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Abstract

Background: Most cardiovascular abnormalities in patients infected with the human immunodeficiency virus (HIV) 
have been associated with myocardial damage directly caused by the virus. Some cases, however, may be associated 
with adverse effects from antiretroviral therapy (ART). New ventricular function assessment techniques are capable of 
detecting early changes in the cardiac function of HIV-infected patients using or not using ART. The usefulness of these 
techniques has been little employed in these patients.

Objectives: To investigate the potential influence of antiretroviral therapy (ART) on the occurrence of subclinical left 
ventricular systolic dysfunction evaluated by myocardial strain rate analysis using two-dimensional speckle tracking 
echocardiography (2-D Echo) in treated HIV patients compared to untreated patients and healthy individuals.

Methods: Sixty-eight HIV-infected patients with no cardiovascular symptoms, normal left ventricular (LV) ejection fraction (> 0.55 
on 2-D Echo) were divided into three groups: 11 patients not using antiretroviral therapy (NT), 24 using protease inhibitor (PI) 
and 33 using non-nucleoside reverse transcriptase inhibitor (NNRTI). We also studied 30 normal non-HIV infected individuals 
(Ctrl). Demographic, clinical, biochemical and anthropometric data were collected. Preliminary transthoracic echocardiography 
included study of myocardial strain using two-dimensional speckle tracking. We studied strain and strain rate in the seventeen 
left ventricular (LV) myocardial segments in the longitudinal, circumferential and radial axes. Statistical analysis of the data was 
done with IBM SPSS – version 20 for Windows. Upon analysis of the data, namely the normality of independent variables in 
the different groups and the homogeneity of the variances between the groups, Kruskal-Wallis’ non‑parametric test was done, 
followed by Dunn’s multiple comparison tests to test the significance of the differences between the values measured in the 
study groups. A significance level of 5% was adopted for decision-making on statistical tests.

Results: The mean age of HIV patients was 40  ±  8.65 years and the mean age of controls was 50  ±  11.6 years (p < 0.001). 
Median LV global longitudinal strain (GLS) of NT patients (–17.70%), PI patients (–18.27%) and NNRTIs (–18.47%) were 
significantly lower than that of the Ctrl group (–20.77%; p = 0.001). There was no significant difference in mean SLG 
between treated patients (PI, NNRTI) and untreated (NT) patients. No significant differences were observed in mean 
circumferential and radial strain, nor on circumferential and radial strain rates between the NT, PI, NNRTI and Ctrl groups.

Conclusion: The data suggest that HIV patients present, on myocardial strain measured by speckle tracking, signs 
of early LV systolic dysfunction that seem to be unrelated to the presence of ART. The prognostic significance of this 
condition in these patients deserves further studies. (Arq Bras Cardiol. 2019; 113(4):737-745)
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Introduction
Around the world, deaths related to the acquired 

immunodeficiency syndrome (AIDS) declined from about 
1.9 million in 2005 to about 1 million in 2016, largely due 
to expansion of treatment – for the first time, more than half 

of people infected with the human immunodeficiency virus 
(HIV) were under treatment for the disease. Since 2010, the 
annual number of new infections in all age groups decreased 
by 16%. However, progress is variable and, despite a global 
downward trend in this epidemic disease, several regions have 
been experiencing a sharp increase in the number of new 
infections and difficulties in expanding treatment.¹

The antiretroviral therapy (ART) was an important development 
for HIV-infected patients, contributing to prolonged survival 
and improved quality of life.² Cardiovascular diseases have 
become a common finding because of the longer survival of 
these patients. Another important aspect of cardiovascular 
complications is that they appear to be associated with the effects 
of ART.3, 4 Although a decline in the incidence of severe heart 
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conditions due to opportunistic agents, malnutrition or prolonged 
immunosuppression has been observed,5 the incidence of 
coronary artery disease and peripheral vascular events has 
increased in HIV-infected patients.6,7

HIV-infected patients may have specific myocardial 
abnormalities and conventional two-dimensional tests may fail 
to detect subtle abnormalities in regional myocardial function. 
Speckle tracking is an innovative echocardiographic technique 
that has the capacity to evaluate myocardial strain in order to 
identify subtle abnormalities in ventricular function. Myocardial 
strain is a very important mechanical variable in HIV-infected 
patients, as it shows subclinical left ventricular dysfunction. 
Unfortunately, the technique of studying cardiac strain is still 
underused. Global longitudinal strain (GLS) is well correlated 
with left ventricular ejection fraction (LVEF). Reduced SLG can 
be found in patients with heart failure with preserved ejection 
fraction,8 stable angina,9 three-vessel coronary artery disease 
and patients using chemotherapy agents with cardiotoxicity.10,11 

The purpose of this study was to evaluate the presence of 
subclinical ventricular function abnormalities in HIV-infected 
patients using or not using ART.

Methods
Observational cross-sectional study involving 68 HIV‑infected 

patients recruited from the Infectiology Service of Hospital 
Universitário Antônio Pedro (HUAP), Universidade Federal 
Fluminense (UFF). Inclusion criteria were: age ≥18 years, HIV 
infection confirmed by serological tests, no cardiovascular 
symptoms. Patients were excluded if they were under any 
therapy with cardiac or neurological medications, if they had any 
cardiac symptom or history of hypertension, LV ejection fraction 
<0.55 and pulmonary artery systolic pressure >36 mmHg, 
stable angina, atrial fibrillation or moderate to severe valvular 
heart disease. Echocardiography was performed as part of 
an established research protocol rather than for symptoms 
or comorbidities. Patients were divided into four groups: 1) 
HIV‑positive patients not using ART (NT); 2) HIV-positive 
patients on protease inhibitor therapy for at least 12 months (PI);  
3) HIV-positive patients on therapy with non-nucleoside reverse 
transcriptase inhibitors (NNRTI) for at least 12 months and  
4) healthy controls. Samples from the NT (n = 11), PI (n = 24) 
and NNRTI (n = 33) groups were defined by convenience, 
considering the patients at the time of data collection. For the 
control group, a sample of size similar to the largest of the study 
groups (n = 30) was defined.

The echocardiographic tests were conducted on an 
Echo Color Doppler device of the Italian company Esaote 
Biomédica, model Mylab 30 Gold, with a multi-frequency 
electronic sectoral transducer (2 to 4 MHz) with continuous 
electrocardiographic scanning. Traditional measures of 
left ventricular (LV) systolic function, ejection fraction and 
systolic shortening, diastolic function indicators, such as 
mitral flow E/A ratio, myocardial E wave velocity in the septal 
mitral annulus (septal E’), E/E’ ratio and estimated left atrial 
pressure were taken. Right ventricular diastolic diameter 
and two echocardiographic variables that evaluate right 
ventricular systolic function were determined: tissue Doppler 
of lateral tricuspid annulus and longitudinal tricuspid annular 
motion (LTAM). LV ejection fraction was determined by 

using the Simpson’s technique, on apical four‑chamber and 
two‑chamber views, on diastole and systole, thus obtaining 
end diastolic and end systolic volumes. Left atrial volume was 
obtained from end-systolic four-chamber and two‑chamber 
views, and the arithmetic mean was then indexed by 
the body surface area to obtain left atrial volume index.  
LV mass was obtained from diastolic and systolic LV diameters, 
as well as from the interventricular septal and inferolateral wall 
diastolic thickness, following the technical guidelines of the 
American Society of Echocardiography.12 Maximum tricuspid 
regurgitation (TR) rate, an indicator of pulmonary artery 
pressure, was obtained from apical four-chamber view.  
LV diastolic and systolic myocardial velocities were obtained by 
placing the tissue Doppler sample volume in the septal mitral 
annulus. Digital myocardial strain curves were taken by using 
the Xstrain software package from scanned cross‑sectional 
and apical view images. Myocardial strain rate was also 
evaluated. GLS was obtained by the arithmetic mean of the 
longitudinal strain values in the seventeen segments, from the 
four-chamber apical view (Figure 1), three-chamber apical 
view (Figure 2) and two-chamber apical view (Figure  3). 
Global  circumferential strain (GCS) was obtained by the 
arithmetic mean of the circumferential strain values in the 
seventeen segments, from the cross-sectional views at the level 
of the mitral valve, papillary muscles and tip. Radial global 
strain (SRG) was obtained from the arithmetic mean of 
the radial strain values in the seventeen segments, from 
cross‑sectional views of the mitral valve, papillary muscles and 
tip. Strain percentage analysis was repeated twice, using the 
best echocardiographic images. The same echocardiographer 
conducted transthoracic evaluation, then took the scanned 
images to calculate the percentages of longitudinal, radial and 
circumferential strain on an offline workstation. The strain rate 
in the longitudinal, circumferential and radial planes was also 
obtained. (Figures 1 and 3).

Statistical analysis
Statistical analysis of the data was done with IBM SPSS 

– version 20 for Windows. After analysis of normality 
of independent variables in the different groups (using 
the Shapiro-Wilk test) and homogeneity of the variances 
between the groups (using Levene’s test), it was decided 
to use Kruskal-Wallis’ non-parametric test followed by 
Dunn’s multiple comparison tests to test the significance of 
the differences between the values measured in the study 
groups. A significance level of 5% was adopted for decision-
making on statistical tests. Continuous variables with normal 
distribution were described as mean and standard deviation 
and continuous variables with non-normal distribution were 
described as median and interquartile range.

This study was approved by the Research Ethics Committee 
from Hospital Universitário Antônio Pedro (#HUAP 159/11) 
and all patients signed an Informed Consent Form.

Results
The study included 98 individuals: 68 (69.4%) HIV‑infected 

and 30 (30.6%) healthy controls with negative serology, 
of which 60 (61.2%) were males and 38 (38.8%) were 
females. Separately analyzing the groups of HIV-infected 
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Figure 1 – Apical four-chamber – percentage of longitudinal strain in the basal, middle and apical segments of the inferior and anterolateral septal walls.

Figure 2 – Apical three-chamber – percentage of longitudinal strain in the basal, middle and apical segments of the inferolateral and anterior septal walls.

patients, 55.8% were males and 44,2% were females.  
The demographic, laboratory and clinical characteristics of 
the study population are found in table 1.

The age range was 27 to 81 years (43.26 ± 10.58 years). 
There were 34 individuals in the age group of 27 to 37 years, 
37 individuals in the age group of 38 to 48 years, 19 individuals 
in the age group of 49 to 59 years, 6 individuals in the age 
group of 60 to 70 years and 2 individuals in the age group 
of 71 to 81 years.

Table 1 shows the demographic, clinical and laboratory 
variables of the different groups. Table 2 shows the 
echocardiographic variables of the different groups.

Regarding the echocardiographic variable “LV mass indexed 
by BSA,” we identified higher values in groups HIV+ PI and 

HIV- CONTROL compared to groups HIV+ NO MEDICATION 
and HIV+ NNRTI. There were no differences between the 
groups HIV+ PI and HIV- CONTROL, nor among the groups 
HIV+ NO MEDICATION and HIV+ NNRTI (Table 2).

Regarding the variable “PP” (septal diastolic thickness), 
we identified higher values in the HIV-CONTROL GROUP. 
There were no differences between the groups HIV+ PI, HIV+ 
NO MEDICATION and HIV+ NNRTI (table 2).

Regarding the variable “SIV” (posterior wall diastolic 
thickness), we identified higher values in the HIV-CONTROL 
GROUP. There were no differences between the groups  
HIV+ PI, HIV+ NO MEDICATION and HIV+ NNRTI, 
although the group HIV+ NO MEDICATION presented PP 
values lower than the others (table 2).
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Figure 3 – Apical two-chamber – percentage of longitudinal strain in the basal, middle and apical segments of the inferior and anterior walls.

Table 1 – Demographic, clinical and laboratory variables according to the group

Variable NT (n = 11) PI (n = 24) NNRTI (n = 33) Control (n = 30) Kruskal-Wallis test (p)

Age (years)
M ± DP 33.3 ± 4.1 44.8 ± 8.7 39.4 ± 8.0 49.9 ± 11.6 < 0.001

Md ± IQR 33.0 ± 3.0 43.0 ± 10.5 39.0 ± 8.0 48.5 ± 15.0

Gender

Male 9 (81.8%) 15 (62.5%) 14 (42.4%) 22 (73.3%)
0.033 (chi-square)

Female 2 (18.2%) 9 (37.5%) 19 (57.6%) 8 (26.7%)

Md ± IQR

Heart rate (bpm)
M ± SD 75.6 ± 7.3 72.0 ± 8.9 78.1 ± 6.2 73.2 ± 6.1 0.029

Md ± IQR 78.0 ± 14.0 73.5 ± 16.0 77.0 ± 9.5 75.0 ± 8.8

SBP (mmHg)
M ± SD 121.4 ± 6.0 129.3 ± 6.8 129.1 ± 6.8 123.8 ± 5.5 0.001

Md ± IQR 120.0 ± 5.0 130.0 ± 10.0 130.0 ± 5.0 125.0 ± 10.0

DBP (mmHg)
M ± SD 71.4 ± 4.5 70.0 ± 7.7 70.3 ± 7.5 67.8 ± 5.7 0.338

Md ± IQR 70.0 ± 5.0 70.0 ± 20.0 70.0 ± 15.0 70.0 ± 5.0

Blood glucose (mg/dl)
M ± SD 84.8 ± 14.2 79.7 ± 11.2 83.0 ± 9.5 82.4 ± 5.7 0.455

Md ± IQR 82.0 ± 23.0 79.0 ± 9.0 81.0 ± 13.5 81.0 ± 7.0

Total cholesterol (mg/dL)
M ± SD 164.6 ± 26.8 189.0 ± 56.3 183.9 ± 30.0 196.3 ± 17.4 0.021

Md ± IQR 163.0 ± 40.0 198.0 ± 54.0 181.0 ± 42.0 199.0 ± 26.0

LDL-c (mg/dL)
M ± SD 102.6 ± 27.6 108.7 ± 48.5 110.0 ± 27.9 118.9 ± 18.5 0.229

Md ± IQR 104.0 ± 49.0 109.0 ± 66.0 102.0 ± 36.0 122.0 ± 27.0

HDL-c (mg/dL)
M ± SD 47.5 ± 16.7 42.6 ± 17.5 55.0 ± 16.0 53.4 ± 3.5 0.007

Md ± IQR 43.0 ± 30.0 41.0 ± 22.0 52.0 ± 18.0 54.0 ± 4.0

Triglycerides (mg/dL)
M ± SD 101.1 ± 39.1 174.8 ± 78.2 119.7 ± 115.2 127.0 ± 15.5 < 0.001

Md ± IQR 86.0 ± 79.0 165.0 ± 106.0 87.0 ± 71.0 123.5 ± 27.0

CD4+ lymphocytes/mm3
M ± SD 502.5 ± 206.3 534.4 ± 323.1 693.2 ± 317.7 - 0.044

Md ± IQR 426.0 ± 310.0 404.0 ± 436.0 644.0 ± 297.0 -

M: mean; SD: standard deviation; Md: median; IQR: interquartile range; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; 
NT: HIV‑positive patients not using antiretroviral therapy. PI: HIV-positive patients on protease inhibitor therapy. NNRTI: HIV-positive patients on non-nucleoside 
reverse transcriptase inhibitor therapy. Control: healthy HIV-negative individuals.
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Table 2 – Echocardiographic variables

Variable NT (n = 11) PI (n = 24) NNRTI (n = 33) Control (n = 30) Kruskal-Wallis test (p)

Aorta (mm)
M ± SD 28.27 ± 1.85 30.58 ± 3.02 28.73 ± 2.97 29.53 ± 2.08 0.026

Md ± IQR 29.00 ± 3.00 30.00 ± 3.50 29.00 ± 4.00 30.00 ± 2.00

LA diameter (mm)
M ± SD 31.18 ± 3.82 33.21 ± 3.22 31.64 ± 4.59 34.33 ± 2.55 0.004

Md ± IQR 30.00 ± 6.00 32.00 ± 4.50 31.00 ± 3.00 34.00 ± 4.00

LVDd-i (mm/m2)
M ± SD 29.75 ± 0.79 29.75 ± 1.81 28.67 ± 2.36 28.20 ± 1.73 0.020

Md ± IQR 29.70 ± 1.13 29.87 ± 2.75 29.73 ± 4.22 28.65 ± 2.84

LVSD (mm)
M ± SD 30.36 ± 2.38 31.17 ± 4.04 32.18 ± 3.26 32.17 ± 2.78 0.248

Md ± IQR 30.00 ± 5.00 31.00 ± 7.00 32.00 ± 4.00 31.50 ± 4.00

IVS (mm)
M ± SD 7.18 ± 0.98 7.88 ± 1.08 7.91 ± 0.95 9.03 ± 0.76 < 0.001

Md ± IQR 7.00 ± 2.00 8.00 ± 2.00 8.00 ± 2.00 9.00 ± 2.00

PP (mm)
M ± SD 7.00 ± 1.00 7.42 ± 1.18 7.67 ± 0.92 8.33 ± 0.80 < 0.001

Md ± IQR 7.00 ± 0.00 8.00 ± 1.00 8.00 ± 1.00 9.00 ± 1.00

LVEF – Simpson (%)
M ± SD 66.64 ± 3.83 62.46 ± 3.60 63.55 ± 4.10 64.17 ± 3.50 0.030

Md ± IQR 67.00 ± 5.00 62.00 ± 5.00 63.00 ± 6.00 64.00 ± 6.00

LV mass index (g/m2)
M ± SD 82.23 ± 16.76 104.49 ± 24.01 90.01 ± 19.54 108.12 ± 14.25 < 0.001

Md ± IQR 82.28 ± 13.59 106.35 ± 37.69 89.34 ± 26.89 110.61 ± 18.10

E/A ratio 
M ± SD 1.46 ± 0.40 1.33 ± 0.34 1.52 ± 0.41 1.18 ± 0.07 < 0.001

Md ± IQR 1.34 ± 0.38 1.30 ± 0.22 1.50 ± 0.44 1.18 ± 0.09

E’ septal annulus (cm/s)
M ± SD 9.55 ± 1.87 9.03 ± 1.91 10.54 ± 2.21 8.38 ± 0.41 < 0.001

Md ± IQR 9.00 ± 1.90 8.35 ± 2.00 10.00 ± 3.00 8.15 ± 0.60

S’ septal annulus (cm/s)
M ± SD 8.25 ± 1.09 8.10 ± 0.68 8.49 ± 1.41 9.03 ± 0.95 0.001

Md ± IQR 8.00 ± 2.00 8.00 ± 0.40 8.10 ± 1.00 8.80 ± 0.60

E/E’ ratio 
M ± SD 8.41 ± 1.33 8.72 ± 2.03 7.08 ± 1.65 9.29 ± 0.62 < 0.001

Md ± IQR 8.40 ± 2.59 9.08 ± 3.04 7.27 ± 2.45 9.38 ± 0.88

LA volume index (ml/m²)
M ± SD 30.38 ± 6.16 29.93 ± 4.76 29.48 ± 5.60 29.56 ± 1.81 0.839

Md ± IQR 29.11 ± 1.09 30.40 ± 3.48 29.17 ± 7.32 29.88 ± 2.76

S lateral tricuspid annulus (cm/s)
M ± SD 11.29 ± 1.54 10.87 ± 1.42 12.23 ± 1.90 11.49 ± 0.90 0.014

Md ± IQR 11.00 ± 2.00 10.80 ± 2.00 12.00 ± 2.00 11.70 ± 0.50

M: mean; SD: standard deviation; Md: median; IQR: interquartile range; ST: HIV+ patient not using antiretroviral therapy. PI: HIV-positive patients on protease inhibitor 
therapy; NNRTI: HIV-positive patients on non-nucleoside reverse transcriptase inhibitor therapy. LVDD: left ventricular diastolic diameter; LVSD: left ventricular systolic 
diameter; ΔD%: left ventricle; LA: left atrium

Global longitudinal strain
Table 3 shows the GLS in the different groups.
Mean SLG was lower in the HIV groups compared to 

controls (p < 0.05). There were no differences between groups 
of HIV-infected patients.

No statistically significant differences were identified 
between longitudinal, circumferential and radial strain rates 
between the groups of HIV-infected patients and controls.

Discussion
The purpose of our study was to identify subclinical left 

ventricular dysfunction using speckle tracking. HIV+ patients  
were asymptomatic from the cardiovascular point of view 
and had normal LV systolic function by conventional 
echocardiographic analysis based on LV ejection fraction.

This study demonstrated that patients with HIV infection, 
even those not on ART, present longitudinal myocardial strain 
abnormalities assessed by speckle tracking. These findings 
confirm previous observations13 and extend them by assessing 
the impact of new therapeutic protocols.

Cardiovascular manifestations of HIV infection were altered 
by the introduction of ART, which significantly modified the 
course of HIV infection, decreasing mortality and improving 
the quality of life of infected patients. On the other hand, data 
from multiple studies raised the concern that ART would be 
associated with an increase in peripheral and coronary artery 
disease. The clinical manifestations associated with ART are 
frequent and must be followed up by the multidisciplinary 
teams assisting these patients.14

This study suggests that subclinical left ventricular 
dysfunction should be investigated whenever possible. 
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Table 3 – Behavior of global longitudinal strain according to the group

Variable NT (n = 11) PI (n = 24) NNRTI (n = 33) Control (n = 30) Kruskal-Wallis test (p)

Global longitudinal strain
M ± SD -18.11 ± 1.28 -17.96 ± 4.89 -18.15 ± 3.07 -20.66 ± 0.79 0.001

Md ± IQR -17.70 ± 2.07 -18.27 ± 6.14 -18.47 ± 4.27 -20.77 ± 1.00

M: mean; SD: standard deviation; Md: median; IQR: interquartile range.

Speckle tracking is an advanced echocardiographic 
technique that has much greater sensitivity than transthoracic 
echocardiography to detect functional abnormalities, mainly 
cardiac strain variables that assess left ventricular mechanical 
efficiency, identifying abnormalities earlier than other 
imaging techniques.

Sims et al.,15 using transthoracic echocardiography, 
evaluated 28 HIV-infected young adults (aged seven 
to twenty-nine), compared to 28 controls, and no 
abnormalities of systolic and diastolic parameters were 
found. However, on the study of cardiac strain, a decrease 
in the percentage of longitudinal strain was observed in the 
patients in comparison with the control group. HIV-infected 
patients, regardless of ART, had a lower longitudinal strain 
rate than the control group.

Multiple studies have found high triglyceride levels in 
HIV‑infected patients using protease inhibitors,16-18 as these drugs 
stimulate the synthesis of hepatic triglycerides.19 In our study, 
the group of patients using protease inhibitors presented the 
highest serum triglyceride levels. Studies in the literature show 
the importance of monitoring the lipid profile of HIV-infected 
patients using ART, especially when using protease inhibitors.20 

In this study, it was observed that groups of HIV-infected 
patients, regardless of the type of ART, presented lower 
global longitudinal strain percentage than healthy controls. 
Barbaro et al.3 evidenced in their study the need to monitor 
this group of patients, seeking to identify individuals with 
higher cardiovascular risk.

Previous studies evaluated left ventricular systolic 
and diastolic function in the population of HIV-infected 
individuals using one-dimensional and two-dimensional 
echocardiography and spectral Doppler. Hsue et al.21 and 
Reinsch et al.22 studied left ventricular diastolic and systolic 
functions using tissue Doppler, which uses filters for high 
velocities (blood) obtaining systolic and diastolic myocardial 
velocities in the septal and lateral mitral annulus. Lang et al.12 
focused their research on the complete study of LV diastolic 
function, following a scaled evaluation flowchart according to 
the guidelines of the American Society of Echocardiography.12 
Others identified anatomical and functional abnormalities 
in infected patients on ART.23-28 The most recent studies use 
myocardial strain and myocardial strain rate percentage using 
speckle tracking to detect subclinical ventricular dysfunction 
in HIV-infected patients on ART.12,29,30

We know that the longitudinal cardiac fiber strain can be 
used to study the behavior of myocardial fibers arranged in 
the subendocardial area, as we know that 77% of these fibers 
are disposed longitudinally, and this makes speckle tracking 
play an important role in the study of ischemic disease, since 
ischemia begins in the subendocardial region.

This study revealed lower longitudinal strain percentages in 
HIV-infected individuals compared to healthy controls. There were 
no differences between the percentages of longitudinal strain in 
groups of HIV-infected patients using or not using ART.

Accurate and reproducible estimate of myocardial damage 
in patients with HIV infection and using ART has been 
considered to be increasingly important. The CHAART-2 
study, which identified the long-term cardiovascular effects in 
HIV-infected children on ART, showed that cardiac structure 
and function were superior in HIV-infected children exposed 
to ART in the perinatal period compared with children in the 
pre-ART31 era, which demonstrates the importance of early 
treatment in preventing cardiac damage. Besides, it reinforces 
the need for monitoring cardiac function in HIV-infected 
patients using ART to identify early myocardial injury, thereby 
decreasing long-term cardiovascular complications.

Several published papers have demonstrated the 
relationship between AIDS and cardiovascular diseases, with 
pericardial effusion and pericarditis being the best known.32–39

Okoshi and Montenegro40 studied the incidence and etiology 
of heart lesions in patients with AIDS through a retrospective 
study of 72 necropsies. In none of the patients, death was 
considered a consequence of cardiac lesion, but macro and 
microscopic abnormalities were found in 90% of the cases.

Several studies report that the prevalence of cardiac 
abnormalities may be underestimated. Interstitial lymphocytic 
myocarditis41,42 is found in 50 to 70% of asymptomatic 
infected individuals.

Myocardial abnormalities appear to be associated with more 
severe cases of immunosuppression and low TCD4 counts.43

Limitations
The limitations of the study are the limited sample size and 

the relatively broad age range of HIV-infected participants. 
Neither the effect of disease duration nor ART duration 
were analyzed. The absence of coronary artery disease 
documentation on computed tomography angiography did not 
allow to evaluate the influence of ART on the development 
of CAD. Currently, there are few patients not on antiretroviral 
therapy, therefore the group of HIV-infected patients not on 
ART was smaller than the other groups. We know that speckle 
tracking is a technique that depends on image quality and 
on the observer’s experience in evaluating the main curves 
of myocardial strain. We have observed a large number of 
studies using speckle tracking in an attempt to identify patients 
with subclinical left ventricular dysfunction, but we should 
increasingly stimulate further research with a greater number 
of investigated patients to better understand the significance 
of the findings in the prognosis of patients.

742



Original Article

Rodrigues et al.
Myocardial strain measured by speckle tracking

Arq Bras Cardiol. 2019; 113(4):737-745

1.	 There is no room for complacency 53% of all people living with HIV being 
on antiretroviral therapy means that another 17 million people with HIV are 
not Lancet.2017;390(10092):333-428.

2.	 Prendergast BD. HIV and cardiovascular medicine. Heart 2003; 
89(7):793‑800

3.	 Barbaro G. Cardiovascular manifestations of HIV infection. J R Soc Med. 
2001;94(8):384-90.

4.	 Barbaro G, Fisher SD, Pellicelli AM, Lipshultz SE. The expanding role of the 
cardiologist in the care of HIV infected patients. Heart. 2001;86(4):365-7.

5.	 Rerkpattanapipat P, Wongpraparut N, Jacobs LE, Kotler MN. Cardiac 
manifestations of acquired immunodeficiency syndrome. Arch Intern Med. 
2000;160(5):602-8.

6.	 Milei J, Grana D, Fernández Alonso G, Matturi L. Cardiac involvement 
in acquired immunodeficiency syndrome – a review to push action. Clin 
Cardiol. 1998;21(7):465-72.

7.	 Liu YW, Tsai WC, Su CT, Lin CC, Chen JH. Evidence of left ventricular 
systolic dysfunction detected by automated function imaging in patients 
with heart failure abd preserved left ventricular ejection fraction. J Card Fail. 
2009;15(9):782-89.

8.	 Choi JO, CHO SW, Song YB, Cho SJ, Song BG, Lee SC, Park SW. Longitudinal 
2D strain at rest predicts the presence of left main and three vessel coronary 
artery disease in patients without regional wall motion abnormality. Eur J 
Echocardiogr. 2009;10(5):695-701.

9.	 Jurcut R, Wildiers H, Ganame J, D’hooge J, De Backer J, Denys H, et al. 
Strain rate imaging detects early cardíaca effects of pegylated liposomal 
Doxorubicin as adjuvant therapy in elderly patients with breast câncer. J Am 
Soc Echocardiogr. 2008;21(12):1283-89.

10.	 Hare JL, Brown JK, Leano R, Jenkins C, Woodward N, Marwick TH. Use 
of myocardial deformation imaging to detect preclinical myocardial 

dysfunction before conventional measures in patients undergoing breast 
cancer treatment with trastuzumab. Am Heart J. 2009;158(2):294-301.

11.	 Barbaro G. Cardiovascular Manifestations of HIV Infection. Circulation. 
2002;106(11):1420-5.

12.	 Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka 
PA, et al. Chamber Quantification Writing Group; American Society of 
Echocardiography’s Guidelines and Standards Committee; European 
Association of Echocardiography. Recommendations for chamber 
quantification: a report from the American Society of Echocardiography’s 
Guidelines and Standards Committee and the Chamber Quantification 
Writing Group, developed in conjunction with the European Association 
of Echocardiography, a branch of the European Society of Cardiology. J Am 
Soc Echocardiogr. 2005;18(12):1440-63.

13.	 Mendes L, Silva D, Miranda C, Sá J, Duque L, Duarte N, et al. Impact of HIV 
infection on cardiac deformation. Rev Port Cardiol. 2014;33(9):501-9.

14.	 Sims A, Frank L, Cross R, Clauss S, Dimock D, Purdy J, et al. Abnormal cardiac 
strain in children and young adults with HIV acquired in early life. J Am Soc 
Echocardiogr. 2012;25(7):741-8.

15.	 Mignot A, Donal E, Zaroui A, Reant P, Salem A, Hamon C, et al. Global 
Longitudinal Strain as a Major Predictor of Cardiac Events in Patients 
with Depressed Left Ventricular Function: A Multicenter Study. J Am Soc 
Echocardiogr. 2010;23(10):1019-24.

16.	 Marwick TH, Yu CM (eds). Myocardial imaging: tissue Doppler and speckle 
tracking. Massachusetts: Blackwell Publishing; 2007. p.17-25. 

17.	 Abduch MC, Salgo I, Tsang W, Vieira ML, Cruz V, Lima M, et al. Myocardial 
Deformation by Speckle Tracking in Severe Dilated Cardiomyopathy. Arq 
Bras Cardiol. 2012;99(3):834-43

18.	 Hsue PY. Impact of HIV Infection of diastolic function at left ventricular mass. 
Circ Heart Fail. 2010;3(1):132-9.

References

Conclusion
The technique of studying myocardial strain by speckle 

tracking was able to detect early signs of deterioration 
of myocardial systolic function in HIV-infected patients, 
regardless of whether or not they were on antiretroviral drugs. 
Further studies are needed to evaluate HIV-infected patients 
and to assess the prognostic significance of these abnormalities 
in these patients.

Author contributions
Conception and design of the research: Rodrigues RC, 

Mesquita CT, Setubal S, Azevedo KML. Acquisition of data: 
Rodrigues RC, Mesquita CT, Azevedo KML. Analysis and 
interpretation of the data: Rodrigues RC, Mesquita  CT, 
Setubal  S, Moscavitch SD, Azevedo KML. Statistical 
analysis: Rodrigues RC, Mesquita CT, Moscavitch SD, 
Azevedo KML. Writing of the manuscript: Rodrigues RC, 
Mesquita CT, Setubal S, Moscavitch SD, Azevedo KML. 
Critical revision of the manuscript for intellectual content: 
Rodrigues RC, Mesquita  CT, Setubal S, Moscavitch SD, 
Azevedo KML.

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

was reported.

Sources of Funding
This study was partially funded by CAPES and Ronaldo 

Campos Rodrigues.

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

Ronaldo Campos Rodrigues, from Universidade Federal 
Fluminense (Hospital Universitário Antônio Pedro).

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the 

Hospital Universitário Antônio Pedro under the protocol 
number HUAP 159/11. All the procedures in this study were 
in accordance with the 1975 Helsinki Declaration, updated 
in 2013. Informed consent was obtained from all participants 
included in the study.

743



Original Article

Rodrigues et al.
Myocardial strain measured by speckle tracking

Arq Bras Cardiol. 2019; 113(4):737-745

19.	 Souza SJ, Luzia LA, Santos SS, Rondó PH. Lipid profile of HIV-infected 
patients in relation to antiretroviral therapy: a review. Rev Assoc Med Bras. 
2013;59(2):186-98.

20. Geyer H, Caracciolo G, Abe H, Wilansky S, Carerj S, Gentile F, 
et al. Assessment of myocardial mechanics using speckle tracking 
echocardiography: fundamentals and clinical applications. J Am Soc 
Echocardiogr. 2010;23(4):351-69; quiz 453-5.

21. Reinsch K. Prevalence of Cardiac Diastolic Dysfunction in HIV-infected Patients: 
Results of the HIV-HEART Study. HIV Clinical Trials. 2011;11(3):156-62.

22.	 Bozzette SA, Ake CF, Tam HK, Chang SW, Louis TA. Cardiovascular and 
cerebrovascular events in patients treated for human immunodeficiency 
virus infection. N Engl J Med. 2003;348(8):702-10.

23.	 Starc TJ. Incidence of cardiac abnormalites in children with HIV infection: 
the prospective PC HIV study. J Pediatr. 2002;141(3):327-34

24.	 Blanco JJ, Garcia IS, Cerezo JG, Rivera JM, Anaya PM, Raya PG, et al. 
Endothelial function in HIV-infected patients with low or mild cardiovascular 
risk. J Antimicrob Chemother. 2006; 58(1):133-9.

25.	 Chaparro J , Reeds D, Wen W, Xueping E, Klein S, Semenkovich C, et al. Alterations 
in thigh subcutaneous adipose tissue gene expression in protease inhibitor-based 
highly active antiretroviral therapy. Metabolism. 2005;54(5):561-7.

26.	 Samaras K, Wand H, Law M, Emery S, Cooper D, Carr A, et al. Prevalence 
of Metabolic Syndrome in HIV-Infected Patients Receiving Highly Active 
Antiretroviral Therapy Using International Diabetes Foundation and Adult 
Treatment Panel III Criteria. Diabetes Care. 2007;30(1):113-9.

27.	 Currier JS, Havlir DV. Complications of HIV Disease and Antiretroviral 
therapy. Top HIV Medicine. 2005;13(2):70-4.

28.	 Sengupta PP, Krishanmoorthy VK, Abhayaratna WP, Korinek J, Belohlavek M, 
Sundt TM,et al. Disparate patterns of left ventricular mechanics differentiate 
constrictive pericarditis from restrictive cardiomyopathy. JACC Cardiovasc 
Imaging. 2008;1(1):29-38.

29.	 Kang S, Seok H, Choi BJ, Choi SY, Hwang GS, Yoon MH, et al. Longitudinal 
Strain and Torsion Assessed by Two- Dimensional Speckle Tracking Correlate 
with the Serum Level of Tissue Inhibitor of Matrix Metalloproteinase-1, a 
Marker of Myocardial Fibrosis, in Patients with Hypertension. J Am Soc 
Echocardiogr. 2008;21(8):907-11.

30.	 Kosmala W, Plaksej R, Strotmann JM, Weigel C, Herrmann S, Niemann M, 
et al. Progression of left ventricular functional abnormalities in hypertensive 
patients with heart failure: An ultrasonic two dimensional speckle tracking 
study. Journal of the American Society of Echocardiography. J Am Soc 
Echocardiogr. 2008;21(12):1309-17.

31.	 Lipshultz SE, Wilkinson JD, Thompson B, Cheng I, Briston DA, Shearer 
WT, et al. Cardiac Effects of Highly Active Antiretroviral Therapy in 
Perinatally HIV-Infected Children: The CHAART-2 Study. J Am Coll Cardiol. 
2017;70(18):2240–7. 

32.	 Francis CK. Cardiac involvement in AIDS. Curr Probl Cardiol. 
1990;15(10):575-639.

33.	 Reynolds MM, Hecht SR, Berger M, Kolokathis A, Horowitz SF. Large 
pericardial effusions in the acquired immunodeficiency Syndrome. Chest. 
1992;102(6):746-7.

34.	 Himelman RB, Chung WS, Chernoff DN, Schiller NB, Hollander H. 
Cardiac manifestations of human immunodeficiency virus infection: 
A two-dimensional echocardiographic study. J Am Coll Cardiol. 
1989;13(5):1030-6.

35.	 Woods GL, Goldsmith JC. Fatal pericarditis due to mycobacterium 
aviumintracellulare in acquired immunodeficiency syndrome. Chest. 
1989;95(6):1355-7.

36.	 Eisenberg M, Gordon AS, Schiller NB. HIV associated pericardial effusions. 
Chest. 1992;102(3): 956-8.

37.	 Stotka JL, Good CB, Downer WR, Kapoor WN. Pericardial effusion 
andtamponade due to Kaposi’s sarcoma in acquired immunodeficiency 
syndrome. Chest. 1989;95(6):1351-69.

38.	 Wu TC, Pizzorno MC, Haywards GS, Hayward GS, Willoughby S, Neumann 
DA, Rose NR, et al. In situ detection of human cytomegalovirus immediate 
early gene transcripts within cardiac myocytes of patients with HIV- 
associated cardiomyopathy. AIDS. 1992;6(8):777-85.

39.	 Mast HL, Haller JO, Schiller MS, Anderson VM. Pericardial effusion and its 
relationship to cardiac disease in children with acquired immunodeficiency 
syndrome. Pediatr Radiol. 1992;22(7):548-51.

40.	 Okoshi MP, Montenegro MR. Pathology of the heart in AIDS. Astudy of 73 
consecutive necropsies. Arq Bras Cardiol. 1996;66(3):129-33.

41.	 Diógenes MS, Succi RC, Machado DM, Moisés VA, Novo FN, Carvalho 
AC. Estudo Cardiológico Longitudinal em Crianças Expostas ao Vírus da 
Imunodeficiência Humana Tipo 1 por Via Perinatal. Arq Bras Cardiol. 
2005;85(4):233-40.

42.	 Hajjar LA, Caderaro D, Yu Pa, Giulliano I, Lima EM, Barbaro G, et al. 
Cardiovascular Manifestarions in Patiens Infected with the Human 
Immunodeficiency Virus. Arq Bras Cardiol. 2005;85(5):363-77.

43.	 Ntsekhe M, Hakim J. Impact of Human Immunodeficiency Virus Infection 
on Cardiovascular Disease in Africa. Circulation. 2005;112(23):3602-7.

744



Original Article

Rodrigues et al.
Myocardial strain measured by speckle tracking

Arq Bras Cardiol. 2019; 113(4):737-745

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

745


