, H2DCF-DA 

was incubated with cardiomyocyte protein extract as previously 
described,9 and the intensity of fluorescence was measured 
in a microplate reader (SpectraMax M2℮, Molecular Devices, 
California) at 480 ηm (EX) and 535 ηm (EM).

Antioxidant defense system
The activity of the antioxidant defense system of neonatal 

cardiomyocytes was evaluated by means of catalase (CAT) and 
superoxide dismutase (SOD) enzymatic activity, as previously 
described.28,29 Total sulfhydryl content, which inversely correlated 
with the oxidative damage in proteins, was estimated by the 
method previously described.30

DNA damage response
The response of cardiomyocytes to DNA damage DOX-

induced was assessed by immunoblotting analysis of Sirt6 
(sirtuin6), a histone deacetylase that acts as a scaffold protein in 
DNA damage repair. For this assay, 25 μg of a cardiomyocyte 
protein were separated by a 12% SDS-PAGE in a previously 
described method.31 Membranes were incubated with anti-
sirt6 and actin (C-2), at 1:500. Blot was revealed using a 
chemiluminescence kit (ECL, Thermo Scientific). Optical densities 
of immunoblots were determined with the ImageJ 1.48v software 
(Wayne Rasband, National Institutes of Health, USA).

Protein quantification
Protein concentration of the protein extracts was 

determined as previously described.32

Statistical analysis
Data were analyzed using the Statistical Package for the 

Social Sciences (SPSS) version 16.0 (IBM Company, Armonk, 
NY, USA). Normal distribution and homogeneity of variances 
were evaluated by the Kolmogorov-Smirnov and Levene’s 
tests, respectively. One-way Analysis of Variance (ANOVA) 
and Tukey post-hoc test were used by comparison between 
groups. Correlations were performed by Pearson’s correlation 
coefficient. Data were expressed as mean ± standard error 
of mean (S.E.M) and a p<0.05 was considered significant.

Results

Resveratrol attenuated DOX-induced apoptosis and 
necrosis in neonatal cardiomyocytes

The effects of maternal supplementation with resveratrol 
during pregnancy were initially evaluated by the trypan blue (TB) 
exclusion test (Figure 2), which demonstrated a concentration-
dependent DOX-induced cell death. However, supplementation 
with resveratrol during pregnancy protected neonatal cells from 
death induced after 48 h of DOX treatment with 1.0 or 0.5 µM 
DOX (Figure 2B), in relation to neonatal cardiomyocytes from 
non-supplemented rats.

Subsequently, the main mechanism of cardiomyocyte death 
was explored by flow cytometry (Figure 3). The results confirmed 
those obtained by TB assay, showing an increase in cardiomyocyte 
death related to DOX treatment, exhibiting the highest fraction 
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of cell death by apoptosis at a concentration of 1 µM DOX 
(p<0.001). These results also demonstrate that apoptosis is 
the main mechanism of death induced by DOX in neonatal 
cardiomyocytes (Figure 3A), corroborating previous results 
from our research group.9 Moreover, the resveratrol protected 
neonatal cardiomyocytes against DOX-induced death 48 h after 
treatment, with an increase in viable cells (p<0.001) and decrease 
in apoptotic and necrotic cells (p<0.001) (Figure 3B).

Oxidative stress is attenuated in neonatal cells by 
gestational resveratrol supplementation

The most accepted mechanism for DOX-induced toxicity 
is the formation of ROS, which in turns leads to the formation 
of oxidative stress.5 Figure 4A and B show that neonatal 
cardiomyocytes exposed to DOX showed an increase 
(p<0.001) in intracellular oxidant production, in relation 
to the Control (cells not exposed to DOX). Importantly, 

Figure 2 – Viability of neonatal cardiomyocytes exposed to DOX (0.1, 0.5 or 1.0 µM) for 24 h (A) or 48 h (B), by trypan blue (TB) exclusion 
test. Cardiomyocyte culture of the offspring from rats supplemented (2.5 mg/Kg) with resveratrol (RV-G) or the control group (C-G). Values 
are mean±S.E.M (n=8). Symbol * indicates p<0.001, # p<0.01, and & p<0.05 between RV-G and C-G. Symbol Φ indicates p<0.001, $ 
p<0.01, and Δ p<0.05 from control cells (not exposed to DOX), by One-Way ANOVA, Tukey post-hoc test.
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supplementation of mothers with resveratrol during pregnancy 
attenuated (p<0.05) oxidative stress in neonatal cells after 
treatment with 0.5 or 1.0 µM DOX (Figure 4B) in relation to 
the control group (C-G). Moreover, cell viability and oxidative 
stress production, also measured by DCF oxidation, are 
inversely correlated, both at 24 and 48 h (r=-0.8, p<0.0001 
and r=-0.789, p<0.001), respectively. Notably, a direct 
correlation between intracellular oxidative stress production 
and apoptosis (r=0.836, p<0.0001, r=0.817, p<0.0001) was 
observed after DOX treatment, 24 h and 48 h respectively.

Resveratrol reduces oxidative DNA damage DOX-induced 
in neonatal cardiomyocytes

The DOX-induced genotoxic stress was evaluated by the 
alkaline Comet assay, which detects alkali-labile sites and 
strand breaks in the DNA.33 The results show an increase 
in DNA damage induced by DOX in neonatal cells from all 
groups of mothers (Figure 5A-B), which was concentration-
dependent. However, gestational supplementation with 
resveratrol protected cardiomyocytes from DNA damage 
induced by DOX.

Considering that DOX-induced oxidative stress production 
was reduced (p<0.05) by resveratrol (Figure 4), the 
evaluation of the DNA damage related to the DOX-generated 
oxidative stress becomes an important question. Thus, 
the activity of DNA-repair enzymes of endonuclease III 
(EndoIII) and formamidopyrimidine glycosylase (FPG) 
were examined, which improve the Comet test specificity, 
recognizing damaged bases by oxidative stress and converting 
them into single-strand breaks.26,34 Figure 5 (C-F) shows the 
magnitude of oxidative damage in the DNA caused by DOX 
treatment, which was recognized by the repair enzymes. 
Notably, neonatal cardiomyocytes from supplemented 
mothers exhibited a decrease (p<0.001) in oxidative damage 
observed in DNA. Additionally, resveratrol supplementation 
was able to decrease oxidative DNA damage of neonatal 
cardiomyocytes not exposed to DOX, both 24 and 48 h 
after DOX treatment.

Neonatal cardiomyocytes from resveratrol supplemented 
mothers showed a more efficient antioxidant defense system

With the purpose of evaluating whether resveratrol effects 
on oxidative stress generation and DNA damage are associated 
with an increase in the antioxidant defense system, the 
activities of CAT and SOD enzymes (Table 1) were examined, 
as was the total sulfhydryl content (Figure 6). DOX reduced 
SOD and CAT activities in neonatal cardiomyocytes from 
control mothers when compared to resveratrol supplemented 
neonatal cells (Table 1). 

Correlation analysis demonstrated that CAT activity showed 
an inverse correlation with oxidative stress production (r=-
0.763, p<0.0001 and r=-0.808, p<0.0001) both at 24 and 
48 h after DOX treatment, respectively. The same effect was 
verified for SOD, with an inverse correlation with oxidative 
stress (r=-0.527, p<0.004 and r=-0.671, p<0.0001) at 
24 and 48h of DOX treatment, respectively. Particularly, 
resveratrol blocked the decrease in total sulfhydryl content 
in neonatal cells, in both times of DOX treatment (Figure 6), 
without a protective effect at 1.0 μM DOX (Figure 6B).

Sirt6 expression and response to DNA damage are 
increased in cardiomyocytes from supplemented mothers

Immunoblotting analysis showed that resveratrol 
supplementation of rats during pregnancy induced an increase 
(p<0.01) in the expression of the Sirt6 protein of neonatal 
cardiomyocytes in relation to neonatal cells from the controls. 
Importantly, this increase in Sirt6 expression was dependent 
on the DOX concentration (Figure 7).

Discussion
The present study confirmed the hypothesis that resveratrol, 

present in the maternal diet during the gestational period, 
has a cardioprotective effect on DOX-induced toxicity in an 
offspring cardiomyocyte culture, through an increase in the 
antioxidant defense system and the response to DNA damage.

Figure 4 – Oxidative stress in neonatal cardiomyocytes treated with DOX (0.1, 0.5 or 1.0 µM) for 24 h (A) or 48 h (B). Values are mean±S.E.M, n=8. Symbol 
& indicates p<0.05 between RV-G and C-G. Symbol Φ indicates p<0.001, $ p<0.01, and Δ p<0.05 from control cells (not exposed to DOX), by One-Way 
ANOVA, Tukey post-hoc test.
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Figure 5 – DNA damage in cardiomyocytes treated with DOX (0.1, 0.5 or 1.0 µM) for 24 h (A) or 48 h (B). Oxidative DNA damage was analyzed by 
endonuclease III (EndoIII) and formamidopyrimidine glycosylase (FPG) enzymes in cells treated with DOX for 24 h (C and E) or 48 h (D and F). Values are 
mean±S.E.M, n=8. Symbol * indicates p<0.001, # p<0.01, and & p<0.05 between RV-G and C-G. Symbol Φ indicates p<0.001, $ p<0.01, and Δ p<0.05 
from control cells (not exposed to DOX), by One-Way ANOVA, Tukey post-hoc test.
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Figure 6 – Total sulfhydryl groups of neonatal cardiomyocytes treated with DOX (0.1, 0.5 or 1.0 µM) for 24 h (A) or 48 h (B). Values are mean±S.E.M 
(n=8). Symbol * indicates p<0.001, # p<0.01, and & p<0.05 between RV-G and C-G. Symbol Φ indicates p<0.001, $ p<0.01, and Δ p<0.05 from control 
cells (not exposed to DOX), by One -Way ANOVA, Tukey post-hoc test.
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Table 1 – Effects of gestational supplementation with resveratrol on SOD and CAT activities of neonatal cardiomyocytes exposed to DOX

Control Resveratrol Control Resveratrol

SOD (U/mg protein)

24 hours 48 hours

Control 4.61 ± 0.31 6.26 ± 0.61* 4.46 ± 0.15 6.00 ± 0.73

0.1 µM DOX 3.90 ± 0.39 5.31 ± 0.19* 3.98 ± 0.05# 6.06 ± 0.50*

0.5 µM DOX 3.22 ± 0.42# 5.22 ± 0.37* 3.03 ± 0.37# 5.12 ± 0.42*

1.0 µM DOX 2.83 ± 0.20# 5.56 ± 0.32* 2.53 ± 0.54# 5.19 ± 0.69*

CAT (U/mg protein)

24 hours 48 hours

Control 12.15 ± 1.25 24.08 ± 1.31* 12.30 ± 0.54 27.11 ± 1.28*

0.1 µM DOX 6.16 ± 0.41# 13.00 ± 2.15*# 7.85 ± 0.59# 13.56 ± 1.31*#

0.5 µM DOX 4.04 ± 0.28# 9.47 ± 1.26*# 5.35 ± 0.36# 12.24 ± 1.94*#

1.0 µM DOX 2.62 ± 0.11# 8.78 ± 1.86*# 2.68 ± 0.75# 8.36 ± 0.80*#

Cells were treated with DOX (0.1, 0.5 or 1.0 µM) during 24 or 48 h. Values are mean ± S.E.M (n=8). * indicates p < 0.05 between resveratrol and control 
group, and # indicates p < 0.05 from Control (cells without DOX), by One-Way ANOVA, Tukey post-hoc test.

A concentration-related cardiotoxicity induced by DOX was 
observed in neonatal cardiomyocytes from non-supplemented 
mothers, with an increase in cell death. In accordance with 
previously elucidated mechanisms of cell toxicity induced by 
DOX, in this study, apoptosis was also the main mechanism of 
cardiomyocyte death. Maternal supplementation with 2.5 mg/
Kg resveratrol per day, during the gestational period, protected 
neonatal heart against DOX-induced cardiotoxicity, with an 
increase in cell viability, also decreasing the apoptotic cells, 
which was correlated with the decrease in oxidative stress 
production both at 24 and 48 hours. Moreover, resveratrol 

prevented the decrease in DOX-induced SOD activity and 
led to an increment in CAT activity, in neonatal cells from 
supplemented mothers. Besides antioxidant enzymes, 
neonatal cardiomyocytes from resveratrol supplemented 
mothers exhibited an increase in total sulfhydryl content, 
thus protecting against the oxidative effects induced by DOX. 
These results are favorable to the hypothesis that maternal 
supplementation with resveratrol during pregnancy can 
modulate the responses to stressful agents of progeny.

DOX is a chemotherapeutic drug frequently used in 
clinics, despite its dose-related cumulative cardiotoxic 
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Figure 7 – Sirt6 protein expression of neonatal cardiomyocytes treated with DOX (0.1, 0.5 or 1.0 µM) for 48 h. Bar graph corresponds to mean±SE.M 
of the quantification values of Sirt1/Actin ratio from all samples. Symbol * indicates p<0.001 and # p<0.01 between RV-G and C-G. Symbol Φ indicates 
p<0.001 from control cells (not exposed to DOX), by One-Way ANOVA, Tukey post-hoc test.

effects.1 Development of additional therapeutic strategies 
to reduce the treatment outcomes is essential, considering 
the increase in life expectancy for decades after anti-cancer 
therapy. Experimental and clinical studies, as well as preventive 
medicine, have highlighted the benefits of resveratrol on 
cardiovascular and metabolic diseases,10 and more recently 
on the offspring of animals that received resveratrol during 
pregnancy.18,19 

Structurally, resveratrol can be present in cis or trans 
isoforms, with a biological activity mainly related to trans 
isomer.35 Due to the aromatic rings present in its structure, 
resveratrol acts as an antioxidant, scavenging hydroxyl 
radicals and the generation of oxidative stress.36 Additionally, 
other protective effects on the cardiovascular system can 
be related to its scavenging action on H2O2, delaying the 
oxidative stress and preventing endothelial ROS-induced 
cell death.37 Since resveratrol is able to cross the placental 
membrane, directly affecting the fetus,18 it is possible that 
the cardioprotective effects observed in this study might be a 
direct action of resveratrol in the scavenging of DOX-induced 
ROS. Moreover, the decrease in oxidative stress production 
can also be due to an upregulation of the enzymatic and non-
enzymatic antioxidant defense system, which in turn defuses 

the futile cycle of ROS production during DOX mitochondrial 
metabolization. In line with this, recent data published by our 
group demonstrated that an up-regulation of the antioxidant 
defense system in neonatal cardiomyocytes is induced by 
exercise during pregnancy and protects neonatal cells against 
toxicity induced by DOX.9

DOX forms adducts with DNA, which can activate 
DNA damage responses and induce cell death regardless 
of topoisomerase II.38 DOX also acts as a topoisomerase II 
poisoning, generating double-strand DNA breaks and cell 
death.39 Cell action of DOX also involves the chromatin 
damage, mediated through histone eviction at specific 
genomic sites.3 By contrast, DOX can mediate cell death 
through the generation of oxidative stress that results in DNA 
damage and cell death.2,40 It was recently proposed by Qiao et 
al.41 that DOX-induced cardiotoxicity requires the combination 
of both cell activities, particularly the combination of DNA 
and chromatin damage induced by cardiotoxicity. Moreover, 
chromatin damage caused by the eviction of histones in the 
genome is highlighted as the essential action for the drug’s 
chemotherapeutic efficacy, which must be uncoupled of 
double-strand breaks and DNA damage in cells, which 
together are responsible for the cardiotoxicity of DOX.3,41
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In our research, neonatal cells treated with DOX 
exhibited an increase in oxidative DNA damage, 
evaluated by the activities of FPG and EndoIII enzymes, 
which was correlated with the increase in oxidative stress 
production generated by DOX. However, neonatal cells 
from supplemented mothers showed a reduction in DNA 
strand-breaks through EndoIII or FPG evaluation. This 
cardioprotection provided by resveratrol may well be due 
to its antioxidant profile, as mentioned above, since it is 
able to cross the placental barrier. However additional 
mechanisms can be involved, such as a regulation of DNA 
damage repair enzymes.

In line with this, Sirt6 is a histone deacetylase (HDAC) 
with a key role in DNA repair.42,43 Our results demonstrated 
that neonatal cardiomyocytes, from supplemented rats 
exposed to DOX, showed an increase in Sirt6 expression, 
which can justify the protective action of resveratrol on 
the DNA damage induced in our model. Sirt6 is a scaffold 
protein that, following DNA damage, is attracted to strand 
break sites, activating DNA damage repair agents toward 
an efficient repair.42,44 Moreover, Sirt6 binds to PARP-1, an 
enzyme with an important function in the regulation of 
cellular and subcellular processes, including DNA repair, 
cell cycle, gene expression, and cell death.45,46

Similarly to other class III HDACs, the activity of Sirt6 
is dependent of NAD+ - a coenzyme with a core role in 
the metabolic redox reactions.47 This relationship between 
NAD+ and Sirt6 in the heart is confirmed during a cardiac 
hypertrophy situation, where NAD+ levels decrease and Sirt6 
is inactivated.44 The cardioprotection given by resveratrol in 
this model may well be due to the increase in NAD+ levels, 
since the resveratrol inhibits mitochondrial ATP synthase 
activity by binding to its G-subunit, hindering mitochondrial 
ATP phosphorylation.48 Consequently, resveratrol raises the 
ratio AMP/ATP, activating the energy-sensing AMPK (AMP-
activated protein kinase),49 and increases NAD+, which act 
as a metabolic sensor to Sirt6 activation. It was also shown 
that resveratrol protects mouse embryonic fibroblasts against 
DOX-induced cardiotoxicity through the activation of AMPK 
and through a decrease in ROS production.50

However, Sirt6 expression was not changed in neonatal 
cardiomyocytes from the control group, which exhibited 
an increase in DOX-induced oxidative DNA-damage and 
oxidative stress production, suggesting that the lack of 
cardioprotection is dependent on Sirt6 expression. Notably, 
Sirt6 expression was not changed in the cardiomyocytes 
that were not exposed to DOX, regardless of maternal 
supplementation with resveratrol. As Sirt6 is viewed as a 
defense protein, which activates its defense pathways to 
survive under stressful situations, such as hypoxic damage to 
heart or cardiac hypertrophy,44,51 it is possible that the DOX-
induced toxicity on cardiomyocytes was the missing trigger.

Therefore, in this study, the beneficial effects of 
resveratrol on toxicity induced by DOX on the hearts of 
rat pups was demonstrated, for the first time through the 
supplementation of mothers during pregnancy. Regarding 
the antioxidant properties of resveratrol observed in 
this research, most of its cardioprotective effects were 
mediated by the overexpression of Sirt6 and the increase 

in DNA damage response, preserving the DNA integrity. 
These effects together with the modulation of antioxidant 
enzymes and the reduction in cellular oxidative stress, 
contribute to cardiomyocyte survival under DOX toxicity. 
However, additional studies are necessary to define the 
role of Sirt6 deacetylation targets, and epigenetics in the 
cardioprotective phenotype generated by resveratrol in 
offspring in this model of DOX cardiotoxicity.

Limitations
The main limitations of this study were the impossibility 

of using methods to quantify the dosage of resveratrol in the 
blood of the offspring, which could evidence or rule out 
the direct effect of resveratrol. In addition, the evaluation 
of Sirt6 deacetylation targets could clarify the role of 
epigenetic modulation in this model.

Conclusion
Our study demonstrates, for the first time, that 

supplementation of rats with low doses of resveratrol during 
pregnancy is able to protect the cardiomyocytes of pups 
against DOX-induced toxicity. This protection occurred 
through the regulation of oxidative stress by the antioxidant 
defense system and the increase in the DNA damage 
repair response, mediated by Sirt6 overexpression. Taken 
together, these results denote an important involvement 
of the maternal environment in the responses to stressful 
agents of progeny throughout life. 

Acknowledgements
We wish thank to FAPERGS (Fundação de Amparo à 

Pesquisa do Estado do Rio Grande do Sul) and CAPES 
(Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior) for the fellowships granted to VBB and LVMN.

Author Contributions
Conception and design of the research: Brito VB, Moura 

DJ, Saffi J; Acquisition of data: Brito VB, Nascimento LVM; 
Analysis and interpretation of the data and Critical revision of 
the manuscript for intellectual content: Brito VB, Nascimento 
LVM, Moura DJ, Saffi J; Statistical analysis and Writing of the 
manuscript: Brito VB; Obtaining financing: Saffi J.

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

was reported. 

Sources of Funding 
This study was partially funded by FAPERGS and CAPES.

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

by Verônica Bidinotto Brito, from Universidade Federal de 
Ciências da Saúde de Porto Alegre.

1155



Arq Bras Cardiol. 2021; 117(6):1147-1158

Original Article

Brito et al.
Protection by Resveratrol against Doxorubicin Toxicity

1. 	 Deng Y, Li F, He P, Yang Y, Yang J, Zhang Y, et al. Triptolide sensitizes breast 
cancer cells to Doxorubicin through the DNA damage response inhibition. 
Mol Carcinog. 2018 Jun 1;57(6):807–14. 

2. 	 Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L. Anthracyclines: 
molecular advances and pharmacologic developments in antitumor activity 
and cardiotoxicity. Pharmacol Rev. 2004 Jun;56(2):185–229. 

3. 	 Pang B, Qiao X, Janssen L, Velds A, Groothuis T, Kerkhoven R, et al. 
Drug-induced histone eviction from open chromatin contributes to the 
chemotherapeutic effects of doxorubicin. Nat Commun. 2013 Jan;4:1908. 
doi:https//doi.org/10.1038/ncomms2921

4. 	 McGowan J V, Chung R, Maulik A, Piotrowska I, Walker JM, Yellon DM. 
Anthracycline Chemotherapy and Cardiotoxicity. Cardiovasc Drugs Ther. 
2017 Feb 9;31(1):63–75. 

5. 	 Štěrba M, Popelová O, Vávrová A, Jirkovský E, Kovaříková P, Geršl V, et al. 
Oxidative Stress, Redox Signaling, and Metal Chelation in Anthracycline 
Cardiotoxicity and Pharmacological Cardioprotection. Antioxid Redox Signal. 
2013 Mar 10;18(8):899–929. 

6. 	 Schlitt A, Jordan K, Vordermark D, Schwamborn J, Langer T, Thomssen C. 
Cardiotoxicity and oncological treatments. Dtsch Ärzteblatt Int. 2014 Mar 
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The concept of oxidative stress, well defined as a situation 
in which cells, tissues, or the whole body present an imbalance 
between reactive oxygen species (ROS) and antioxidant defenses 
in favor of ROS levels, is found in several acute and chronic 
diseases, including cancer. The equilibrium between ROS 
production and the ability of cells to avoid oxidative damage 
is a natural challenge for mammalian species since the energy 
production by oxidative pathways in mitochondria allows the 
continuous production of free radical and oxidative molecules.1 
Pharmacological agents may generally use the modulation of 
oxidative balance to treat some diseases, or oxidative imbalance 
may represent a side effect of the drugs. Also, we need to keep 
in mind that oxidative stress caused by environmental (e.g., air 
pollution) and metabolic (e.g., obesity and diabetes) conditions 
is also associated with an increased risk of a variety of cancers.2

Hyperproliferation of tumor cells is accompanied by high 
ROS production, but it is well known that cell stress response, 
antioxidant defenses, and resistance against the cytotoxic 
effects of chemotherapy is quite different in tumor compared 
to immune cells and other tissues. Thus, the tumor is able to 
adapt to conditions of oxidative burden while other cells may 
not present sufficient self-defense against oxidative damage. 
The mechanism of tumor self-protection involves increasing 
the levels of the major non-enzymatic antioxidant defense, 
glutathione (GSH).2 As a “hungry” cell, considering the common 
high-energy demand mainly by glucose uptake, tumors activate 
glucose-6-phosphate dehydrogenase (G6PD) and reroute 
glucose metabolism from glycolysis through the oxidative arm 
of the pentose phosphate pathway (PPP) toward nucleotide 
synthesis. In turn, the increase in nicotinamide adenine 
dinucleotide phosphate (NADPH) allows the increase in GSH 
and other antioxidant systems. Also, at a molecular level, the 
tumor evocates many transcription factors, including activator 
protein 1 (AP-1), heat shock factor 1 (HSF1), nuclear factor κB 
(NF-κB), nuclear factor-erythroid 2 p45-related factor 2 (NRF2), 
and tumor protein p53, representing a proliferative strategy 
accompanied by a robust cell stress defense.2,3 

In the middle of this storm, it is necessary to attack the tumor 
with aggressive agents. Anthracyclines, such as doxorubicin 
(DOX), are highly effective against acute lymphoblastic and 
myeloblastic leukemias and also against solid tumors (e.g., 
breast cancer). However, anthracycline-induced cardiotoxicity 
may occur acutely (during treatment or immediately after), 
inducing pericarditis-myocarditis or arrhythmias, chronically 
promoting complications, and increasing the risk of death. In 
the heart, as an organ with an intense oxidative metabolism 
by nature, DOX can increase ROS production by metabolizing 
the drug. Mitochondria enzymes such as NADPH oxidase, 
cytochrome P-450 reductase, and xanthine oxidase can 
transform DOX and other anthracyclines in the form of quinone 
into semiquinone, which in turn generates ROS as superoxide 
anion and others. Also, DOX-derived ROS may activate p53 
and pro-inflammatory signaling such as NF-κB-centered 
pathways, resulting in an imbalance between pro-and anti-
apoptotic and anti-inflammatory proteins. Finally, DOX could 
affect the transcription and expression of cardiac-specific 
proteins impairing the function of cardiomyocytes leading to 
myofibrillar deterioration, disruption of sarcomere organization, 
and reduction of contractile function.4

Avoiding the oxidative scenario, the basic search is for 
antioxidant strategies. In this issue, a study5 showed that 
supplementation with resveratrol during the gestational period 
has a cardioprotective effect on the offspring’s heart against DOX-
induced toxicity. This antioxidant treatment induced an increase 
in neonatal cardiomyocyte cell viability and decreased apoptotic/
necrotic markers. These effects were associated with improved 
antioxidant defense and decreased DNA oxidative damages, and 
promoted the expression of proteins related to cell stress response 
pathways (Sirt6) in the cardiomyocytes of the pups. Furthermore, 
these exciting results showed the relevance of antioxidant 
supplementation during cancer treatment and highlighted the 
relevance of including antioxidant-related interventions (e.g. 
exercise)6,7 in maternal environments in response to stress agents 
for the offspring health to avoid cardiotoxicity. 
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Abstract

Background: Recurrence Plots (RP) enable a nonlinear analysis of Heart Rate Variability (HRV) and provide information 
on the Autonomic Nervous System (ANS). 

Objectives: To evaluate whether early ambulation in patients undergoing Percutaneous Transluminal Coronary 
Angioplasty (PTCA) influences the quantitative and qualitative components of RP. 

Methods: A total of 32 participants who underwent PTCA were divided into a Control Group (CG - no physical exercises) 
and an Early Ambulation Group (EAG – with physical exercises). Beat-to-beat heart rate was recorded using a heart rate 
monitor in both groups upon admission and discharge. The linear indices in the time and frequency domains were 
analyzed, and nonlinear indices were obtained through RP. The Early Ambulation Physical Therapy Protocol began 12-18 
hours after PTCA. A two-tailed unpaired t-test was used for comparisons, and p-values < 0.05 were accepted as significant.  

Results: When comparing both groups, upon discharge, EAG showed an increase in SDNN (23.55 ± 12.05 to 37.29 
± 16.25; p=0.042), Triangular Index (8.99 ± 3.03 to 9.66 ± 3.07; p=0.014), and VLF (694.20 ± 468.20 to 848.37 ± 
526.51; p=0.004), but without significant changes in the nonlinear evaluation. In addition, in the qualitative analysis of 
RP, a more diffuse and less geometric pattern was observed in EAG, indicating greater variability, while in CG, an altered 
and more geometric pattern was noted. 

Conclusion: The Early Ambulation Protocol promotes an improvement in autonomic behavior as evaluated by HRV and 
by RP, which can thus be considered a useful procedure for better recovery of patients undergoing PTCA.

Keywords: Cardiovascular Diseases/mortality; Myocardial Infarction; Early Ambulation/methods; Exercise; Autonomic 
Nervous System; Angioplasty.

deleterious effects, such as functional decline and reduced 
quality of life after discharge.6 However, it is still very 
common for patients to remain confined to a bed for fear 
of hemodynamic instability.7

In contrast, the analysis of cardiac autonomic modulation 
through Heart Rate Variability (HRV) has been used as a 
predictor of cardiovascular risks in various conditions.8,9 
However, most studies used the linear analysis of HRV.10-12

The human body is a good illustration of a natural 
“Complex System” characterized by the continuous 
interaction of its multiple organs to maintain life. Its 
complexity results in a mode of behavior that is typically 
nonlinear in normal situations.13 Thus, the methods related 
to nonlinear dynamics are usually more clinically relevant 
for a better interpretation of the pathophysiological behavior 
of HRV under various conditions and, consequently, its 
prognostic value, complementing the information obtained 
with traditional evaluations.14

Recurrence Plots (RP) are a nonlinear analysis method 
idealized by Eckmann et al.,15 which proposes the analysis 

Introduction
Cardiovascular diseases account for the highest number 

of deaths worldwide.¹ Among them, Acute Myocardial 
Infarction (AMI) is the leading cause of death in Brazil.² 
However, survival of these patients has increased as a 
result of technological advances, such as Percutaneous 
Transluminal Coronary Angioplasty (PTCA).3,4

Associated with PTCA, multidisciplinary interaction 
plays an important role in reducing mortality,5 since 
early ambulation avoids bed confinement and its many 

1161

https://orcid.org/0000-0002-8574-5719
https://orcid.org/0000-0001-7611-853X
https://orcid.org/0000-0001-9340-6736
https://orcid.org/0000-0002-7942-4441
https://orcid.org/0000-0001-8390-0933
https://orcid.org/0000-0002-9623-3145


Arq Bras Cardiol. 2021; 117(6):1161-1169

Original Article

Silveira et al.
Autonomic Behavior after Early Mobilization

of the behavior of a system, represented by a time series, 
in an abstract space called phase space, enabling the 
quantification and qualification of HRV.15,16

In addition, little is known about acute responses to 
early exercise in autonomic modulation and cardiovascular 
function in the immediate postoperative period of patients 
undergoing myocardial revascularization and PTCA.17

Therefore, the present study aimed to evaluate whether 
early ambulation in patients undergoing PTCA influences 
the quantitative and qualitative components of RP.

Methods

Sample
This is a prospective, controlled and quasi-experimental 

clinical trial. The sample included individuals who 
underwent PTCA at the University Hospital of the 
University of Triângulo Mineiro.

The sample size was calculated considering the 
prevalence of individuals requiring angioplasty and 
hospitalized in a coronary care unit. For the calculation, the 
following formula was used: n= Z2 x p (p-100) / e2, where 
Z is the constant critical value that corresponds to the 95% 
confidence interval (95% CI); p is the prevalence of the 
disease/main variable; and e is sampling error, which may 
vary up to 10% of the true value of the population selected 
for the sample, suggesting a sample of 15 individuals for 
each group. 

The flowchart for sample recruitment and selection is 
displayed in Figure 1.

The sample consisted of 32 participants who met the 
following inclusion criteria: be at least 18 years old; show 
a medical diagnosis of uncomplicated AMI (Killip I and II), 
with or without ST segment elevation and/or indication of 
elective PTCA (successful PTCA with residual stenosis of less 
than 50%); and be able to understand the instructions to 
perform the physical exercises.  Next, the participants were 
divided into two groups: Early Ambulation (EAG) with 16 
participants submitted to the Early Ambulation Protocol; 
and Control (GC) with 16 participants not submitted to 
the Early Ambulation Protocol. The sample was matched 
for age, sex, and medical diagnosis.

Individuals  with at  least  one of  the fol lowing 
characteristics were excluded from the study: history 
of previous AMI, complicated AMI (Killip III and IV), 
pacemaker implantation, 2nd or 3rd degree atrioventricular 
block, sequelae of stroke, inferior limb amputation, severe 
aortic stenosis, previous myocardial revascularization 
surgery, heart failure, hemodynamic instability at rest, 
worsening of the general clinical condition, feverish 
condition, and respiratory failure (need for mechanical 
ventilation).

The study procedures followed all the norms of CNS 
Resolution No. 466 and was approved by the Ethics and 
Research Committee of the Federal University of Triângulo 
Mineiro under Resolution 2.319.890 and the Brazilian 
Registry of Clinical Trials RBR-9w378x.

Figure 1 - Flowchart showing recruitment and selection 
of study participants. AMI: Acute Myocardial Infarction. 
CPA: Cardiopulmonary Arrest. PTCA: Percutaneous 
Transluminal Coronary Angioplasty. MV: Mechanical 
Ventilation.

Experimental Protocol
The experimental protocol consisted of four phases. 

Phase I was conducted with interviews and assessments of 
medical records. Phase II was performed 12 to 18 hours 
after PTCA and consisted of recording beat-to-beat heart 
rate, using a Polar® heart rate monitor model RS800CX 
(Polar Kempele, Finland), and the tachogram was collected 
continuously for 20 minutes. During the entire collection 
process, the participant remained at rest, in the supine 
position, in silence and awake. Phase III was characterized 
by the implementation of an Early Ambulation Protocol, 
performed only by EAG. 

In Phase IV, a new electrocardiogram was performed to 
analyze HRV, following the same procedures as in Phase II.

Early Ambulation Protocol
The Early Ambulation Protocol was adapted from the 

protocol used at the Grady Memorial Hospital and Emory 
University School of Medicine,18 consisting of progressive 
steps in different positions, as described in Table 1. The 
protocol was started and applied in the positions according 
to the participants’ functional status, which was verified by 
evaluations and communication with the multidisciplinary 
team. The EAG performed the protocol throughout the 
hospitalization period, which consisted of two sessions per 
day (4 interventions during ICU stay). 

The following criteria were used to discontinue the Early 
Ambulation Protocol: signs and/or symptoms of fatigue, 
chest pain, dyspnea, cyanosis, pallor, tachycardia (>120 
beats per minute), bradycardia, complex arrhythmias, and 
hypotension (Mean Blood Pressure <65mmHg).

Evaluation of autonomic modulation
For the analysis of HRV indices, RR interval records 

were transmitted to a computer using the Polar Precision 
Performance software (version 4.01.029)19 and converted 
to text files. Only those series with more than 95% of 
sinus beats were analyzed, following the selection of the 
1,000 most stable points (Kubios HRV Software, version 
2.0, University of Kuopio, Finland). The data were filtered 
using the Polar Precision Performance standard software 
filter (version 4.01.029), with a moderate filter. Next, a 
graphical computational filtering tool called T-RR Filter20 
was used.

Among the linear methods, the time domain measures 
normal RR intervals (iR-R), and various measurements 
are calculated from these intervals, including: standard 
deviation of the mean normal iR-R (SDNN), which 
corresponds to sympathetic and parasympathetic effects 
and represents global variability; the percentage of 
adjacent iR-Rs with a difference of duration greater than 
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50 milliseconds (pNN50); and the root mean square of 
the successive differences between the usual adjacent iR-
Rs (RMSSD). The RMSSD and pNN50 variables are related 
only to parasympathetic behavior, while SDNN reflects all 
components responsible for variability. The Triangular Index 
refers to the number of all iR-Rs divided by the frequency 
of these iR-Rs in the modal compartment of the histogram, 
thus reflecting the global variability.21

For the analysis of the frequency domain, the cubic 
splines interpolation method at 4Hz was applied and 
the power spectral density of the most stable segment 
was calculated using the Fast Fourier Transform (FFT), 
calculating, in milliseconds squared (ms2), the spectral 

components for Very Low Frequency (VLF) (<0.04Hz), 
Low Frequency (LF) (0.04-0.15 Hz), and High Frequency 
(HF) (0.15 to 0.40 Hz), in addition to the ratio of these 
components (LF/HF).

LF represents the sympathetic and parasympathetic 
modulation; HF represents the vagal modulation activity.22 
VLF reflects humoral, vascular, thermal regulations, as well 
as the activity of the renin-angiotensin-aldosterone system.22 
Moreover, the LF and HF ratio can be considered a measure 
of sympathovagal balance.22,23 

 RP were used for nonlinear analysis of HRV, which 
was made in a qualitative and quantitative manner. The 
qualitative analysis was performed by visualizing the graphic 

Figure 1 – Flowchart showing recruitment and selection of study participants. AMI: Acute Myocardial Infarction. CPA: Cardiopulmonary Arrest. PTCA: 
Percutaneous Transluminal Coronary Angioplasty. MV: Mechanical Ventilation.

127 patients undergoing 
angioplasty

40 eligible patients

Follow-up

Total n:32

Control Group 
N=16

Early Mobilization Group
N=16

Hemodynamic instability
(Required MV): 1

Need for new PTCA: 7

87 patients excluded due to:
Previous AMI:42

Myocardial revascularization surgery: 10
Hemodynamic instability: 08
Pacemaker implantation: 08

Heart failure: 06
Lower limb amputation: 1

Previous bed confinment: 03
CPA at admission: 1

Neurological events: 08

1163



Arq Bras Cardiol. 2021; 117(6):1161-1169

Original Article

Silveira et al.
Autonomic Behavior after Early Mobilization

pattern and the quantitative analysis used the following 
indices: Recurrence (REC), Determinism (DET), Shannon 
entropy (ES), Laminarity (LAM), Trapping time (TT), and 
Maximum line (MaxLine).15 The following parameters were 
used in RP: embedding dimension = 10; time delay = 
1, radius = 70, line = 2,24 and color scheme = Volcano.

A time series is used for the construction of RP. According 
to the ranges of values ​​between measurements (dimension) 
and distances or time intervals (radius), it can be verified 
whether or not recurrence values ​​exist. The use of different 
colors represents different radii complementing the typical 
visual appearance of RP.24

RP can be analyzed by small and large scale patterns. The 
small scale patterns fit the points, diagonal and vertical lines, 
which enable a qualitative analysis. For example, in healthy 
individuals, RP show a diagonal line and fewer apparent 
squares, indicating higher HRV. In individuals with some 
autonomic modulation impairment, RP show more squares 
defined in the graph, more geometric shapes, indicating 
the inherent periodicity, linear behavior and a low HRV.24,25

In the quantitative analysis, some indices are generated: 
recurrence rate (REC%), which quantifies the percentage 
of recurrent points within a specific radius; Percentage of 
Determinism (DET%), representing the diagonals formed 
by recurrence points; average Length of Diagonal Lines 
(Lmean) and Maximum Length of Diagonal Lines (Lmax), 
representing the largest diagonal except the main one; 
Laminarity (LAM), which are the recurrence points that 
form vertical lines; Trapping Time (TT), which is the average 
length of vertical lines; Entropy, representing Shannon’s 
entropy, which measures the distribution complexity of 
diagonal lines. In this case, unlike other interpretations, it 
is understood that the higher the Shannon entropy is, the 
more linear the time series will be.25

For the qualitative analysis, chaotic, randomized, 
periodic, and linear systems constructed by mathematical 
formulation reported by Takakura et al.24 were used as RP 
models, as shown in Figure 2.

Statistical Analysis
A descriptive analysis of continuous and categorical 

variables was performed. The presence or absence of normal 
distribution of variables was assessed by Shapiro-Wilk tests. 
Continuous data with Gaussian distribution were expressed 
as mean ± standard deviation. Categorical variables were 
expressed as absolute and percentage values.

A two-tailed unpaired t-test was set for all intergroup 
analyses being admitted an alpha error of 5%. All analyses 
were performed with Stats Direct Statistical Software version 
3.3.3. 

Results
The analyzed sample was homogeneous regarding clinical 

diagnosis, systemic blood pressure, heart rate at rest, length of 
hospital stay, number of implanted stents, and HRV indices. 
Table 2 describes the sample characterization of both groups.

The drugs used by CG were beta-blockers (81.3%), 
hypolipidemics (62.5%), Ieca (50%), Aspirin (62.5%), and 
Ticlopidine/clopidogrel (18.8), while EAG used beta-blockers 
(87.5%), hypolipidemics (53.6%), Ieca (50%), Aspirin 
(62.5%), and Ticlopidine/clopidogrel (37.5%).

Table 3 summarizes the analysis of linear indices for the 
time and frequency domains, in which we can observe 
a statistically significant difference in SDNN, Triangular 
Index, and VLF when comparing CG with EAG. Table 4 
shows the quantitative analysis of nonlinear indices by the 
Visual Recurrence Analysis Software. There was no statistical 
difference between both moments when comparing CG 
and EAG.

However, an overall worsening of the Control Group 
pattern can be observed in Figure 3, which shows the 
visual (qualitative) analysis of RP. Upon discharge, there 
are a greater number of dark squares and more geometric 
shapes, indicating higher linearity, and therefore less system 
homeostasis when compared with admission. Moreover, 
when comparing EAG with GC, a more chaotic pattern can 

Table 1 – Early Ambulation Protocol

Position Exercises

Supine

A) One-set diaphragmatic exercises associated with active-assisted or active-free diagonal movement of the upper limb (10 times 
for each limb);

B) Repeat the exercise over 1 set with both members simultaneously (10 times);

C) Repeat the exercise over 1 set with both members simultaneously (10 times);

D) Active assisted or active free lower limbs - triple flexion (10 times) + abduction / hip adduction (10 times for each limb);

E) Ankle flexion-extension (10 times) for each foot;

F) Ankle circumference (10 times) for each foot.  

Sitting Active exercises  from A to F 

Orthostatism

Active exercises from A to F  and active for lower limbs (supported if necessary)

G) Standing on tiptoe (10 times) with both limbs simultaneously;

H) Half squats (10 times);

I) Stationary gait (for 30 seconds);

J) Ambulation in the room (1 round).
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be observed, with fewer apparent and more homogeneous 
squares in EAG, indicating greater complexity and 
improvement of homeostasis.

Discussion
The major findings of the intragroup analysis of EAG 

were the significant increase in the linear indices (SDNN 
and PNN50) upon discharge, when compared with those 
upon admission. In the EAG intergroup analysis, a chaotic 
and more complex pattern was observed.

This increase in linear indices is indicative of high HRV, 
represented by the increase in parasympathetic activity in 
PNN50 and global autonomic activity in SDNN, following the 
application of the Early Ambulation Protocol. This result infers 
improvement of overall health of the cardiovascular system, 
given that increased parasympathetic activity is related to higher 
HRV, and lower cardiovascular mortality,26,27 demonstrating the 
beneficial influence of exercises performed in the ICU.

In the intergroup analysis, the indices for SDNN, Triangular 
Index, and VLF show a statistically significant difference upon 

RANDOM CHAOTIC PERIODIC LINEAR

Figure 2 – RP of randomized, chaotic, periodic, and linear systems, obtained with mathematical formulation. Source: Takakura et al.21

Table 2 – Sample Characterization

  Control Group (N=16) Early Ambulation Group (N=16) p-value*

Sociodemographic profile    

Age: years 61.00 ±8.34 63.50 ±9.64 0.439

Sex: male (n) 08 (50%) 08 (50%)

BMI (kg/m2) 27 ±3 29 ±3 0.467

Diagnostic

Coronary Artery Disease (n) 08 (50%) 08 (50%)  

Acute Myocardial Infarction (n) 08 (50%) 08 (50%)  

BP / HR (at rest)

Heart Rate (bpm) 71.38 ±11.09 71.19 ±10.08 0.960

Systolic blood pressure (mmHg) 130.25 ±22.62 134.38±19.26 0.583

Diastolic Blood Pressure (mmHg) 76.50 ±17.29 72.06 ±9.95 0.383

Mean blood pressure (mmHg) 94.06 ±21.22 92.69 ±13.05 0.827

Coronary obstruction

Right Coronary Artery (n) 12 (75%) 10 (62.5%)  

Anterior Descending (n) 8 (50%) 8 (50%)

Circumflex (n) 2 (12.5%) 3 (18.8%)  

Length of stay in hospital (days) 3.94 ±1.48 3.75 ±1.18 0.113

Number of stents 1.63 ±0.71 1.94 ±0.85 0.215

N: number of participants; mean ± standard deviation; BM: body mass index; kg/m2; kilogram per square meter; BP: blood pressure; HR: heart rate; 
bpm: beats per minute; mmHg: millimeters of mercury.* unpaired Student’s t-test.
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Table 3 – Heart Rate Variability analyzed by Linear Methods: Control vs. Early Ambulation 

HRV indices

Control Early Ambulation Control x Early 
Ambulation

Admission Discharge Admission Discharge Admission Discharge

Mean (SD) Mean (SD) Mean (SD) Mean (DP) p-value p-value

Time Domain

Mean RR 894.58 ±112.65 825.29 ±85.04 890.60 ±147.14 908.12 ±140.25 0.9321 0.0544

SDNN 27.73 ±18.91 27.4 ±8.71 23.55 ±12.05 37.29 ±16.25 0.4610 0.0428*

RMSSD 21.98 ±11.10 15.69 ±9.09 19.68 ±11.03 20.48 ±13.47 0.5601 0.2482

PNN50 4.19 ±7.65 3.83 ±6.85 2.30 ±5.26 5.12 ±6.53 0.7046 0.4864

Triangular Index 9.34 ±4.99 7.23 ±2.09 8.99 ±3.03 9.66 ±3.07 0.8126 0.0148*

TINN 142.81 ±54.25 131.25 ±39.39 120.62 ±63.03 130.0 ±70.75 0.2944 0.9513

Frequency Domain

VLF power (ms2) 927.23 ±1395.20 407.56 ±237.61 694.20 ±468.20 848.37 ±526.51 0.5308 0.0043*

LF power (ms2) 300.06 ±367.49 177.81 ±154.94 233.93 ±165.23 380.50 ±513.86 0.5165 0.1414

HF power (ms2) 148.43 ±174.09 159.87 ±223.07 94.12 ±117.58 177.68 ±159.76 0.4677 0.3282

LF/HF power (ms2) 2.86 ±2.12 3.39 ±2.49 2.80 ±1.61 3.94 ±3.65 0.9295 0.6205

Mean RR: mean of RR intervals; RMSSD: root mean square of the successive differences between the usual adjacent iR-Rs; pNN50: percentage of 
adjacent RR intervals that differ by duration greater than 50 milliseconds; SDNN: standard deviation of the average of normal RR intervals; RR tri 
index: triangular index RR; TINN: Triangular interpolation of the NN interval histogram. Data expressed as mean (standard deviation); VLF: Very Low 
Frequency; HF: High Frequency; LF: Low Frequency; LF/HF: Ratio between Low and High Frequency *: statistically significant difference (p <0.05). 
unpaired Student’s t-test (Control x Early Ambulation).

Table 4 – Heart Rate Variability analyzed by Nonlinear Methods: Control x Early Ambulation

HRV indices

Control Early Ambulation Control x Early Ambulation

Admission Discharge Admission Discharge Admission Discharge

Mean (SD) Mean (SD) Mean (SD) Mean (SD) p-value p-value

Visual Recurrence Analysis (VRA)

Mean 890.64±147.15 908.22±140.36 893.71±101.13 843.18±90.72 0.9457 0.1318

Percentage of Recurrence 40.71 ±7.56 40.18 ±2.41 38.54 ±3.15 43.60±13.66 0.3021 0.3389

Percentage of Determinism 86.35 ±10.99 86.65 ±11.37 83.71 ±13.78 86.63±11.39 0.553 0.8099

Percentage of Laminarity 92.38 ±6.29 91.05 ±9.61 89.62 ±9.66 91.51 ±9.77 0.3477 0.8941

Trapping Time 11.65 ±12.15 8.73 ±3.11 7.68 ±3.67 7.82 ±2.40 0.2271 0.3668

Ratio 2.14 ±0.23 2.12 ±0.22 2.16 ±0.25 2.14 ±0.28 0.8472 0.8257

Entropy 3.79 ±0.75 3.83 ±0.52 3.66 ±0.60 3.71 ±0.48 0.5886 0.5117

MaxLine 219.93±191.23 241.68±223.29 238.12±166.34 171.12±95.56 0.7761 0.2587

Data expressed as mean (standard deviation) *: statistically significant difference (p <0.05). Paired t-test (parametric samples) and Wilcoxon test 
(nonparametric sample). unpaired Student's t-test (Control x Early Ambulation).

discharge. The SDNN indices infer the global information on both 
parasympathetic and sympathetic modulation; the Triangular 
Index expresses RR interval variability, closely related to SDNN; 
and VLF is related to the angiotensin-aldosterone renin system, 
thermoregulation, and peripheral vasomotor tone.25

Some studies27,28 have presented evidence that early 
ambulation improves autonomic modulation in individuals 
after AMI. However, these studies used linear methods for 

their analyses, and recent studies point out that our body 
has a nonlinear behavior. Therefore, the analysis of the 
autonomic modulation by nonlinear methods is paramount.14

 Nonlinear analysis, unlike linear analysis, measures 
quality, scale, and correlation of signal properties, thus 
providing an interpretation of the unpredictability, 
complexity, and fractability of the system.14 Meyerfeldt et 
al.26 found higher “sensitivity” of nonlinear analysis when 
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compared with linear analysis in pathological behaviors, 
such as tachyarrhythmias.

When analyzing the results of indices for chaos domains, 
in absolute values, we found no statistically significant 
differences. However, when analyzing the qualitative 

Figure 3 – Recurrence Plots of participants identified by P_00 admission and discharge. Source: Research

Early ambulation group - Admission Early ambulation group - Discharge

Control group - DischargeControl group - Admission

aspect of RP (Figure 3), it is possible to notice that the RP 
of the participants treated with early ambulation show 
improvement in HRV, as they present more heterogeneous 
colors and less geometric patterns. When compared with the 
mathematical models (Figure 2), they show a behavior that 
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angioplasty.
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Abstract

Background: In 2007, the United States Food and Drug Administration mandated safety reviews of commercially 
available echocardiographic contrast agents (ECA), following reports of death. During the past years, different 
studies have proven the safety of ECA, but there have been few studies on SonoVue®.   

Objectives: To evaluate the safety of SonoVue® during pharmacological stress echocardiography (PSE), by analyzing 
the incidence of allergic reactions and comparing groups regarding the appearance of arrhythmia, minor side 
effects and adverse events. 

Methods: In this observational, prospective study, 2346 patients underwent PSE, and they were divided into the 
following 2 groups: group 1 with ECA (n = 1099) and group 2 without ECA (n = 1247). Patients were evaluated 
during PSE, at 24 hours, and at 30 days. Statistical significance was defined as p < 0.05.

Results: Group 1 had fewer minor side effects, such as headache (5/0.5% versus 19/1.5%, p = 0.012) and less 
reactive hypertension (3/0.3% versus 19/1.5%, p = 0.002); fewer arrhythmias, such as ventricular extrasystoles 
(180/16.4% versus 247/19.8%, p = 0.032) and paroxysmal supraventricular tachycardia (2/0.2% versus 15/1.2%, p 
= 0.003); and no adverse events, such as acute myocardial infarction (AMI) or death. In group 2, 1 patient had AMI 
in < 24 hours (1/01%), and there were 2 deaths in < 30 days (2/0.1%). SonoVue®-related urticaria was seen in 3 
(0.3%) patients, without anaphylactic reaction. 

Conclusion: SonoVue® demonstrated safety during PSE. No cases of death, AMI, or anaphylactic reaction were 
observed. There was a lower incidence of minor side effects and arrhythmias in the group that received ECA, as 
well as a low incidence of mild allergic reactions.

Keywords: Stress Echocardiogram; Echocardiographic Contrast Agent; Sonovue®; Safety.

agents (ECA), with the aim of improving diagnostic accuracy 
of echocardiography, after reviewed data regarding the 
safety of ECA.5 Phase III trials demonstrated their safety, 
and, consequently, ECA were approved and released for 
endocardial border delineation.6,7

However, in October 2007, the FDA discontinued the use 
of ECA after 11 deaths that were temporally related to their 
use.8 Following review in 2008, the FDA once again approved 
the use of ECA, albeit with contraindications for patients with 
known intracardiac shunts or hypersensitivity to perflutren.9

The safety of ECA has been documented over the past 
years in diverse clinical scenarios, such as in patients with 
pulmonary hypertension, intracardiac shunts, and critical 
patients. Large studies have led to changes in FDA approval 
regarding the use of ECA in the described scenarios; 
moreover, the importance of their use in improving patient 
outcomes has been documented. Clinical trials have also 
demonstrated the safety and efficacy of ECA in physical and 
pharmacological stress echocardiography, as well as their use 
for evaluation of myocardial perfusion.10

Introduction
Echocardiography is recognized as a safe, non-invasive, 

and highly reproducible procedure for analyzing the 
anatomical and functional structures of the heart. However, 
up to 30% of exams face technical difficulties due to poor 
image quality,1,2 especially in patients who are obese, 
patients with thoracic deformities, and patients with chronic 
obstructive pulmonary disease.3,4

In 1997, the United States Food and Drug Administration 
(FDA) approved the use of echocardiographic contrast 
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Pharmacological stress echocardiography (PSE) is an 
established modality for diagnosis of coronary artery disease 
(CAD), whose safety has been demonstrated in several 
studies.11 The use of ECA on PSE has been consolidated over 
the years, initially, for endocardial border delineation and, 
subsequently, for evaluation of myocardial perfusion.10 The 
use of ECA is indicated when 2 or more segments of the left 
ventricle (LV) are not adequately visualized.9,10

In 2013, the Brazilian National Health Surveillance 
Agency (ANVISA, acronym in Portuguese) approved the 
use of SF6/sulfur hexafluoride (SonoVue®) in Brazil. While 
its safety has been previously demonstrated, there are few 
studies in the literature that report its use and the occurrence 
of adverse events.12 

Methods

Study design
This observational, prospective, descriptive study 

was approved by the Research Ethics Committee of the 
Emergency Hospital of Goiânia (HUGO/protocol number 
31442100 on Plataforma Brasil). Patients referred for risk 
stratification for CAD were evaluated by means of PSE. 
Patients were included after signing the informed consent 
form.

During PSE, when 2 or more LV segments were not 
adequately visualized, SonoVue® infusion was added for 
better delineation of the endocardial borders.9,10  

Patients were divided into 2 groups. Group 1 comprised 
patients who underwent PSE with dobutamine-atropine 
and SonoVue ECA, and group 2 comprised patients who 
underwent PSE with dobutamine-atropine, without any ECA.

Patients with history of allergic reaction to ECA were 
excluded from this study. Clinical and anthropometric data, 
risk factors for CAD, echocardiographic data, presence or 
absence of arrhythmias, adverse events, and allergic reactions 
within 30 minutes of the exam were obtained.

Patients in group 1 were clinically evaluated regarding 
signs and symptoms of allergic reaction during the first 30 
minutes after the exam in person. After a 24-hour period, 
patients were evaluated in person or by telephone call. 

In order to evaluate adverse events, such as acute 
myocardial infarction (AMI) and death, at 24 hours and 30 
days, the researchers called all patients in both groups by 
telephone. Patients who did not answer the phone calls (3 
calls on different days) and those who did not return to the 
cardiologists’ office or the diagnostic imaging center were 
excluded from the study.

Echocardiography evaluation
PSE was carried out using EPIQ echocardiography devices 

(Philips Ultrasound Systems, Andover, MA, USA) . The exams 
were performed by echocardiographers who had received 
the same training, in a standardized and uniform manner, 
in accordance with the recommendations of the American 
Society of Echocardiography.13  

Patients initially underwent baseline echocardiography, 
with acquisition of linear measurements of cardiac structures 
and valve flows. To evaluate left ventricular ejection 
fraction (LVEF), the Teichholz or Simpson methods were 
used, depending on the extent of change in segmental 
contraction. In some cases, end-systolic diameter was not 
measured when the Simpson method was used to calculate 
LVEF.13,14 Following acquisition of images in the baseline 
stage (parasternal longitudinal, transversal, apical 4-, 3- and 
2-chamber planes), an intravenous infusion of dobutamine 
was initiated, with an initial dose of 5 µg/kg/min, with dose 
increments every 3 minutes at 10, 20, 30, and 40 µg/kg/
min. Atropine was administered in doses of 0.25 mg, every 
minute, up to the maximum cumulative dose of 2 mg, in the 
event that patients did not show echocardiographic signs of 
myocardial ischemia and had not reached a heart rate of at 
least 100 bpm at the stage of 20 µg/kg/min. 

For acquisition of specific images with ECA, the techniques 
of pulse-amplitude modulation and ultrasound pulse inversion 
(fundamental and harmonic) were used, with low mechanical 
index (< 0.20), associated or unassociated with a flash, to 
allow for uniform opacification of the endocardial boundary.10

A 30-minute monitoring period was standardized after the 
end of infusion, in order to evaluate the following: adverse 
effects, signs and symptoms of allergic reaction (group 1), 
and return of heart rate (HR) to a value below 100 beats 
per minute (bpm).11 

During PSE, patients were kept under continuous 
mon i to r ing  (b lood  p re s su re ,  HR,  and  12- lead 
electrocardiogram measurements). Symptoms were 
registered by directly questioning the patients, at any moment 
of the study.14 

PSE was considered effective when the exam achieved 1 
of the following objectives: at least 85% of the age-predicted 
maximal heart rate, calculated using Karvonen’s equation 
(maximal HR: 220 − age),15 or echocardiographic signs of 
ischemia (new alterations in LV segmental wall motion).11

The criteria for interrupting the exam, which were 
considered non-diagnostic, were the following: unbearable 
symptoms, reactive arterial hypertension (systolic blood 
pressure > 230 mmHg or diastolic blood pressure > 120 
mmHg), relative or absolute hypotension (decrease of > 
30 mmHg in relation to resting systolic pressure or systolic 
blood pressure < 80 mmHg), supraventricular arrhythmias 
(sustained supraventricular tachycardia or atrial fibrillation), 
and ventricular arrhythmias (non-sustained and sustained 
ventricular tachycardia).16

The safety criteria of the exam were established as the 
potentially life-threatening complications defined in the meta-
analysis published by Geleijnse et al., such as cardiac rupture, 
AMI, stroke, asystole, ventricular fibrillation, and sustained 
ventricular tachycardia.17 Angina, nausea, headache, reactive 
arterial hypertension, and arterial hypotension (decrease of 
> 30 mmHg in relation to resting systolic blood pressure, 
requiring crystalloid replacement) were defined as minor side 
effects. These events are not life-threatening; they have a short 
duration, and they are reverted by interrupting the exam, as 
defined in the safety study by Wilson et al.18 
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Regarding cardiac arrhythmias registered during 
the exam, the following were defined: paroxysmal 
supraventricular tachycardia, presence of narrow QRS 
complexes (< 120 ms), in the absence of a conduction 
disorder, that were regular and similar to each other; atrial 
fibrillation, absence of P wave associated with irregular 
rhythm, narrow QRS complexes, in the absence of a 
conduction disorder; ventricular extrasystoles, presence of 
premature ventricular complexes, with a frequency higher 
than 6 complexes per minute; ventricular bigeminy, the 
presence of ventricular extrasystoles alternating with normal 
QRS complexes; non-sustained ventricular tachycardia, the 
presence of more than 3 premature ventricular contractions, 
lasting less than 30 seconds, with HR greater than 100 
bpm; and sustained ventricular tachycardia, the presence 
of more than 3 premature ventricular contractions, lasting 
more than 30 seconds, and HR greater than 100 bpm.14

The LV was divided into 17 myocardial segments, in 
following with the recommendations of the American 
Society of Echocardiography.13,15 Qualitative analysis of 
segmental myocardial wall motion was based on visual 
evaluation of myocardial thickening and on the degree 
of wall motion graded on a segmental wall motion index, 
assigning the following scores to each segment: 1 normal; 
2 hypokinesia; 3 akinesia; and 4 dyskinesia. The normal 
score on this index is 1 (17 points/17 segments). Any value 
greater than 1 was considered altered segmental wall score. 
A positive exam for myocardial ischemia was defined as 
the clear presence of altered segmental myocardial wall 
motion in 1 or more segments of the LV, during PSE.11,13,14 

For patients in group 1, the ECA was injected as a bolus, 
at a dose of 0.5 to 1 ml at rest, during the protocol and 
the recovery phase. The amount of ECA applied during the 
PSE was at the discretion of the echocardiographer, with 
the aim of completely opacifying the endocardial borders 
during the exam.9 One ampoule of SonoVue® was used for 
a maximum number of 2 patients (1:2 ratio), consistently 
respecting sterility standards, with an interval of fewer than 
6 hours between exams.9

Allergic reactions to SonoVue® were classified in the 
following manner:

• Mild: sneezing , tingling , urticaria, itching , and 
costolumbar pain, not requiring medical treatment;

• Moderate: sneezing, tingling, urticaria, and itching, 
requiring antihistamine and/or corticoid use;

• Severe: signs and symptoms of severe allergic reaction 
(anaphylactic shock), requiring immediate treatment with 
intramuscular epinephrine, inhalation of β-2 adrenergic agonists 
for bronchospasms, antihistamine, and corticoid drugs.12 

Statistical analysis
Results were shown as tables and graphs. Categorical 

variables were shown as frequency and percentage, 
and continuous variables were shown as median and 
interquartile range. For comparison of categorical variables 
between groups, Fisher’s test and the chi-square test were 
used. The Kolmogorov-Smirnov test was used to verify 
whether there was significant difference in continuous 
variables that did not show normal distribution between 
the study groups. This test was used because it was a 
comparison between both groups, where the tested 
variables did not show normal distribution; in this situation, 
it was the most sensitive test to any difference in distribution 
from which the samples were extracted. For all tests, a 95% 
confidence interval was applied, and p values less than 0.05 
were considered significant. Data were analyzed using the 
statistics program Statistical Package for Social Sciences 2.1 
(SPSS).	

To calculate sample size, the safety study by Abdelmoneim 
et al., which evaluated 26,774 patients, was used as a 
reference. In that study, there were 94 deaths over 30 days, 
so the calculation of sample proportion (infinite samples) 
was estimated at 0.035109 (94/26,774), with an error of 
0.25%.20 In our study, the sample size was calculated at 
2150 patients. 

Results
This study evaluated 2346 patients, 1099 in group 1 

and 1247 in group 2. Clinical follow-up was lost in 37 
patients in group 1 (3%) and 73 in group 2 (5%). Thus, the 
final sample studied included 1062 patients in group 1 and 
1174 in group 2.

Patients in group 1 were predominantly male, and they 
had higher body surface area and body mass indices, as 
shown in Table 1. 

Table 1 – General characteristics of the sample of patients in groups 1 and 2

Variable
With contrast

(n = 1099)
Median (Q1 – Q3)

Without contrast
(n = 1247)

Median (Q1 – Q3)
p

Age 65.0 (56.0 – 74.0) 65.0 (57.0 -73.0) 0.460

Weight 84.0 (72.0 – 98.0) 74.0 (64.0 – 85.0 ) < 0.001*

Height 167.0 (160.0 -174.0) 164.0 (157.0 – 174.0 ) < 0.001*

BSAI 1.90 (1.75 -2.08) 1.80 (1.65-1.95) < 0.001*

BMI 30.0 (26.0 -35.0) 27.4 (24.4 -31.0) < 0.001*

Male sex1 613 (55.8%) 511 (41.0%) < 0.001*

Chi-square and Kolmogorov-Sminorv tests; * significant; Q1 – Q3: interquartile ranges of the median. BMI: body mass index; BSAI: body surface area index.
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An important piece of data in our study is that the use of the 
ECA made adequate visualization of all LV segments possible 
in the studied patients, contributing to improved exam quality.

It was also observed that group 1 had a greater number 
of patients with hypertension, obesity, sedentarism, and 
higher frequency of prior angioplasty. In group 2, there were 
more patients who were former tobacco users and patients 
with family history of CAD. Table 2 shows the distribution of 
antianginal therapy between groups.

With respect to echocardiography parameters (Table 3), it was 
observed that group 1 had slightly higher median values, when 
compared to group 2, for the following variables: aortic root, 
left atrium, left atrial volume, left ventricular diastolic diameter, 
interventricular septum, and left ventricular posterior wall.

Regarding analysis of arrhythmias that presented during the 
exam, group 2 had a higher incidence of isolated ventricular 
extrasystoles and paroxysmal supraventricular tachycardia. 
Likewise, in group 2, there was a higher incidence of headache 
and reactive arterial hypertension during the exam (Table 4).  

 Adverse events such as AMI and death were observed only 
in group 2. One patient had AMI fewer than 24 hours after the 
exam. There were 2 deaths in fewer than 30 days. The first case 
was an 80-year-old patient with a positive result for myocardial 
ischemia on PSE (multivessel). The patient progressed to AMI 
fewer than 24 hours after the exam, requiring hospitalization 
in an intensive care unit, and he died on the seventh day after 
the exam. The second case was a death on the seventeenth day 
after PSE, due to a non-cardiovascular cause.	 The allergic 
reactions found in group 1 comprised itching and urticaria. All 
of these cases occurred in women, in a simultaneous manner. 
The overall incidence of allergic reactions was low (0.6%). 
Urticaria was observed in 3 patients (0.3%), with 2 cases of 
early presentation (under 30 minutes, with 4.8-ml doses) and 
1 case of late presentation (after 24 hours, with 2.5-ml doses 
of ECA), as shown in Figure 1 and Table 5.

Doses of ECA administered during PSE ranged from 1.5 ml 
to 4.8 ml. The dose of 1.5 ml was administered in 5 patients 
(0.5%); 2.5 ml in 913 (83.1%); and 4.8 ml in 79 (7.2%). 

 PSE with ECA was repeated within less than 1 year in 90 
patients (8.5%). Of these patients, 1 had urticaria less than 30 
minutes after infusion, with an administered dose of 4.8 ml.

Discussion
This cohort included a total number of 2346 patients. 

Patients were predominantly male in the group that received 
ECA, and mean age was similar between the groups. These 
3 pieces of data are in agreement with the safety study 
by Tsutsui et al.19 Our sample size was smaller than that 
of other safety studies on other existing ECA.1,20-28 Among 
these studies, our data were similar to those of the study 
by Abdelmoneim et al.,20 where the group that received 
ECA was predominantly male, with body mass index > 30 
kg/m2.20 Both groups were similar in terms of risk factors 
for CAD, but group 2 had a greater number of patients on 
continuous use of beta-blockers (17.8 versus 27.7 with p 
< 0.001). Patients in group 2 showed a higher incidence 
of headache and reactive arterial hypertension during PSE, 

when compared to patients in group 1. Continuous use 
of beta-blockers, without prior suspension, could justify a 
higher incidence of these side effects mentioned during PSE 
with dobutamine, due to higher adrenergic stimulation of 
alpha receptors and direct block of vasovagal baroreceptors, 
consequently leading to a higher frequency of reactive 
arterial hypertension and headache.19,22

In our study, there was a greater incidence of paroxysmal 
supraventricular tachycardia in group 2, where ECA was not 
used. This piece of data corroborates the safety of ECA in 
the study population. The appearance of arrhythmias during 
PSE is related to the presence of ventricular dysfunction, 
advanced age, previous history of arrhythmia, and alterations 
in resting segmental wall motion.17 These risk factors were 
similar in both study groups; therefore, it is not possible to 
consider these motives as responsible for this difference in our 
study.29 Another explanation could be that a higher dose of 
dobutamine was used during the exam, given that, in group 2, 
there was a greater number of patients on continuous use of 
beta-blockers.30 We cannot, however, confirm this hypothesis, 
because, unfortunately, we did not compare the dobutamine 
doses used between the groups. Data from our study differ from 
those found in the study by Saikh et al.,23 which demonstrated a 
higher incidence of arrhythmias, such as ventricular extrasystole, 
atrial fibrillation, and non-sustained ventricular tachycardia in 
the group that received the ECA.23 In contrast, Abdelmoneim 
et al.20 observed that there was a similarity in the occurrence 
of arrhythmias between their cohorts.20 Tsutsui et al.19 found no 
difference between their 2 study groups regarding the incidence 
of non-sustained ventricular tachycardia, sustained ventricular 
tachycardia, or paroxysmal supraventricular tachycardia.19

Regarding the outcomes of AMI and death, our data are 
similar to those of the study conducted by Gabriel et al.,22 
where the outcome of death did not occur in patients in 
the group that received the ECA (0/0.0% versus 2/0.04%).22  

Shaikh et al.23 retrospectively evaluated 2 cohorts, and 
they did not observe any deaths between the groups.23 
Vancraeynest et al.30 described, in their study, a case of AMI 
in the group that received ECA, but a causal relationship was 
unlikely in this case. Their study evaluated patients referred 
for diagnostic coronary angiography after undergoing 
echocardiography with ECA (perfluorocarbon-enhanced 
dextrose albumin), using a high mechanical index (1.5), 
with the same imaging plane for 15 minutes and subclinical 
release of cardiac biomarkers. It was observed that images 
with low mechanical indices (0.2) were safer.30

In the meta-analysis conducted by Khawaja et al.,31 
involving 211,162 patients, the mortality in the group that 
received ECA versus the group without ECA was 0.34% 
versus 0.9%, with p = 0.052, and that of AMI was 0.15% 
versus 0.2%, with p = 0.72.31 These findings are similar to 
those found in the studies by Dolan et al.,1 Abdelmoneim 
et al.,20 and Kunestzky et al.26 Our study showed a lower 
incidence of AMI and death when compared to the 
aforementioned meta-analysis. One of the reasons for this 
could be the fact that our sample consisted of outpatients 
who were stable, without acute ischemic syndromes or 
critical situations. 
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Table 2 – Distribution of patients by risk factors for coronary artery disease and antianginal therapy in groups 1 and 2

Variables
Group 1 (n = 1099) Group 2 (n = 1247) p

Risk factors for CAD

SAH 764 (69.52%) 812 (65.12%) 0.025*

DM 266 (24.20%) 276 (22.13%) 0.220

Previous AMI 93 (8.46%) 96 (7.70%) 0.495

Tobacco use 65 (5.91%) 73 (5.85%) 0.507

Former tobacco use 38 (3.46%) 342 (27.43%) < 0.001*

DLP 425 (38.67%) 524 (42.02%) 0.109

MRS 30 (2.73%) 23 (1.84%) 0.164

Prior angioplasty 221 (20.11%) 153 (12.27%) < 0.001*

FHCAD 153 (13.92%) 309 (24.78%) < 0.001*

Obesity 556 (50.59%) 391 (31.36%) < 0.001*

Sedentarism 783 (71.25%) 790 (63.35%) < 0.001*

Chagas disease 8 (0.73%) 39 (3.13%) < 0.001*

Antianginal therapy

Beta-blockers 151 (13.74%) 325 (26.06%) < 0.001*

Nitrates 0 (0.00%) 19 (1.52%) < 0.001*

Statins 214 (19.47%) 342 (27.43%) < 0.001*

Antiplatelet agents 198 (18.02%) 255 (20.45%) 0.136

Fisher’s test; * significant.  AMI: acute myocardial infarction; CAD: coronary artery disease; DM: diabetes mellitus; DLP: dyslipidemias; FHCAD: 
family history of coronary artery disease; MRS: myocardial revascularization surgery; SAH: systemic arterial hypertension. 

Table 3 – Hemodynamic, geometric, and functional echocardiographic parameters of groups 1 and 2

Echocardiographic and 
hemodynamic baseline 
characteristics 

With contrast
(n = 1099)

Without contrast
 (n = 1247) p

Median (Q1 – Q3) Median (Q1 – Q3)

AoR 32.0 (29.0 – 35.0) 31.0 (28.0 – 34.0) < 0.001*

LA 37.0 (34.0 - 40.0) 35.0 (31.0 – 38.0) < 0.001*

LAV 28.0 (23.0 – 30.0) 21.0 (18.0 – 27.0) < 0.001*

LVDD 47.0 (44.0 – 51.0) 46.0 (43.0 – 50.0)  0.001*

LVSD 29.0 (27.0 – 32.0) 29.0 (26.0 – 32.0) 0.053

LVEF 66.0 (61.0 – 70.0) 65.5 (60.0 – 70.0) 0.001*

IVS 9.0 (8.0 – 10.0) 8.0 (7.0 – 9.0) < 0.001*

LVPW 9.0 (8.0 – 10.0) 8.0 (7.0 – 9.0) < 0.001*

RWMSI 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0) 0.440

SWMSI 1.0 (1.0 – 1.0) 1.0 (1.0 – 1.0) 0.625

SBP 130.0 (120.0 – 140.0) 130.0 (120.0 -130.0) 0.001*

DBP 80.0 (80.0 – 80.0) 80.0 (80.0 – 80.0) < 0.001*

HR 70.0 (63.0 – 78.0) 70.0 (64.0 – 70.0) < 0.001*

Kolmogorov-Sminorv test; * significant; Q1 – Q3: interquartile ranges of the median. AoR: aortic root; bpm: beats per minute; DBP: diastolic blood 
pressure; HR: heart rate; IVS: interventricular septum; LA: left atrium; LAV: left atrial volume; LVDD: left ventricular diastolic diameter; LVEF: left 
ventricular ejection fraction; LVPW: left ventricular posterior wall; LVSD: left ventricular systolic diameter; RWMSI: resting wall motion score index; 
SBP: systolic blood pressure; SWMSI: stress wall motion score index.
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Some studies, for instance, Tsutsui et al.,19 using 
Optison® and Definity® as ECA, and Aggeli et al.,28 using 
SonoVue®, did not find any events, such as AMI or death, 
during PSE.

Differently from our sample of outpatients, Anantharam 
et al.27 demonstrated the safety of ECA in patients 
undergoing PSE with suspected stable acute coronary 
syndrome. Over a 4-year period, 3,704 patients underwent 
PSE or exercise stress echocardiography; 929 (25%) of these 
patients had suspected acute coronary syndrome. The ECA 
used were SonoVue® (46%) and Luminity® (54%), and 
no deaths occurred in the groups with or without ECA. 
In this same study, there were no outcomes of AMI in 
patients who received ECA; on the other hand, 3 patients 
in the group without ECA had AMI (p = 0.24).27 Our study 
showed a low incidence of allergic reactions. These data 
are similar to those found by Aggeli et al.28 In their study, 
23 (0.44%) patients out of a total of 5250 who received 
SonoVue® showed itching and urticaria. The condition was 
reverted with the use of antihistamines, without requiring 
hospitalization.28

Wei et al. retrospectively evaluated 78,383 patients, and 
they observed that 0.01% of the sample had severe adverse 
events, considered probably related to Definity®, within 
the first 30 minutes after administration, distributed equally 

between men and women. There were 2 cases of allergic 
reaction such as urticaria and lip edema, but there were no 
respiratory abnormalities and all patients recovered after 
use of an antihistamine drug.21

In the meta-analysis by Khawaja et al.,31 which evaluated 
110,500 patients, the incidence of severe allergic and 
anaphylactic reactions immediately after administration of 
ECA was 0.009% and 0.004%, respectively.31 In another 
study conducted by Herzog et al.,25 the incidence of itching 
and urticaria was 2 (0.01%), and that of anaphylactic 
reaction was 1 (0.01%).25  In the study by Shaikh et al.,23 
anaphylactic reaction was observed in 1 patient (0.03%) 
after administration of Definity®, without prior exposure 
to contrast.23 These very rare and severe allergic reactions 
are secondary to a type 1 hypersensitivity reaction known as 
complement activation-related pseudo-allergy or CARPA.12,32

According to Muskula et al.,12 the incidence of allergic 
reactions with the use of ECA occurs in approximately 
0.01% of cases, and these reactions can be avoided by 
using lower doses with slow infusion.12 In our study, 83.1% 
of patients received 2.5 ml, and 7.2% received 4.8 ml of 
SonoVue®. In our sample, 8.5% of patients repeated PSE 
with SonoVue®, in under 1 year, and only 1 patient showed 
urticaria in under 30 minutes, thus making it difficult to 
determine the dose-response relationship. 

Table 4 – Incidence of arrhythmias, minor side effects, and adverse events induced during PSE in groups 1 and 2 

Variables Group 1 
(n = 1099)

Group 2 
(n = 1247) p

Arrhythmias induced during pharmacological stress

VE 180 (16.4%) 247 (19.8%) 0.032*

SVE 74 (6.7%) 66 (5.3%) 0.162

NSVT 6 (0.5%) 10 (0.8%) 0.617

SVT 0 (0.0%) 1 (0.1%) 1.000

VF 0 (0.0%) 0 (0.0%) -

PSVT 2 (0.2%) 15 (1.2%) 0.003*

AF 2 (0.2%) 2 (0.2%) 1.000

Bradycardia 1 (0.1%) 0 (0.0%) 0.469

Minor side effects

Angina 20 (1.8%) 14 (1.1%) 0.170

Headache 5 (0.5%) 19 (1.5%) 0.012*

Nausea 4 (0.4%) 8 (0.6%) 0.397

Reactive AH 3 (0.3%) 19 (1.5%) 0.002*

Arterial hypotension 1 (0.1%) 2 (0.2%) 1.000

Adverse effects (n=1062) (n=1174)

Death within 24 h 0 (0.0%) 0 (0.0%) -

Death within 30 days 0 (0.0%) 2 (0.17%) 0.276*

AMI within 24 h 0 (0.0%) 1 (0.1%) 0.525

AMI within 30 days 0 (0.0%) 0 (0.00%) -

Fisher’s test; * significant. AF: atrial fibrillation; AH: arterial hypertension; AMI: acute myocardial infarction; NSVT: non-sustained ventricular tachycardia; 
PSE: pharmacological stress echocardiogram; PSVT: paroxysmal supraventricular tachycardia; SVE: supraventricular extrasystole; SVT: sustained 
ventricular tachycardia; VE: ventricular extrasystole; VF: ventricular fibrillation. 
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Figure 2 – Patient with limited acoustic windows, with improved imaged after use of the echocardiographic contrast agent.

Figure 1 – Example of a patient with allergic reaction/urticaria to use of SonoVue®, with clinical improvement after use of an oral antihistamine drug.

Study limitations

1. This was a prospective, single-center study with 
outpatients, and it did not include critical patients or 
patients with acute coronary syndrome

2. The number of patients in the sample was at the lower 
limit for safety analysis of ECA.

3. Comparisons were not made with other ECA. 

Conclusions
SonoVue® demonstrated safety during PSE. No cases 

of death, AMI, or anaphylactic reaction occurred during 
the exam or within 24 hours after it was performed.  
A lower incidence of minor side effects and arrhythmias was 
observed in the group that underwent PSE with SonoVue® 
ECA, in comparison with the control group, and there was 
a low incidence of mild allergic reactions.
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Table 5 – Distribution of adverse reactions to echocardiographic 
contrast agent (SonoVue®) in group I during PSE

Group I (n=1089) Variable N %

Allergic reaction 3 0.3

30 min after infusion

Itching (n=1086) 2 0.2

Sneezing (n=1083) 0 0.0

Urticaria (n=1083) 2 0.2

Wheezing (n=1083) 0 0.0

Anaphylactic reactions (n=1083) 0 0.0

Angioedema (n=1085) 0 0.0

Anaphylactic shock (n=1085) 0 0.0

24 h after infusion

Itching (n=1081) 1 0.1

Sneezing (n=1081) 1 0.1

Urticaria (n=1082) 1 0.1

Wheezing (n=1082) 0 0.0

Anaphylactic reactions (n=1082) 0 0.0

Angioedema (n=1082) 0 0.0

Anaphylactic shock (n=1082) 0 0.0

N: Número de pacientes; h: horas; min: minutos; EEF: ecocardiograma 
sob estresse farmacológico.
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Abstract

Background: Coronary artery bypass grafting (CABG) continues to be an effective therapy for coronary artery disease 
patients, but the vein graft is prone to restenosis or occlude. Adiponectin (ADP) is a plasma hormone protein with the 
function of regulating cell proliferation.

Objective: This study used two different doses of ADP protein in a rat vein graft model to stimulate vein graft change. 
The aim of our study was to investigate the effect of ADP on vein graft restenosis.

Methods: Autologous jugular veins were implanted as carotid interposition grafts through the anastomotic cuff technique 
in Sprague Dawley rats. Adiponectin (2.5 μg and 7.5 μg) was delivered to the vein bypass grafts in a perivascular fashion, 
suspended in a 30% Pluronic-F127 gel. No treatment (bypass only) and vehicle loaded Pluronic gel served as controls. 
Comparisons were made with one-way analysis of variance and a post-hoc test, with p < 0.05 considered significant. 

Results: Cell proliferation (PCNA index) was significantly low in adiponectin-treated versus control and vehicle-gel-treated 
grafts, both in intima and adventitia, as of day 3 (p < 0.01). VCAM-1 and ICAM-1 evaluated by immunohistochemistry 
significantly down-regulated in the adiponectin-treated vein grafts in the fourth week (p <0.01). Treatment of vein grafts 
with adiponectin-loaded gels reduced intimal, media, and adventitia thickness when compared with the control and 
vehicle-gel-treated vein grafts at day 28 (p < 0.01). 

Conclusions: Our studies provide further support for the potential therapeutic role of adiponectin in modulating 
vascular injury and repair. 

Keywords: Adiponectin; Cell Proliferation; Hyperplasia.

operation.4-6 Therefore, how to inhibit restenosis in the vein 
grafts represents a challenge.

Intimal hyperplasia (IH) plays a causal role in grafted 
vein restenosis, characterized by an excessive accumulation 
of vascular smooth muscle cells (VSMCs) leading to 
occlusive disorders.6-8 In addition, increasing data indicate 
that the adventitia may also be related to the remodeling 
of the grafted veins.9-11 After being injured, adventitial 
fibroblasts activate and proliferate, followed by adventitia 
biosynthesizing, and release a variety of cytokines to promote 
the proliferation of VSMCs. The entire process results in 
IH and restenosis.12-15 Many cytokines have proven to be 
involved in the proliferation of VSMCs, among which VCAM-
1 and ICAM-1 can promote cell adhesion and atherosclerotic 
lesion formation.16,17

Adiponectin (ADP), a plasma hormone protein specifically 
biosynthesized by adipocytes, can exert an effect by binding 
to adiponectin receptors in fibroblasts.18,19 ADP can also be 
used to attenuate endothelial dysfunction.20 Recent studies 
have shown that ADP plays important roles in suppressing 
cell proliferation after damage to the vessel, and decreases 
cytokines, which also promote cell proliferation.21,22

Introduction
Coronary artery disease (CAD) is a worldwide disease 

with an increasing morbidity and mortality.1 Coronary 
artery bypass grafting (CABG) continues to be an therapy for 
advanced stage patients. Saphenous vein grafts provide the 
most widely used bypass conduit, which make up ~50% of 
grafts used in CABG for its convenience of harvesting and 
manipulating, its sufficient length, and its character of not 
easily being affected by competitive coronary blood flow.2,3 
Despite the advantages in treatments, the grafted vein is 
prone to restenosis or occlude under the influence of arterial 
blood pressure, persistent inflammation and associated risks 
of failure, with a patency rate of 65% - 80% in 5 years after 
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 Considering these findings, we hypothesize that ADP can 
prevent vein graft restenosis by inhibiting cell proliferation. 
ADP was delivered to the external surface of the graft veins 
with two different concentrations in order to investigate the 
effect of ADP on vein graft restenosis. The results showed 
that the ADP significantly decreased intimal, medial, and 
adventitial thickness of the vein graft. Meanwhile, cell 
proliferation and cytokine expression (VCAM-1, ICAM-1) also 
decreased. These results primarily demonstrated the role of 
ADP in preventing vein graft restenosis and highlighted the 
potential mechanism.

Methods
Ethical approval for animal experiments was accepted from 

the Animal Care and Use Committee of the First Affiliated 
Hospital to the University of Science and Technology of 
China. Sprague Dawley (SD) rats (male and female, aged 
10-12 weeks, body weight of 275-325 g, and N=72) were 
purchased from the Anhui Lab Animal Research Center and 
were randomly assigned to the ADP treatment groups (low and 
high dose groups), vehicle gel treatment group (pluronic-F127 
gel), and control group (bypass only). According to previous 
research, 72 rats were divided into 4 groups, which were then 
divided into 12 groups at three different points of time23 (n 
= 6 per group). 

Perivascular drug delivery constructs
The adventitial drug delivery approach used Pluronic F127 

gel as a vehicle gel. A total of 2.5μg adiponectin (Abcam) was 
dissolved in 25 μl of distilled water and resuspended in 300 
μl of 30% pluronic-F127 gel for delivery to vein grafts after 
carotid interposition in a low dose adiponectin treatment 
group (L-ADP group), while 7.5μg adiponectin was used to 
coat the graft veins in a high dose adiponectin treatment group 
(H-ADP group). An equal amount of pluronic-F127 gel was 
applied to the vehicle gel treatment group (VG group). Only 
upon application were the pluronic-F 127 gels taken out of 
a 4℃ environment, which seeks to maintain its liquid form.

Rat autologous vein graft model
SD rats were anesthetized with a 10% chloral hydrate 

(300 mg/kg) and received heparin (200 U/kg) via caudal 
vein injection. The left jugular vein was harvested for use 
as a carotid interposition graft. The bypass was performed 
by applying the anastomotic cuff model, as previously 
described.24 Specifically, 2-mm cuffs were cut from a 20G red 
arterial puncture needle (BD Company). The carotid artery 
was isolated up to the branches. The proximal and distal 
ends of the artery were then placed under suture traction 
lines and hemoclips to block blood flow before being cut in 
middle. Both ends of the arteries were then pulled through 
the cuff. The arteries were then everted and secured to the 
cuff with 6–0 silk suture. Following an arteriotomy in the left 
(ipsilateral) common carotid artery, the cuffs were inserted 
into and secured to the artery with a 6–0 silk suture. The 
artery was then divided to enable a longitudinal extension 
of the vein interposition graft. Treatments were applied 
to the external surface of the graft after unclamping. Both 

adiponectin treatment groups underwent a perivascular 
application of 300 μL of ADP gel, the vehicle gel treatment 
group with 300 μl of pluronic-F127 gel, and the bypass only 
group with no gel. Additionally, gels were kept on ice until 
perivascular application and subsequently allowed to solidify 
at body temperature, as previously described.25

Harvest of implanted grafts
Rats were euthanized on the 3rd, 14th, and 28th days after 

bypass transplantation respectively, 6 rats each time. Following 
vein grafts patency tested by Doppler ultrasonography, vein 
graft specimens were harvested and cut into 2 sections. 
One segment was immediately fixed after perfusion 
with heparinized saline, followed by 4% formaldehyde 
for hematoxylin and eosin (H&E), Masson staining and 
immunohistochemistry assay analyses, while the other was 
placed at -80℃ for Western blot analysis. Animals were 
sacrificed by sodium pentobarbital overdose.

Morphometric analysis
After fixation in 4% formaldehyde and processing in 

70% ethanol, specimens harvested on the 3rd, 14th and 
28th days were paraffin embedded; 3-μm sections were 
taken throughout the graft, excluding regions immediately 
adjacent to the anastomotic cuffs. Sections were stained 
with hematoxylin and Masson kit (Shanghai Gefan Biological, 
China.), and staining sections were observed by a Leica-
DM2000 biological microscope (Leica, Hefei, China). At least 
five equally spaced sections of the bypass grafts were analyzed 
for each specimen. Standard morphometric measurements 
were recorded, including intimal thickness, medial thickness, 
and adventitial thickness. These data were then calculated by 
ImageJ (National Institutes of Health, Bethesda, Md).

Immunohistochemistry analysis 
Paraffin-embedded tissues (3, 14 and 28-day grafts) were 

processed, and 3-μm sections were taken throughout the graft, 
excluding regions immediately adjacent to the anastomotic 
cuffs. After deparaffinization, the antigen was recovered with 
a citrate buffer for 20 min at high temperature and pressure, 
then deactivated with a 3% H2O2 endogenous peroxidase for 
20 min and block endogenous peroxidase with 5% bovine 
serum albumin for 10 min. Sections were treated overnight 
at 4℃ with anti-PCNA monoclonal antibody (D3H8P; Cell 
Signaling), anti-VCAM1 antibody (ab134047; Abcam, 1:500 
dilution), and anti-ICAM1 antibody (ab119871; Abcam, 1:200 
dilution). Three separate sections per graft were analyzed for 
all markers. The slices were washed several times. Biotinylated 
secondary antibody working solution and horseradish 
peroxidase conjugated streptavidin working solution were 
added to the slices, respectively. The slices were washed in PBS 
(pH 7. 2) for 5 minutes. Diaminobenzidine tetrahydrochloride 
(DAB) was used to visualize and hematoxylin to counterstain. 
Lastly, the slices were dehydrated, and then mounted and 
sealed. All images were acquired by image signal acquisition 
and analysis system (Leica-DM2000, Hefei, China). PCNA 
index was used to describe the level of PCNA expression 
(PCNA index = the numbers of PCNA positive cells / the 
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numbers of all cells). Average optical density was used to 
describe the standard of VCAM-1 and ICAM-1 expressions 
(average optical density = Integral optical density / area).

Western blot assay of PCNA and VCAM-1 protein 
expression analysis

Total protein was isolated from grafted veins. After 
electrophoresis and electrotransfer, membranes were blocked 
with 5% skimmed milk and were incubated at 4℃ with primary 
antibodies overnight (with anti-PCNA monoclonal antibody 
D3H8P; Cell Signaling, 1:1000 dilution; anti-VCAM1 antibody 
ab134047; Abcam, 1:3000 dilution; anti-β-Tubulin antibody 
GB11017; Servicebio, 1:2000 dilution). After being incubated 
with secondary antibody (goat anti-mouse IgG-HRP SE131; 
Solarbio, 1:3000 dilution), the membranes were washed with 
TBST. The membranes were then exposed on the PVDF film 
and an ECL coloring solution (PE0010, Solarbio) was added. 
Separated immunoreactive bands were processed by Odyssey 
v1.2 software. Gray values were measured based on the 
internal reference of β-Tubulin.

Statistical analysis 
Data were presented as mean ± standard deviation (SD) 

and were processed by SPSS v.21.0 software (Chicago, IL). 
Because data followed a normal distribution verified by the 
Kolmogorov–Smirnov test, comparisons among multiple 
groups were analyzed by one-way analysis of variance 
(ANOVA). Comparisons between two groups were analyzed 
by Fisher’s least significant difference (LSD) test. A p-value < 
0.05 was considered statistically significant. 

Results
The previously described operation method was used to 

establish the model of autologous jugular vein bypass in rats. 
After the procedure, the transplanted jugular veins were fully 
filled, and the blood vessels beat well. Local perivascular 
delivery of Pluronic-F 127 gel evenly covered the surface 
of the blood vessel. The incision was closed after the glue 
solidified. The incision healing and activity status of rats were 
checked every day after operation. Doppler ultrasound was 
performed on the day of euthanasia, which showed that the 
transplanted jugular vein blood did not clearly occlude. In the 
28-day control group, the vein grafts were thickened and were 
slightly stiff, and the surrounding tissue adhesion was relatively 
obvious. Correspondingly, veins in the high-dose adiponectin 
group did not expand significantly, and the surrounding tissues 
were easy to separate (Fig 1).

Adiponectin attenuates vein graft intimal, medial, and 
adventitial hyperplasia 

Morphometric analysis of grafts explanted after bypass 
(Figure 2A) showed decreased intimal, medial, and adventitial 
thickness after perivascular delivery of adiponectin. 
Quantification of the intimal, medial, and adventitial thickness 
was performed by at least five equally spaced sections along 
the nonanastomotic vein for each bypass graft. In view of the 
three time points of day 3, day 14, and day 28, there was no 

significant difference in the thickness of the intima, media, 
and adventitia between the control group and the vehicle 
gel group, which meant the application of Pluronic F-127 
gel as the load gel will not affect the pathophysiology of vein 
grafts. To be specific, the intimal thickness of the vein graft 
in the H-ADP group diminished significantly on day 14 and 
day 28 compared with the control group and the vehicle gel 
group. Similarly, intimal thickness in the L-ADP group evidently 
decreased more than that in the control group and the vehicle 
gel group on day 14 and day 28 (Figure 2B, Table 1).  

Compared with intimal hyperplasia, the average hyperplasia 
in the grafted veins occurred earlier; the thickening of the 
average in the control and the vehicle gel group on day 3 
was more obvious than that in the L-ADP and H-ADP groups. 
Similarly, the thickness of the medial tissue decreased in the 
high-dose adiponectin groups when compared with the 
control group and the vehicle gel group on day 14 and day 28. 
The same tendency also existed in the low-dose adiponectin 
group on day 14 and day 28 (Figure 2C, Table 1).

The intima-to-media ratios in the L-ADP and H-ADP groups 
were higher when compared to the control and vehicle gel 
groups on day 3. After, the intima-to-media ratio was notably 
lower in the H-ADP group on day 14 and day 28 when 
compared to the control and vehicle gel groups. Data from 
the L-ADP group showed a similar tendency at day 14 and 
day 28 when compared to the control and vehicle gel groups 
(Figure 2E).

In addition, our study found that the application of 
adiponectin can also inhibit the adventitia hyperplasia of 
grafted veins in both of the different dose groups. Adventitia 
thickness was attenuated by high-dose adiponectin when 
compared to the control and vehicle gel groups on day 3, day 
14, and day 28. The same trend occurred in the low-dose 
adiponectin treatment groups when compared to the control 
and vehicle gel groups on day 3, day 14, and day 28 (Figure 
2D, Table 1).

Adiponectin decreases cell proliferation after vein grafting 
Cell proliferation was quantified by the PCNA index of 

intima and adventitia (total number of PCNA-positive cells 
divided by the total number of nucleated cells) at 3 time-
points after bypass (Figure 3A, 3B). The cell proliferation 
between the control and the vehicle group in both intima 
and adventitia was similar at 3 points of time. High-dose 
adiponectin-treated veins showed minimal proliferation 
in intima (26%) and adventitia (10%) three days after 
bypass as compared to the control and vehicle gel groups. 
Compared to the control (intima: 36%; adventitia: 36%) 
and vehicle gel (intima: 37%; adventitia: 37%) groups, 
proliferation diminished in the L-ADP group both in intima 
(29%) and adventitia (19%) on the third day. Moreover, 
proliferation suppression of the H-ADP group was also 
more obvious in adventitia than that of the L-ADP group 
on day 3. Proliferation was pronounced in vein grafts 
on day 14 (intima, 48%; adventitia, 46%) and day 28 
(intima, 61%; adventitia, 51%) in the control group, but 
also on day 14 (intima, 47%; adventitia, 46%) and day 28 
(intima, 59%; adventitia, 50%) in the vehicle gel group. 
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Perivascular application of high-dose adiponectin exhibited 
34% proliferation in intima and 20% in adventitia on day 
14 when compared to the control and vehicle gel groups. 
Proliferation in the L-ADP group was visibly lower in 
both intima (43%) and adventitia (37%) on day 14 when 
compared to the control and vehicle gel groups. The 
differences can also be found in intima and adventitia 
between two different dose groups on day 14. Proliferation 
inhibition was also evident on day 28 in the L-ADP group, 
49% proliferation of intima and 43% of adventitia, which 
illustrated significant differences when compared to the 
control and the vehicle gel groups. The expression of PCNA 
in the H-ADP group showed a similar trend in intima (38%) 
and adventitia (29%) on day 28. Comparison between 
two different adiponectin groups also showed notable 
differences in intima and adventitia on day 28 (Figure 3C, 
3D). The expression of PCNA determined by Western blot 
also demonstrated the same effects of adiponectin (Figure 
4A, 4B). 

Adiponectin decreases VCAM-1 and ICAM-1 expressions 
after vein grafting

 VCAM-1 was expressed in the early stages, but there was 
no difference in each group on day 3. Difference was not 
observed between the control and the vehicle gel group. 
The expression of VCAM-1 in the high-dose adiponectin 
treatment group was significantly suppressed in relation 
to the control and vehicle gel groups on day 14 (0.25 
versus 0.31, 0.30) and day 28 (0.30 versus 0.50, 0.50). 
The expression of VCAM-1 in the L-ADP group was also 
inhibited in relation to the control and vehicle gel groups on 
day 14 (0.26) and day 28 (0.40). In addition, the difference 
between the H-ADP and the L-ADP groups was also marked 

on day 28 (Figure 5A, Figure5C). Results determined by 
Western blot also illustrated a similar tendency (Figure 4A, 
Figure 4C).

ICAM-1 expression analyzed by ImageJ was rarely observed 
in the early stages. The expressions of ICAM-1 showed no 
prominent difference in the H-ADP group (0.10 versus 0.18 
in control group, 0.19 in vehicle gel group) and the L-ADP 
group (0.10 versus control and vehicle gel group) until day 28 
(Figure 5B). No difference could be observed between the two 
different dose adiponectin groups at the three point in time.

Discussion
Despite advances in CAD therapies, CABG remains the 

main surgical treatment, and thus restenosis continues to 
plague the patency of vein grafts.26 Many experiments have 
tried to better understand the mechanisms of venous-graft 
failure and to identify new approaches to reduce vessel injury 
and to improve healing.27-29 Our study demonstrated that 
adiponectin delivered to the external surface of rat vein grafts 
at the time of implantation through Pluronic-F gel not only 
reduced intimal hyperplasia on day 28 compared with bypass-
only controls, but can also decrease medial and adventitial 
hyperplasia. Our results suggest that reduced anti-proliferative 
activity and cytokine expression (VCAM-1, ICAM-1) in the 
graft wall are likely to be involved in this effect. These results 
demonstrate the role of ADP in preventing the vein graft 
restenosis and highlight the potential mechanism. 

The complicated remodeling process of vessels results in 
restenosis of the vein grafts, but the specific mechanism is 
still unclear. Studies have shown that the process of venous-
graft restenosis includes thrombosis, intimal hyperplasia, 
neointimal formation, and atherosclerosis.3 After vessel 

Figure 1 – Intraoperative and postoperative photographs and Doppler ultrasound photographs. (A) a. Intraoperative photographs of control and high-dose 
adiponectin groups; (B) postoperative photograph in the fourth week of control and high-dose adiponectin groups; (C) Doppler ultrasound photographs 
on the day of euthanasia in the control and high-dose adiponectin groups.
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transplantation, vascular smooth muscle cell proliferation 
and migration are affected by changes in endothelial cell 
dysfunction, inflammation, hemodynamics, among other 
factors.11 In addition, the adventitia of the blood vessel is 
also damaged. The activated adventitial fibroblasts transform 
into myofibroblasts, and then proliferate and migrate to the 
media and intima, where they synthesize and release a variety 
of cytokines to promote smooth muscle cell proliferation and 
migration.30-32 Studies have revealed that adiponectin can 
be bound to adiponectin receptors expressed in adventitial 
fibroblasts and play a key role. Furthermore, many studies 

have reported that adiponectin has anti-inflammatory and 
anti-atherosclerotic effects on the cardiovascular system.33 
However, the effects of ADP on preventing restenosis remain 
largely unknown. The present study primarily demonstrated 
the potential efficacy of ADP in inhibiting vein graft hyperplasia.  

In this study, adiponectin was applied to the rat autologous 
vein graft model to stimulate the pathophysiological process 
of vein grafts after CABG. The thickness of intima in the 
adiponectin groups was found to be significantly lower than 
that in the bypass-only group and vehicle-gel treatment group, 
indicating that adiponectin has an effect on inhibiting intima 

Figure 2 – Local perivascular delivery of adiponectin attenuates vein graft intimal, medial, and adventitial hyperplasia within rat vein grafts. (A) Light 
micrographs of Masson-stained sections of grafted veins (200× magnification, bar: 100μm). (B) The change of neointimal thickness; (C) The change of medial 
thickness; (D) The change of adventitial thickness; (E) intima-to-media (I/M) ratio. Results are presented as mean ± SD. *P < 0.05 versus control group, **P 
< 0.01 versus control group. #P < 0.05 versus vehicle gel group, ##P < 0.01 versus vehicle gel group. I: intima; M: media.
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hyperplasia. Moreover, the higher-dose adiponectin was more 
effective in this study. Interestingly, we found that the PCNA 
index of intima and adventitia decreased in the adiponectin 
treated groups as well, demonstrating that adiponectin may 
well have an inhibitory effect on cell proliferation in the 

intima and adventitia of grafted veins. This study provides 
only limited insight into the mechanisms through which ADP 
reduced vein graft intima in this model. However, comparing 
our data with that taken in the context of previous studies, 
it can be concluded that adiponectin was not only able to 

Figure 3 – Adiponectin decreases cell proliferation. (A) PCNA index of intima determined by immunohistochemistry (200×magnification); (B) PCNA index 
of adventitia determined by immunohistochemistry (200×magnification); (C) PCNA index of intima; (D) PCNA index of adventitia. Data represent mean ± 
SD. *p < 0.05 versus control group, **p < 0.01 versus control group. #p < 0.05 versus vehicle gel group, ##p < 0.01 versus vehicle gel group.

Table 1 – The thickness of intima, media, and adventitia in the control, vehicle gel (pluronic-F127 gel), L-ADP (low-ADP dose), and 
H-ADP (high-ADP dose) groups

Groups Time(day) Control
N=6

Vehicle gel
N=6

L-ADP
N=6

H-ADP
N=6 Analysis

Intima thickness
(μm)

3 25.47±1.02 25.10±1.53 26.55±1.05 26.46±0.71 ANOVA

14 111.69±5.31 106.62±5.57 75.12±4.94** ## 75.46±3.59** ## ANOVA

28 196.09±6.78 190.44±7.68 128.30±6.01** ## 96.96±5.45** ## ANOVA

Media thickness
(μm)

3 94.00±4.19 95.47±3.38 76.93±5.30** ## 69.03±5.94** ## ANOVA

14 107.19±3.66 107.41±5.48 93.86±3.17** ## 82.83±4.13** ## ANOVA

28 158.83±8.39 157.75±8.75 109.67±7.16** ## 104.02±7.12** ## ANOVA

Adventitia 
thickness
(μm)

3 56.09±3.42 53.03±4.59 54.51±3.95 59.21±4.28 ANOVA

14 112.03±7.08 111.87±6.35 85.04±6.35** ## 86.52±5.20** ## ANOVA

28 152.31±3.55 154.49±6.55 95.70±6.05** ## 90.15±4.87** ## ANOVA

The values of thickness are presented as mean ± SD (N=6). *: p < 0.05 versus control group, **: p < 0.01 versus control group. #: p < 0.05 versus 
vehicle gel group, ##: p < 0.01 versus vehicle gel group.
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inhibit intimal hyperplasia, but also to inhibit the proliferation 
of myofibroblasts and limit its migration to the intima and 
media.34,35 

However, the specific mechanism of the interaction 
between adiponectin and receptors still needs further study. 
The pharmacokinetics of perivascular delivery of adiponectin 
also need to be better defined in future studies. Researchers 
have also shown that thrombosis plays a key role in the early 
phase of vein graft failure. The vein is subjected to a period 
of ischemia-reperfusion injury-leading to a reduction in 
endothelial nitric oxide synthase (eNOS) expressing, damage 
to endothelial cells and smooth muscle cells (SMCs), and the 
release of various prothrombotic mediators. Furthermore, the 
remodeling processes of the vein graft start within days after 
harvesting and grafting, leading to the formation of intimal 
hyperplasia.25 We believe ADP can exert an impact in both 
the early and intermediate stages. Our study only brings 
information about the short-term effect. Further research is 
warranted in order to understand the specific mechanism in 
the short-term and to know how ADP influences the long-
term outcome.

Af ter  the endothe l ium i s  damaged,  an ear ly 
pathophysiological process of restenosis, the adhesion 
molecules ICAM-1 and VCAM-1 are released, which lead 
to adhesion and infiltration of monocytes / macrophages 
that differentiate and engulf a large amount of ox-LDL, and 
then form foam cells. In our experiments, we detected the 
expression of VCAM-1 and ICAM-1 by immunohistochemistry 
and found that the values of VCAM-1 and ICAM-1 in the 
adiponectin group were markedly lower than those in the 

vehicle-gel treatment group and the bypass-only group, 
which elucidated how the application of adiponectin can 
downregulate the expression of VCAM-1 and ICAM-1 to 
promote dysfunction of endothelium. 

Conclusion
The present study confirmed that the local perivascular 

delivery of adiponectin attenuates vein graft hyperplasia in a 
rat carotid bypass model. This effect appears to be mediated 
by both decreased cell proliferation and a downregulated 
expression of VCAM-1 and ICAM-1 within the graft. Although 
the short-term effects of adiponectin seem promising, the 
long-term effects and clinical significance of adiponectin in 
CABG need to be studied in the future. We hope that these 
studies will eventually be translated into clinical application in 
the prevention of restenosis and bypass graft failure.
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Figure 4 – Inhibition of PCNA and VCAM-1 expressions by delivery of adiponectin. (A) Expressions of PCNA and VCAM-1 in all groups at three points in 
time after operation; (B) Expression of PCNA determined by Western blot; (C) Expression of VCAM-1 determined by Western blot. Data represent mean ± 
SD. *p < 0.05 versus control group, **p < 0.01 versus control group. #p < 0.05 versus vehicle gel group, ##p < 0.01 versus vehicle gel group.
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Figure 5 – Adiponectin decreases cytokine expressions after vein grafting. (A) VCAM-1 expression determined by immunohistochemistry (200×magnification); 
(B) ICAM-1 expression determined by immunohistochemistry (200×magnification); (C) VCAM-1expression; (D) ICAM-1 expression. Data represent mean ± SD. 
*p < 0.05 versus control group, **p < 0.01 versus control group. #p < 0.05 versus vehicle gel group, ##p < 0.01 versus vehicle gel group.
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Saphenous vein graft remains an option for patients with 
multivessel coronary artery disease,1,2 mainly in individuals 
with type 2 diabetes.3 Although artery bypass should offer 
better patency rates than venous grafts, in many situations, 
complete revascularization cannot be achieved using solely 
arterial grafts. Venous graft failure has been associated with 
cardiovascular outcomes, including mortality.4,5 Therefore, 
there is a need to improve vein graft patency. The mechanisms 
involved in graft failure include intimal hyperplasia, smooth 
muscle cell proliferation, and endothelial dysfunction, among 
others.6,7 There have been some attempts to improve the 
preservation of saphenous vein grafts before implantation.8 

In the experimental study by Zhou et al.9 the authors used 
autologous jugular veins implanted as carotid interposition 
grafts in Sprague Dawley rats. Two groups received adiponectin 
(2.5 μg and 7.5 μg) applied externally to the vein bypass 
grafts, suspended in a 30% Pluronic-F127 gel. The other two 
groups (controls) received vehicle or no treatment (bypass 
only).9 At day 3, cell proliferation was significantly lower in 
adiponectin-treated versus control and vehicle-gel-treated 
grafts, both in intima and adventitia, whereas expression of 
VCAM-1 and ICAM-1 was significantly down-regulated in the 
adiponectin-treated vein grafts in week four. In addition, the 
treatment of vein grafts with adiponectin-loaded gels reduced 
intimal, media, and adventitia thickness when compared with 
the control and vehicle-gel-treated vein grafts at day 28.9 

Adiponectin, an adipokine secreted by adipocytes, is 
a well-known homeostatic factor that regulates glucose 
levels, lipid metabolism, and insulin sensitivity through its 
anti-inflammatory, anti-fibrotic, and antioxidant effects. 
These effects are mediated by its interaction with two 
receptors: AdipoR1 and AdipoR2. Initially described as being 
expressed in skeletal muscle and the liver,10 respectively, 
they were identified in the myocardium, macrophages, 
brain, endothelial cells, lymphocytes, adipose tissue, and 
pancreatic beta-cells.11 Adiponectin is one of the hormones 
with the highest plasma concentrations, and the adiponectin 
pathway can play a crucial role in the mechanisms to treat 
type 2 diabetes mellitus and other diseases affected by 
insulin resistance like cancers or cardiovascular diseases.12 
A study by Marino et al.13 showed that adiponectin was 
associated with thin-cap fibro atheroma in stable angina, 
seen by virtual histology.13 Recently, Chu et al.14 and Gatto 
et al.15 demonstrated that atorvastatin could inhibit intimal 
hyperplasia in the rat vein graft model by inhibiting the 
p38 MAPK pathway. The results by Zhou et al.9 expand the 
possibilities of treating vein grafts, using the adiponectin 
pathway as a therapeutic target to improve its patency. 
However, the precise mechanisms need elucidation, and 
further long-term studies in humans are necessary to 
confirm if they translate into longer vein graft patency, and 
consequently, better outcomes.
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Abstract
The prevalence of obesity and heart failure with 

preserved ejection fraction (HFpEF) increases significantly in 
postmenopausal women. Although obesity is a risk factor for 
left ventricular diastolic dysfunction (LVDD), the mechanisms 
that link the cessation of ovarian hormone production, 
and particularly estrogens, to the development of obesity, 
LVDD, and HFpEF in aging females are unclear. Clinical, and 
epidemiologic studies show that postmenopausal women with 
abdominal obesity (defined by waist circumference) are at 
greater risk for developing HFpEF than men or women without 
abdominal obesity. The study presents a review of clinical data 
that support a mechanistic link between estrogen loss plus 
obesity and left ventricular remodeling with LVDD. It  also 
seeks to discuss potential cell and molecular mechanisms 
for estrogen-mediated protection against adverse adipocyte 
cell types, tissue depots, function, and metabolism that may 
contribute to LVDD and HFpEF.

Introduction
The prevalence of obesity is steadily increasing worldwide.1 

Because obesity is associated with high mortality and the 
development of comorbid conditions, including diabetes 
mellitus and cardiovascular disease (CVD), it is one of 
the most difficult public health issues facing our society. 
This cluster of obesity-related comorbidities, whether directly 
or indirectly (e.g., side effect from anthracycline-formulated 
chemotherapy)2 often culminates in heart failure (HF).3-6 

While obesity, defined as having a body mass index 
(BMI) > 30 kg/m2, is an independent predictor of incident 
HF in the general population, evidence shows that even 

being overweight (BMI 25-29 kg/m2) carries an increased 
risk of HF.7-10

Several studies show that measures of central adiposity, 
such as waist circumference (WC), are superior to measures 
of global adiposity, such as weight and BMI, in estimating 
the risk of CVD.11-16 WC is independently associated with 
left ventricular diastolic dysfunction (LVDD), defined by 
echocardiographic parameters.17 Both LVDD and obesity 
are common factors that contribute to a heart failure with 
preserved ejection fraction (HFpEF) phenotype, and appear 
to be causally linked.17-19 Indeed, HF patients can have 
different phenotypes according to the morpho-functional 
characteristics of the disease.20 Briefly, HF patients are classified 
according to LV function; those with LV ejection fractions less 
than or equal to 40% fall into the category of heart failure 
with reduced ejection fraction (HFrEF), and patients with LV 
ejection fractions equal to or greater than 50% are deemed to 
have HFpEF. According to the American College of Cardiology 
and American Heart Association guidelines,21 there is also 
an intermediate or borderline group of patients who have 
ejection fractions between 41% and 49%, sometimes referred 
to as HFmEF. Moreover, a subset of patients with ejection 
fractions greater than 40% with HFpEF who previously had 
HFrEF is considered to be clinically distinct from those with 
persistently preserved or reduced ejection fractions. For 
purposes of this review, we have focused only on HFpEF, and, 
specifically, features of the “fat, female, and fatigued” obese 
HFpEF phenotype.21

For a narrative of the literature of all the clinical 
phenotypes of HFpEF, we refer the reader to the review by 
Silverman.20 Regardless of the biological phenotype, HFpEF is 
a heterogeneous clinical syndrome, including cardiomyocyte, 
extracellular matrix, vascular, and comorbidity-related 
pathophysiological mechanisms.22 It is characterized by 
reduced end-diastolic volume, left ventricular hypertrophy, and 
increased left atrial volume and left ventricular filling pressure. 
These pathophysiological abnormalities are associated with 
increased left ventricular stiffness, decreased left ventricular 
relaxation, cardiomyocyte hypertrophy, myocardial interstitial 
fibrosis, and reduced intramyocardial capillaries.23-26

Another important factor involved in the HFpEF phenotype 
is sex. HFpEF disproportionally affects more women (sex ratio 
of about 2:1) then men.27,28 The higher prevalence of HFpEF 
in elderly women29 appears related to the loss of ovarian 
hormones, primarily estrogens, that occur after the menopause. 
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Accordingly, in this review, we will explore pre-clinical and 
clinical data about the relationships between sex, “fatness”, 
including mechanisms of fat-induced cardiac impairment, 
specifically LVDD and HFpEF, and the cardioprotective effects 
of estrogen on fat metabolism in women.

Link between “fatness”, sex, and HFpEF: clinical evidence
HF is a major problem that is increasing in scope. 

Despite recent therapeutic advances, morbidity and mortality 
after the onset of HF still remain substantial.30 Consequently, 
prevention of HF through the identification of the preclinical 
phases of the disease and the management of risk factors is a 
priority. Considering that 50 percent of all HF patients have 
HFpEF,31 the complex pathophysiology of this disease is still 
not fully understood, with no specific therapy available to 
improve patient outcomes. In this context, several studies 
have evaluated obesity as a risk factor for LV remodeling 
and subsequent HFpEF.32-34 In these studies, obesity has 
been consistently associated with LV stiffness and diastolic 
dysfunction, particularly in women.17,35 

A community-based clinical study of 377 randomly 
selected participants older than 16 years of age assessed the 
independent contribution of indices of adiposity to variations 
in early-to-late (atrial) transmitral velocity (E/A), as determined 
by echocardiography. The main goal was to clarify why 
some previous studies failed to establish a contribution of 
obesity to LV diastolic function, while others demonstrated a 
relatively minor contribution. For each study participant, the 
independent relationship between adiposity and diastolic 
(E/A) or systolic (LV ejection fraction; LVEF) chamber functions 
were determined using multivariate linear regression analysis 
with adjustments for age, gender, conventional systolic 
or diastolic blood pressure measurements, and either 
LV mass index or relative wall thickness (calculated from 
echocardiography). Excessive central adiposity (WC), but not 
elevated BMI, was independently and inversely correlated 
with E/A; the investigators emphasized that WC might 
represent a progressive preclinical condition that contributes 
to obesity-induced diastolic HF.36 WC was second only to 
age and equivalent to blood pressure in the magnitude of 
effect on E/A. Findings from this study also suggested that, 
at a population level, LV mass and geometry play little or 
no role in the pathogenesis of obesity-induced LV diastolic 
abnormalities.36 Interestingly, there was no relationship 
between WC and LVEF (systolic dysfunction), confirming the 
findings of other researchers that identified WC as a risk factor 
for HFpEF.7,9,17,37-43 Finally, it is relevant to comment that the 
data reported by these authors were restricted to women as 
they have recruited a limited proportion of male participants.36 
Additional data from the clinical study performed by Canepa 
et al.,17 in which the sample, from both genders, is part of the 
Baltimore Longitudinal Study of Aging (BLSA) propose that a 
possible pathophysiologic explanation for the association of 
central adiposity with worse cardiovascular outcomes is its 
relationship with LVDD. They found that central adiposity 
was strongly associated with LV dysfunction, particularly 
with impaired LV relaxation. The researchers also found that 
the effect of central adiposity on LVDD was independent of 

general adiposity and, surprisingly, this was more pronounced 
in women than in men. The gender-specific effect of central 
fat accumulation on LVDD was then graded using various 
echocardiographic parameters. The study confirmed their 
previous reports showing a negative correlation between the 
indices of adiposity and the E/A ratio; however, the authors 
also found that E/A alone was not enough to discriminate 
between subjects with normal or abnormal diastolic function 
and that mitral valve inflow velocities were also significantly 
influenced by the increase in preload, a condition frequently 
encountered in obese subjects. When these issues were 
normalized by combining tissue Doppler measures of mitral 
annular velocity, or e’ and dynamic (E/A) parameters, it was 
found that the E/e’ ratio was positively correlated with WC. 
Thus, this epidemiological study provided further evidence of 
the link between central obesity (WC) and the prevalence and 
development of LVDD, and that this link is influenced by sex.17 

One limitation of cross-sectional studies is that they offer a 
snapshot of a single moment in time, and thus fail to capture 
changes that occur over time. The complex relationships 
between aging, sex, adiposity, and ventricular mechanisms were 
evaluated in a large longitudinal study conducted over a period 
of 4 years in 1,402 subjects, 45 years of age and older, who 
were randomly selected from a community‑based population.35 
It was found that weight gain during a 4-year period was 
associated with significant increases in LV diastolic stiffness in 
both men and women, but that it was more pronounced in 
women, indicating a sex difference in the biology of age-related 
ventricular stiffening. Furthermore, evaluating central obesity in 
women may help to identify a group at higher risk for incident 
HFpEF who might benefit from preventive treatment.35 Finally, 
the results of this longitudinal study confirmed the findings of 
cross-sectional investigations regarding the positive relationship 
between WC and echocardiographic measures of diastolic 
dysfunction (e.g., E/e’ ratio). 

How changes in fat tissue depot might influence the link 
between obesity and impairments in cardiac function and 
remodeling, particularly among women, are important to 
consider. While female sex hormones are believed to cause fat 
to be stored in the buttocks, thighs, and hips of women, which 
may be essential for normal reproduction purposes, menopause-
related changes in body fat distribution may partially explain 
the increased risk of cardiovascular and metabolic disease 
during the postmenopausal years.44-46 In 2011, Wehr et al.,47 
published results from a longitudinal study of gender-specific 
differences in the relationship between the lipid accumulation 
product, which is calculated from WC, and cardiovascular 
mortality, as well as the presence of type 2 diabetes. The study 
included 2,279 men and 875 postmenopausal women, with 
a median follow‑up of 77 years. Lipid accumulation product 
levels were independently associated with congestive HF 
mortality in all postmenopausal women and with all-cause 
mortality in diabetic postmenopausal women, but not in men. 
These data not only support the concept that fat redistribution 
after estrogen loss may contribute to cardiovascular disease 
progression, but also endorse an inexpensive and simple risk 
biomarker, namely, lipid accumulation product, which could 
identify postmenopausal women at higher cardiovascular risk.47
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Treatment modalities for weight loss: an evidence-based 
approach to measure outcomes in patients with HFpEF

Given clinical evidence for crosstalk between the heart 
and “fatness”, with respect to female sex-specific HFpEF, 
weight reduction or maintenance of ideal body weight is 
one preventive approach to mitigate age- and estrogen-
loss related changes in ventricular structure and function. 
Essential treatments for weight reduction include changes in 
eating habits to reduced-calorie and low-fat diets, increased 
physical activity or exercise, and other behavioral modification 
strategies, such as self-monitoring (e.g., daily record keeping 
of food intake and exercise), stimulus control (e.g., avoiding 
triggers that prompt eating), and problem solving (e.g., 
identifying barriers and ways to overcome them). Additionally, 
bariatric surgery is another effective strategy to treat severely 
obese patients. Thus, it is important to review the literature 
addressing the effects of different weight loss strategies on the 
cardiovascular outcomes in patients with LVDD and HFpEF.

Observational studies suggest that overweight or 
mildly‑to‑moderately obese patients with HFpEF survive 
longer than those who are normal-weight.18,48 However, 
Kitzman et al.49 recently reported that 20 weeks of caloric 
restriction combined with aerobic exercise training among 
obese older patients with HFpEF reduced their body weight 
with additive improvements in exercise capacity, defined 
by peak V02. Even so, only caloric restriction resulted in 
decreases in LV mass and relative wall thickness, along with 
an inkling for improvements in diastolic function, as per 
the increase in E/A observed in this treatment arm, without 
effecting resting cardiac function, depicted by ejection 
fraction or Doppler-derived cardiac output.49 It was further 
reported that no changes in magnetic resonance imaging 
(MRI) measures of epicardial or pericardial fat were observed 
across treatments, but that there were significant reductions 
in thigh and abdominal subcutaneous and visceral fat depots 
in the diet only group.49 While these findings favor a role for 
weight reduction strategies, along with exercise, to improve 
the detriments in exercise capacity and maximal oxygen 
consumption associated with HFpEF among obese patients, 
they also support the concept that extra-cardiac mechanisms 
are uniquely involved in the pathogenesis of HFpEF.50,51 

Another weight reduction strategy that is conducive to 
evaluating the link between “fatness”, LVDD, and HFpEF 
is bariatric surgery. Indeed, morbidly obese patients who 
commonly present hemodynamic and cardiac morphometric 
characteristics, such as elevations in cardiac preload and 
afterload and increases in LV chamber and wall dimensions, 
which contribute to myocardial stiffness and impairments 
in myocardial relaxation.52 Multiple clinical studies52-55 and 
one systemic review with a meta-analysis56 reported the 
benefits of bariatric surgery with subsequent weight loss 
on echocardiographic and MRI measures of LV structure, 
including substantial reductions in LV wall thickness and 
mass and diastolic function. Along with upgrades in diastolic 
function, others found that extensive weight loss after bariatric 
surgery also led to favorable changes in muscle metabolism57 
and characteristics of arterial elasticity.58,59  

Link between cardiac-specific regional adiposity, LVDD, 
and HFpEF

In addition to peripheral and total body fat linked to 
LVDD, the potential role of cardiac-specific regional adiposity 
(e.g. pericardial and epicardial fat depots) in the disease 
process should not be ignored.60 Pericardial and epicardial 
fat, commonly found in obese and overweight patients, are 
considered ectopic adipose depots that can induce a lipotoxic 
state in close proximity to cardiac muscle and coronary 
arteries.61,62 Moreover, we know that metabolic syndrome, a 
common condition  among obese and overweight patient,63 
is associated with increased adipose tissue volume around 
the heart,60 particularly the accumulation of epicardial 
fat,64 which is significantly linked to adverse cardiovascular 
events,65-69 including HFpEF.61,70,71 The direct correlation 
between these local fat depots and LVDD can be explained, 
in part, by paracrine processes, whereby proinflammatory 
cytokines and other damaging mediators (e.g. TNF-α and 
IL-6),72 collectively called adipokines, are released from the 
local adipose repositories.61,72-74

Distinguishing between the two fat depots and their 
respective link to LVDD may be important both anatomically 
and biochemically. For instance, epicardial fat is located 
between the outer wall of the heart muscle and the visceral 
layer of pericardium,64 and its proximity to the myocardium 
is significant in that both tissue layers share the same blood 
microcirculation, the coronary arteries.64 Potential interactions 
can be elicited when dysfunctional adipocytes from 
cardiac fat depots release proinflammatory adipokines 
into the microcirculation,37 which in turn can interact 
with cardiomyocytes and cardiac fibroblasts. These  cells 
independently respond to adipokines, which contribute to 
the pathologic process of myocardial fibrosis,75 thereby leading 
to myocardial remodeling, via low grade inflammation and 
fibrotic processes, which can intensify LV hypertrophy, wall 
stiffness, and LVDD progression.76-79 Pericardial fat, which 
can be more specifically referred to as para-cardial fat or 
intrathoracic fat,80 is that fat which is deposited outside the 
parietal pericardium. This fat depot originates from primitive 
thoracic mesenchyme and is supplied by noncoronary sources. 
While increases in paracardial fat volume in HFpEF have been 
reported to induce a mechanical compressive-like load on the 
myocardium, which impairs LV filling,81 paracrine processes 
have also been noted. Excessive pericardial adiposity contains 
high levels of proinflammatory mediators that, when released 
from adipocytes, promote a collagen turnover, thus leading 
to myocardial stiffness, impaired lusitropism and subsequent 
LVDD.82 Indeed, Konishi et al.,61 reported that a high volume 
of pericardial fat was significantly correlated with Doppler-
derived increases in filling pressure, or E/e’, in HFpEF patients. 
Moreover, studies have documented a strong potential for 
epicardial adiposity to be associated with poor prognosis in 
obese or overweight patients with LVDD and HFpEF.71,83-85 

Given the link between local cardiac fat depots and adverse 
cardiovascular health, weight reduction strategies should 
be strongly considered among the armamentarium in the 
management of the obese LVDD patient. Interestingly, in obese 
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postmenopausal women with HFpEF, Brinkley et al.,86 showed 
that caloric restriction, aerobic exercise, or combination 
therapy significantly reduced body weight and pericardial fat, 
and the changes in pericardial fat were inversely correlated 
with cardiorespiratory fitness defined by VO2max. Certainly, 
future therapies targeting low-grade inflammatory processes 
arising from epi- and pericardial fat depots could also limit 
the progression of LVDD.

Link between estrogen and fat-induced cardiovascular risk
The high predilection of HFpEF among older women 

compared to older men with HF is well accepted.27,28 
The  role that differences in adipocyte distribution among 
men and woman might have with respect to this sex-specific 
differential in HF prevalence is new and still coming together. 
Indeed, women have more body fat than men, but in contrast 
to the adverse metabolic consequences of central obesity that 
is typical of men, the pear-shaped, or gluteal‑femoral body 
fat subcutaneous distribution of many women is associated 
with lower cardiometabolic risk.87,88 However, with advancing 
age there is a general shift and expansion of fat from the 
subcutaneous to visceral compartment.87-89 In aging males 
this means expansion of abdominal visceral adiposity, 
while in aging females this involves a redistribution of fat 
from the subcutaneous gluteal-femoral compartment to 
the visceral-abdominal compartment.87-89 In both cases, 
cardiovascular disease risk increases with age-related 
abdominal compartment expansion of visceral fat.89,90

As outlined in the introduction, loss of gonadal hormones 
in older women seems to represent a component associated 
with increased risk for developing HFpEF. Since women are less 
likely to develop CVD before menopause,91 the production 
of ovarian estrogen appears to protect against HF.92,93 
Consistently, there are several reports confirming the beneficial 
effects of estrogen in the cardiovascular system.94-96 

To understand the specific role of gonadal hormones in 
the expansion of age-related visceral fatness in women and, 
in turn, its potential influence on diastolic function, a brief 
review of gonadal hormones, particularly the estrogens and 
their receptors, is first warranted. The three naturally occurring 
estrogens in women are estrone (E1), estradiol (E2), and estriol 
(E3). A fourth form of estrogen, estetrol (E4), is produced 
only during pregnancy. All these different estrogen forms are 
synthesized from androgens.97 For simplicity, we will use the 
term estrogen, to include all forms. 

Estrogen binds to multiple receptors, including classical 
nuclear estrogen receptors (ERs), ERα, and ERβ, and a G 
protein-coupled receptor, GPER.98 The ERs signal not only 
through a “classical” regulation of gene transcription, but 
also by activating a “non-nuclear” signaling pathway.94,99 
Accumulating findings have been well described and reviewed 
in the literature, concerning the roles triggered by ERs in 
maintaining the homeostasis of the cardiovascular system.99-101

Estrogen directly regulates adiposity distributions through 
estrogen receptors. In the premenopausal state, subcutaneous 
fat has relatively more estrogen and progesterone receptors 
than androgen receptors, whereas visceral fat has higher 
levels of androgen receptors.102 With menopause, the fall 

of estrogen leads to estrogen receptors on subcutaneous fat 
to be inactivated, while the androgen receptors on visceral 
fat become relatively activated, thereby contributing to the 
inverse relationship between estrogen levels and visceral 
fat.103,104 Likewise, in estrogen deficient rodent models induced 
by ovariectomy, the observed increase in body weight is 
mainly due to gains in visceral fat.105 Estrogenic protection can 
further be seen upon the systemic administration of estrogen 
in OVX models whereby the body fat distribution mirrors that 
of gonad-intact counterparts.106

The specific roles may offset the classical steroid receptors 
ERα and ERβ in the context of fat one to another. In a recent 
study by Zidon et al.,107 gonad intact ERα KO mice were 
found to be 25% heavier with reduced energy expenditure 
compared to age-matched gonad intact wild-type and ERβ 
KO mice.107 Furthermore, following OVX, αKO mice did not 
increase body weight or exhibit more pronounced insulin 
resistance, whereas WT and βKO mice did, suggesting that 
the loss of signaling through ERα facilitates OVX-induced 
metabolic dysfunction. These new data further suggest that 
following estrogen deficiency, ERβ may mediate protective 
metabolic benefits.107 This contradicts previous preclinical 
reports showing that the two classical ERs on adipose tissue 
regulate fat reciprocally.108-110 Despite this discrepancy, the 
linkage between polymorphisms in the structure of both 
classical ERs and increased CV risk among postmenopausal 
women corroborate the important role of ER isoforms in 
the regulation of adiposity, metabolic derangement, and 
cardiovascular risk.111-113

Fat-derived adipokines and roles in cardiovascular disease risk
The main role of brown fat, mainly located around the 

neck and large blood vessels of the thorax, is to generate 
heat by “uncoupling” the respiratory chain of oxidative 
phosphorylation within mitochondria.114 White visceral 
fat (abdominal fat) is mainly involved in a complex and 
multidirectional network of autocrine, paracrine, and 
endocrine signaling that crosstalk between organs and tissues. 
It is the white fat that mainly participates in the pathogenesis 
of metabolic diseases, such as type 2 diabetes mellitus, insulin 
resistance, hypertension, coronary heart disease, stroke, and 
HF.17,115,116 It is currently well accepted that adipose tissue 
is an active endocrine organ that secretes heterogeneous 
bioactive factors called adipokines,115 including cytokines and 
chemokines, vasoactive and coagulation factors, regulators 
of lipoprotein metabolism, and proteins, such as adiponectin 
and leptin.115

In obesity, enlargement of adipose tissue mass has been 
linked to a dysregulation of adipokine secretion and the 
related tissue inflammation, which represents a critical 
pathogenic link between obesity and the development of 
cardiometabolic diseases.117 In obese individuals, adipose 
tissue is infiltrated with activated macrophages and several 
other types of inflammatory cells, leading to an augmented 
production of proinflammatory adipokines, such as 
TNF-α, IL‑6, monocyte chemoattractant protein (MCP)-1, 
resistin, leptin, lipocalin-2, adipocyte fatty acid binding 
protein (A-FABP), and plasminogen activator inhibitor-1.116 
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These  inflammatory factors are key components of the 
“adipo-cardiovascular axis” that mediates crosstalk between 
adipose tissue and the CV system.

Among the various adipose depots, perivascular adipose 
tissue is an important contributor to vascular inflammation 
because of its proximity to the blood vessel wall and its 
pronounced proinflammatory properties. Proinflammatory 
cytokines/adipokines released from other major adipose 
tissue depots, such as subcutaneous and abdominal fat, may 
further contribute to vascular inflammation by virtue of their 
endocrine actions.116 These findings explain, in part, why WC 
may be considered a surrogate biomarker of CVD risk. 

Adiponectin is one of the most abundant adipokines 
secreted by adipocytes, accounting for 0.01% of the total 
plasma protein content in humans.118 The production 
of adiponectin from white adipocytes, which exerts 
beneficial effects on insulin sensitivity and cardiovascular 
function, is markedly reduced in obese individuals.116,119,120 
Epidemiological studies show that low circulating adiponectin 
levels, particularly the high molecular weight form, is a risk 
factor for type 2 diabetes, hypertension, atherosclerosis, and 
myocardial infarction.116

Adiponectin and adiponectin receptors 
The relationship between obesity and LVDD may 

be linked to adiponectin and adiponectin receptors. 
The  full‑length adiponectin consists of 247 amino acid 
residues, assembled into an N-terminal hypervariable 
region followed by a conserved collagenous domain of 22 
Gly-Xaa‑Yaa repeats and a C-terminal C1q-like globular 
domain.119 In  human and mouse plasma, adiponectin 
is present in three major oligomeric forms.119,121,122 
The  monomeric form has never been detected under 
native conditions. The basic unit of oligomeric adiponectin 
is a homotrimer called low‑molecular‑weight (LMW) 
adiponectin.119,123,124 Two subunits of the adiponectin trimer 
are linked by a disulfide bond via cysteine residues in the 
collagen-like domain, which forms a hexamer termed 
middle-molecular-weight (MMW) adiponectin. This hexamer 
provides the building block for the formation of the bouquet-
like high-molecular-weight (HMW) adiponectin comprised 
of 12-18 hexamers. 

Post-translational modifications to the adiponectin protein 
are required for the intracellular assembly of the HMW 
oligomeric complex in adipocytes.125 Different oligomeric 
forms of adiponectin act on different targets and possess 
distinct biological functions.119 

The two main adiponectin receptors (AdipoRs), AdipoR1 
and AdipoR2, are structurally and functionally distinct from 
classic G-protein-coupled receptors.126 AdipoR1 is expressed 
ubiquitously, whereas AdipoR2 is expressed most abundantly 
in the liver.126 Both AdipoR1 and AdipoR2 are expressed in 
cardiac cells,127 but the exact roles of these two receptors in 
the antioxidative/nitrative stress and anti-inflammatory actions 
in cardiomyocytes remain unclear. 

Although adipocytes are the major contributors to 
plasma adiponectin, adiponectin is also expressed in 
cardiomyocytes,127 and cardiomyocyte-derived adiponectin is 

biologically active in protecting cells against ischemic injury via 
paracrine/autocrine activation of cardiac AdipoRs in mice.128 
In patients with dilated cardiomyopathy, cardiac adiponectin 
expression is downregulated.129

Adiponectin and LVDD
In addition to AdipoRs, T-cadherin has also been suggested 

as a potential receptor for adiponectin,130 and it is highly 
expressed in the heart, smooth muscle, and endothelium, 
representing the main target of adiponectin in the cardiovascular 
system.131,132 T-cadherin is anchored at the cell surface by 
glycosyl phosphatidylinositol, and it plays an indispensable role 
in adiponectin-induced cardioprotection in mice,133 acting as 
a physiological adiponectin-binding receptor that enables the 
association of this adipokine with cardiac tissue.133 

As low levels of adiponectin have been linked to 
obesity‑related cardiometabolic complications, its role in the 
maintenance of cardiac health should not be ignored.120,134,135 
Preclinical data show that adiponectin can attenuate or 
prevent the progression of LVDD to HFpEF.120,136,137 In a 
mouse model of aldosterone-induced HFpEF, Sam et al.137 
showed  that a lack of adiponectin was associated with 
increased systolic blood pressure, LV remodeling, diastolic 
dysfunction, and pulmonary congestion, while the chronic 
hyperadiponectinemia in transgenic mice overexpressing 
adiponectin, reported by Tanaka et al.,120 ameliorated 
aldosterone-induced LV hypertrophy, diastolic dysfunction, 
and lung congestion, regardless of changes in blood pressure. 
The early filling-to-early mitral annular descent ratio, or E/e’, 
which was increased in the aldosterone-induced HFpEF 
mice and indicative of elevated filling pressures,137 which 
was significantly attenuated in adiponectin transgenic mice. 
Tanaka et al.,120 also found that adiponectin overexpression 
decreased myocardial oxidative stress and calcium 
handling by preserving protein kinase A (PKA)-dependent 
phosphorylation of phospholamban. Moreover, adiponectin 
replacement in adiponectin knock-out mice, attenuated 
transmitral Doppler indices of pseudonormalization, 
indicative of impaired LV compliance.120 Taken together, 
these preclinical findings suggest that adiponectin may have 
a therapeutic potential in the management of LVDD and 
HFpEF, via direct actions on the heart. 

Our observation that circulating adiponectin was not 
associated with LV fractional shortening is consistent with 
existing literature, which suggests that adiponectin acts 
primarily as an inhibitor of cardiac hypertrophy.

Clinical studies also support an association between 
adiponectin and cardiac function and structure.129,138 In a 
community-based cohort study, McMannus et al.139 showed 
that relatively higher plasma levels of adiponectin associated 
with reduced LV mass, suggesting a cardioprotective 
effect. There are additional clinical data addressing the 
cardioprotective roles of adiponectin on the heart.140-142 
For instance, Francisco et al.143 comprehensively reviewed the 
relevance of adiponectin signaling for the prevention of obesity 
related diastolic dysfunction with an emphasis on its role in 
limiting myocardial hypertrophy, cardiac fibrosis, nitrative and 
oxidative stress, atherosclerosis, and inflammation.
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As there are several studies showing adiponectin’s 
modulatory role in the maintenance of diastolic function, 
it is worth mentioning that other investigators report no 
relationship to fat-associated LVDD. Sawada et al.144 found 
that while plasma adiponectin levels significantly decreased 
with increased visceral adiposity in the general population, the 
association between adiponectin and diastolic function was 
not independent of fat. In other words, decreased circulating 
levels of adiponectin did not appear to have a central role in 
the association between visceral adiposity and LVDD. As this 
work was performed in a population with normal or grade 
1 LVDD, subjects with more than moderate LVDD were not 
included. These authors suggested that a larger-scale study, 
including patients with moderate or severe LVDD are needed 
to confirm findings.

Sex differences, adiponectin, and cardiac function 
Whether there are sex differences in the effects of 

adiponectin on cardiac function and structure is not 

clear. Fontes-Carvalho et al.145 reported data from a 
population‑base study involving individuals aged 45 years 
and older on associations of leptin and adiponectin levels 
and LV diastolic function. These investigators found 
significant sex differences for both leptin and adiponectin 
levels and their relationships with diastolic function. 
Relatively higher levels of leptin were associated with 
worse diastolic function, particularly among women, and 
this was regardless of age and hypertension.  Interestingly, 
adiponectin did not correlate with diastolic function 
parameters.145 Even so, it is plausible to postulate a sex-
specific effect for adiponectin on changes in myocardial 
structure and function, as women have significantly 
higher systemic adiponectin levels.146 In two small studies 
involving patients undergoing coronary angiography147 or 
with HF,142 decreased adiponectin levels were associated 
with worse diastolic function. Figure 1 summarizes the main 
mechanisms involved in estrogen loss and obesity in the 
development of LVDD and HFpEF.  

Figure 1 – A schematic diagram showing the involvement of estrogen loss and obesity in HFpEF. An expansion and a shift of subcutaneous to visceral fat 
occurs in women after menopause. Abdominal obesity, defined by increased waist circumference, is a major risk factor for the development of HFpEF, 
which may involve an uptick in the synthesis and release of adipokines, including TNF-α, IL-6, MCP-1, resistin, leptin, lipocalin-2, and plasminogen activator 
inhibitor-1. These adipokines play critical roles in cardiac inflammation, oxidative stress, and impaired metabolism. On the other hand, the production of 
adiponectin from white adipocytes, which exerts beneficial effects on insulin sensitivity and cardiovascular function, is markedly reduced in obese individuals. 
Abnormalities in adipokines, in addition to estrogen loss, might participate in the development of HFpEF by inducing cardiac inflammation and oxidative 
stress, and finally leading to concentric cardiac hypertrophy, remodeling, stiffness, and diastolic dysfunction. HFpEF, heart failure with preserved ejection 
fraction; TNF-α, tumor necrosis factor alpha; IL-6, interleukin 6; MCP- 1, monocyte chemoattractant protein; A-FABP, adipocyte fatty acid binding protein.
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Conclusion
In summary, estrogen plays a major role in the regulation of 

body weight and body fat, and that role may also protect the 
premenopausal heart from LV dysfunction. Compared with 
age-matched men, postmenopausal women display increased 
ventricular and arterial stiffness, and are more likely to develop 
LVDD and subsequent HFpEF. The lower estrogen levels after 
menopause are involved in changes in body fat distribution 
and content, a factor that increases the incidence of CVD. 
This review collected the recent evidence and clarified the 
molecular routes by which estrogen triggers these effects and 
provides new directions for future research in this exciting 
area of sex-specific cardiac aging and diastolic dysfunction, 
which is a harbinger for HFpEF.
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Introduction
Blood cysts in the heart are often recognized as benign. They 

usually do not cause clinical symptoms and are often found 
in infants younger than two months of age.1 In most cases, 
blood cysts are attached to cardiac valves or their supporting 
structures.2 Cardiac blood cysts in adults are extremely rare, 
especially in the chambers of the heart. Here, we report a 
case of valvular heart disease complicated with a blood cyst 
in the right atrium. Transthoracic echocardiography, contrast 
echocardiography and esophageal echocardiography were 
used to examine the patient.

Case report
The patient was a 64-year-old woman with palpitations 

and shortness of breath after exercise for four months. In 
the previous two weeks, the symptoms had worsened. Local 
hospitals recommended referral to superior hospitals, and then 
she was referenced to our hospital for treatment. She had a 
history of hypertension for seven years, smoking for 30 years 
and hysteromyoma surgery more than 20 years ago. She had 
no history of diabetes and denied tuberculosis, hepatitis and 
other infectious diseases. The patient did not have a clear record 
of medication. At admission, her vital signs were stable. The 
electrocardiogram showed atrial fibrillation. Systolic murmurs 
could be heard in the auscultation area of the mitral valve. There 
were no murmurs in other valve auscultation areas.

Transthoracic echocardiography showed bilateral enlarged 
atria, mild mitral stenosis and severe insufficiency, with normal 
left ventricular systolic function (LVEF=52%). In addition, a 
circular anechoic lesion was approximately 30x41 mm in 
size in the right atrium, which did not cause tricuspid valve 
obstruction (Figure 1A).

A GE Vivid E9 ultrasound diagnostic device with an M5sC 
probe was used for a contrast echocardiography examination. 
SonoVue (1 ml) was slowly injected through the median cubital 
vein over 1 minute. The scintillation artifact was triggered 
approximately 2 minutes after injection of the contrast agent. 

The microbubbles in the myocardium were quickly destroyed 
when a high MI pulse was emitted. Then the filling process of 
the contrast agent in the myocardium and tumors was observed 
in a low-MI state. Contrast perfusion imaging showed a cystic 
structure with a septum of approximately 36x42 mm in the right 
atrium and the absence of perfusion in the mass (Figure 1B, C).

Intraoperative transesophageal echocardiography revealed 
a circular echo in the right atrium, with spontaneous 
echocardiographic contrast and septation, which we considered 
to be a blood cyst. (Figure 1D).

The patient underwent right atrial mass excision, mitral 
valve replacement and tricuspid valvuloplasty. The mass was 
located in the right atrium connected to the oval fossa, near the 
orifice of the inferior vena cava, by a pedicle approximately 5 
mm in diameter. It was around 40 x 40 mm in size (Figure 2A, 
B). The capsule was intact, tough and purple-black. The atrial 
septal tissue attached to the tumor and pedicle was completely 
removed. Mitral valve replacement and tricuspid valvuloplasty 
were performed. 

Macroscopic examination showed that the right atrial mass 
was round with a volume of 45x35x27 mm, had a complete 
capsule, and a narrowed pedicle on the surface. The mass 
section was unilocular, the cystic wall was 1-2 mm thick, the 
inner lining was smooth, and the content was mainly coagula. 
Light microscopic examination of paraffin-embedded sections 
showed fibrocystic wall-like tissue, interstitial fibrous tissue 
hyperplasia, hyaline degeneration and mucinous degeneration 
in the right atrium mass, and massive coagulation tissue, which 
accorded with the cyst changes (Figure 3A, B). The valve 
tissue examined showed hyaline degeneration and mucinous 
degeneration with scattered infiltration of chronic inflammatory 
cells (Figure 3C).

The patient recovered well after the operation. No abnormal 
mass was found in the right atrium by echocardiography. In 
addition, her mitral valve prosthesis and tricuspid valve function 
were normal.

Discussion
Elsasser first reported blood cysts in 1844.3 They are usually 

of congenital origin and are found within a few months after 
birth, then disappear spontaneously with time. They mostly 
occur in cardiac valves, such as mitral valves, tricuspid, aortic, 
and pulmonary valves. Sometimes they exist in the left atrium 
and right atrium.4,5 Blood cysts in adults are extremely rare, 
especially in the heart cavity. There are several hypotheses 
about the causes of hemocyst formation: 1. During the 
development of valves, blood cysts are formed because the 
blood is squeezed and gets stuck in the gap that later closes. 2. 
Possible heteroplastic changes in primary pericardial mesothelial 
tissue. 3. Sakakibara et al.6 suggested that a sudden blockage of 
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Figure 1 – A) Transthoracic echocardiography showed a circular anechoic lesion in the right atrium. B, C) Contrast perfusion imaging showed a cystic 
structure with a septum and the absence of perfusion in the mass. D) Intraoperative transesophageal echocardiography revealed a circular echo in the 
right atrium, with spontaneous echocardiographic contrast and septation. RV: right ventricle; LV left ventricle; RA: right atrium; LA: left atrium.

Figure 2 – A, B) Surgical findings. The tumor was located in the right atrium connected to the oval fossa, near the orifice of the inferior vena cava, by a 
pedicle approximately 5 mm in diameter.
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circulation causes blood cysts in the atrium or ventricle. They 
believed that hypoxia, inflammation and bleeding tendencies 
might be responsible for developing endocardial hematoma into 
hemocysts. 4. Blood cysts only represent dilated blood vessels. 
5. Mucinous degeneration.7 However, there is still no consensus 
on the cause of blood cysts.4,8,9 The current patient had mitral 
insufficiency. Pathological examination of the valve showed 
hyaline degeneration and mucinous degeneration. It is presumed 
that this was related to the formation of blood cysts.

Cardiac tumors are mostly benign and myxomatous. They 

can occur at any age. Myxoma usually occurs on the endocardial 
surface of the cardiac cavity, 60% -80% of the time in the left 
atrium. The pedicle attaches to the oval fossa of the atrial septum 
and has a certain range of motion with the cardiac cycle.

However, myxoma is usually a round or oval strong-echo 
mass with regular inside echoes. If there is necrosis in the center, 
it may be an anechoic area.

Left ventricular contrast echocardiography of myxoma shows 
that the contrast medium is sparse but enhanced in the lesion. Its 
intensity is lower than that of adjacent myocardial tissue, which 
is not consistent with this case.

The echocardiographic manifestations of cardiac 
echinococcosis are cystic space-occupying lesions in the heart. 
The distribution of cysts in the heart is mainly related to the 
myocardial blood supply. Therefore, the most common site is the 
ventricular wall myocardium, which has the most blood supply 
of the heart, followed by the atrial wall, and the cardiac cavity is 
less often involved.10 However, the patient did not have a clear 
history of contact with cattle or sheep or an unclean diet, so that 
diagnosis was not supported.

From 1958 to 2020, there were only ten articles about blood 
cysts in the right atrium confirmed by pathology. Our review of 
the English-language literature revealed ten other entries since 
1996, describing a total of 10 patients with details of these blood 
cysts in the right atrium (Table 1). The symptoms of reported 
blood cysts vary. Four patients were asymptomatic.11-14 Other 
patients had symptoms. The common symptoms were dyspnea 
and chest discomfort, one case of chronic grief, and one case of 
headache. The attachment site has also been different. Six cysts 
were attached to the atrial septum,11,13-17 2 to the oval fossa,12,18 
1 to the tricuspid valve,19 and 1 to the coronary sinus valve.20 
Calcification was found in 5 of the blood cysts.12,14-16,18 After 
surgery, most patients recovered,11-15,18,20 2 patients did not have 
an explained prognosis,16,19 and 1 patient died.17

At present, there is no uniform standard for the treatment 
of blood cysts. Therefore, patients with symptoms can be 
followed up regularly. It is reported that hemocysts may cause 
left ventricular outflow tract obstruction, valve dysfunction, 
ventricular dysfunction, embolic stroke, pulmonary embolism 
and coronary artery obstruction.8 Therefore, for patients with 
symptoms, early surgical treatment should be carried out.

Conclusion
Echocardiography has become the first choice for diagnosing 

blood cysts because it can let us observe the size, shape, 
structure, function and valvular development of the heart, and 
it is noninvasive and safe. Furthermore, contrast-enhanced 
echocardiography is helpful in the diagnosis of blood cysts 
because it can show whether there is a contrast medium 
filling in the mass. In addition, intraoperative transesophageal 
echocardiography can be used to locate the cardiac mass and 
thereby help with the operation.
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Figure 3 – A, B) Pathology findings. The mass was filled with 
fibrocystic wall-like tissue, interstitial fibrous tissue hyperplasia, hyaline 
degeneration and mucinous degeneration in the right atrium mass, and 
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Table 1 – Clinical summary of Blood cysts cases found in English literature since 1958

Patient First author Year Gender Age Tumor size Attachment
Blood 

cyst with 
calcium 

Symptom History Prognosis

1 H Niinam15 1996 F 59 20x20mm

atrial septum 
between the 
fossa ovalis 
and tricuspid 

valve 
annulus

yes

periodic 
episodes of 
substernal 

pressure and 
dry cough

none recovery

2
Hiroyuki 
Tanaka11  

2003 M 52 40x30mm

atrial septum 
between the 
fossa ovalis 
and tricuspid 

valve

no none gastric cancer recovery

3
Gernot 

Seebacher18 
2006 F 65 44x20mm

fossa ovalis 
of atrial 
septum

yes
dyspnea, 

angina, and 
tachycardia

none recovery

4
Kaoru 

Otsuka12 2007 M 56 30x20mm
fossa ovalis 
of the atrial 

septum
yes none none recovery

5
Tomasa 

Centella16 2015 Unknown 62 28x28mm atrial septum yes headache

elevated ferritin 
unrelated to the 

hemochromatosis 
gene, a hiatal 
hernia, mild 

esophagitis, and 
renal sinus cysts

unknown

6
Hiroyuki 
Otsuka13 2016 F 85

30x30mm, 
25x25mm

atrial septum 
between 
the fossa 
ovalis and 

the tricuspid 
valve 

no none
sick sinus 
syndrome

recovery

7
Hilary 
Bews19 2018 F 62 45x54mm

tricuspid 
valve 

no
chronic back 

pain
none unknown

8
Feridoun 
Sabzi20 2019 M 76 unknown

coronary 
sinus valve

unknown dyspnea none recovery

9
Behnam 

Shakerian14 2019 M 73 16x10mm atrial septum yes none none recovery

10 A Angelov17 2012 F 28 60x65mm atrial septum no

chest 
discomfort, 
shortness of 
breath, and 

fever

none death
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Introduction
Coronavirus disease-2019 (COVID-19) caused by the 

severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) 
may result in severe respiratory distress and acute cardiac 
injury. Impaired cardiac function and/or prior cardiovascular 
disease (CVD) in patients with COVID-19 are associated with 
worse prognosis.1 Transthoracic echocardiography (TTE) has 
a central role in the management of patients, as it provides 
a crucial assessment of abnormalities in cardiac function and 
structure that impact on their prognosis and treatment.2 Studies 
have reported varied rates of left ventricular (LV) and right 
ventricular (RV) dysfunction, but it is unclear how often cardiac 
dysfunction result directly from COVID-19.3-6 We described the 
prevalence of the main abnormal echocardiographic findings in 
hospitalized patients with COVID-19 with and without previous 
cardiovascular disease (CVD) through a real-world, multicenter 
collaborative study (Brazilian Echocardiography Registry during 
COVID-19 pandemic, or ECOVID). 

Methods
ECOVID is a prospective multicenter observational study of 

hospitalized patients with COVID-19 in Brazil that started on 

April 4th, 2020, by collecting clinical and echocardiographic 
data in all five macro-regions of the country. Full description 
of the study methods was detailed in the Supplemental 
Material. Briefly, consecutive hospitalized patients (> 18 years 
old) with confirmed or highly probable COVID-19 were 
included. At each participant center, clinical data was obtained 
from medical charts and patient interview by cardiologists, 
and echocardiographic measures were locally obtained. 
The results were registered using an online case report form. 
Most echocardiographic scans used a focused protocol 
aiming to mitigate the risk to the healthcare professional.7 
Imaging  acquisition and interpretation were performed by 
certified physicians according to international guidelines.8,9 

Specifically, LV systolic dysfunction was defined by LV ejection 
fraction (LVEF) below 50% (mild between 40-49%; moderate 
between 30-39%, and severe <30%). LV diastolic dysfunction, 
RV systolic dysfunction and pulmonary artery systolic pressure 
(PASP) were defined and classified according to guidelines 
(please see Supplemental material). The echocardiographic 
findings were summarized according to the history of previous 
CVD, as defined by previous obstruction ≥50% in any 
major coronary artery demonstrated by coronary computed 
tomography angiography or coronary angiography, coronary 
revascularization, myocardial infarction, heart failure or atrial 
fibrillation. This study was approved by the ethics committee 
of the coordinating center (# 4.033.139) and the local ethics 
committees from each respective site. 

Statistical analysis
Continuous variables were presented as mean ± standard 

deviation. The Gaussian distribution of the data was analyzed 
by looking at the shape of the distribution, skewness, kurtosis, 
and using the Kolmogorov-Smirnov test. Categorical data were 
expressed as counts and percentages. Clinical, demographic 
and echocardiographic parameters were compared between 
the individuals with and without history of previous CVD using 
unpaired Student’s t test or Chi-squared test, accordingly. We 
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considered statistically significant p-values<0.05. Statistical 
analyses were performed using Stata version 15.1 (Stata Corp, 
College Station, TX). 

Results
We included 223 hospitalized patients admitted 

between April 4th and September 9th, 2020, aged 61.4 ± 
15.3 years old (range19 to 94), 59% men, 83% with 
RT‑PCR-confirmed COVID-19, 17% with highly probable 
COVID-19. The main clinical indications for referral 
for echocardiography were suspected heart failure 
(50%), suspected acute coronary syndrome (chest pain, 
electrocardiogram abnormalities and troponin elevation) 
(20%), hemodynamic instabil i ty (18%), suspected 
myocarditis (16%), suspected pulmonary embolism (6%), 
clinically relevant arrhythmias (5%), and others (such as 
suspected pericardial effusion, endocarditis, syncope, and 
cardioembolic source of brain stroke) (5%). 

Table 1 summarizes the demographics, clinical 
characteristics and comorbidities of the population. Patients 
without previous CVD were younger and had lower 
prevalence of cardiovascular risk factors, such as hypertension, 
diabetes and smoking, and were less likely to have chronic 
obstructive pulmonary disease and chronic kidney disease, 
when compared with patients with previous CVD (Table 1). 
COVID-19-related symptoms and supportive measures were 
similar between patients without and with previous CVD 
(Supplemental table 1). 

Table 2 shows the main echocardiographic findings in 
hospitalized patients with COVID-19 according to a history of 
previous CVD. As expected, patients without CVD were less 
likely to have echocardiographic findings suggesting abnormal 
LV structure and/or function, including LV hypertrophy (27 
vs 52%, p<0.001), LV systolic dysfunction (13 vs. 34%, 
p<0.001), regional wall motion abnormalities (8 vs. 24%, 
p<0.001) and grade II or III LV diastolic dysfunction (11 vs. 
26%, p=0.011). On the other hand, only 52% of patients 
without previous CVD had a normal echocardiogram 
(Figure 1). RV systolic dysfunction (17 vs. 22%, p=0.40) 
and pulmonary hypertension (24 vs. 38%, p=0.06) were 
relatively common and they were similar between patients 
without and with previous CVD. RV systolic dysfunction was 
also common in patients without previous pulmonary disease 
(15 vs. 20% for patients without and with previous CVD, 
respectively, p=0.45). Pericardial effusion and moderate-
to-severe valve regurgitation were uncommon. Of note, in 
patients without previous CVD and presumably new LV systolic 
dysfunction (n=21), 48% of them displayed regional wall 
motion abnormalities. No patient had evidence of wall motion 
abnormalities suggestive of stress-induced cardiomyopathy. 
Echocardiography results changed clinical management in 
25% of the cases, mostly triggering the initiation of therapy for 
heart failure or anticoagulation or referral to catheterization.

Discussion
In this multicenter registry, we found that clinically 

relevant abnormalities in cardiac function or structure 

Table 1 – Demographics and comorbidities in hospitalized patients with COVID-19 according to a history of previous cardiovascular disease

All patients No previous CVD Previous CVD
p value

n=223 n=173 n=50 

Age, years 61.4± 15.3 59 ± 15 68 ± 14 <0.001 

Male, n (%) 132 (59.2%) 103 (59.5%) 29 (58.0%) 0.85 

BMI, Kg/m2 27.6± 5.0 27.6 ± 5.3 27.5 ± 3.6 0.83 

Obesity, n (%) 60 (26.9%) 49 (28.3%) 11 (22.0%) 0.37 

Hypertension, n (%) 115 (51.6%) 78 (45.1%) 37 (74.0%) <0.001 

Diabetes mellitus, n (%) 77 (34.5%) 47 (27.2%) 30 (60.0%) <0.001 

Smoking, n (%) 30 (13.5%) 17 (9.8 %) 13 (26.0%) 0.003 

Previous CAD, n (%) 30 (13.5%)   30 (60.0%) ND

Previous HF, n (%) 16 (7.2%)   16 (32.0%) ND

Previous AF, n (%) 9 (4.0%)   9 (18.0%) ND

Pulmonary disease, n (%) 24 (10.8%) 14 (8.1 %) 10 (20.0%) 0.017 

Chronic Kidney disease, n (%) 28 (12.6%) 17 (9.8 %) 11 (22.0%) 0.022 

Dialysis, n (%) 3 (1.3%) 3 (1.7 %) 0 (0.0 %) 0.35 

Cerebrovascular disease, n (%) 7 (3.1%) 4 (2.3 %) 3 (6.0 %) 0.19 

Cancer, n (%) 5 (2.2%) 2 (1.2 %) 3 (6.0 %) 0.042 

CVD: cardiovascular disease; BMI: body mass index; CAD: coronary artery disease; HF: Heart failure; AF: atrial fibrillation; COPD: Chronic 
obstructive pulmonary disease.
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Table 2 – Echocardiographic findings in hospitalized patients with COVID-19 according to a history of previous cardiovascular disease

Parameter
All patients No previous CVD Previous CVD

p value
n=223 n=173 n=50 

LV hypertrophy, n(%) 73 (32.7%) 47 (27.2%) 26 (52.0%) <0.001 

LV dilation, n(%) 31 (14.0%) 13 (7.6%) 18 (36.0%) <0.001 

LV systolic dysfunction, n(%)       0.005 

None 183 (82.1%) 150 (86.7%) 33 (66.0%)  

Mild 10 (4.5%) 7 (4.0%) 3 (6.0%)  

Moderate 14 (6.3%) 8 (4.6%) 6 (12.0%)  

Severe 16 (7.2%) 8 (4.6%) 8 (16.0%)  

LV diastolic dysfunction, n(%)       <0.001 

None 88 (42.5%) 82 (49.7%) 6 (14.3%)  

Mild 90 (43.5%) 65 (39.4%) 25 (59.5%)  

Moderate 27 (13.0%) 17 (10.3%) 10 (23.8%)  

Severe 2 (1.0%) 1 (0.6%) 1 (2.4%)  

Unknown 16 (7.2%) 8 (4.6%) 8 (16.0%)  

LV regional wall abnormality, n(%) 25 (11.2%) 13 (7.5%) 12 (24.0%) 0.001 

RV dysfunction, n(%)       0.20 

None 183 (82.1%) 144 (83.2%) 39 (78.0%)  

Mild 21 (9.4%) 17 (9.8%) 4 (8.0%)  

Moderate 9 (4.0%) 7 (4.0%) 2 (4.0%)  

Severe 10 (4.5%) 5 (2.9%) 5 (10.0%)  

Pulmonary hypertension       0.06 

None 160 (72.4%) 129 (75.4%) 31 (62.0%)  

Mild 36 (16.3%) 28 (16.4%) 8 (16.0%)  

Moderate 21 (9.5%) 12 (7.0%) 9 (18.0%)  

Severe 4 (1.8%) 2 (1.2%) 2 (4.0%)  

Moderate-to-severe valve regurgitation, n(%)        

Aortic 2 (0.9%) 1 (0.6%) 1 (2.0%) 0.34 

Mitral 10 (4.5%) 6 (3.5%) 4 (8.2%) 0.16 

Tricuspid 8 (3.6%) 4 (2.3%) 4 (8.2%) 0.05 

Pericardial effusion, n(%) 5 (2.2%) 5 (2.9%) 0 (0.0%) 0.22 

CVD: cardiovascular disease; LV: left ventricular; RV: right ventricular.

were relatively common among hospitalized patients 
with COVID-19, even in those without previous CVD, 
with roughly half showing at least one abnormal finding. 
Moreover, 1 in 8 patients without previous CVD had at least 
one severe echocardiographic abnormality.

Previous studies describing echocardiographic findings 
in patients with COVID-19 have been considerable 
heterogeneous. The prevalence of LV systolic dysfunction, 
RV dysfunction and RV dilation have ranged from 5.410 to 
37.4%,4 3.6,11 to 33%,12 and 0,12 to 46.9%,13 respectively. 
This wide variation may be related to referral bias, different 
TTE protocols, inaccurate definitions of echocardiographic 
abnormalities, and differences in population characteristics, 
such as the proportion of patients with previous CVD. 

Aiming to mitigate referral bias, Szekely et al.5 systematically 
performed TTE in 100 consecutive patients hospitalized for 
COVID-19, 43% of which had prior CVD. They found that the 
most frequent abnormality was RV dysfunction/dilation while 
only a minority of patients (10%) had LV systolic dysfunction.5 

Our study sheds light on the importance of previous 
CVD on the prevalence of echocardiographic findings of 
patients hospitalized with COVID-19. While RV dysfunction 
was common and apparently unrelated to the prevalence 
of previous CVD, LV systolic and diastolic dysfunction were 
more common in patients with previous CVD, likely in part 
due to pre-existing cardiovascular conditions. Noteworthy, 
thirteen percent of patients without CVD had LV systolic 
dysfunction, which may reflect a COVID-19-related “de novo” 
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Figure 1 – Echocardiographic findings in patients hospitalized for COVID-19 without previous cardiovascular disease. LVH: left ventricular hypertrophy; 
LV: left ventricle; RV: right ventricle; PH: pulmonary hypertension. *Refers to LV regional wall motion abnormality. †LV diastolic dysfunction includes only 
moderate or severe LV diastolic dysfunction.

LV impairment. On the other hand, pulmonary hypertension 
and RV systolic dysfunction are more likely to result from a 
myriad of phenomena that affects the lungs, such as hypoxia, 
inflammation, acute respiratory distress syndrome, pulmonary 
microvascular thrombosis, pulmonary thromboembolism and 
mechanical ventilation. 

As major efforts by the scientific community aim to mitigate 
the severe health consequences of the COVID-19 pandemic, 
it becomes challenging to balance the use of echocardiography 
to provide high quality of medical care without excessively 
increasing the risk of cross-infection between healthcare 
professionals and patients. Our results help understand which 
cardiac function parameters are most frequently abnormal 
in hospitalized patients with COVID-19, according to the 
history of previous CVD through a real-world national registry. 
It is important to emphasize that the presence of cardiac 
dysfunction is independently associated with worse prognosis 
in patients with severe COVID-19.14 TTE evaluation should 
be considered in patients with COVID-19 and suspected 
cardiovascular complications to characterize the underlying 
cardiac substrate, for risk stratification, and to potentially guide 
management strategies.14 On the other hand, its indications 
should be based in critical consideration of the benefits to 
patient, contamination risk for healthcare personnel and use 
of the limited personal protective equipment. 

Our study has limitations that deserve attention. First, the 
echocardiographic measures were performed by local 
investigators without final assessment by a core lab. 

Nevertheless, all echocardiograms were performed by 
experienced physicians, who followed the procedures 
according to international guidelines. Second, abnormal 
findings may have been overestimated due to referral bias, as 
the echocardiograms were performed at the discretion of the 
attending physician. Third, serum biomarkers of myocardial 
injury were unavailable in this study. Finally, although we 
described the TTE findings in patients without previous CVD, 
we still cannot rule out whether these cardiac abnormalities 
were pre-existing, and these results should be interpreted 
with caution. 

Conclusions
Among hospitalized patients with COVID-19 submitted 

to an echocardiogram, RV and LV systolic dysfunction were 
found in almost one out of five patients, but the latter was 
less common in those without previous CVD. Only half of the 
patients without previous CVD had a normal TTE.
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Coherent Map for Atypical Atrial Flutter – A Step Forward for the 
Understanding of the Arrhythmia Mechanism
Pedro A. Sousa,1  Sérgio Barra,2,3 Mariana Pereira,1  Luís Elvas1
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Case Presentation
An 86-year-old woman with a previous history of paroxysmal 

atrial fibrillation was referred for atypical atrial flutter (AFL) 
ablation. She had never been submitted to catheter ablation 
before. The transthoracic echocardiogram revealed a left 
ventricular ejection fraction of 65%, a mildly dilated left atrium 
(42mm) and moderate mitral regurgitation. The baseline 12-lead 
ECG exhibited positive F waves in V1 and the lower limb leads, 
isoelectric F waves in DI and negative F wave in aVL. (Figure 1A) 
Given the earlier concentric activation in the coronary sinus (CS), 
with a tachycardia cycle length (TCL) of 330ms, (Figure 1B) a right 
atrial (RA) activation map, performed with the PentaRay® catheter, 
was initially analyzed using the HD Coloring tool (CARTO® 3V7, 
Biosense Webster, CA, USA). It revealed an earlier activation 
in the interatrial septum with only 1/3 of the TCL (Figure 2).  
A subsequent left atrial (LA) activation map revealed a large area 
of scar with likely conduction block in almost all of the anterior 
wall, represented as a white line by the lower threshold Extended 
Early Meets Late (EEML) feature, and several areas with early 
local activation time (LAT) points – in the left atrial appendage 
(LAA), the anterior aspect of the mitral valve (MV) and the roof 
near the anterior segment of the right superior pulmonary vein 
(RSPV). It also showed two zones of re-entry as established by 
the Early Meets Late (EML) feature (Figure 3A and S-3 A). These 
maps suggested a probable circuit around the right pulmonary 
veins but did not explain the color activation in the LAA and MV. 
A new mapping algorithm – Coherent (CARTO® 3V7, Biosense 
Webster) – unveiled the circuit (Figure 3B and S-3 B). What is 
the mechanism of this atypical AFL?

Discussion

This case highlights some interesting features.
First, taking into consideration the concentric activation 

in the CS (Figure 1B), the mapping was initially performed 

in the RA with the HD Coloring software. The bipolar map 
revealed normal electrograms, defined as voltage above 
0.3mV, in most of the chamber (Figure S-2 A and S-2 B).  
A RA high-density activation map revealed earliest LAT 
points in the interatrial septum (Figure 2). The propagation 
wave at this point was consistent with a focal source, but 
since the unipolar signal had an initial “r” deflection and 
only 1/3 of the TCL was comprised in this chamber, an 
exclusively RA circuit was ruled out (Supplemental Video 1).

An LA bipolar map was subsequently performed, 
revealing a diseased LA, with extensive dense scarring in 
the anterior wall, as defined by a voltage below 0.1mV, 
and some patchy scar areas in the posterior wall (Figure S-2  
A and S-2 B). The high-density activation map performed 
with the HD Coloring software (Figure 3A and S-3 A), 
comprising all of the TCL, displayed multiple areas of early 
activation (in the LAA, the anterior aspect of the MV and the 
roof near the anterior segment of the RSPV). Two areas of 
re-entry, as defined by the EML feature, were also observed 
– one from the LAA to the MV and another in the roof. Both 
the EML and EEML depend on the mapped tachycardia 
cycle (which in our case corresponded to the TCL) and they 
are established taking into consideration the LAT difference 
between adjacent points.1,2 In this case, since the difference 
between LAT points was greater than 25% of the TCL (82ms 
= 0.25 * 330ms), a white line was displayed from the MV to 
the RSPV (sparing only a small portion in the anterior wall, 
near the RSPV) and also in the posterior wall near the RSPV, 
suggesting probable lines of conduction block. 

The propagation map of the LA (Supplemental Video 2) 
suggested a circuit around the right pulmonary veins, with 
the propagation wave moving through the interrupted white 
line. However, it did not explain the color activation in the 
LAA and MV. Even after combining both maps (Figure S-1), 
several questions remained unexplained: 

1) How could there be a propagation wave in the 
anterior wall given the presence of extensive scar? 

2) How was there a simultaneous activation of different 
areas of the LA? 

3) Do the two areas of reentry – in the posterior roof and 
from the LAA to the MV- correspond to two independent 
circuits or one circuit with passive conduction to the 
other area? 

4) In case of independent circuits, where are they 
located and how can the wavefront propagate through 
the anterior aspect of the MV if, according to the EEML, 
this appears blocked (as shown by the uninterrupted 
white line)? 
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Figure 1 – Twelve-lead electrocardiogram (A) and intracardiac tracings obtained during AFL (B) and during radiofrequency applications (C and D).

Figure 2 – High-density activation map of the RA acquired during AFL with a TCL of 330ms. The map was performed with the HD Coloring software, 
included 4,643 points, with 32% of the TCL and displayed a centrifugal high septal activation (red indicates the areas with earliest LAT, while orange, 
yellow, green, blue and purple indicate progressively delayed activation). Unipolar electrograms showed an initial “r” deflection. AFL: atrial flutter; RA: 
right atrium; TCL: tachycardia cycle length.
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As previously reported,2 in the HD Coloring feature each 
LAT requires a voltage of only ≥ 0.03mV to be integrated into 
the activation map. This is the reason why we could see an 
activation wavefront in the anterior wall, despite the presence 
of extensive scar (bipolar electrogram voltage below 0.1mV). 
Entrainment could in theory provide valuable information (like 
excluding an 8-digit atrial flutter with a common isthmus), but 
in our center this is typically performed only if other methods 
fail to explain the circuit, given the small risk of terminating 
the arrhythmia or its degeneration into atrial fibrillation.3 
Ripple mapping can also be useful in these cases, since it 
overcomes some limitations of the LAT maps, such as the 
incorrect annotation of the electrograms and the fact that it 
is not influenced by the window of interest.4 

Recently, a novel mapping algorithm – Coherent 
(CARTO® 3V7, Biosense Webster) was developed to 
address some of the limitations associated with the 
current activation mapping. Briefly, the Coherent mapping 
algorithm takes into account the LAT value, the conduction 
vector and the probability of non-conductivity and displays 
the most likely arrhythmia mechanism.3 It introduces some 
new features: 1) The presence of the vectors and their 
corresponding direction and velocity and 2) A “slow or 
no conduction” (SNO) zone displayed with a brown color, 
representing an area where there is slow conduction or 
no conduction.

Figure 3 – Left atrial activation maps performed with the PentaRay® catheter including 2,765 points and 330ms of the tachycardia cycle length. Map A 
was performed with the HD Coloring software (EML and EEML set at 75% and 25%, respectively), with bipolar scar settings at 0.03mV and a scar area 
size of 1 displayed as grey tags. The activation map revealed three distinct areas of early LAT points – in the roof, near the anterior MV and in the LAA – 
and two zones of probable re-entry as defined by a difference between adjacent points superior to 75% of the TCL (the EML threshold) - in the roof and 
between the LAA and MV, respectively. There was a probable line of conduction block (displayed as a white line) from the MV until almost the RSPV, since 
the difference between adjacent LAT points on both sides of the line were greater than 25% of the mapped tachycardia cycle. Map B was performed with 
the Coherent mapping algorithm, revealing a SNO (slow or no conduction) zone (displayed as brown) from the RSPV to the anterior aspect of the mitral 
valve and also towards the LAA. With the velocity vector set at 17 (slow velocity is represented by thicker vectors), we observed conduction through the 
anterior wall near the RSPV - a clockwise circuit (dashed yellow arrow) around the right pulmonary veins. Coherent also revealed a small area of slow 
conduction (fractionated electrograms as depicted in Map A) near the mitral valve suggestive of a second circuit - a counterclockwise propagation wave 
around the MV (dashed yellow arrow). EML: early meets late; EEML: extended early meets late; LAT: local activation time; MV: mitral valve; LAA: left atrial 
appendage; TCL: tachycardia cycle length; RSPV: right superior pulmonary vein.

The analysis with this new mapping algorithm (Figure 3B 
and S-3 B) allowed us to overcome some of the limitations of 
conventional activation mapping, even with the HD coloring 
feature:  1) The difficulty in discriminating between active and 
passive activation – in our case, although the window of interest 
was defined as equal to the TCL, the posterior wall and the LAA 
were activated with such delay that its activation continued 
into the next cycle and consequently were displayed with a 
red color, explaining why they seemed to be simultaneously 
activated; 2) Each LAT receives one single time annotation 
regardless of its fractionation or duration, which can mislead 
the operators and even the software itself. In the present case, 
by annotating the fractionated electrograms in the lateral mitral 
valve as very early LAT, a white line of conduction block was 
displayed, which hindered the interpretation of the wavefront 
activation map. By analyzing the vectors’ directions and their 
velocity (slow velocity if represented by thicker vectors) we 
observed conduction through the anwterior wall near the 
RSPV – a clockwise circuit (dashed yellow arrow in Figure 3B) 
around the right pulmonary veins. However, Coherent mapping 
also revealed a small area of slow conduction near the mitral 
valve, suggestive of a second circuit – a counterclockwise mitral 
flutter. This circuit corresponded to the area of fractionated 
electrograms and could have gone unnoticed as a white line, 
suggesting that a block had been placed by HD Coloring (Figure 
3A) for the reason mentioned above (each LAT receives one 
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single time annotation regardless of its fractionation or duration) 
(Figure 3B, S-3 B and Supplemental Video 3).

To confirm our hypothesis of a double loop AFL, the 
final step was the choice of location for the application of 
radiofrequency (RF) energy. We initially closed the gap near the 
RSPV with immediate elongation of the TCL (Figure 1C). After 
delivery of RF energy in the anterior aspect of the mitral valve, 
the AFL was successfully terminated (Figure 1D and Figure 
4). Bidirectional block along the ablation line was confirmed 
with differential pacing maneuvers and with repeat activation 
mapping while pacing from the LAA (Supplemental Video 
4). Also, no further arrhythmia was subsequently inducible. 
After 5 months of follow-up, the patient remains free from 
any sustained arrhythmia. 

This case highlights some of the new features of the 
Coherent mapping algorithm and its usefulness, particularly 
in patients with extensive scar, fractionated electrograms 
and areas of very slow conduction. By displaying the “best 
fit” activation wavefront, Coherent mapping overcame the 
limitations related with the presence of very slow conduction 
and the incorrect annotation of fractionated electrograms 
with incorrect  consequent display of conduction block, 
unveiling a double loop atrial flutter, and allowing us to 
successfully treat the patient.
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Safety Margin for Plasma Hyperviscosity in Cardiovascular Disease 
Patients after COVID-19 Vaccination for Thrombosis Prevention
Rujittika Mungmunpuntipantip1  and Viroj Wiwanitkit1

Dr DY Patil, Universidade de Pune,1 Pune - India

Dear Editor,
We read the article entitled “Vaccinating Patients with 

Heart Disease Against COVID-19: The Reasons for Priority” 
with great interest.1 COVID-19 vaccination is accepted as the 
best way for preventing the disease, but data on its safety are 
still warranted. An important problem found after COVID-19 
vaccination is the rheological change causing intravascular 
clotting and thrombotic complications.2 Changes in blood 
viscosity after COVID-19 vaccination have been confirmed.  
A vaccine can induced rapid production of antibody, which 
is a protein that can increase plasma viscosity by an estimated 
2.4 centipoise (cP) from normal values in healthy person.3,4 
The problem might occur if changes in plasma viscosity reach 
levels above 5 cP, considered a hyperviscosity state.5 

For any person receiving the COVID-19 vaccine, there 
may be a safety margin for the hyperviscosity problem. This 
safety margin would be difference between baseline plasma 
viscosity to the hyperviscosity level. The concern on the safety 

margin for the hyperviscosity problem should be discussed 
for a person with underlying heart disease. It is observed that 
a person with hyperlipidemia or cardiovascular disease has 
higher plasma viscosity than a healthy person.6,7 

In this paper,1 the authors tried to estimate the safety 
margin for plasma hyperviscosity for healthy people and for 
those with different underlying heart diseases who will be 
vaccinated against COVID-19. The estimated safety margin 
values are shown in Table 1; the safety margins differed not 
only between healthy individuals and cardiovascular disease 
patients, but also between different cardiovascular diseases. 
A person with unstable angina seems to have the highest risk. 
Patients with some specific underlying diseases might have 
lower safety margin values, which may imply a higher risk 
for developing a thrombotic disease. As a recommendation, 
special attention should be given to cardiovascular patients 
at high risk of hyperviscosity, and pre-vaccination monitoring 
of plasma viscosity might be useful.
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Table 1 - Estimated safety margin for plasma hyperviscosity after COVID-19 vaccination in healthy individuals and patients with 
cardiovascular diseases

Groups Background viscosity * value (cP) Estimated safety margin** (cP)

Healthy person 1.40 1.1

Patient with dyslipidemia 1.44 1.06

Patient with stable angina 1.42 1.08

Patient with unstable angina 1.66 0.84

Patient with myocardial infarction 1.53 0.97

*Background viscosity values are derived from previous studies.3,6,7 ** safety margin for hyperviscosity can be estimated by “hyperviscosity cutoff value – 
baseline plasma viscosity - expected increase in plasma viscosity after vaccination. cP: centipoise.
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