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ABSTRACT

Background: The agouti (Dasyprocta prymnolopha, Wagler, 1831) is a wild rodent widely found throughout America which 
has stood out as a good animal model for scientific investigations. The aim of this study was to study the cardiovascular 
function of chemically contained agoutis, by performing echocardiographic examinations and measuring Strain and Strain 
Rate by Speckle Tracking to obtain reference values for the species and verify the applicability of these animals as models 
for the study of cardiovascular changes in humans.
Materials, Methods & Results: It was selected 16 animals, sedated by the combination of ketamine hydrochloride and 
xylazine and submitted to transthoracic echocardiography. To obtain the standard measurements, B, M and Doppler mode 
images were taken. The analysis of the radial and longitudinal myocardial deformation of the left ventricle was carried 
out. The right parasternal window was used for access to the short cardiac axis and the left for access to the long axis. Six 
radial profiles of strain (ST) and Strain rate (SR) values were obtained, corresponding to the mean of the values for each 
segment. A total of 18 myocardial segments were analyzed for each specimen and the mean values were used to compose 
the statistical analysis. The comparison of the means between the genders did not show statistical difference, being the 
other statistical treatments based on the total sample of 16 animals. The variables that showed statistically significant 
correlation coefficients in relation to weight were: LA, LA/AO, HR, AVmax, E’ wave, E/IVRT (P > 0.05). HR showed a 
positive correlation with IVSd (r = 0.51), EPSS (r = 0.55) and E’ wave (r = 0.68); negative with IVRT (r = - 0.41), A wave 
(r = - 0.54), AVmax (r = - 0.53) and Pmax (r = - 0.65).
Discussion: Although presumptively normal echocardiographic values were reported for not anesthetized agoutis, this was 
the first study to show the measurement of these variables for chemically contained agoutis, in addition to the use of Strain 
and strain rate by speckle tracking in the assessment of cardiac function. The sudden exposure of an external stimulus 
(environmental or physical) to which the body is not adapted can trigger an acute stress, and its effects may interfere signifi-
cantly in the measurement of hemodynamic variables, justifying the need for chemical containment. The values found for 
the thickness of agoutis cardiac walls and chambers obtained in M mode, both in systole and in diastole, when compared 
with mammals of different size, confirm the positive linear correlation between body weight and cardiac dimensions for 
the various evaluated parameters. The velocity obtained by the Strain radial for the apical systolic peak was slightly lower 
than that obtained for the basal systolic peak, while the opposite was observed for the circumferential Strain, which showed 
apical peak greater than the basal peak, also to the found for human beings. The values obtained for circumferential, radial 
and longitudinal strain for agoutis were within the ranges of normality observed in healthy domestic animals and humans.
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INTRODUCTION

The agouti (Dasyprocta prymnolopha, Wagler, 
1831) is a wild rodent found in almost all of America 
that has demonstrated good results as an experimental 
model in cardiovascular studies [15,31].

Currently, human heart disease is modeled 
mainly in small rodents, such as rats and mice [26]. 
However, the echocardiographic study of these animals 
has limitations on cardiac guidance and the need for 
high frequency transducers, often inaccessible [5]. In 
turn, large animals such as swine and sheep have been 
tested instead of some rodents, especially due to their 
greater weight and size [29]. However, these require 
large areas for breeding, in addition to expensive 
and laborious management, limiting the researches 
financially.

In this context, the agouti has been highlighted 
by the fact that it combines in a single species the 
cardiovascular morphological similarity with humans, 
management of simplified breeding, docility, low 
breeding costs and good reproductive indexes [15,42]. 
In addition, larger than most rodents used as animal 
models, they suffer less influence from HR, especially 
on chemical containment, allowing reliable measure-
ments on echocardiographic examination [15].

The objective of this study was to study the 
cardiovascular function of the chemically contained 
agoutis in B, M and Doppler echocardiographic tests 
and to measure the Strain and Strain Rate by Speckle 
Tracking to obtain reference values for the species and 
verify the applicability of these animals as models for 
the study of cardiovascular changes in humans.

MATERIALS AND METHODS

Animals

For this study, 16 black-rumped agoutis (eight 
males and eight females) were used from the Center for 
Studies and Preservation of Wild Animals (NEPAS), 
Federal University of Piauí (UFPI), Teresina, Piauí, 
Brazil. The protocols used in this study were approved 
by Committee on Ethics in Animal Experimentation 
– CEAA / UFPI (No 0117 / 2015) and authorized by 
the Ministry of the Environment, through the System 
of Authorization and Information of Biodiversity - 
SISBIO of the Brazilian Institute of the Environment 
and Natural Renewable Resources - IBAMA (No 
26101 - 1).

Exclusion criteria

The animals were submitted to clinical, hema-
tological and biochemical examination. Auscultation of 
lung fields and cardiac sounds was performed. There 
was follow-up by electrocardiographic examination 
and screening echocardiogram. Animals that had 
valvular insufficiencies identified on auscultation, 
confirmed on the echocardiogram, as well as rhythm 
disturbances identified on the electrocardiogram were 
excluded from the experiment [47].

Anesthetic protocol

The agoutis were pre-prepared with a 12-h 
solid fasting and 4 h water fasting. Later they were 
captured using restraint nets and physically contained 
with leather gloves for the application of anesthetic 
drugs.

Sedation occurred by intramuscular application 
of the combination of 15 mg/kg ketamine hydrochlo-
ride 5% and 1.0 mg/kg xylazine. Approximately 5 
to 10 min after the application, the anesthetic action 
was observed, where the procedures to perform the 
echocardiographic exams were started. The protocols 
promoted an average anesthetic time of 30 to 40 min 
in all the animals, and there was no need to reapply the 
drugs during the exams. During the tests until complete 
recovery, the vital parameters of the animals such as 
heart rate (HR), respiratory rate (RR) and rectal tem-
perature were monitored.

Standard echocardiographic assessment

The animals were positioned in the left and 
right lateral decubitus position, with the clipped hair 
from the thoracic surface and the chest evaluated 
after the application of conductive gel for echocar-
diography1. Transthoracic echocardiographic exami-
nation was performed using a portable ultrasound 
equipment2, coupled to a multifrequency probe (4.0 
to 8.0 MHz)2. B, M and Doppler mode images were 
acquired to obtain the standard measurements by 
previously established protocols for humans and 
small animals [7,44]. All the exams were performed 
with simultaneous electrocardiographic tracing in 
DII.

Three representative cardiac cycles were 
analyzed and the mean was calculated for each vari-
able. Measurements included the diameter of the 
root of the aorta 2D (Ao), the left atrium (LA) of 
the short axis (right parasternal) and LA/AO ratio. 
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In the right parasternal window (level of the chordae 
tendineae) images were obtained in systole and dias-
tole to calculate the thickness of the interventricular 
septum (IVS) and free wall (LVFW), in addition to 
the internal dimension of the left ventricle (LVID). 
Using the same window, measurements of the dis-
tance between the E point of the anterior leaflet of 
the mitral valve and the interventricular septum 
(EPSS) were obtained from the short axis using 
M-mode images. In apical section 4 chambers were 
measured the E’ and A’ waves of the left ventricular 
tissue Doppler (insertion point of the septal leaflet 
of the mitral valve) [Figures 1 & 2].

Measurements of spectral Doppler included 
transmitral flow (E wave and A wave - apical 4 
chambers), maximal aortic blood flow velocity (AV) 
and isovolumetric relaxation time (IVRT), measured 
from aortic valve closure to the opening of the mitral 
valve, from an apical 5-chamber cut, in window to 
left sterna, using the pulsed wave Doppler (PW). The 
E/A and E/IVRT ratios were derived automatically 
from the previously calculated measures for E and 
A waves of the mitral valve and IVTR. Pulmonary 
blood flow velocities (Pmax) were recorded with the 
PW Doppler from the short axis (pulmonary plane) 
in the right parasternal window. The sample volume 
was positioned immediately after the pulmonary 
valve (Figure 3).

The heart rate (HR) was obtained for each 
cycle during automatic acquisition by the software in 
the machine, measuring the distance of the pulmonary 
artery pulsed Doppler flow spectra. The mean of all 
heartbeats recorded during the examination of each 
agouti was defined as HR. The maximum and minimum 
HR values were also documented. The presence of 
valve insufficiency was investigated by color Doppler 
on each valve individually. The 2D sector size has been 
minimized to improve image quality. The highest pulse 
repetition frequency (PRF) was used to avoid signs of 
aliasing in normal flows.

Strain by speckle tracking measurements

To obtain the values of cardiac deforma-
tion, an Affinity 503 ultrasound device was used, 
coupled to a multifrequencial phase array probe 
(5-8 MHz), and ACMQA.I - Automated Cardiac 
Motion Quantification software, which performed 
the analysis of the radial and longitudinal myo-
cardial deformation of the left ventricle. After the 

conventional echocardiographic examination, the 
right and left parasternal window for video acquisi-
tion was accessed at a frame reproduction rate of 
70 to 110 frames/s, as described in dogs [11] and 
humans [46] (Figure 4). 

For each animal, three consecutive cardiac 
cycles were recorded using a single circuit and the 
information was digitally stored on a hard disk for 
offline analysis on a workstation.

The right parasternal window was used to 
access the short cardiac axis and the left parasternal 
for long axis access (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 automati-
cally delineated from the endocardial border. Then, 
the software algorithm automatically divided the cut 
plane of the left ventricle short and long axes into 6 
segments (involving the interventricular septum and 
the free wall) for the tracing of points in the myocar-
dium (Speckles).

The speckles search was performed frame-
by-frame, generating a score that represents the 
reliability of the tracking (ranging from poor to ex-
cellent) based on matching blocks of the algorithm. 
Six radial profiles of ST (strain - strain rate) and SR 
(Strain rate - strain velocity) values were obtained, 
corresponding to the mean values for each segment. 
These values of radial ST and radial maxima at the 
radial systolic peak were referenced by means of six 
curves and the mean values were calculated in order 
to characterize the overall ST and SR during the left 
ventricle systolic peak. The myocardial synchronism 
was accessed by the difference between the initial and 
final systolic peak moment. A total of 18 myocardial 
segments were analyzed for each specimen and the 
mean values were used to compose the statistical 
analysis (figure 5).

Statistical analysis

The Graphpad Prism 7 software was used to 
analyze the data and to run the non-parametric test 
wilcoxon-mann-whitney (U of Mann-Whitney) to 
verify the existence of differences between the vari-
ables addressed with regard to the sex of the animals. 
The Spearman rank correlation coefficient was used to 
assess dependence. In the test, 0.05 was considered as 
a level of significance.
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Figure 1. M-mode and two-dimensional (2D) echocardiographic images obtained from anesthetized agoutis 
(Dasyprocta prymnolopha). A- M-mode was used for the measurements of the interventricular septal wall, 
left ventricular wall, and left ventricular internal dimensions. B- Two-dimensional right short axis view at the 
base of the heart 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.

Figure 2. Pulsed-wave tissue Doppler imaging (PWTDI) mode images obtained from anesthetized agoutis 
(Dasyprocta prymnolopha). PWTDI from the apical 4-chamber view sampling the septal mitral annulus.
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Figure 3. Doppler echocardiographic images obtained from anesthetized agoutis (Dasyprocta prymnolopha). 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 4. Speckle tracking echocardiography at the level of the apex in a agouti (Dasyprocta prymnolopha). 
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. 
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Figure 5. Echocardiographic examination evidencing radial (A), circumferential (B) and longitudinal strain (C) of 
agouti (Dasyprocta prymnolopha). Note that all segments of the myocardium contract adequately and strain values 
are within the reference values, including for humans.

RESULTS

Table 1 shows the echocardiographic parame-
ters of the group of animals studied. The comparison of 
the means between the genders did not show statistical 
difference (P > 0.05, P = 0.659). Thus, the remaining 
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 vari-
ables that showed statistically significant correlation 
coefficients in relation to weight were: LA, LA/AO, 

HR, AVmax, E’ wave, E/IVRT (P > 0.05) [Table 1]. 
The other variables that showed correlations between 
them are described below: HR showed a positive cor-
relation with IVSd (r = 0.51), EPSS (r = 0.55) and E’ 
wave (r = 0.68); negative with IVRT (r = - 0.41). The 
LA variable showed a positive correlation with AO (r 
= 0.70) and IVRT (r = 0.47). FS presented a positive 
correlation with E/IVRT (r = 0.67) and E wave (r = 
0.38). Table 2 shows the values found for the advanced 
echocardiographic measurements derived from the 
strain by speckle tracking.
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Table 1. Normal values for bidimensional echocardiographic variables in B, M and Doppler modes as observed in healthy agoutis 
that were anesthetized with ketamine and xylazine.

Variable Mean SD Reference range r P value

BW (Kg) 2.86 0.26 2.5-3.25 - -

AO (cm) 0.63 0.11 0.54-0.87 - 0.227 0.131

LA (cm) 1.01 0.15 0.69-1.19 0.469a 0.362

LA/AO 1.64 0.35 1.17-2.13 0.545a 0.474

IVSd (cm) 0.35 0.10 0.26-0.60 - 0.111 0.368

IVSs (cm) 0.39 0.09 0.2-0.58 0.088 0.342

LVFWd (cm) 0.30 0.09 0.22-0.4 - 0.101 0.636

LVFWs (cm) 0.45 0.08 0.34-0.63 0.190 0.670

LVIDd (cm) 1.49 0.21 1.14-1.83 0.07 0.981

LVIDs (cm) 1.06 0.17 0.86-1.37 0.248 0.355

EF (%) 60.1 10.56 43-78 - 0.136 0.970

FS (%) 29.11 7.3 20-43 0.209 0.486

HR (bmp) 146.4 27.8 103-197 - 0.669a 0.929

EPSS (cm) 0.26 0.07 0.17-0.40 - 0.272 0.379

E wave (cm/s) 62.55 8.48 45-75.70 0.289 0.378

A wave (cm/s) 41.83 9.0 27.9-52.9 0.166 0.751

AV max (cm/s) 66.18 16.69 40-85.2 0.380a 0.344

Pmax (cm/s) 55.98 11.74 40.4-75.7 0.320 0.789

IVTR (ms) 71.47 11.96 55-90 - 0.294 0.654

E’ wave (cm/s) 7.02 1.43 3.97-9.47 - 0.481a 0.191

A’ wave (cm/s) 4.69 1.16 2.8-6.78 - 0.144 0.895

E/A 1.58 0.46 1.05-2.18 0.018 0.134

E/IVRT 0.99 0.38 0.5-1.96 0.438a 0.127
aVariables that correlated significantly with weigh.

Table 2. Left Ventricle peak systolic strain and twist measurements obtained by speckle tracking echocardiography (STE), measurement 
error and coefficient of variation in anesthetized Agoutis.

Variable Measurements SD Reference interval

Peak apical systolic radial strain (%) 42.16 4.31 39.85 to 47.94

Peak apical circumferential strain (%) - 21.36 3.74 - 27.1 to - 17.63

Peak basal systolic radial strain (%) 43.12 4.75 36.7 to 48.87

Peak basal circumferential strain (%) - 16.71 3.81 - 23.15 to - 9.20

Peak longitudinal strain (%) - 27.49 4.53 - 34.9 to - 16.51

Left ventricle torsion (degrees) 3.03 0.41 2.33 to 3.57

Global Strain (%) - 21.87 1.17 - 24.1 to - 19.87

Basal Torsion (%) - 4.13 1.86 - 6.67 to - 1.45

Apical Torsion (%) - 12.05 2.37 - 14.17 to - 6.95
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DISCUSSION

Several studies have demonstrated normal 
echocardiographic parameters for domestic animals 
such as dogs, cats, horses, sheep [7,9,27], as well as 
wild rodents such as prairie dogs (Cynomys ludovicia-
nus) [20], guinea pigs (Cavia porcellus) [10] and New 
Zealand rabbits [41]. However, although presumptive 
normal echocardiographic values were reported for 
non-anesthetized agoutis [15], this is the first study to 
show the measurement of these variables for chemi-
cally contained agoutis, in addition to the use of strain 
and strain rate by speckle tracking in the evaluation of 
cardiac function.

It is known that physical restraint is one of the 
main stressors, and can easily lead to death [4]. The 
sudden exposure of a given stimulus to which the body 
is not adapted can trigger an acute stress, characterized 
by an increase in heart and respiratory rate, and these 
effects may significantly interfere in the measurement 
of hemodynamic variables [32], justifying the need for 
chemical containment.

The HR in this study was like the findings for 
agoutis anesthetized by the same protocol [42] and 
for pacas (Cuniculus paca), similar sized rodents, also 
chemically contained [48]. However, it was lower when 
compared to values obtained for non-anesthetized 
agoutis [14,15], New Zealand rabbits [41] and guinea 
pigs [8], smaller rodents. HR is inversely proportional 
to the size of the animal, being higher in smaller species 
[39]. The difference between the values found for HR 
of anesthetized and non-anesthetized agoutis is mainly 
due to the elimination of the stress factor, achieved by 
sedation [4]. The antagonism to the cardio depressant 
effects of ketamine, promoted by xylazine, contributed 
to the maintenance of normal HR in the animals of this 
experiment [18]. 

The comparison of the mean of the studied 
variables, between males and females, did not show 
statistical differences (P > 0.05, P = 0.659), like that 
found for this same species under physical restraint 
and for ferrets [15,49]. Adult individuals of the genus 
Dasyprocta have small anatomical variation, resulting 
in a very similar cardiovascular physiology between 
males and females, directly reflecting the variables 
measured in the present study [19].

The variables LA, LA/AO, HR, AVmax, E’ wave, 
E/IVRT (P > 0.05) demonstrated a statistically significant 
correlation coefficient in relation to body weight. Similar 

correlations were described between body weight and 
DVEd, LA, AO and SIV in dogs of various breeds [34] 
and SIV, PLVE [37] and LA in cats [2]. Likewise, in 
monkeys, similar correlations were observed between 
the variables AO, LVFW, LA/AO, LVIDd and LVIDs and 
body weight for several species [43].

The values found for the thickness of agoutis 
heart walls and chambers when compared to mam-
mals of different sizes, including wild rodents [20], 
unanesthetized agoutis [15], New Zealand rabbits 
[41], hedgehogs (Atelerix albiventris) [6] and ferrets 
(Mustela putorius furo) [49], confirm the positive linear 
correlation between body weight and heart dimensions 
for the various parameters evaluated.

The EPSS presented values lower than those 
found for conventional pigs, minipigs [27] and New 
Zealand rabbits [41] and higher than the findings for 
hedgehogs [6] and non-anesthetized agoutis [15]. 
Despite the differences, all are consistent with the lit-
erature, since for most species, including humans, the 
normal EPSS value is less than 1.0cm [3]. These values 
do not change with the size of the ventricular chamber, 
except in cases where the function is diminished, as 
in valvular diseases, and can be used as a qualitative 
method to evaluate the LV systolic function [24,25]. 
Magnetic resonance studies have confirmed the ap-
plicability of this value as a quantitative predictor of 
left ventricular function in humans [16].

The mean value found for left ventricular ejec-
tion fraction (EF) values was similar to standard values 
for minipigs [27] and lower when compared to New 
Zealand rabbits [41], guinea pigs and non-anesthetized 
agoutis [10]. This difference can be justified by the 
depressant effects of ketamine, which promotes early 
ventricular depolarization, interfering with blood pres-
sure, heart rate and cardiac output [28,30]. In medicine, 
EF values can be influenced by several variables such 
as contractility, heart rate, preload and afterload [17]. 
Corroborating these findings, a 7% reduction in EF 
was demonstrated in a group of rabbits anesthetized 
with ketamine associated to midazolam compared to 
rabbits sedated with midazolam alone [45].

The shortening fraction (FS) correlated posi-
tively with the E/A ratio (r = 0.61), suggesting that in 
these animals this variable may reflect moderately the 
pressure changes in the left atrium. Although within 
normal limits, compared to animal models like mini-
pigs [27], FS showed values lower than those seen 
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in humans [3], probably due to the cardio depressor 
effect provided by ketamine, given the fact that all 
presented animal models were studied under sedation 
or anesthesia [38].

The Doppler echocardiographic evaluation 
showed a maximal aortic velocity (AVmax) superior 
to the velocity of flow in the pulmonary artery (Pmax), 
also observed in animal models such as non-anesthe-
tized agoutis [15], dogs [7], domestic pigs, minipigs 
[27], primates [43] and humans [3]. The evaluation of 
the transmitral flow, allowed the measurement of the 
A and E waves, which showed a positive and laminar 
flow, with the E wave peak higher than that of A wave. 
Studies using non-anesthetized agoutis reported dif-
ficulty in measuring these parameters due to the high 
sensitivity between the heart rate and the evaluation 
of the flows through Doppler [15]. In humans and 
non-sedated animals, HR can alter transmitral flow, 
exacerbating isovolumetric relaxation, reducing dia-
stolic filling time and accelerating early left ventricular 
diastolic elastic recoil [21].

In the present study, although there was little 
variation in the HR, it had a negative correlation with 
the IVRT, which was lower in the animals in which HR 
was higher, despite the sedation state [22].

The pattern of E’ and A’ waves measured at 
the septal border of the mitral annulus was similar 
to those reported in dogs [35], animal models used 
in research (swine and rabbits) [27,41] and humans 
[33]. The animals studied presented TDI values similar 
to healthy humans, with no evidence of contractility 
deficits [40]. Once the LA/AO ratio was observed 
within the normality patterns described for other 
rodents and experimental animal models [8,9,27,41], 
besides diastolic filling velocities (E wave velocity, A 
wave velocity and E/A relationship) within the limits 
of normality [33], diastolic function is presumed to be 
preserved in the animals studied.

The velocity obtained by the radial strain for 
the apical systolic peak (42.16 ± 4.31%) was slightly 
lower than that obtained for the basal systolic peak 
(43.12 ± 4.75%), while the opposite was observed for 
the circumferential strain, which demonstrated apical 
peak (- 21.36 ± 3.74%) greater than the basal peak 
(- 16.17 ± 4.68%), similarly to that found for humans 
[12]. The values obtained for circumferential, radial 
and longitudinal strains for agoutis were within normal 
ranges for healthy humans [13].

In the present study, all radial strain curves 
were positive in systole, whereas the longitudinal and 
circumferential strains had negative values. Similarly, 
these findings have been described in humans with 
preserved cardiac function [1]. The radial strain dur-
ing systole is positive, since it reflects the myocardial 
thickening, the final length being greater than the initial 
one. On the other hand, the longitudinal and circum-
ferential strains are negative, since the initial length is 
larger than the final [36].

The cardiac twist obtained for the agoutis 
showed to be qualitatively similar to that of humans. In 
humans this torsion angle allows comparisons between 
hearts of different sizes. Research papers compared 
the heart twist of humans and mice, which differed 
only in magnitude. However, despite the discrepant 
size between hearts, the torsion was quantitatively 
comparable in these two species [23].

The bull eyes generated from the performed 
analyzes presented a homogeneous pattern, with no 
evidence of contractility deficits in the 18 segments 
generated. The rate of cardiac deformation was simi-
lar to that obtained in the human species, despite the 
sedation performed [38].

Few studies on indices of myocardial de-
formation in animals have been reported, and none 
specifically with a group of wild rodents. Despite the 
relatively small amount of animals, this study suggests 
that myocardial strain, strain and strain rate indices 
are an applicable technique in clinical investigations 
with agoutis.

CONCLUSION

The present study allowed the presumed 
normal values of the chambers and cardiac walls di-
mensions, strain and strain rate by two-dimensional 
speckle tracking of agoutis, chemically contained 
with ketamine and xylazine. The similarities observed 
with the human species for cardiac function values 
obtained by strain by Speckle tracking technique in 
agoutis suggest that these animals have the potential 
to be exploited as animal models in preclinical stud-
ies in cardiology.
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