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Abstract

Introduction: The capuchin monkey is a type of nonhuman primate that has shown great potential for preclinical studies 
because of its anatomical and physiological similarities to humans.

Objective: To study the indices of myocardial deformation in anesthetized capuchin monkeys using speckle tracking.

Methods: Sixteen animals from the Zoobotanical Park, Teresina, Piauí, Brazil, were used and chemically restrained using 
a combination of ketamine and midazolam. Echocardiography recordings were obtained in B, M and Doppler modes, and 
strain and strain rate were measured using speckle tracking.

Results: The variables that showed statistically significant correlation coefficients in relation to weight were LVFWd, LVIDd, 
LVIDs, E wave, A’RV, MAM and TAPSE. HR showed a positive correlation with the E wave and A wave and a negative 
correlation with IVRT. FS presented a positive correlation with the E/A wave relationship (r = 0.61). TAPSE showed positive 
correlations with E’RV and A’RV. The values obtained for circumferential (-18.17 ± 4.68%), radial (47.13 ± 5.24%) and 
longitudinal (- 26.46 ± 5.15%) strain for the capuchin monkeys were within the normal ranges for males and females.

Conclusion: The present study provides the first reference values for echocardiographic measurements in B, M and Doppler 
modes for capuchin monkeys anesthetized with ketamine and midazolam. The strain and strain rate values obtained using 
speckle tracking showed similarities with those obtained in humans, suggesting that this tool has the potential to be exploited 
in preclinical studies using the capuchin monkey model. (Arq Bras Cardiol: Imagem cardiovasc. 2018;31(1):4-13)
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Introduction
Capuchin monkeys (Cebus apella, Linnaeus, 1758) are an 

arboreal species of non-human primates with diurnal habits and 
a wide geographic distribution in almost all South American 
countries.1 From a cognitive point of view, they are considered 
the most competent primates in the Americas due to their 
abilities in obtaining food.2 Because of the wide availability 
of individuals of this species and their great anatomical and 
physiological similarities to humans, the capuchin monkey has 
become an alternative model for studies of the evolution of 
diseases, particularly cardiovascular diseases.

Advances in echocardiography al low for more 
accurate cardiovascular evaluation, reliable diagnoses and 
accurate monitoring of cardiac alterations. In this context, 

two-dimensional echocardiography by speckle tracking 
(2D-ST) is one of the most recent and promising tools for the 
evaluation of myocardial segment function.3 This technique 
is based on the tracking of points created by the interference 
between the sonographic beam and the myocardium, 
superimposed on two-dimensional grayscale images.4

As with most wild animals, due to their non-human 
behavior, non-human primates need chemical restraint or even 
general anesthesia so that medical or management procedures 
can be performed.5 Preliminary trials showed that, despite 
sedation, strain rate measurements by speckle tracking were 
similar to those in humans.6

The combination of ketamine and midazolam promotes 
adequate muscle relaxation, thus reducing muscle hypertonicity, 
and promoting tranquilization, hypnosis and amnesia, in addition 
to having anticonvulsive activity. This is an anesthetic protocol 
commonly used in procedures with small animals, and is a good 
alternative for work with wild animals, including primates.7

Although strain analysis by speckle tracking (2D-ST) is well 
established in veterinary medicine for companion animals, it 
remains scarce in the literature.8

The Rhesus monkey is the most commonly used non-human 
primate in scientific research, despite the wide variety 
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of species potentially available for preclinical studies.9 
Given the large population and availability of capuchin monkeys 
throughout Brazil, the present study acquired conventional 
echocardiographic measurements and evaluated myocardial 
function using the speckle tracking technique to verify the 
applicability of these animals as models for the study of 
cardiovascular alterations in humans.

Methods
For this study, sixteen capuchin monkeys (eight males and eight 

females), aged between 2 and 3 years old, from the Zoobotanical 
Park, Teresina, Piauí, Brazil, were used. This study was approved 
by the Committee of Ethics in Animal Experimentation at the 
Federal University of Piauí (No. 0117/2015) and by the System 
of Authorization and Information of Biodiversity - SISBIO of the 
Brazilian Institute of the Environment and Natural Renewable 
Resources - IBAMA (No. 26101-1).

The animals were submitted to hematological, biochemical 
and general clinical examinations.10 Auscultation of pulmonary 
fields and cardiac sounds were performed to identify 
valve insufficiencies and cardiac rhythm disturbances. 
Follow-up consisted of electrocardiographic examination 
and echocardiogram screening. Animals that presented 
valvular insufficiencies identified on cardiac auscultation 
and confirmed on the echocardiogram, as well as those with 
rhythm disorders diagnosed by ECG, were excluded from 
the experiment.11

Anesthetic protocol
The animals were pre-prepared with 12 hours of solids 

fasting and 4 hours of water fasting. These animals were 
initially caught in individual traps and restrained physically 
using leather gloves. For chemical restraint, a combination 
of 5% ketamine hydrochloride at a dose of 15 mg/kg and 
midazolam at a dose of 1 mg/kg, given intramuscularly, was 
used. The protocol achieved an average anesthetic time of 
30 to 40 minutes in all animals, and there was no need to 
re-administer the drugs during the exams.

Standard echocardiographic assessment
Transthoracic echocardiography with continuous ECG 

monitoring was performed using an M-turbo system 5 
(FUJIFILM® SonoSite, Washington 21919, USA) equipped 
with a 4.0-8.0 MHz phased-array transducer (Px10, FUJIFILM® 
SonoSite, Washington 21919, USA). Hair was clipped between 
the right fourth and sixth intercostal spaces and Coupling gel 
(Mercur®, São Paulo, Brazil) was applied to this thoracic area. 

The echocardiographic examination and standard 
measurements were performed according to previously 
established protocols for non-human primates and humans.11,12 
In the parasternal right projection, the left ventricular 
free-wall and interventricular septal thickness in diastole 
and systole (LVFWd, LVFWs, SIVd, SIVs), left ventricular 
end-diastolic and end-systolic diameter (LVIDd and LVIDs), 
diameter of the aortic root 2D (Ao) and left atrium (LA) were 
measured. The fractional shortening (FS) and the ejection 

fraction (EF-Simpson’s Method) were calculated. In addition, 
measurements of the mitral E-point septal separation (EPSS), 
the final diastolic ratio between the aorta and the left atrium 
(LA/AO) and the velocity of flow in the pulmonary artery 
(Pmax) were performed (Figure 1).

By the left parasternal window, through the apical 
four-chambers view, the aortic velocity peak (AV), isovolumetric 
relaxation time (IVRT), mitral early diastolic flow (E wave), mitral 
late diastolic flow (A wave), E/IVRT ratio, mitral annular motion 
(MAM), and tricuspid annular plane systolic excursion (TAPSE) 
were calculated. The pulsed-wave tissue Doppler imaging 
(PWTDI) for the left (E’ and A’ waves) and right ventricle (E’RV 
and A’RV) was then measured (Figures 2 and 3).

The heart rate (HR) was obtained from the Doppler 
tracing of the pulmonary artery. Flow assessment of the 
mitral, tricuspid and semilunar valves, as well as of the large 
vessels was performed using color and spectral Doppler 
on each individual valve. The 2D sector size was adjusted 
to improve image quality and calibrate the color gain to 
demonstrate excellent filling of the investigated chambers 
and vessels. The highest pulse repetition frequency (PRF) 
was used to prevent signs of aliasing in normal flows.

Strain measurement by speckle tracking measurements
To obtain the values   of cardiac deformation, an Affiniti 

50 ultrasound device (Philips Healthcare®) coupled to a 
multifrequency sectorial transducer (5-8 MHz) was used, and 
ACMQA.I (Automated Cardiac Motion Quantification) software 
was used for analysis of the radial and longitudinal myocardium 
deformation of the left ventricle. After the conventional 
echocardiographic examination, the right and left parasternal 
windows for video acquisition were assessed at a frame 
reproduction rate of between 70 and 110 frames/s, as previously 
described for humans (Figure 4).13

The right parasternal window was used to assess the left 
transverse cardiac diameter, and the left parasternal window 
was used to assess the longitudinal axis (apical 4 chambers, 2 
chambers and 5 chambers). The endocardial edges of the left 
ventricle were traced manually at the end of diastole. In each 
cut plane, a region of interest was automatically delineated 
from the endocardial border. The software algorithm then 
automatically divided the cut plane of the short and long 
axes of the left ventricle into 6 segments, involving the 
interventricular septum and the free wall, for the tracing of 
points in the myocardium (speckles).

The speckle search was performed frame-by-frame, 
generating a score that represents the reliability of the tracking, 
ranging from poor to excellent, based on blocks matching the 
algorithm. Six radial profiles of ST (strain rate) and SR (strain 
velocity) values were obtained, corresponding to the mean 
of the values for each segment. These values for the radial ST 
and SR maxima in the radial systolic peak were referenced 
by the means of six curves, and the average of the values was 
calculated to characterize the overall ST and SR during the 
left ventricular systolic peak. The myocardial synchronism was 
assessed according to the difference between the initial and 
final systolic peak moment.
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Figure 1 – M-mode and two-dimensional (2D) echocardiographic images obtained from anesthetized capuchin monkey. (A) M-mode was used for the measurements 
of the interventricular septal wall, left ventricular wall, and left ventricular internal dimensions. (B) The two-dimensional right short axis view at the cardiac base used 
to measure the LA/AO ratio. (C) Left apical 4-chamber view for measurement of the echocardiographic end-diastolic and end-systolic left ventricular volumes using 
Simpson’s method of discs.

A total of 18 myocardial segments were analyzed 
for each specimen, and the average of values was used 
for the statistical analysis. During all echocardiographic 
examinations, the animals were maintained under continuous 
electrocardiographic monitoring coupled to the ultrasound 
equipment (Figure 5).

Statistical analysis
The software GraphPad Prism 7 was used to analyze the 

data and to run the non-parametric Wilcoxon-Mann-Whitney 
test (U of Mann-Whitney) to verify the existence of differences 
between the variables addressed according to the sex of the 
animals. The Spearman rank correlation coefficient was used 
to assess dependence. In the test, p < 0.05 was considered 
the threshold for significance.

Results
Table 1 shows the echocardiographic parameters of the group 

of animals studied. The comparison of means between genders 
did not show a significant difference (p > 0.05, p = 0.448). 
Thus, the other statistical treatments were based on the total 
sample of 16 animals. The variation reference intervals were 
determined by the calculated 95% tolerance interval, designed 
to cover 99% of all future events. The variables that showed a 
statistically significant correlation coefficient in relation to the 
weight are presented in Table 1. The other variables that showed 
correlation are as follows: HR showed positive correlation with 

the E wave (r = 0.56), A wave (r = 0.40) and E/IVRT (r = 0.44) 
and a negative correlation with IVRT (r = -0.41). The LA variable 
showed a positive correlation with AO (r = 0.54). FS presented 
a positive correlation with the E/A wave relationship (r = 0.61).

MAM presented a correlation with the LVIDd (r = 0.37) 
and LVIDs (r = 0.34). TAPSE showed positive correlations with 
E'RV (r = 0.41) and A'RV (r = 0.47). Table 2 shows the values 
found for the advanced echocardiographic measurements 
derived from the strain analysis by speckle tracking.

Discussion
A number  of  s tudies  have descr ibed normal 

echocardiographic parameters for species such as the 
Rhesus monkey.9 However, this is the first study to measure 
echocardiographic variables for the capuchin monkey, in 
addition to the use of strain measurement by speckle tracking 
in the evaluation of cardiac function.

The HR was higher than that found for animals of the same 
species restrained with ketamine and xylazine14 and lower 
than that in monkeys pre-anesthetized with midazolam and 
propofol.15 In this study, the anesthetic protocol using ketamine 
and midazolam did not provoke negative effects on HR, which 
was within the range of normality for the species. The elimination 
of stress promoted by chemical restraint requires a relatively 
low dose of ketamine. The antagonism of the cardio-depressant 
effects of ketamine promoted by midazolam contribute to the 
maintenance of a normal heart rate.16
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Figure 2 – Doppler echocardiographic images obtained from anesthetized capuchin monkey. (A) Pulsed-wave Doppler inflow assessment of the mitral valve showing 
the early diastolic mitral inflow (E) and late diastolic mitral inflow. (B) Doppler measurements, including the peak aortic blood flow velocity and the mitral inflow, were 
used to measure the isovolumic relaxation time (IVRT) obtained from the left apical 5-chamber view. Pulsed Doppler assessment of the pulmonary (C) and aortic 
flow velocity curves (D).

Figure 3 – Pulsed-wave tissue Doppler imaging (PWTDI) mode images obtained from anesthetized capuchin monkey. (A) PWTDI from the apical 4-chamber view sampling 
the septal mitral annulus and left ventricular free-wall (B). (C) Myocardial velocity curve from the tricuspid annulus.
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Figure 4 – Speckle tracking echocardiography at the level of the cardiac base in a capuchin monkey. The software algorithm automatically separates the LV short-axis into 
6 myocardial segments to include the interventricular septum and the LV free wall. The tracking approval of each individual myocardial segment is displayed on the screen.

Figure 5 – Echocardiographic examination evidencing radial (A), circumferential (B) and longitudinal strain (C) of a capuchin monkey. Note that all segments of the 
myocardium contract adequately and the strain values are within the reference values, including for humans.
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Table 1 – Cardiac parameters of capuchin monkey

Variable Mean SD Reference range R p value

BW (Kg) 1.95 0.40 1.3 - 2.90 - -

AO (cm) 0.62 0.12 0.42 - 0.78 0.081 0.803

LA (cm) 0.74 0.15 0.61 - 1.04 -0.212 0.507

LA/AO 1.13 0.25 0.69 - 1.48 0.075 0.816

IVSd (cm) 0.33 0.08 0.22 - 0.48 0.288 0.363

IVSs (cm) 0.42 0.12 0.3 - 0.69 0.031 0.923

LVFWd (cm) 0.34 0.09 0.18 - 0.5 0.585a 0.045

LVFWs (cm) 0.46 0.12 0.3 - 0.74 0.324 0.303

LVIDd (cm) 1.37 0.33 0.74 - 2.04 -0.540a 0.069

LVIDs (cm) 0.99 0.28 0.54 - 1.54 -0.501a 0.095

EF (%) 56.7 12.56 40 - 82 0.138 0.668

FS (%) 28.62 8.63 17 - 47 0.040 0.901

HR (bmp) 181.1 36.54 95 - 229 -0.367 0.240

EPSS (cm) 0.17 0.05 0.1 - 0.28 0.248 0.436

E wave (cm/s) 76.21 14.82 44 - 101 -0.509a 0.090

A wave (cm/s) 43.82 10.13 26.7 - 58 -0.321 0.308

AV max (cm/s) 76.32 22.52 40 - 113.8 0.179 0.575

Pmax (cm/s) 64.17 14.83 37.6 - 90 -0.248 0.436

IVTR (ms) 78.2 23.9 52 - 120 0.189 0.554

E’ wave (cm/s) 7.85 2.14 4.28 - 11.2 -0.304 0.336

A’ wave (cm/s) 4.67 1.38 1.61 - 6.62 0.035 0.915

E’-RV 9.53 2.32 4.98 - 14 -0.299 0.344

A’-RV 5.42 1.73 3.44 - 8.1 -0.513a 0.088

MAM (cm) 0.27 0.04 0.21 - 0.35 -0.544a 0.067

TAPSE (cm) 0.48 0.14 0.3 - 0.74 -0.578a 0.049

E/A 1.77 0.33 1.42 - 2.63 -0.101 0.755

E/IVRT 1.08 0.46 0.36 - 1.94 -0.442 0.151
a Variables that correlated significantly with weight

Table 2 – Left ventricle peak systolic strain and twist measurements obtained by speckle tracking echocardiography (STE), measurement, 
standard deviation and reference intervals from capuchin monkey

Variables Measurements SD Reference interval

Peak apical systolic radial strain (%) 46.22 6.24 37.5 to 55.7

Peak apical circumferential strain (%) -24.13 5.61 -31.5 to -15.3

Peak basal systolic radial strain (%) 47.13 5.24 38.8 to 53.2

Peak basal circumferential strain (%) -18.17 4.68 -25.1 to -10.9

Peak longitudinal strain (%) -26.46 5.15 -36.8 to -18.2

Left ventricle torsion (degrees) 2.46 0.38 2.1 to 3.2

Global Strain (%) -21.87 1.17 -24.1 to -21.87

Basal Torsion (%) -4.6 2.0 -6.9 to -1.37

Apical Torsion (%) -10.23 2.58 -15.3 to -7.7
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The variables LVFWd, LVIDd, LVIDs, MAM and TAPSE 
exhibited a statistically significant correlation with body weight. 
Similar correlations were also demonstrated between body 
weight and the variables AO, LVEF, LA/AO, LVIDd, and LVIDs 
for Cynomolgus monkeys and Rhesus monkeys.9 In sheep, a 
positive correlation was found between body weight and LVIDd, 
SIV, LVFW, LA and AO.17

The left atrium/aorta ratio of capuchin monkeys presented 
values similar to those found for Cynomolgus and Rhesus 
monkeys9 and in man.18 In addition, it was within the normal 
range for several mammals used in scientific research, such as 
domestic pigs, minipigs and rabbits.19 The size and volume of 
the left atrium and the aorta of the capuchin monkey were lower 
than those observed in humans, particularly once adjusted for 
the influence of body weight. However, transvalvular blood flow 
relationships are similar, suggesting the similarity of pressure 
indices inside the cardiac chambers and, consequently, an 
equalization of the LA/AO relationship found in humans and 
the capuchin monkey. 18

The EPSS presented a value similar to that found for the 
Cynomolgus monkeyand lower than that for Rhesus monkeys9 
and domestic pigs.20 Most species, including humans, 
present a normal value for EPSS of less than 1.0 cm.18 In 
humans, magnetic resonance imaging studies confirmed the 
applicability of this value as a quantitative predictor of left 
ventricular function.21

The values found for the left ventricular ejection fraction 
(EF) were, on average, lower than the standard values for 
domestic pigs and humans.18,20 In medicine, EF values can be 
influenced by several variables, such as contractility, heart rate, 
preload and afterload. The fractional shortening (FS) showed 
no correlation with body weight.22 Nevertheless, there was a 
positive correlation with the E/A ratio (r = 0.61), suggesting that 
in these animals, SF may moderately reflect pressure changes 
in the left atrium. Although within the limits of normality 
compared to animal models such as domestic pigs,20 EF and 
FS showed values lower than those in humans,18 likely due to 
the cardiodepressant effect of ketamine and because all animal 
models presented were studied under sedation or anesthesia.7

The Doppler echocardiographic evaluation revealed aortic 
flow velocities greater than the pulmonary artery flow velocity 
(PV), which was also observed in animal models such as 
domestic pigs and in humans.18 The A and E waves showed 
positive and laminar flow, with the E wave exhibiting a higher 
peak than the A wave. The E/A ratio tends to decrease with 
advancing age in humans, concomitant with the increase in 
IVRT time.23 In this study, all animals evaluated were young 
specimens, suggesting preservation of the diastolic function 
for the studied age group.

In humans, HR can alter the transmitral flow, exacerbating 
isovolumetric relaxation, reducing diastolic filling time and 
accelerating early left ventricular diastolic elastic recoil.24 

In this study, although there was little variation in the HR, it 
presented a negative correlation with the IVRT, with a lower 
IVRT in animals in which the HR was higher, despite the 
sedation state. The MAM showed a slight correlation with 
LVIDd (r = 0.37) and LVIDs (r = 0.34), and the TAPSE showed 
a moderate positive correlation with E’RV (r = 0.41) and A’RV  

(r = 0.47). Variations in ventricular diameters indirectly 
reflect the ventricular function, as well as the hemodynamic 
repercussion of volume overloads.25 Studies in humans showed 
that the mitral annular motion obtained by 3D echocardiography 
correlated moderately well with the left ventricular ejection 
fraction (LVEF) measured by magnetic resonance imaging. 
In the same study, it was observed that values below 12 mm 
for this variable were good thresholds for the detection of 
LVEF < 50%, with high sensitivity and precision.26 The S wave 
velocity of the tissue Doppler is one of the variables established 
in veterinary medicine to determine the systolic function of the 
right ventricle. The moderate correlation of the E'RV and A’RV 
variables, derived from the tissue Doppler, suggests that these 
measurements may also help with better characterization of 
right ventricular function in capuchin monkeys.27

The pattern of E’ and A’ waves measured at the septal border 
of the mitral annulus was similar to those reported in domestic 
pigs and humans.19,28 Human studies demonstrated an inverse 
correlation between left ventricular diastolic velocity and age, 
resulting from a gradual reduction in myocardial relaxation.19 
The animals studied presented similar PWTDI values to those 
of healthy humans, with no evidence of contractility deficits.29 
Other parameters, such as the LA/AO ratio, were within 
normality patterns described for other non-human primates 
and experimental animal models, and the diastolic filling 
velocities (E wave velocity, A wave velocity and E/A relationship) 
were also within the limits of normality.19,29 It is presumed, for 
this study, that all animals had preserved diastolic function. 
Although studies in humans show a change in this pattern with 
age, we cannot discuss these findings, because all animals in 
the study were young specimens.30 

The right ventricular (RV) tissue Doppler examination, 
evaluated at the tricuspid lateral annulus (E' RV and A' RV), 
showed negative diastolic velocity curves similar to those of 
humans.31 In humans, the assessment of RV tissue Doppler 
provides important information regarding the prediction of 
coronary lesions and myocardial infarction, even in the absence 
of electrocardiographic alterations. TAPSE showed a positive 
correlation with the E'RV (r = 0.41) and A'RV (r = 0.47) waves, 
likely as a response to tricuspid annular movement, suggesting 
that similar to TAPSE, these RV PWTDI values can also be used 
as predictors of right ventricular function.32

As in humans, the velocity for the apical systolic radial 
strain (46.22 ± 6.24%) in capuchin monkeys was slightly 
lower than that obtained for the basal systolic radial strain 
(47.13 ± 5.24%), whereas the apical circumferential strain 
(-24.13 ± 5.61%) was greater than the basal circumferential 
strain (-18.17±4.68%). The values obtained for the basal 
systolic radial strain (47.13 ± 5.24%) and longitudinal strain 
(-26.46 ± 5.15%) for the capuchin monkey were within 
normal ranges for males and females.33

Similar to humans, capuchin monkeys present positive radial 
strain on systole, whereas the longitudinal and circumferential 
strains have negative values.34 Thus, in capuchin monkeys, 
positive radial strain during systole also reflects a myocardial 
thickening, the final length of which is larger than the initial 
one, whereas the negative longitudinal and circumferential 
strains show an inverse situation.33
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The twist in capuchin monkeys was qualitatively similar those of 
humans.35 Although the torsion angle allows comparative studies 
between different species, these values appear to differ in relation 
to the size and mass of the myocardium. A similar situation was 
observed for the cardiac twist between humans and mice, in 
which despite the discrepant size between hearts, the torsion was 
quantitatively comparable between the two species.36

The bull’s eyes generated from the analyses performed 
presented a homogeneous pattern, with no evidence of 
contractility deficits in the 18 segments generated. Despite the 
sedation performed, the rate of cardiac deformation did not 
differ from data obtained for other animal models and in the 
human species.11,33,34

There are few studies on the indices of myocardial 
deformation in animals, and none specifically for a group of 
non-human primates. Despite the relatively small number of 
capuchin monkeys, this study suggests that the measurement of 
myocardial strain and strain rate indices constitutes a technique 
that can be used to improve the clinical management conditions 
of these animals and is a potential tool for pre-clinical trials.

Conclusion
The present study demonstrated the first reference values 

for echocardiographic measurements in B, M and Doppler 
mode for capuchin monkeys anesthetized with ketamine 
and midazolam. The strain and strain rate values obtained 
using speckle tracking showed similarities with the human 
species, suggesting that this tool can be potentially exploited in 
preclinical studies using the capuchin monkey animal model.

Acknowledgements
The authors thank the Diagnosis by Image Sector of the 

University Veterinary Hospital, Federal University of Piauí (UFPI) 
and the Nucleus for Wild Animal Research and Preservation of 
the UFPI for making the animals available. They also thank the 
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES) for the doctoral grant.

Authors’ contributions
Conception and study design: Alves FR, Pessoa GT, 

Moura LS, Rodrigues RPS; Data acquisition: Rodrigues RPS, 
da Silva ABS, Sousa FCA; Data analysis and interpretation: 
Alves FR, Bezerra-Neto L; Statistical analysis: Alves JJRP, Macedo 
KM; Manuscript writing: Alves FR, Rodrigues RPS, da Silva ABS. 
Critical review: Alves FR, Bezerra-Neto L, Vieira MC.

Potential Conflict of Interest

We declare there is no relevant conflict of interest.

Financial Support

Coordenação de Aperfeiçoamento de Pessoal de Nível 
Superior (CAPES).

Academic linkage

Postgraduate Program in Animal Science.

1. Addessi E, Paglieri F, Focaroli V. The ecological rationality of delay tolerance: 
insights from capuchin monkeys. Cognition. 2011; 119(1):142-7. 
Doi:10.1016/j.cognition.2010.10.021.

2. Pele M, Micheletta J, Uhlrich P, Thierry B, Dufour V. Delay maintenance in 
Tonkean macaques (Macaca tonkeana) and brown capuchin monkeys (Cebus 
apella). Int J Primatol. 2011; 32(1):149-66. Doi:10.1007/s10764-010-9446-y.

3. Kasner M, Aleksandrov A, Escher F, Al-Saadi N, Makowski M, Spillmann F, et 
al. Multimodality imaging approach in the diagnosis of chronic myocarditis 
with preserved left ventricular ejection fraction (MCpEF): The role of 2D 
speckle-tracking echocardiography. Int J Cardiol. 2017; 243:374-8. Doi: 
10.1016/j.jcard.2017.05.038.

4. Opdahl A, Helle-Valle T, Skulstad H, Smiseth O. Strain, strain rate, torsion, 
and twist: echocardiographic evaluation. Curr Cardiol Rep. 2015; 
17(3):568. Doi:10.1007/S1186-015-0568-X.

5. Settle TL, Rico PJ, Lugo-Roman LA. The effect of daily repeated sedation 
using ketamine or ketamine combined with medetomidine on physiology 
and anesthetic characteristics in rhesus macaques. J Med Primatol. 2010; 
39(1):50-57.

6. Alves FR, Moura LS, Rodrigues RPS. VIII Congresso Piauiense de 
Cardiologia, Teresina (PI), 27 a 29 de abril, 2017. Anais.

7. Diniz NA, Pessoa GT, Moura LS, Sousa FCA, Rodrigues RPS, Souza 
AB,et al. Echocardiographic findings in bidimensional mode, M-mode 
and Doppler of clinically normal black - rumped agouti (Dasyprocta 
prymnolopha, Wagler 1831). J Zoo Wild Med. 2017. 48(2):287-93. 
Doi:10.1638/20160013R3.1.

8. Mantovani MM, Silva AC, Muzzi RAL, Oberlender G, Resende RM, Muzzi 
LAL,et al. Strain and strain rate by two-dimensional speckle tracking 
echocardiography in a maned Wolf. Pesq Vet Bras. 2012; 32(12):1336-40. 
Doi:http://dx.doi.org/10.1590/S0100-736Y2012001200019.

9. Korcarz CE, Padrid PA, Shroff SG, Weinert L, Lang RM. Doppler 
echocardiographic reference values for healthy rhesus monkeys under 
ketamine hydrochloride sedation. J Med Primatol. 1997; 26(6):287-98. 
Doi: 10.1111/j.1600-0684.1997.tb00057.X

10. Wirz A, Truppa V, Riviello MC. Hematological and plasma biochemical 
values for captive tufted capuchin monkeys (Cebus apella). Am J Primatol. 
2008; 70(5):463-72. Doi:10.1002/ajp.20520.

11. Tilley LP. Essentials of canine and feline electrocardiography: interpretation 
and treatment. Philadelphia: Lea & Febiger; 1992.

12. Lang RM, Badano LP, Mor-avi V, Afilalo J, Armstrong A, Ernande L, et al. 
Recommendations for Cardiac Chamber Quantification by Echocardiography 
in Adults: An Update from the American Society of Echocardiography and 
the European Association of Cardiovascular Imaging. Eur Heart J Im Cardiol. 
2015;16(3):233-71. Doi:10.1093/ehjci/jev)14.

13. Abduch MCD, Alencar AM, Mathias W Jr, Vieira MLC. Cardiac mechanics 
evaluated by speckle tracking echocardiography. Arq Bras Cardiol. 
2014;1(1)1-10. Doi:http://dx.doi.org/10.5935/abc.20140041.

14. Santana VL, Silva RMN, Souza AP, Ferreira AF, Wagner PGC, Evêncio J. et al. 
Estudo comparativo dos efeitos da associação anestésica cetamina-xilazina 
ou tiletaminazolazepam em macacos-prego (Sapajus apella - Linnaeus, 
1758). Rev Cienc Med Vet. 2008; 6(8):159-65.

References



12

Original Article

Alves et al.
Echocardiography in capuchin monkey

Arq Bras Cardiol: Imagem cardiovasc. 2018;31(1):4-13

15. Capriglione LGA, Soresini GCG, Fuchs T, Sant’anna NT, Fam ALD, Pimpão 
CT, et al. Avaliação eletrocardiográfica de macacos-prego (Sapajus apella) 
sob contenção química com midazolam e propofol. Ciênc Agrár. 2013; 
34(6):3801-10.

16. MuirW. W, Gaynor J S. Handbook of veterinary pain management. 3rd ed. 
Missouri (St Louis): Mosby;2015. ISBN: 9780323089357.

17. Moses BL, Ross JN. M-mode echocardiographic values in sheep. Am J Vet 
Res. 1987;48(9):1313-8. PMID:3662202.

18. Ângelo LCS, Vieira MLC, Rodrigues SL, Morelato RL, Pereira AC, Mill JG,et 
al. Echocardiographic reference values an a sample of asymptomatic adult 
brazilian population. Arq Bras Cardiol. 2007;89(3):168-73 Doi: http://
dx.doi.org/10.1590/50066-782X2007001500007.

19. Konrad D, Weber K, Corney S, Allen TR, Terrier C. Echocardiography, 
color-coded Doppler imaging, and abdominal sonography, a non-invasive 
method for investigation of heart and aortic morphology and function in 
female gottingen minipigs: method and reference values for M-mode, 
B-mode, and flow parameters. Comp Med. 2000; 50(4):405-409.

20. Lee MY, Lee SH, Lee SG, Park SH, Lee CY, Kim KH, et al. Comparative analysis 
of heart functions in micropigs and conventional pigs using echocardiography 
and radiography. J Vet Sci. 2007;8(1):7-14. PMID:17322768.

21. Elagha A, Fuisz A. Mitral valve E-Point to Septal Separation (EPSS) 
measurement by cardiac magnetic resonance imaging as a quantitative 
surrogate of Left Ventricular Ejection Fraction (LVEF). J Cardiovasc Magn 
Reson. 2012;14(Suppl1):P154 Doi: 10.1186/1532-429X-14-S1-P154.

22. Feigenbaum H. Echocardiography. Philadelphia: Lea & Febiger, 1994. 
ISBN:0-8121-1692-5.

23. Sartori MP, Quinones MA, Kuo LC. Relation of Doppler derived left 
ventricular filling parameters to age and radius/ thickness ratio in normal and 
pathologic states. Am J Cardiol. 1987; 59(12):1179-82 PMID:2953230.

24. Harrison MR, Clifton ED, Pennel A, Demaria AN. Effect of heart rate on left 
ventricular diastolic transmitral flow velocity patterns assessed by Doppler 
echocardiography in normal subjects. Am J Cardiol. 1991; 67(7):622-7. 
PMID:2000796.

25. Mottram PM, Marwick TH. Assessment of diastolic function: what 
the general cardiologist needs to know. Heart. 2005;91(5):681-95. 
Doi:10.1136/htt2003.029413.

26. Qin JX, Shiota T, Tsujino H, Saracino G, White RD, Greenberg NL, et 
al.Mo- vimento anular mitral como substituto da fração de ejeção 
do ventrículo esquerdo: ecocardiografia tridimensional em tempo real e 
estudos de ressonância magnética. Eur J Echocardiogr. 2004;5(6):407-15. 
PMID: 15337962.

27. Visser LC, Scansen BA, Schober KE, Bonagura JD. Echocardiographic 
assessment of right ventricular systolic function in conscious healthy dogs: 
repeatability and reference intervals. J Vet Cardiol. 2015;17(2):83-96. 
Doi:10.1016/jvc.2014.10.003

28. Adel W, Josef M, Al-mahallawy N. Tissue Doppler systolic annular velocity 
and myocardial performance index as predictors of right ventricular 
affection and culprit lesion location in acute inferior myocardial infarction. 
Eg Heart J. 2014; 66(4):327-33. Doi:https://

29. Schefer KD, Bitschnau C, Weishaupt MA, Schwarzwald CC. Quantitative 
analysis of stress echocardiograms in healthy horses with 2-dimensional 
(2D) echocardiography, anatomical M-mode, tissue Doppler imaging, 
and 2D speckle tracking. J Vet Int Med. 2010;24(4):918-31. Doi: 
10.1111/j.1939-1676.2010.0542X.

30. Kitzman DW, Sheikh KH, Beere PA, Philips JL, Higginbotham MB. Age-
related alterations of Doppler left ventricular filling indexes in normal 
subjects are independent of left ventricular mass, heart rate, contractility 
and loading conditions. J Am Coll Cardiol. 1991;18(5):1243-50. 
PMID:1918701.

31. Shojaeifard M, Esmaeilzadeh M, Maleki M, Bakhshandeh H, Parvaresh 

F, Naderi N. Normal reference values of tissue Doppler imaging 
parameters for right ventricular function in young adults: a population 
based study. Res Cardio Med. 2013; 2(4):160-6. Doi:10.5812/
cardiovascmed.9843.

32. Kjaergaard J, Iversen KK, Akkan D, Møller JE, Køber LV, Torp-Pedersen 
C,et al. Predictors of right ventricular function as measured by tricuspid 
annular plane systolic excursion in heart failure. J Cardiovasc Ultrasound. 
2009;7:51-8. Doi: 10.1186/1476-7120-7-51.

33. Dalen H, Thorstensen A, Aase SA, Ingul CB, Torp H, Vatten LJ, et al. 
Segmental and global longitudinal strain and strain rate based on 
echocardiography of 1266 healthy individuals: the HUNT study 
in Norway. Eur J Echocardiogr. 2010;11:176-83. Doi: 10.1093/
ejechocard/jep194.

34. Pena JLB, Silva MG, Faria SCC, Alves Jr JMS, Salemi VMC, Mady C, 
Sutherland GR. Índices regionais de deformação miocárdica (Strain/Strain 
Rate) em neonatos normais. Rev Bras Ecocardiogr. 2012;25(4):267-77.

35. Henson RE, Song SK, Pastorek JS, Ackerman JJ, Lorenz CH. Left ventricular 
torsion is equal in mice and humans. J Physiol: Heart Circ Physiol. 
2000;278(4):1117-23. PMID:10749705.

36. Opdahl A, Helle-Valle T, Skulstad H, Smiseth OA. Strain, strain rate, 
torsion, and twist: echocardiographic evaluation. Current Cardio Rep. 
2015;17(3):568. Doi: 10.1007/s11886-015-568-X.



13

Original Article

Alves et al.
Echocardiography in capuchin monkey

Arq Bras Cardiol: Imagem cardiovasc. 2018;31(1):4-13


