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RESUMO GERAL 
 
O átrio esquerdo (AE) tem importância na performance cardíaca por modular o 
enchimento do ventrículo esquerdo (VE). Uma forte correlação entre a disfunção 
do AE e a gravidade da cardiopatia tem sido observada em pacientes humanos 
com diferentes cardiopatias, fato também observado em cães, nos quais o 
tamanho e a função do AE têm grande correlação com prognóstico de cães com 
doença valvar mitral crônica (DVMC). A função do AE pode ser avaliada usando-
se técnicas ecocardiográficas volumétricas, pelo Doppler espectral ou tecidual e 
pelo speckle tracking (ST). O deslocamento tecidual do ânulo mitral (Tissue 
motion annular displacement, TMAD) é uma técnica recentemente estudada na 
medicina, que utiliza o ST e avalia o movimento do anel valvar mitral durante o 
ciclo cardíaco, fornecendo informações sobre a função sistólica ventricular a 
partir do grau de deformação longitudinal do anel mitral. O objetivo do presente 
trabalho foi de analisar o deslocamento tecidual do ânulo mitral (TMAD) pelo 
speckle tracking para a avaliação da função longitudinal do átrio esquerdo em 
pacientes saudáveis e com DVMC em diferentes estágios, estabelecer valores 
de normalidade para essa técnica e comparar com outros métodos de avaliação 
da função atrial esquerda. O estudo foi prospectivo e transversal e incluiu 100 
cães saudáveis e 95 com DVMC. Os pacientes foram submetidos ao exame 
clínico, eletrocardiográfico e ecocardiográfico convencional. A função do átrio 
esquerdo foi analisada pelos métodos biplanar área-comprimento, strain global 
pelo speckle tracking, deslocamento tecidual do ânulo mitral pelo speckle 
tracking e pela onda A’ mitral pelo doppler tecidual. O TMAD global, indicador de 
função reservatório do átrio esquerdo, foi comparado às técnicas de fração de 
esvaziamento do AE e strain global do AE. O TMAD sistólico, indicador de função 
contrátil do átrio esquerdo, foi comparado às técnicas de fração de ejeção do AE 
e onda A’ mitral. O TMAD global e sistólico (em mm) variou de acordo com o 
peso do paciente, sendo maiores conforme o peso aumentou, porém quando 
normalizados (por mm/m2), foram menores nos animais mais pesados. Houve 
bom coeficiente de variação interobservador e intraobservador nos pacientes 
saudáveis para a técnica de TMAD. Nos pacientes com DVMC o TMAD global 
foi maior nos pacientes B1, C e D e o TMAD sistólico aumentou do controle para 
o B1 e diminuiu no D. O melhor método para diferenciar animais sem (B1) dos 
com remodelamento (B2, C e D) foi o TMAD global (mm/m2) e para diferenciar 
os assintomáticos (B1 e B2) dos sintomáticos (C e D) foram o strain global, fração 
de esvaziamento e a fração de ejeção do AE. No grupo controle, o TMAD global 
e o sistólico (mm/m2) apresentaram correlação forte e negativa como peso do 
paciente. Baseando-se nas curvas ROC (receiver operating curves), o melhor 
método para discriminar animais assintomáticos dos sintomáticos, bem como os 
sem ou com remodelamento cardíaco foi o TMAD global, com área abaixo da 
curva (AUC) de 0,715 e 0,756 respectivamente. O melhor ponto de corte do 
TMAD global para diferenciar animais assintomáticos dos sintomáticos foi de 
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21,07 mm/m2, com sensibilidade de 61,1% e especificidade de 76,3% e para 
diferenciar animais sem ou com remodelamento cardíaco foi de 17,59 mm/m2, 
com sensibilidade de 66% e especificidade de 81%. Os resultados desse estudo 
mostraram que o TMAD é um método simples e rápido para avaliar a função 
atrial esquerda e varia de acordo com o peso do animal. Nos cães com DVMC o 
TMAD permitiu avaliar a função global do AE e diferenciar os pacientes nas fases 
iniciais daquelas nas fases mais avançadas da doença, podendo ser um método 
diagnóstico complementar aos já existentes. 

 

 

 
Palavras-chave: Ecocardiografia, Doença cardíaca, Speckle tracking, Strain, 

Insuficiência mitral. 
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ABSTRACT 
 
The left atrium (LA) plays an essential role in cardiac performance by modulating 
left ventricular (LV) filling. A strong correlation between LA dysfunction and heart 
disease severity is observed in human patients. The same fact also occurs in 
dogs, where the size and function of the LA have a strong correlation with the 
prognosis of myxomatous mitral valve disease (MMVD). Left atrial function can 
be assessed using volumetric techniques, spectral or tissue Doppler, and speckle 
tracking (ST) echocardiography. Tissue motion annular displacement (TMAD) is 
a technique recently studied in medicine that uses the ST and evaluates mitral 
valve ring movement during the cardiac cycle, providing information on 
ventricular systolic function from the degree of longitudinal deformation of the 
mitral annulus. The present study aimed to assess the tissue mitral annular 
displacement (TMAD) by ST for the evaluation of left atrial longitudinal function 
in healthy patients with MMVD in different stages, to establish reference values 
for this technique and to compare with other echocardiographic techniques of left 
atrial function. This study was prospective, cross-sectional observational and 
included 100 healthy dogs and 95 MMVD dogs. All dogs underwent complete 
physical examination, electrocardiography and conventional echocardiography. 
Left atrial function was evaluated by biplanar area-length method, LA global strain 
by speckle tracking, TMAD by speckle tracking and by mitral A’ by tissue doppler 
imaging. Global TMAD was compared to global LA strain and LA emptying 
fraction as measurements of reservoir function and systolic TMAD was compared 
to LA ejection fraction and mitral A’ as measurements of contractile LA function. 
Global and systolic TMAD (in mm) varied according to the body weight of the 
animals, being greater in larger dogs, whereas, when normalized (by mm/m2), 
TMAD decreased as weight increased. Intraobserver and interobserver 
repeatibility analyses showed good coefficients of variation in healthy dogs. In 
patients with DVMC left atrial global TMAD was greater in groups B2, C and D 
and left atrial systolic TMAD increased from control to B1 dogs and decreased in 
D dogs. The best method to differentiate animals without (B1) and with 
remodeling (B2, C and D) was LA global TMAD (mm/m2), and asymptomatic (B1 
and B2) and symptomatic animals (C and D), were LA strain, LA emptying fraction 
and LA ejection fraction. In the control group, the patients’ weight showed strong 
negative correlation with global and systolic TMAD (mm/m2). Based on ROC 
(receiver operating curves) analysis, the best discriminator between the 
asymptomatic from symptomatic and between animals with and without cardiac 
remodeling was LA global TMAD, with and area under the curve (AUC) of 0.715 
and 0.756 respectively. The best cutting point of global TMAD to discriminate 
between the asymptomatic from symptomatic dogs was 21.07 mm/m2 with 
sensibility of 61.1% and specificity of 76.3% and between animals with and 
without cardiac remodeling was 17.59 mm/m2 with sensibility of 66.0% and 
specificity of 81.0%. The results of this study showed that TMAD is a fast and 
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straightforward method for assessing left atrial function and varies according to 
animal weight. In dogs with DVMC, TMAD allowed to evaluate the overall function 
of the LA and differentiate patients in the earlier stages from those in the more 
advanced stages of the disease and maybe a complementary diagnostic method 
to existing ones. 

 
 
 
Keywords: Echocardiography, Cardiac disease, Speckle tracking, Strain, Mitral 

insufficiency. 
 



CAPÍTULO 1 
 
INTRODUÇÃO E CONTEXTUALIZAÇÃO 
Esta tese é composta por: 

 

- Artigo 1, intitulado: “Is the Tissue Mitral Annular Displacement A Reliable 

Technique to Assess Left Atrial Function? A Study in Healthy Dogs”, que será 

enviado para a revista: Journal of Veterinary Cardiology.  

 -O trabalho foi apresentado, na forma oral, no 2019 ACVIM (American College 

of Veterinary Internal Medicine) Forum, que ocorreu de 6 a 8 de junho, em 

Phoenix, Arizona, EUA.  

 -O resumo foi publicado no periódico Journal of Veterinary Internal Medicine, 

vol 33, issue 4, july/august, 2019. 

 

- Artigo 2, intitulado: “Assessment of Left Atrial Function Using Tissue Mitral 

Annular Displacement in Dogs with Chronic Mitral Valve Disease”, que será 

enviado para a revista: Journal of Veterinary Cardiology. 
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Marcela Wolf, MSc (M. Wolf) 
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Abstract 

Introduction/objectives: The methods to evaluate volume and deformation of the 

left atrium (LA) are time-consuming and difficult to use in clinical practice. The 

aim of this study was to demonstrate that the displacement of the mitral annulus, 
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obtained by speckle tracking, can be an alternative straightforward method to 

study left atrial function. 

Animals: One hundred client-owned healthy dogs. 

Materials and Methods: Prospective cross-sectional study. The dogs underwent 

physical examination, electrocardiography and standard echocardiography. Left 

atrial function was assessed by tissue mitral annular displacement (TMAD), which 

was compared to LA strain and biplane area-length method. Left atrial reservoir 

function was evaluated by LA global TMAD, global LA strain and LA emptying 

fraction while LA systolic TMAD and LA ejection fraction were used to assess LA 

systolic function. 

Results: The normalized global and systolic TMAD decreased as body weight 

increased (p < 0.0001). Global TMAD showed a moderate positive correlation 

with LA emptying fraction (R = 0.552; p < 0.0001) and a strong positive correlation 

with global LA strain (R = 0.750; p < 0.0001). Systolic TMAD showed a moderate 

correlation with LA ejection fraction (R = 0.514; p < 0.0001). Coefficients of 

variation documented for the intraobserver and interobserver analyses were good 

for global (0.39%; 3.58%) and systolic TMAD (0.83%; 10.93%). 

Conclusions: TMAD may be used as a simple yet reliable surrogate for left atrial 

function. Our study documented the role played by body weight on LA TMAD, 

which makes it necessary to normalize TMAD, but found no influence of age or 

heart rate. 

KEY WORDS: Echocardiography; Speckle tracking; Left atrial; Strain imaging  

Abbreviation Table 

AP4  apical 4-chamber 
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AP2 apical 2-chamber 

CV coefficient of variation 

Emitral   peak velocity of early diastolic transmitral flow (m/s) 

E mitral:A mitral   Ratio of E to A 

E:IVRT   ratio of E to IVRT 

IVRT   isovolumetric relaxation time (ms) 

LA  left atrium 

LV   left ventricle 

TMAD   tissue mitral annular displacement 

Introduction 

Left atrium (LA) plays an important role in cardiac performance by 

modulating left ventricular filling, by its reservoir function during ventricular systole 

(atrial diastole), conduction during the onset of ventricular diastole, and pump 

during the end of ventricular diastole (atrial systole), contributing 15 to 30% of the 

left ventricle (LV) filling [1]. 

 Left atrial function has been the subject of study for a long time. Atrial 

function can be assessed using volumetric, spectral or tissue Doppler imaging, 

and speckle tracking techniques. However, its peculiar shape makes the 

volumetric methods employed for the left ventricle difficult to use [2]. The global 

change in atrial volume during the cardiac cycle is simpler than that of the left 

ventricle, having mainly a longitudinal component, mostly due to the motion of the 

mitral annulus. To characterize the left atrial function using a volumetric 

approach, the Simpson or area-length methods can be used, however they are 
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laborious and time consuming to use in real clinical practice, because three 

volumes are needed (the maximal atrial volume, the minimal volume and the pre-

A volume), corresponding to the reservoir, conduit and contractile function [3,4,5]. 

The most practical method, proven to be accurate and fast, allowing the 

evaluation of all atrial volumes in a very rapid way is the use of tridimensional 

imaging, that shows concordance with MRI or CT [6,7]. Nonetheless, for three-

dimensional techniques it is important to have sufficient image quality to have 

reliable and reproducible results [6].  

 Strain is the fractional change in the length of a myocardial segment and 

represents the myocardial deformity. During the reservoir phase, the left atrium 

is stretched as it fills with blood from the pulmonary veins. At this stage the 

longitudinal strain increases, reaching a positive peak at the end of the filling of 

the left atrium. This phase is also influenced by the movement of the mitral 

annulus towards the cardiac apex resulting from contraction of the left ventricle. 

Therefore, the LA strain during the reservoir phase reflects not only the 

compliance of the LA, but also the contraction of the LV. During the conduction 

phase, the LA empties and shortens rapidly after opening of the mitral and the 

longitudinal strain decreases until a plateau, corresponding to the diastasis of the 

LA. The LA wall subsequently shortens in the longitudinal direction during the 

contraction phase of the LA, which leads to a decrease in the strain curve, 

reflecting LA pump function. The LA strain indices are calculated by the mean 

regional strains observed in the segments evaluated (global strain) [4]. 

 Motion of the mitral annulus is associated with left ventricular and atrial 

function, which has led many investigators to focus on assessment of mitral 

annular physiology [8]. Previous studies have used M-mode echocardiography 
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[9] and 2-dimensional echocardiography to investigate the dynamics of the mitral 

annulus [10-12]. Tissue Doppler and 3-dimensional echocardiography have also 

been used to evaluate mitral annulus motion [13,14]. These studies have 

demonstrated that analysis of mitral annular movement has potential in the 

assessment of global and regional left ventricular systolic and diastolic function 

and for diagnosis of mitral valvular disease and left ventricular disorders. 

 Tissue Motion Annular Displacement (TMAD) is a quite recent technique, 

which uses speckle tracking. It is independent of the Doppler angle, and 

evaluates the movement of the mitral valve annulus during the cardiac cycle, 

bringing information of systolic function from the degree of longitudinal 

deformation of the mitral annulus in the apical two (AP2) and apical four 

chambers (AP4) images. The method consists on evaluating the displacement of 

the mitral annulus towards the left ventricular apex [15]. Studies have shown that 

it is a straightforward technique, independent of high definition images and 

extensive experience of the operator [16]. Research in humans have shown that 

tissue displacement of the mitral annulus using speckle tracking is a marker for 

left ventricular function, comparable to magnetic resonance imaging [17]. In a 

study in people, either healthy or with heart diseases, LA function was evaluated 

using TMAD, three-dimensional echocardiography, tissue Doppler and strain. 

Interestingly, TMAD was shown to be a simple, fast, independent of image quality 

and reliable method to evaluate left atrial function [18]. 

 With that in mind, the aims of this study were: (1) to evaluate the 

longitudinal left atrial function in healthy dogs by tissue mitral annular 

displacement; (2) Establish normal values for this technique in healthy dogs; and 
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(3) Compare whether TMAD and other methods of left atrial function obtained by 

echocardiography. 

Materials and methods 

Animals 

This prospective cross-sectional observational recruited 100 client-owned 

healthy dogs of different breeds, ages and sexes between March 2017 and 

October 2018 from a Veterinary Teaching Hospital and a Private Referral 

Hospital. All dogs were considered healthy based on medical history, complete 

physical examination, electrocardiographya and echocardiography. Exclusion 

criteria consisted of any clinical signs of systemic or cardiac disease. The animals 

were separated into quartiles according to the body weight, and each group 

included 25 dogs. 

The study was approved by the Institutional Ethics Committee on Animal 

Research (protocol 01084/2017). 

Echocardiography 

Each animal underwent a complete standard echocardiographyb. Dogs were 

examined without sedation and were only gently restrained in left and right lateral 

recumbency. The exams were performed following the recommendations of the 

Echocardiography Committee of the Specialty of Cardiology of the American 

College of Veterinary Internal Medicine. M-mode echocardiography 

measurements (left ventricular end-diastolic and end-systolic diameters, left 

ventricular free-wall and interventricular septal thickness in diastole and systole 

and fractional shortening) were obtained from the right parasternal short axis 

view. The left atrial-to-aorta ratio was obtained from the left parasternal short axis 
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view. From the left AP4 view, pulsed wave Doppler was used to record peak early 

(E) and late (A) diastolic mitral inflow velocities and the E:A ratio and tissue 

Doppler was used to measure the early diastolic (E’) velocity, late diastolic 

velocity (A’) and E’:A’ ratio of the septal mitral annulus. From the left apical 5-

chamber view, pulsed wave Doppler between transmitral and aortic flow was 

used to record isovolumic relaxation time [19]. Apical 4 and 2-chamber videos 

were recorded for offline analyses.  

Biplane Area-Length method 

Using the left AP4 and AP2 views, LA area was calculated in three different points 

over the cardiac cycle: just before the mitral valve opening (maximum left atrium 

area); at the onset of the P wave on the electrocardiogram (preatria contraction 

area, LA P Volume), before left atrium contraction and at mitral valve closure 

(minimal LA area). LA area was measured with planimetry by tracing the 

endocardium border, excluding the confluence of the pulmonary veins and LA 

appendage. A straight line connecting both the hinge points of the mitral valve 

leaflets was taken as the border of the LV. LA length was measured from the 

midline of the plane of the mitral annulus to the opposite aspect of the LA. Three 

consecutive cardiac cycles were measured and averaged. All LA volume 

measurements were calculated using the biplane area-length method [20].  

LA volume = (0.85 x A1 x A2) / L 

where A1 and A2 represent the planimetric LA area acquired from left AP2 and 

AP4 views and L is the length.  

LA reservoir function was assessed using the equation: 
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LA emptying fraction (%) = 100 x (Maximal LA volume – Minimal LA volume) / 

Minimal LA volume) 

LA pump function was assessed using the equation: 

LA ejection fraction (%) = 100 x (LA P volume - Minimal LA volume) / LA P 

volume). 

LA emptying fraction was used as a surrogate for global LA function while LA 

ejection fraction was a surrogate for contractile LA function. 

Longitudinal left atrial strain 

Left atrial strain was obtained using two-dimensional speckle tracking. Using AP2 

and AP4 images, the endocardial border of the left atrium was manually defined 

and epicardial surface tracing was automatically generated by the softwarec, 

creating a region of interest that was manually adjusted to cover the full thickness 

of the myocardium. After processing, the LA myocardium was automatically 

divided into six segments, and time-longitudinal strain curves were produced for 

each atrial segment throughout the cardiac cycle. Also, an averaged strain of all 

six segmental values (global strain) was documented. The global LA strain 

measurement was then defined as the average of results obtained from both AP2 

and AP4 views. The longitudinal global strain was used as a surrogate for the 

reservoir function of the LA [4] (Fig. 1).  

Tissue mitral annular displacement 

Mitral annular displacement was calculated offline using AP4 and AP2 

images. Two points were selected at the insertions of the mitral valve leaflets and 

the septal and lateral parts of the AP4 view, as well as the anterior and inferior 

parts of the AP2 view. A third point was placed at the dorsal wall of the LA. After 
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setting these points, tracking was performed automatically by the equipment 

software.  

 Time-displacement curves showing the displacement, in millimeters, of a 

medial virtual point between the two annular points and the dorsal wall of the LA. 

The maximum negative and positive displacements were recorded, as well as the 

position during diastasis. The baseline was considered at the onset of the QRS 

complex. The global displacement (global TMAD) was calculated as the average 

of the four annular points (from AP2 and AP4 views) between the maximal 

negative and positive positions. In contrast, the systolic displacement (systolic 

TMAD) was calculated as the average of the four annular points (from AP2 and 

AP4 views) from diastasis and the maximal positive position [18] (Fig. 1). 

 

 

A B 

C D 

Figure 1 Left atrial strain in 4-chamber (A) and 2-chamber (B) images. The mean of both results 
represents the global left atrium strain. For tissue mitral annular displacement we selected two 
points at the insertion of the mitral valve leaflets and the dorsal wall of the left atrium in both 4-
chamber (C) and 2-chamber (D). TMAD is automatically determined by the software.  
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 Intraobserver and interobserver variability  

For the repeatability study, 20 animals were reassessed by the same observer 

with a minimum interval time of 30 days from the first evaluation to calculate the 

intraobserver variability. The same animals were examined by another observer 

(M.W.), who was blinded to the results of the first investigation, to measure 

interobserver variability. 

Statistical analysis 

Data was examined for normality using the Shapiro-Wilk test. For normally 

distributed variables we used ANOVA followed by Tukey’s test and the results 

are presented as mean and standard deviation. For non-normal variables we 

used Kruskal-Wallis followed by Dunn’s test and the results are presented as 

median and interquartile range. Correlations were investigated using Pearson’s 

or Spearman’s method. Coefficients of variation were calculated to assess 

intraobserver and interobserver measurements. All statistical analyses were 

performed with IBM statistics SPSSd, and statistical significance was set at p 

value < 0.05 for all analyses.  

Results 

A total of 100 dogs were recruited for this study. Thirty-three dogs were male 

(33%), and 67 (67%) female. The age varied between one and 13 years (mean 

3.5; median 2.5) and the BW ranged from 1.2 to 61.6 kg (mean 15.1; median 

11.098). The population included small to large-sized dogs. Among the various 

breeds, Beagle was the most frequently presented (n = 17); followed by German 

Shephard (n = 7); Yorkshire Terrier (n = 6); Shih-Tzu (n = 4); French Bulldog, 

Lhasa Apso, Mallinois Shephard, Miniature Schnauzer, Poodle, Pug and 
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Rottweiler (n = 3); Border Collie, Golden Retriever, Labrador Retriever, Miniature 

Pinscher and Whippet (n = 2); American Pit Bull Terrier, Basset Hound, Bearded 

Collie, Cocker Spaniel, Collie, Doberman Pinscher, Great Dane, Miniature 

Dachshund, Saint Bernard and Shar-Pei (n = 1). Also, a total of 25 mixed-breed 

dogs were enrolled in this investigation. 

 Global and systolic TMAD (in mm) varied according to the body weight of 

the animals, being greater in larger dogs, whereas, global and systolic the 

normalized TMAD (either by mm/m2, mm/kg or mm/LAL) decreased as weight 

increased (Table 1, Fig. 2). 

Table 1 - Comparison of age, LA TMAD, LA Strain, LA Emptying and LA Ejection Fraction and p 
value in accordance with body weight. 

 

 

 

  

 

 

  

(n), number of animals in quartile; LA, left atrium; TMAD, tissue motion annular displacement; AP4, apical 4-chamber; 
AP2, apical 2-chamber; AP 2,4, average of 2 and 4 chamber; kg, kilograms; LAL, left atrium length; Emp Fr, Emptying 
fraction; Ej Fr, Ejection fraction. Data are expressed as means (standard deviation) or medians (interquartile range) 
depending on the parameter attaining a normal distribution or not on the Shapiro-Wilk normality test. Values with different 
superscripted letters indicate statistically significant differences between groups. 
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 While LA strain varied according to the weight, being lower in dogs 

weighting more than 11 kg (p < 0.0001), LA emptying fraction was lower in dogs 

weighting more than 20 kg (p < 0.0001). A significantly higher LA ejection fraction 

was observed in dogs weighting less than 8 kg (p = 0.0323) whereas no 

difference was observed between the larger ones (p > 0.05).  

 Regarding sex, there was no difference (p = 0.437) in global TMAD 

between males and females, but a significantly (p = 0.022) higher systolic TMAD 

was obtained in females. Global and systolic TMAD showed correlation with 

neither age nor heart rate (p > 0.05). 

 Global TMAD was compared to both LA emptying fraction and global LA 

strain as measurements of global LA function. Global TMAD (mm/m2, mm/kg, 

mm/LAL) showed a moderate positive correlation with LA emptying fraction (R = 

0.552; p < 0.0001, R = 0.547; p < 0.0001, R = 0.394; p < 0.0001) and a strong 

positive correlation with the global LA strain (R = 0.750; p < 0.0001,R = 0.747; p 

< 0.0001, R = 0.684; p < 0.0001). A moderate positive correlation was obtained 

between global LA strain and LA emptying fraction (R = 0.511; p < 0.0001). 

Isovolumic relaxation time was the only diastolic parameter that correlated with 

Figure 2 Box and whisker plots of left atrial global and systolic tissue mitral annular displacement (TMAD; mm) measurements 
obtained in dogs subdivided according to the body weight.  
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global TMAD (mm/m2, mm/kg, and mm/LAL) (R = -0.358; p < 0.0001, R = -0.413; 

p < 0.0001, R = -0.261; p = 0.008) (Table 2). 

Table 2 Correlation between either global BSA-indexed LA TMAD (mm/m2), global TMAD 
(mm/kg) or global TMAD (mm/LAL) with data obtained by Doppler, volumetric and deformation 
echocardiography modalities. 

 

  

 In general, systolic TMAD was negatively correlated with Emitral, Emitral:Amitral 

and IVRT. Regarding diastolic parameters, a weak negative correlation existed 

between systolic TMAD (mm/m2) and both Emitral (R = -0.244; p = 0.014) and 

Emitral:Amitral (R = -0.216; p = 0.030), while a moderate negative correlation was 

found with IVRT (R = -0.313; p  = 0.001). Systolic TMAD (mm/kg) also showed a 

weak negative correlation with Emitral (R = -0.258; p = 0.009) and a moderate 

negative correlation with IVRT (R = -0.380; p < 0.0001). Systolic TMAD (mm/LAL) 

showed a weak negative correlation with Emitral (R = -0.271; p = 0.006) and 

Emitral:Amitral (R = -0.340; p = 0.001) (Table 3). 

Table 3 Correlation between either systolic BSA-indexed LA TMAD (mm/m2), systolic TMAD 
(mm/kg) or systolic TMAD (mm/LAL) with data obtained by Doppler, volumetric and deformation 
echocardiography modalities. 

 

 

TMAD, tissue motion annular displacement; BSA, body surface area; LA, left atrium; LAL, left atrium length; CI, confidence 
interval; E, peak velocity of early diastolic transmitral flow; A, peak velocity of late transmitral flow; E’, peak velocity of early 
diastolic mitral annular motion as determined by pulsed wave Doppler, IVRT, isovolumetric relaxation time; E:IVRT, ratio of 
E to IRVT. 

 

TMAD, tissue motion annular displacement; BSA, body surface area; LA, left atrium; LAL, left atrium length; CI, confidence 
interval; E, peak velocity of early diastolic transmitral flow; A, peak velocity of late transmitral flow; E’, peak velocity of 
early diastolic mitral annular motion as determined by pulsed wave Doppler, IVRT, isovolumetric relaxation time; E:IVRT, 
ratio of E to IRVT. 
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 Intraobserver and interobserver repeatability analyses showed good 

coefficients of variation, (CV) [21]. While the intraobserver CV for global and 

systolic TMAD were 0.39% and 0.83%, respectively, interobserver CV were 

3.58% and 10.93%, respectively. 

Discussion 

 This investigation evaluated LA global and systolic function, comparing 

TMAD with LA strain and several standard echocardiographic parameters. 

Important to say, at least to the best of the author’s knowledge, this is the first 

study that evaluated mitral annular displacement as a surrogate for left atrial 

function in dogs. Our results showed that TMAD is a feasible, reliable and simple 

method to assess left atrial function in a population of normal dogs. 

 Many studies have evaluated the deformation of the left atrium as a 

surrogate of left atrial function, and its prognostic importance [22-24]. 

Nevertheless, most methods are still highly dependent on image quality [4]. 

Moreover, the far-field location of the atrium, reduced signal-to-noise ratio, the 

thin atrial wall, and the presence of the appendage and pulmonary veins are 

challenges yet to overcome when applying deformation analysis of the left atrium 

[25]. 

 Speckle tracking echocardiography has been studied recently in veterinary 

medicine to assess longitudinal atrial function in healthy dogs [24,26-28] as well 

as in dogs with mitral valve disease [23,28,29], but none of these studies used 

TMAD to evaluate left atrial function. Tissue motion annular displacement is a 

tracking technique, has no angle dependency and does not need a high-quality 

image. It is also much simpler to accomplish than two-dimensional tracking of the 
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atrial wall, because there is no need to trace the endocardial borders, but only a 

good visualization of the hyperechoic annulus, and the thickness of the LA wall 

also poses no problem [18]. Recent studies in man and dogs using TMAD by 

speckle tracking to evaluate left ventricular function have shown good correlation 

with ejection fraction, even when the quality of the image was not excellent 

[30,31]. Another paper that described TMAD to evaluate left atrial function in 

people showed promising results [18]. In this study, global and systolic TMAD (in 

mm) were higher in heavier dogs, owing to the larger heart size causing greater 

absolute displacement from mitral annulus toward the dorsal wall of the left 

atrium. In human cardiology literature, the adult heart size is relatively constant, 

which contrasts with the large variations of weight in adult dogs. When global and 

systolic TMAD were normalized (mm/m2, mm/kg or mm/LAL), higher values were 

seen in smaller dogs. Similar results were previously found when evaluating 

mitral annulus motion [9]. In another study that evaluated left atrial ejection 

fraction, a negative correlation with body weight was identified in control dogs 

[32]. These findings highlight the need to take body weight into account when 

interpreting deformation indices.  

 Global TMAD did not change in relation to sex, whereas the systolic TMAD 

was higher in females. Although intriguing at first, the explanation for this finding 

relies on the sex distribution among the four groups. While 40.3% of the females 

belonged to the group of lower weight (1.2 to 7.9 kg), which present a higher 

indexed TMAD, 40.0% of the males were included in the group of greater weight 

(20.01 to 60 kg), which present smaller indexed TMAD. In people, left atrial 

morphology and function was demonstrated to be similar between sexes [33].  
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In people, there was a strong correlation between global strain and TMAD, 

but LA volume was measured through 3D echocardiography [18]. This difference 

might be ascribed to underestimation of LA volume when assessed two-

dimensionally as compared to 3D echocardiography and other imaging 

modalities [2,34,35]. 

 The negative correlation between TMAD (mm/m2) and IVRT may be 

explained by the heavier dogs presenting a longer IVRT and a smaller TMAD. 

Conversely, the negative correlation between systolic TMAD (mm/m2) and both 

Emitral and Emitral:Amitral is likely attributable to dogs with smaller the Emitral (lower 

passive filling) having greater atrial contraction (active filling), which translates 

into a higher systolic TMAD. Also, the reduction in Emitral is accompanied by an 

increase in A wave, therefore reducing the Emitral:Amitral ratio.  

 The CV of TMAD (mm) were lower for intraobserver evaluation when 

compared to interobserver evaluation. We speculate that the CV was higher for 

systolic TMAD in the interobserver evaluation because of the greater difficulty in 

determining the exact diastasis point needed for its measurement. The high 

TMAD repeatability supports its reliability as a diagnostic tool, as well as its angle 

independency, which is an advantage over Doppler-derived techniques [1,25,36]. 

Also, TMAD is known to be less dependent on image quality as compared to 

strain analysis. TMAD only requires good visualization of the mitral annulus [30].

 Some limitations of this study must be acknowledged. The equipment’s 

speckle tracking software is designed for assessment of the left ventricle, not for 

the left atrium. However, several other studies have used this same adaptation 

to assess left atrial function [18]. Worth to mention that speckle tracking software 

does not use a uniform methodology. Different vendors use different techniques, 
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in a way that comparisons between results obtained in different machines might 

be inappropriate. Also, animals with higher heart rates were more difficult to 

determine the exact point for measuring systolic TMAD.  

Conclusion 

 This study demonstrated that Tissue Mitral Annular Displacement may be 

used as a simple and reliable surrogate for left atrial function. TMAD varies 

according to the dog’s size, which makes it necessary to consider the weight of 

the animal when interpreting deformation indices. Further studies of these novel 

parameters are warranted to clarify how they perform in dogs with cardiac 

diseases. 
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Abstract 

Introduction/objectives:   

A strong correlation between left atrial disfunction and heart disease severity and 

prognosis are observed in dogs with myxomatous mitral valve disease (MMVD). 

The methods used to evaluate left atrial function are highly dependent on 
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technical factors and difficult and time consuming to use in clinical practice. The 

aims of this study were to study longitudinal left atrial function in dogs with chronic 

mitral valve disease by tissue mitral annular displacement (TMAD), correlates 

TMAD with other echocardiographic methods of left atrial function and compare 

sensibility and specificity of this new method to differentiate MMVD stages. 

Animals: One hundred fifty-five client-owned dogs, 95 dogs with myxomatous 

mitral valve disease (MMVD) and 60 healthy control dogs. 

Materials and Methods: Prospective cross-sectional study. The animals were 

divided into control, B1, B2, C and D groups, according to the American College 

of Veterinary Internal Medicine (ACVIM) consensus. All dogs underwent physical 

examination, electrocardiography and standard echocardiography. Left atrial 

reservoir function was evaluated by LA global tissue mitral annular displacement 

(TMAD), LA global strain and LA emptying fraction and LA systolic function by LA 

systolic TMAD, LA ejection fraction and mitral A’ (tissue Doppler imaging). 

Results: Left atrial global TMAD was greater in B2, C and D groups and LA 

systolic TMAD was greater in B1, B2 and C and lower in D group. Left atrial global 

TMAD was an excellent method to differentiate dogs with from without 

remodeling, whereas global strain and ejection fraction were better to 

discriminate the asymptomatic from the symptomatic dogs. 

Conclusions: Left atrial global TMAD can be used as a complementary method 

in conjunction with traditional echocardiographic examination to assess global 

atrial function in patients with MMVD. 

KEY WORDS: Echocardiography; Speckle tracking; Mitral regurgitation; Left 

Atrial strain; Canine  
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Abbreviation Table 

A’   peak velocity of diastolic mitral annular motion as determined by pulsed wave 

Doppler (cm/s) 

ACVIM American College of Veterinary Internal Medicine 

BW  body weight 

CHF congestive heart failure 

E   peak velocity of early diastolic transmitral flow (m/s) 

ECG electrocardiogram 

LA  left atrium 

LA:Ao Ratio of the left atrial dimension to the aortic annulus dimension 

LV   left ventricle 

MMVD myxomatous mitral valve disease 

PH pulmonary hypertension 

ROC Receiver operating curves 

ST speckle tracking 

TDI Tissue Doppler imaging 

TMAD   tissue mitral annular displacement 

Introduction 

Myxomatous mitral valve disease (MMVD) is the most common heart disease in 

dogs. It is caused by progressive myxomatous degeneration of the mitral valve, 

leading to incomplete leaflet coaptation and valve regurgitation [1]. The 

prevalence of MMVD in small dogs varies from 14 to 40% depending on the breed 
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[2,3]. Although most cases remain asymptomatic for years, the progression of 

mitral regurgitation can lead to congestive heart failure (CHF) and death in some 

cases [4-6]. 

 Left atrial (LA) plays an important role in cardiac performance by 

modulating left ventricular (LV) filling, by its reservoir function during ventricular 

systole (atrial diastole), by the conduit function during ventricular diastole onset, 

and by pump function during the end of ventricular diastole (atrial systole). During 

the LA reservoir phase, blood is received from the pulmonary veins during LV 

systole and isovolumetric relaxation. This function is influenced by LV contraction 

and mitral annulus displacement, right ventricle contraction through pulmonary 

flow, and LA compliance. In the conduit phase, blood passes passively from LA 

to LV during the onset of LV diastole and diastasis and is influenced by LV 

relaxation and initial diastolic pressure. In the pump phase, blood is actively 

pumped from the left atrium to the left ventricle, during left atrial contraction, at 

the end of the left ventricular diastole. This phase is influenced by LA contractility, 

LV compliance and LV end-diastolic pressure [7]. 

 Diastolic dysfunction, increased filling pressure, LV hypertrophy, and mitral 

insufficiency contribute to pathological and morphological changes that occur in 

LA [7]. The increase in LA volume may be accompanied by progressive 

impairment of its function, and both may precede the development of clinical 

signs in the patient, which affects their prognosis [8].  

 The LA function has a significant impact on cardiovascular disease and 

has been addressed through different noninvasive methods, but several 

limitations, including dependence on good image quality, single-plane evaluation 
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and time-consuming procedures, have restricted the diffusion of clinical 

applicability of left atrial function evaluation [9]. 

Until recently, the echocardiographic study of the left atrium was 

performed using two-dimensional measurements, extrapolation of phasic 

volumes, and Doppler flow assessment of the mitral valve and pulmonary veins 

[10]. However, these indices depend on hemodynamic volume conditions, the 

geometric structure of the atrium and the difficulties with the timing of various 

atrial events [11]. Three-dimensional echocardiography significantly improved LA 

volume calculation because of the automated border detection and the 

acquisition of data set at different phases of the cardiac cycle [12,13]. These 

problems have been solved by the use of echocardiographic-based automated 

techniques for analysis of myocardial displacement, such as tissue Doppler 

imaging (TDI) and speckle tracking (ST) [14,15].  

 Speckle tracking is a recent echocardiographic modality which is 

independent of the Doppler angle, using two-dimensional images that, through 

an automatic system, track natural acoustic markers (speckles) of the 

myocardium, which are followed frame by frame during the cardiac cycle. 

Echocardiography by ST assesses myocardial deformity by measuring 

myocardial strain (percentage of deformity from its original dimension) and 

myocardial strain rate (myocardial deformity velocity). Longitudinal strain analysis 

by ST has been increasingly used in different heart diseases in human patients 

[16]. Although ST was originally developed to assess ventricular function, it has 

recently been used to assess atrial chamber function [17-19].  

  Tissue motion annular displacement (TMAD) is a recent technique studied 

in medicine, which uses the ST, is independent of the Doppler angle, and 
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evaluates the movement of the mitral valve annulus during the cardiac cycle. It 

offers an advantage over other methods, as it can be performed in most patients 

because it does not rely on optimal endocardial definition and the mitral annulus 

can often be visualized and tracked even when there is poor image quality due 

to inadequate endocardial visualization. It provides information on systolic 

ventricular function from the degree of longitudinal deformation of the mitral 

annulus in the two- and four-chamber apical images [20]. Studies reported an 

accurate assessment of global longitudinal systolic function, compared with 

cardiac magnetic resonance. The technique also was highly reproducible with 

low inter- and intra-observer variability [21]. 

 A recent human study demonstrated that the TMAD by ST is a reliable and 

simple method to evaluate the longitudinal left atrial function and showed an 

excellent association with the deformation parameters (strain) [22].  

The purposes of this study were: (1) evaluate the longitudinal left atrial 

function in dogs with chronic mitral valve disease by TMAD; (2) investigate 

whether a correlation exists between TMAD and other echocardiographic 

methods of left atrial function; and (3) compare the sensibility and specificity of 

LA TMAD to differentiate the stages of heart disease in patients. 

Materials and methods 

Animals 

The study was approved by the Institutional Ethics Committee on Animal 

Research (protocol 01084/2017). 

This study was prospective cross-sectional observational study, and 

included 155 client-owned dogs, 95 dogs with MMVD, and 60 healthy control, 
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regardless of breed or sex and age > 1 year old. The animals were enrolled 

between April 2017 and June 2019 from a Veterinary Teaching Hospital and a 

Private Referral Hospital.  

 All dogs included in this study underwent complete physical examination, 

electrocardiographya and echocardiography. The dogs were divided into groups 

according to the standardized by the American College of Veterinary Internal 

Medicine (ACVIM) consensus [23]. Healthy dogs (A group); dogs without clinical 

signs of MMVD, with normal LA size or echocardiographic evidence of LA 

enlargement (left atrial to aortic root ratio [LA/Ao] £ 1.6) [24] or ventricular 

enlargement (left ventricular internal diameter in diastole, normalized for body 

weight  £ 1.7) [25] (B1 group); dogs having MMVD with LA enlargement (LA/Ao 

³ 1.6) and left ventricular internal diameter in diastole, normalized for body weight 

³ 1.7, but without clinical signs or confirmed radiographic evidence of CHF (B2 

group); dogs with symptomatic MMVD, LA and LV enlargement and radiographic 

evidence of pulmonary edema (C group); dogs with refractory CHF (D group). 

Exclusion criteria consisted of any clinical signs of systemic or cardiac 

disease. Dogs with atrial flutter or fibrillation were also excluded. If the animals 

were receiving medications as angiotensin-converting enzyme inhibitors, 

furosemide, spironolactone or pimobendan they were also included.    

Echocardiographic Assessment 

Each animal was evaluated by complete conventional echocardiographyb. Dogs 

were not sedated and were gently restrained in left and right lateral recumbency 

with continuous electrocardiographic recording, in accordance with the 

recommendations of the Echocardiography Committee of the Specialty of 
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Cardiology of the American College of Veterinary Internal Medicine [26]. The 

LA/Ao was obtained from the right parasternal short axis 2D view on the first 

frame after closure of the aortic valve as previously described [27]. The LV 

diameter in diastole and in systole were measured on the M-mode 

echocardiogram from the right parasternal short-axis 2D view with concomitant 

ECG registration. M-mode values were used to derive the fractional shortening 

and ejection fraction. From the left apical 4-chamber view, pulsed wave Doppler 

was used to measure the peak early (E) and late (A) diastolic mitral inflow velocity 

and tissue Doppler was used to measure the early diastolic (E’) and late diastolic 

(A’) velocity of the septal mitral annulus [28,29]. Left Apical 4 and 2-chamber 

videos were recorded, from a standard left apical four-chamber view, for offline 

analysis.  

Biplane Area-Length method 

Parameters of LA phasic function were determined as previously reported [30]. 

LA area was measured with planimetry in the left AP2 and AP4 views by tracing 

the endocardial border, excluding the confluence of the pulmonary veins and LA 

appendage. LA area was measured at 3 different points in cardiac cycle: just 

before the mitral valve opening (maximum left atrium area), at the onset of the p-

wave on the ECG (preatria contraction area, LA p-Volume) and before left atrium 

contraction and at mitral valve closure (minimal LA area). A straight line 

connecting both the hinge points of the mitral valve leaflets was taken as the 

border of the LV. LA length was measured from the midline of the plane of the 

mitral annulus to the opposite aspect of the LA. Three consecutive cardiac cycles 

were measured and averaged. All LA volume measurements were calculated 

using the biplane area-length method [31]: 
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LA volume = (0.85 x A1 x A2) / L 

where A1 and A2 represent the planimetric LA area acquired from left apical two 

and four-chamber views and L is the length.  

LA reservoir function was assessed using the equation: 

LA emptying fraction (%): LA Ef = 100 x (Maximal LA volume – Minimal LA 

volume) / Minimal LA volume 

LA pump function was assessed using the equation: 

LA ejection fraction (%): 100 x (LA p-Volume - Minimal LA volume) / LA p-Volume. 

LA emptying fraction was used to compare to global / reservoir LA function and 

the LA ejection fraction to compare do contractile LA function. 

Longitudinal left atrial strain 

LA strain was estimated using two-dimensional speckle tracking method, from 

the left AP2 and AP4 views, obtained with simultaneous ECG trace recording, 

analyzed offline, with a softwarec originally designed to conduct LV analysis [32].  

The endocardial border of the LA was manually defined and epicardial surface 

tracing was automatically generated by the system, creating a region of interest 

that was manually adjusted to cover the full thickness of the myocardium. After 

processing, the software divides the endocardial border into 6 segments and 

automatically produces time-longitudinal strain curves for each atrial segment 

throughout the cardiac cycle and the average of all six segmental values (global 

strain). The average of global LA strain measurements was obtained from values 

from AP2 and AP4 views. We retained the longitudinal global strain (mean 
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maximal atrial strain during atrial diastole) as a marker of the reservoir function 

of the LA [33].  

Tissue mitral annular displacement 

Mitral annular displacement was calculated offline in both AP2 and AP4 images, 

using a two-dimensional strain-based tissue tracking technique. In the AP2 view, 

the anterior and inferior aspects of the mitral annulus and the dorsal wall of the 

LA were selected. In the AP4 view, the hinge points of the mitral valve leaflets 

with the septal and lateral aspects of the mitral annulus and dorsal wall of the LA 

were selected. Three regions of interest (ROI) or points were placed. ROIs were 

tracked during cardiac cycle in each view.  The ST software automatically plots 

the measured mitral annular longitudinal displacement of each tracked point 

frame to frame, in millimeters, creating time-displacement curves, from the medial 

point between the two points at the annulus and the dorsal wall of the LA. The 

maximum negative and positive displacement points were noted, as well as the 

position during diastasis. The baseline is considered the onset of QRS. The 

global displacement (Global TMAD) was calculated by averaging the four annular 

points (from AP2 and AP4 views), between the maximal negative and positive 

positions. The systolic displacement (Systolic TMAD) was obtained by the 

average of the four annular points (from AP2 and AP4 views), from diastasis and 

maximal positive position [22] (Fig. 1).  

 To minimize the body weight bias between the animals, the TMAD was 

indexed by body surface area, according to the following formula: 

BSA = K x (body weight in grams 2/3) x 10-4 

K = constant (10.1 for dogs) 
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Global TMAD was compared to global LA strain and LA emptying fraction as 

measurements of reservoir LA function and systolic TMAD was compared to LA 

ejection fraction and mitral A’ as measurements of contractile LA function.  

Statistical analysis  

Data were examined for normality using the Shapiro-Wilk test. For normally 

distributed variables we used ANOVA followed by Tukey’s test and the results 

are presented as mean (standard deviation). For asymmetrical variables we used 

Kruskal-Wallis followed by Dunn’s test and the results are presented as median 

(interquartile range). To evaluate the correlations between the desired variables 

in all animals and between groups, either Pearson's or Spearman's correlation 

coefficient was used. The evaluation of the differences of the variables of interest 

according to sex in the control group animals was estimated by the Mann-Whitney 

U test and according to cardiac rhythm by the Kruskall-Wallys test. Receiver 

operating curve analysis was used to estimate the discriminative power of the 

different methods. The tests were considered significant when p value < 0.05 and 

all statistical analyses were performed with SPSS 21.0 statistics softwared.  

Figure 1 For tissue mitral annular displacement, two regions of interest were defined at the insertion of the mitral valve leaflets, 
at the septal and lateral parts for the apical-4 view (A) and at the anterior and inferior parts for apical-2 view. A third point was 
fixed at the dorsal wall of the left atrium.  The curves are automatically determined by the equipment software. 
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Results 

A total of 155 dogs were enrolled. The population included 60 dogs in stage A 

(healthy dogs), nineteen mixed-breed dogs and 41 from different breeds: Beagle 

(n = 16); Yorkshire Terrier (n = 6); Pug and Shi tzu (n = 4); Miniature Schnauzer 

(n = 3); English Bulldog and Miniature Poodle (n = 2), Border Collie, Lhasa Apso, 

Miniature Pinscher and Dachshund (n = 1). Forty two dogs were in stage B1 

(44%): Miniature Poodle (n = 13); mixed-breed dog (n = 7); Miniature Schnauzer 

(n = 4);  Miniature Pinscher and Shi tzu (n = 3);  Bichon Frisé, Lhasa Apso and 

Dachshund (n = 2), Beagle, French Bulldog, Maltese, Pekingese, Whippet, and 

Yorkshire Terrier (n = 1). Seventeen dogs were in stage B2 (18%): mixed-breed 

dog (n = 5); Miniature Schnauzer (n = 3), Dachshund and Yorkshire Terrier (n = 

2); Beagle, Brazilian Terrier, Miniature Pinscher and Shi tzu (n = 1). Thirty one 

dogs were in stage C  (33%): mixed-breed dog (n = 9);  Miniature Poodle (n = 5); 

Maltese and Miniature Schnauzer (n = 4); Chihuahua, Cocker Spaniel and Lhasa 

Apso (n = 2), Miniature Pinscher, Dachshund and Yorkshire Terrier (n = 1). Five 

dogs were in stage D (5%): Lhasa Apso (n = 3); Maltese and Pit Bull Terrier (n = 

1). A hundred and one dogs were female (65,2%), and 54 were male (34,8%). 

The age varied between four months and 17 years (median 9.0; 3.0-13.0), and 

the body weight (BW) ranged from 1.25 to 20 kg (median 8; 5.4-10.6). The most 

common cardiac rhythm was sinus arrhythmia (70.32%) followed by sinus rhythm 

(14.84%) and sinus tachycardia (14.19%). Three dogs presented isolated 

ventricular premature complexes and four dogs isolated atrial premature 

complexes. 

 Left atrial global TMAD varied according to patient group, being greater in 

groups B2, C and D (p < 0.001). Left atrial systolic TMAD increased from control 
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to B1 dogs and decreased in D dogs (p < 0.001). Left atrial strain and LA emptying 

fraction were lower in C and D dogs (p < 0.001). Left atrial ejection fraction was 

higher in B1 and B2 and lower in C and D dogs (p < 0.001). A higher mitral A’ 

wave was observed in B1, B2, C and D dogs (p < 0.001) (Figures 2 and 3).  

 

 
Figure 2 Box and whisker plots of left atrial global function by: A) LA global tissue mitral annular 
displacement (TMAD in mm); B) LA global tissue mitral annular displacement (TMAD in mm/mm2); C) LA 
emptying fraction (%) and D) LA global strain (%) measurements obtained in dogs according to the groups. 

B 

C D 
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 Left atrial reservoir function was assessed by LA global TMAD, LA 

emptying fraction and LA global strain (Table 1). 

Table 1 Comparison of LA TMAD, LA Strain, LA Emptying, LA Ejection Fraction 
and Mitral A’ wave in accordance with groups. 

 

  

  

 In order to compare control to MMVD groups, global TMAD (mm/m2) 

allowed the discrimination the animals between control and B1 group from B2, C 

Figure 3 Box and whisker plots of left atrial systolic function by: A) LA systolic tissue mitral annular displacement 
(TMAD in mm); B) LA systolic tissue mitral annular displacement (TMAD in mm/mm2); C) LA ejection fraction (%) and 
D) Mitral A’ (cm/s) measurements obtained in dogs according to the groups. 
 

(n), number of animals in quartile; LA, left atrium; TMAD, tissue mitral annular displacement; AP4, apical 4-chamber; AP2, 
apical 2-chamber; AP 2,4, average of 2 and 4 chamber; kg, kilograms; LAL, left atrium length; Emp Fr, Emptying fraction; 
Ej Fr, Ejection fraction, TDI A’, Peak velocity of diastolic mitral annular motion as determined by tissue Doppler imaging.  

Data are expressed as means (standard deviation) or medians (interquartile range) depending on the parameter attaining 
a normal distribution or not on the Shapiro-Wilk normality test. Values with different superscripted letters indicate 
statistically significant differences between groups. 

 

A B 

C D 
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and D (p < 0.001). Left atrial strain and emptying fraction differentiated the 

controls only from C and D groups (p < 0.001) (Table 1). 

 To compare animals without (B1) and with remodeling (B2, C and D), LA 

global TMAD (mm/m2) discriminated B1 from B2 (p = 0.011), C (p < 0.01) and D 

(p = 0.037). LA global strain and LA emptying fraction discriminated B1 from C (p 

< 0.01; p < 0.01) and D (p = 0.006; p = 0.001) (Table 1). 

 Comparing asymptomatic (B1 and B2) and symptomatic animals (C and 

D), LA global TMAD (mm/m2) discriminated B1 from C (p < 0.001) and D (p = 

0.037) but B2 did not show significant difference from C (p = 0.510) and D (p = 

0.911) groups. LA strain and LA emptying fraction discriminated the 

asymptomatic from the symptomatic dogs, LA emptying fraction being better than 

LA strain (Table 1).  

Left atrial systolic function was assessed by LA systolic TMAD, LA ejection 

fraction and mitral A’ (Table 1). 

 When comparing control to MMVD dogs, systolic TMAD (mm/m2), 

differentiated the control from B1 (p = 0.014), B2 (p = 0.002) and C (p = 0.005), 

but not from D animals (p = 0.518). LA ejection fraction discriminated controls 

from B1 (p < 0.001) and B2 (p = 0.002), but not from C (p = 0.049) and D groups 

(p = 0.065). Mitral A’ discriminated controls from B1 (p < 0.001), B2 (p < 0.001) 

and C (p < 0.001), but not from D group (p = 0.242) (Table 1). 

 Comparing animals without (B1) and with remodeling (B2, C and D), LA 

ejection fraction discriminated B1 from C (p < 0.001), and D (p < 0.001). LA 

systolic TMAD (mm/m2) and mitral A’ didn’t discriminate between animals with 

from without remodeling (Table 1). 
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 LA systolic TMAD (mm/m2) didn’t discriminate between asymptomatic (B1 

e B2) from symptomatic animals (C and D). Ejection fraction discriminated 

asymptomatic from symptomatic animals (p £  0.001), but Mitral A’ didn’t (Table 

1). 

Correlations of variables in MMVD group 

Global TMAD (mm/m2) was not correlated to LA global strain and was weak and 

positively correlated to LA emptying fraction (R = 0.183; p = 0.022).  

 Systolic TMAD (mm/m2) showed a moderate positive correlation with LA 

ejection fraction (R = 0.479; p < 0.001) and with mitral A’ (R = 0.321; p < 0.001).  

Correlations of variables in control group 

 LA global TMAD (mm/m2) was weak and negatively correlated to age (R = 

-0.277; p = 0.032) but was not correlated to sex, heart rate (HR) or cardiac 

rhythm. Left atrial Strain were not affected by age, sex, HR or cardiac rhythm (p 

> 0.05). The LA systolic TMAD were also not affected by age, HR or cardiac 

rhythm, however, it was significantly correlated with sex (p = 0.022), with females 

presenting higher values. The patient’s weight showed strong negative 

correlation with global and systolic TMAD (mm/m2) (R = -0.640; p < 0.001; R = -

0.616; p < 0.001), and weak negative correlation with LA strain (R = -0.270; p = 

0.037). 

 Global and systolic TMAD correlated significantly with several 

echocardiographic surrogates of diastolic function (Table 2). 

Table 2 Correlation between LA global and systolic TMAD (mm/m2) with data of 
diastolic function obtained by conventional echocardiography. 
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 Nine dogs from C and D stages presented mild pulmonary hypertension 

(PH) (24.3%), seven moderate PH (18.9%) and five severe PH (13.5%). Neither 

global nor systolic TMAD values correlated with PH severity in the present study.  

 Receiver operating curves (ROC) were plotted to compare 

echocardiographic parameters to discriminate between asymptomatic (B1 and 

B2) from symptomatic animals (C and D) and animals without cardiac remodeling 

(B1) from the animals with cardiac remodeling (B2, C and D). Left atrial global 

Strain and LA emptying fraction were compared to LA global TMAD as 

measurements of the LA global / reservoir function and ejection fraction and mitral 

A’ were compared to LA systolic TMAD as measurements of the LA systolic 

function. The results are presented in tables 3 and 4, and graphically represented 

in figures 4 and 5.  

Table 3 Receiver operator characteristic curve analysis to differentiate 
asymptomatic and symptomatic dogs. 

LA, left atrium; TMAD, tissue mitral annular displacement; LA:Ao, ratio of the left atrial dimension to 
the aortic annulus dimension; Mitral E, peak velocity of early diastolic transmitral flow; Mitral A, peak 
velocity of late transmitral flow; E:A, Ratio of E to A; IVRT, Isovolumetric relaxation time; E:IVRT, Ratio 
of E to IVRT; Mitral E’, Peak velocity of early diastolic mitral annular motion determined by pulsed 
wave Doppler; Mitral A’, Peak velocity of diastolic mitral annular motion determined by pulsed wave 
Doppler; E’A’, Ratio of E’ to A’; E:E’, Ratio of E to E’. 
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Table 4 Receiver operator characteristic curve analysis to differentiate dogs 
without and with cardiac remodeling. 

 

 

 

ROC, receiver operating characteristic; LA, left atrial; TMAD, tissue mitral annular displacement; TDI, tissue doppler 
imaging. 

ROC, receiver operating characteristic; LA, left atrial; TMAD, tissue mitral annular displacement; TDI, tissue doppler 
imaging. 

Figure 3: Receiver operator characteristic curves to distinguish asymptomatic from symptomatic animals. A) Global 
function parameters: LA global TMAD, LA global strain and LA emptying fraction. Left atrial Global TMAD showed 
larger area under the curve than LA strain and LA emptying fraction. Left atrial global TMAD showed larger area under 
the curve than LA strain and LA emptying fraction. B) Atrial systolic parameters: LA systolic TMAD, LA ejection fraction 
and A’ mitral. TMAD, tissue mitral annular displacement; LA, left atrial; Mitral A’, Peak velocity of diastolic mitral annular 
motion determined by pulsed wave Doppler. 
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 Based on ROC analysis, the best discriminator between the asymptomatic 

from symptomatic and between animals with and without cardiac remodeling was 

the LA Global TMAD, with an area under the curve (AUC)=0.715 and 

(AUC)=0.756 respectively. The other variables analyzed were not good 

discriminators between the groups. The best cutting point of global TMAD to 

discriminate between the asymptomatic from symptomatic dogs was 21.07 

mm/m2 with sensitivity of 61.1% and specificity of 76.3% and between animals 

with and without cardiac remodeling was 17.59 mm/m2 with sensitivity of 66.0% 

and specificity of 81.0%.  

Discussion 

 In this study, we applied the tissue mitral annular displacement, used in 

medicine, to healthy and MMVD dogs with good feasibility and reproducibility for 

the evaluation of left atrial function.  

Figure 4: Receiver operator characteristic curves to distinguish animals without cardiac remodeling from with cardiac 
remodeling. A) Global function parameters: LA global TMAD, LA global strain and LA emptying fraction. Left atrial 
Global TMAD showed larger area under the curve than LA strain and LA emptying fraction. B) Atrial systolic 
parameters: LA systolic TMAD, LA ejection fraction and A’ mitral. TMAD, tissue mitral annular displacement; LA, left 
atrial; Mitral A’, Peak velocity of diastolic mitral annular motion determined by pulsed wave Doppler. 
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 Our study showed that severe MMVD (C and D groups) is associated with 

a significant decrease in global strain and LA emptying fraction (reduction in 

reservoir function) probably due to lower left atrial compliance and higher stiffness 

caused by atrial remodeling in the advanced mitral disease. Ultrastructural 

changes of the LA myocardium, including interstitial fibrosis, myocyte 

hypertrophy, and chronic inflammatory changes might be an important 

pathophysiological feature in the reduction of compliance [11,34]. The study of 

Cameli (2011) [35] and Nakamura et al. (2017) [36] also demonstrated that LA 

longitudinal strain during ventricular systole (indicator of reservoir function) were 

lower in dogs with CHF due do MMVD than those without CHF. Although the LA 

enlarges in accordance with the ACVIM stage, LA strain was maintained until the 

onset of CHF. LA deformation was correlated with the extend of LA fibrosis in 

prior studies, supporting the LA strain by ST as a noninvasive tool as a surrogate 

marker of LA stiffness. It is probable that a more extensive LA fibrotic change 

results in poorer LA function and higher likelihood of causing heart failure 

symptoms as well as a poorer outcome [37].  

 Interestingly, LA global TMAD was greater in B2, C and D patients. It 

increased with cardiac enlargement (B2) and didn’t decrease in patients with 

refractory congestive heart failure (D). The more significant movement from mitral 

annulus toward the cardiac apex during ventricular systole, was probably induced 

by the increased preload and ventricular systolic function in advanced MMVD, by 

moving more the annulus per the hyperdynamic ventricle. Our findings contrast 

those of Strachinaru et al. (2016) [22], that found decreased values of total mean 

annular displacement in patients with enlarged left atrium, but they present heart 
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diseases of several etiologies that would result in different echocardiographic 

parameters.  

 Left atrial strain and emptying fraction were useful methods to differentiate 

advanced stages of the disease, but global TMAD distinguished earlier stages 

(B2), being better to differentiate patients without or with remodeling. Therefore, 

the methods are complementary and cannot be substituted for each other. 

 Left atrial systolic TMAD increased from control to B1 dogs, and then 

decreased in dogs from D groups. Animals at advances phase the diastole will 

depend more on the initial filing. This means that during the late diastole, the 

annulus moved less intensely, contributing less for LV diastole, probably caused 

by Frank Starling exhaustion. Systolic TMAD wasn’t an excellent method to 

evaluate LA contractile function probably due to difficulty in determining the exact 

point of diastasis to calculate the systolic displacement in animals with 

tachycardia. 

 Left atrium ejection fraction (active fractional area change), a measure of 

LA booster pump function, is one of the most common techniques used to 

measure LA contractile function in dogs [8,30,38]. In the present study, the LA 

ejection fraction was the best method to evaluate LA contractile function, showing 

a transient increase in patients B1 and B2 and then declining in dogs from C and 

D groups, performing early diagnosis as well as in the advanced stages of the 

disease. Similar results were found by Höllmer et al. (2017) [39].  

The main limitation of LA ejection fraction is the inability to distinguish 

between the increase in LA function due to a larger volume of blood received and 

a real increase in LA intrinsic contractility [7]. It was significantly lower in CHF 
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dogs than in those without CHF according to one study. There was a significant 

correlation between LA longitudinal strain during atrial contraction and ejection 

fraction, but strain had a higher predictive power for CHF. The difference in 

preload dependency may have contributed to the superiority of strain over active 

fractional area changes in the study [36].  

 Many studies have reported the value of echocardiography for predicting 

survival time and providing prognostic indicators in dogs with MMVC [40-42]. The 

findings of one study indicate that LA size and function are strongly correlated 

with early death in dogs with MMVD. Although several echocardiographic 

parameters were significantly different between the groups, left atrial ejection 

fraction, the parameter corresponding to the booster pump function, was the most 

significant independent predictor of mortality in one study [8].  

 LA booster pump dysfunction can be more attributable to afterload 

mismatch than to LA intrinsic contraction abnormalities. In chronically 

decompensated MR, LV stiffness and end-diastolic pressure rise with LA 

pressure. This situation contributes to decreased transmitral flow during LA 

contraction (restrictive pattern). In human heart failure patients, reduced 

transmitral A wave velocity is recovered after reduction in LV filling pressure with 

optimal treatment of heart failure. This reversibility of mitral A flow suggests that 

LA dysfunction results from LA afterload mismatch rather than intrinsic LA 

abnormality [43,44].   

 Mitral A’ velocity by TDI discriminated only controls from B1, B2, C and D, 

but there was not significant difference between the symptomatic and 

asymptomatic dogs and wasn’t a reliable method for evaluation of LA systolic 

function. In one study, there was also no significant difference in A’ between the 
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survivors and nonsurvivor dogs, reflecting a lower value for this prognostic 

predictor in dogs with MMVD [8]. In humans, several studies have demonstrated 

that Mitral A’ velocity can be used as a rapid and accurate marker of global atrial 

function [22,45]. Mitral A’ velocity by TDE didn't correlate with atrial function in 

dogs with MMVD and should not be used as a prognostic method for canine 

patients. Probably the increased preload (increased A’) and elevation of LV filling 

pressure (decreased A’) that occur at C and D patients, leads to a preserved A’ 

velocity. In human researches, congestive heart failure has diverse etiology and 

with varied hemodynamic determinants that could influence tissue doppler 

parameters.  

 In the control group LA global TMAD (mm/m2) was weak and negatively 

correlated to age. This could be caused to lower atrial compliance due to fibrosis 

present in older animals since the included animals ranged from 4 months to 10 

years of age. 

 In healthy dogs the bodyweight showed a strong and negative correlation 

with global and systolic TMAD (mm/m2), and weak and negative correlation with 

LA strain. Probably the LA function also varies according to the size and weight 

of the patient, as occurs with the systolic ventricular myocardial function, 

reportedly lower in larger dogs [46]. Therefore, we cannot exclude a possible 

effect of BW on the ST variables. Similarly, a study evaluating LA strain in healthy 

dogs found a negative correlation between strain and BW [47,48]. Dickson et al. 

(2017) [48] also found a and negative correlation between the patient weight and 

total LA emptying fraction and LA reservoir function. These findings sup 

port the consideration of the effect of BW on TMAD, strain and volumetric indices 

interpretation of cardiac diseases.   
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 In the control group, LA systolic TMAD (mm/m2) was significantly 

correlated with sex, with females presenting higher values. The 45 females 

included in the control group, weighted from 1.25 to 19.8 kg (mean 8.29; median 

8.6) and the 15 males, weighted from 2.6 to 15.5 (mean 9.83; median 10.2). 

Probably the females showed higher values of systolic TMAD because they 

present lighter weight comparing to males, since the patient weight is negative 

correlated to systolic TMAD.  

 Pulmonary hypertension severity didn’t correlate to TMAD, so this method 

doesn’t have prognostic value for PH in the present study, however the number 

of animals that presented PH was small. 

Based on ROC analysis, the deformation (Global LA strain) and volumetric 

indexes (emptying fraction) were not good discriminators between asymptomatic 

from symptomatic and between animals with and without cardiac remodeling, and 

the best discriminator method between them was the LA Global TMAD, showing 

better positive predictive value. 

When evaluating systolic LA function, no method was effective to 

discriminate between the asymptomatic from symptomatic and between animals 

with from without cardiac remodeling. Different results were obtained in people, 

in which the best discriminator of abnormal versus normal patients regarding 

global function was global LA strain (AUC=0.921), emptying fraction of the LA 

(AUC=0.872) and global TMAD (AUC=0.872). When evaluating systolic function, 

the best method was LA ejection fraction (AUC=0.915), followed by, systolic 

TMAD (AUC=0.843) and Mitral A’ (AUC=0.807) [22].  
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 Some limitations of this study must be considered. First, the patients were 

selected so as to have a good quality image, to allow the use of deformation 

method (strain). When the animal was tachycardic, it was more difficult to 

accurately determine the diastasis point for systolic TMAD calculation. When the 

patient was tachypneic, imaging and evaluation of mitral annulus movement was 

hampered by excessive pulmonary movement due to rapid breathing. Lastly is 

the software used, that is originally designed for the ventricle, and a specific for 

the atria is not already available.  

Conclusion 

This study shows that motion annular displacement by speckle tracking is a 

feasible, simple and promising tool for assessing left atrial function. Left atrial 

global TMAD was higher and LA systolic TMAD was lower in advanced stages of 

MMVC. LA global TMAD allowed the discrimination between patients with and 

without remodeling and can be a complementary method to be used together to 

existing ones to assess left atrial function in patients with MMVD. 

to existing ones to assess left atrial function in patients with MMVD. 
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CAPÍTULO 4 
 

CONSIDERAÇÕES FINAIS  
  

 A análise dos resultados desse estudo mostrou que o deslocamento 

tecidual do anel mitral é uma técnica rápida, com boa repetitividade e que fornece 

informações adicionais na avaliação funcional do átrio esquerdo. Esse método 

permitiu a diferenciação entre os pacientes com DVMC sintomáticos dos 

assintomáticos, podendo ser incorporado na rotina ecocardiográfica 

principalmente quando se objetiva classificar os pacientes de acordo com a 

gravidade e remodelamento cardíaco. É importante destacar que o método não 

deve substituir os demais, mas sim ser complementar aos já existentes. 
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every reference cited in the text is also present in the reference list (and vice versa). 
Unpublished observations, personal communications, abstracts, and submitted papers 
not yet accepted should be included as footnotes. Please follow the formatting 
guidelines below carefully.  
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Data references This journal encourages you to cite underlying or relevant datasets in 
your manuscript by citing them in your text and including a data reference in your 
Reference List. Data references should include the following elements: author name(s), 
dataset title, data repository, version (where available), year, and global persistent 
identifier. Add [dataset] immediately before the reference so we can properly identify it 
as a data reference. This identifier will not appear in your published article. 

Reference Style 
[dataset] [5] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for Japanese 
oak wilt disease and surrounding forest compositions, Mendeley Data, v1; 
2015. http://dx.doi.org/10.17632/xwj98nb39r.1. 

Tables 
Data in tables should be complementary to the text; redundancy between data presented 
in the text and tables should be avoided. Tables must be prepared using Microsoft Word 
(not Excel) and numbered consecutively according to their appearance in the 
manuscript. Each table should be uploaded as a separate one-page document with the 
same name as it appears in the manuscript (e.g., Table 1, Table 2, etc.). Use Arial font 
(at least 10 point) with data centered under each column heading. Abbreviations that are 
used in tables should be provided with their definition in the according legend. The 
abbreviation and definition should be separated by a colon, multiple abbreviations by a 
semicolon (e.g. AF: atrial fibrillation; CHF: congestive heart failure). Abbreviations in 
the legends should be listed alphabetically. 

Figures  
Figures must be of high quality in order to meet publication standards. Each figure 
should be uploaded as a separate file with the same name as it appears in the manuscript 
(e.g., Figure 1, Figure 2, etc.). Number figures consecutively in accordance with their 
appearance in the text. Acceptable figure formats include:  

• EPS: Vector drawings. Embed the font or save the text as "graphics".  
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• TIFF: Color or grey scale photographs (halftones): always use a minimum of 
300 dpi.  

• TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.  
• TIFF: Combinations bitmapped line/half-tone (color or grey scale): use a 

minimum of 500 dpi.  
• Save text and graphics in separate layers.  
• Use Arial font (at least 10 point) when text is included.  

Supply Figure captions on a separate page at the end of the manuscript. A caption 
should comprise a brief title followed by a description of the figure. All symbols must 
be defined in the figure legend. Abbreviations that are used in figures should be 
provided with their definition in the according legend. The abbreviation and definition 
should be separated by a colon, multiple abbreviations by a semicolon (e.g. AF: atrial 
fibrillation; CHF: congestive heart failure). Abbreviations in the legends should be 
listed alphabetically. Information concerning the preparation of figures can be found 
at https://www.elsevier.com/artworkinstructions. 

Supplementary Material  
Elsevier accepts electronic supplementary material to support and enhance your 
scientific research. Supplementary files offer the author additional possibilities to 
publish background datasets, high-resolution images, videos, animation sequences, 
sound clips, and more. Supplementary files supplied will be published online alongside 
the electronic version of your article in Elsevier web products, including 
ScienceDirect: http://www.sciencedirect.com.  

RESEARCH DATA 
This journal encourages and enables you to share data that supports your research 
publication where appropriate, and enables you to interlink the data with your published 
articles. Research data refers to the results of observations or experimentation that 
validate research findings. To facilitate reproducibility and data reuse, this journal also 
encourages you to share your software, code, models, algorithms, protocols, methods 
and other useful materials related to the project.  

Below are a number of ways in which you can associate data with your article or make a 
statement about the availability of your data when submitting your manuscript. If you 
are sharing data in one of these ways, you are encouraged to cite the data in your 
manuscript and reference list. Please refer to the "References" section for more 
information about data citation. For more information on depositing, sharing and using 
research data and other relevant research materials, visit the research data page. 

Data linking 
If you have made your research data available in a data repository, you can link your 
article directly to the dataset. Elsevier collaborates with a number of repositories to link 
articles on ScienceDirect with relevant repositories, giving readers access to underlying 
data that give them a better understanding of the research described.  

There are different ways to link your datasets to your article.  

When available, you can directly link your dataset to your article by providing the 
relevant information in the submission system. For more information, visit the database 
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linking page .For supported data repositories a repository banner will automatically 
appear next to your published article on ScienceDirect.In addition, you can link to 
relevant data or entities through identifiers within the text of your manuscript, using the 
following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 
1XFN).  

Mendeley Data 
This journal supports Mendeley Data, enabling you to deposit any research data 
(including raw and processed data, video, code, software, algorithms, protocols, and 
methods) associated with your manuscript in a free-to-use, open access repository. 
During the submission process, after uploading your manuscript, you will have the 
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets 
will be listed and directly accessible to readers next to your published article online.  

For more information, visit the Mendeley Data for journals page. 

Data statement 
To foster transparency, we encourage you to state the availability of your data in your 
submission. This may be a requirement of your funding body or institution. If your data 
is unavailable to access or unsuitable to post, you will have the opportunity to indicate 
why during the submission process, for example by stating that the research data is 
confidential. The statement will appear with your published article on ScienceDirect. 
For more information, visit the Data statement page. 

Supplementary Tables and Figures 
Background data or data the authors wish to present that is not critical to be in printed 
form can be presented as Supplemental tables which are identified within the text by use 
of upper case letters (e.g. A, B, C) in the order that they appear in the body of the text. 
In the text of the manuscript, and placed in parentheses, a statement identifying the table 
as being available in the on-line version should be made (e.g. data available in 
Supplemental Material on-line). The Editorial Board may request some tables be moved 
to supplementary material.  

Supplemental figures should follow the same format guidelines as indicated for figures 
and be identified with Roman numerals (e.g. I, II, III) in the order that they appear in the 
body of the text. In the text of the manuscript, and placed in parentheses, a statement 
identifying the figure as being available in the on-line version should be made (e.g. 
figures available in Supplemental Material on-line).  

Videos and Sound Files 

• Videos should be of high quality and submitted in .mov or .avi format. 
Sound files should be submitted in .wav or mp3 format.  

• A Table for the videos and/or sounds must be included and this will appear in 
the published manuscript.The table must include the video or sound number in 
the first column, a brief title in the second column, and a brief description in the 
third column.  

• Number the videos or sounds consecutively as they appear in the text.  

SUBMISSION OF MANUSCRIPTS 



 
 

70 

Manuscripts submitted to the JVC are processed via the our online editorial system , 
which will guide the authors on the process for uploading the manuscript and figure 
files. For queries concerning the submission process or procedures please vist 
the Elsevier Support Center. Authors can check the status of their manuscript within the 
review procedure using the editorial system. Upon acceptance of the article by the 
journal, the author(s) will be asked to transfer the copyright of the article to the 
publisher. This transfer will ensure the widest possible dissemination of information. 
Special arrangements can be made with the publisher on a case by case basis concerning 
original artwork.  

OPEN ACCESS 
This journal offers authors a choice in publishing their research:  

Subscription 
• Articles are made available to subscribers as well as developing countries and patient 
groups through our universal access programs.  
• No open access publication fee payable by authors. 
• The Author is entitled to post the accepted manuscript in their institution's repository 
and make this public after an embargo period (known as green Open Access). 
The published journal article cannot be shared publicly, for example on ResearchGate 
or Academia.edu, to ensure the sustainability of peer-reviewed research in journal 
publications. The embargo period for this journal can be found below. 
Gold open access  
• Articles are freely available to both subscribers and the wider public with permitted 
reuse. 
• A gold open access publication fee is payable by authors or on their behalf, e.g. by 
their research funder or institution. 

Regardless of how you choose to publish your article, the journal will apply the same 
peer review criteria and acceptance standards.  

For gold open access articles, permitted third party (re)use is defined by the 
following Creative Commons user licenses: 
Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND) 
For non-commercial purposes, lets others distribute and copy the article, and to include 
in a collective work (such as an anthology), as long as they credit the author(s) and 
provided they do not alter or modify the article. 

The gold open access publication fee for this journal is USD 3000, excluding taxes. The 
discounted gold open access fee for members of the European Society of Veterinary 
Cardiology (ESVC), American College of Veterinary Internal Medicine (ACVIM) and 
European College of Veterinary Internal Medicine (ECVIM) is USD 2400, excluding 
taxes. Learn more about Elsevier's pricing 
policy: https://www.elsevier.com/openaccesspricing 

GREEN OPEN ACCESS 
Authors can share their research in a variety of different ways and Elsevier has a 
number of green open access options available. We recommend authors see our open 
access page for further information. Authors can also self-archive their manuscripts 
immediately and enable public access from their institution's repository after an 
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embargo period. This is the version that has been accepted for publication and which 
typically includes author-incorporated changes suggested during submission, peer 
review and in editor-author communications. Embargo period: For subscription articles, 
an appropriate amount of time is needed for journals to deliver value to subscribing 
customers before an article becomes freely available to the public. This is the embargo 
period and it begins from the date the article is formally published online in its final and 
fully citable form. Find out more 

Under traditional Subscription Access, articles are made available to subscribers as well 
as developing countries and patient groups through our access programs 
(https://www.elsevier.com/access) and there is no Open Access publication fee. 

Elsevier has established agreements with funding bodies 
(https://www.elsevier.com/fundingbodies). This ensures authors can comply with 
funding body Open Access requirements, including specific user licenses such as CC 
BY. Some authors may also be reimbursed for associated publication fees. If you need 
to comply with your funding body policy, you can apply for the CC BY license after 
your manuscript is accepted for publication.  

Your publication choice will have no effect on the peer review process or acceptance of 
submitted manuscripts. 

AFTER ACCEPTANCE 

Use of the Digital Object Identifier 
The Digital Object Identifier (DOI) may be used to cite and link to electronic 
documents. The DOI consists of a unique alpha-numeric character string which is 
assigned to a document by the publisher upon the initial electronic publication. The 
assigned DOI never changes. Therefore, it is an ideal medium for citing a document, 
particularly 'Articles in press' because they have not yet received their full bibliographic 
information. Example of a correctly given DOI (in URL format; here an article in the 
journal Physics Letters B): http://dx.doi.org/10.1016/j.physletb.2010.09.059. When you 
use a DOI to create links to documents on the web, the DOIs are guaranteed never to 
change.  

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals.  

Proof Correction  
Corresponding authors and the Editor in Chief will receive an e-mail with a link to the 
PDF version of your manuscript, allowing you an opportunity to annotate any 
amendments. All instructions for proofing will be given in the e-mail we send to 
authors. We will do everything possible to get your article published quickly and 
accurately. Please use this proof only for checking the typesetting, editing, 
completeness and correctness of the text, tables and figures. Significant changes to the 
article as accepted for publication will only be considered at this stage with permission 
from the Editor. It is important to ensure that all corrections are sent back to us in one 
communication. Please check carefully before replying, as inclusion of any subsequent 
corrections cannot be guaranteed. Proofreading is solely your responsibility. 
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Offprints  
The corresponding author, at no cost, will be provided with a personalized link 
providing 50 days free access to the final published version of the article on 
ScienceDirect. This link can also be used for sharing via email and social networks. In 
addition, the corresponding authorwill be provided with a PDF file of the article via e-
mail or, alternatively, 25 free paper offprints. The PDF file is a watermarked version of 
the published article and includes a cover sheet with the journal cover image and a 
disclaimer outlining the terms and conditions of use. For an extra charge, more paper 
offprints can be ordered via the offprint order form which is sent once the article is 
accepted for publication. Both corresponding and co-authors may order offprints at any 
time via Elsevier's WebShop http://webshop.elsevier.com/myarticleservices/offprints. 
Authors requiring printed copies of multiple articles may use Elsevier WebShop's 
'Create Your Own Book' service to collate multiple articles within a single 
cover http://webshop.elsevier.com/myarticleservices/booklets 

Additional information 
Authors can also keep track of the progress of their accepted article, and set up e-mail 
alerts informing them of changes to their manuscript's status, by using the "Track your 
accepted article" option on the journal's 
homepage http://www.journals.elsevier.com/journal-of-veterinary-cardiology. For 
privacy, information on each article is password-protected. The author should key in the 
"Our Reference" code (which is in the letter of acknowledgement sent by the Publisher 
on receipt of the accepted article) and the name of the corresponding author. 

AUTHOR INQUIRIES 

You can track your submitted article at https://www.elsevier.com/track-submission. 
You can track your accepted article at https://www.elsevier.com/trackarticle. You are 
also welcome to contact Customer Support via http://support.elsevier.com. 
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ANEXO 3 – Resumo do trabalho oral apresentado no ACVIM (American 

College of Veterinary Internal Medicine) Forum 2019.  
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ANEXO 4 – Resumo do ACVIM Forum 2019 publicado no periódico Journal of 

Veterinary Internal Medicine 
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