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The present study evaluated the volume and function of the left atrium by two-dimensional
echocardiographic feature-tracking imaging (2D-FTI) and Simpson’s monoplanar modeling
in dogs with asymptomatic degenerative mitral valve disease (DMVD). The study consisted
of 80 dogs that were divided into the following three groups: Group 1, 21 dogs (A); Group
2, 30 dogs (B1) and Group 3, 29 dogs (B2). The variable strain (contraction phase) was
significantly lower in Group 3 than in Group 1 (12.92+4.54 x 16.69+5.74, p=0.014), and
significant differences in the contraction strain index (CSI) were observed between all of the
groups that were evaluated (1 = 46.82+8.10, 2 = 39.88+8.03, 3 = 35.25+5.64, p<0.0001). The
atrial diastolic volume index (AdVi) that was measured by 2D-FTI was significantly higher in
Group 3 than in Group 1 (1.31£0.95 x 0.96+0.31, p=0.038), and the atrial cardiac index (ACI)
was also higher in Group 3 than in Group 1 (102.38+80.18 x 78.19+33.38, p=0.030). Atrial
function was assessed by Simpson’s monoplanar method, which demonstrated an increase
in the left atrial systolic volume, while the contractile function decreased with an increasing
disease severity (Group 1 0.21+0.06; Group 2 0.25+0.06; Group 3 0.32+0.08, p<0.0001).
The intraobserver and interobserver assessments showed low to moderate variability;
most of the values for the coefficient of variation for the variables that were analysed with
each method were below 25%. Thus, DMVD was determined to cause an alteration in atrial
function, especially in the contraction phase, and even in asymptomatic animals, and the
methods of 2D-FTI echocardiography and Simpson’s monoplanar evaluation are sensitive
and early methods for the detection of left atrial dysfunction.

INDEX TERMS: Evaluation, left atrial, asymptomatic dogs, myxomatous degeneration, mitral valve,
echocardiographic, bidimensional tracking, left atrial volume, atrial strain, strain rate.
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(2D-FTI) e pelo método monoplanar de Simpson em caes
saudaveis e cdes com DMVD assintomaticos. Foram avaliados
80 cdes distribuidos em trés grupos: Grupo 1, 21 ces (classe
A); Grupo 2, 30 cdes (classe B1) e Grupo 3, 29 cies (classe B2).
A variavel strain (fase de contracgdo) foi significativamente
menor no Grupo 3 que no Grupo 1 (12,92+4,54 x 16,69+5,74,
p=0,014) e para a variavel indice de strain de contragio (CSI),
houve diferenca estatistica entre todos os grupos avaliados
(1=46,82+8,10; 2 =39,88+8,03; 3 = 35,25%5,64, p<0,0001).
0 indice de volume diastélico atrial (iVdA) mensurado por
meio do 2D-FTI foi significativamente maior no Grupo 3 que
no Grupo 1 (1,31+0,95 x 0,96+0,31, p=0,038), assim como
para o indice cardiaco atrial (iCA) também foi maior no Grupo
3(102,38+80,18 x 78,19+33,38, p=0,030). A funcdo atrial
avaliada pelo método monoplanar de Simpson demonstrou
um aumento do volume atrial esquerdo e do volume sisto6lico
do atrio esquerdo, enquanto que a fung¢ao contratil diminuiu
com o aumento da gravidade da doenga (Grupo 1 0,21+0,06;
Grupo 2 0,25+0,06; Grupo 3 0,32+0,08; p<0,0001). A avaliagdo
intraobservador e interobservador, demonstrou variabilidade
baixa a moderada, uma vez que a maioria dos valores de
coeficiente de variagdo se concentraram abaixo de 25% para
as variaveis analisadas em ambos os métodos. Dessa forma,
conclui-se que a DMVD causa altera¢do na func¢ao atrial,
principalmente na fase de contragdo, mesmo em animais
assintomaticos e que a ecocardiografia 2D-FTI e o método
monoplanar de Simpson sdo métodos sensiveis e precoces
na detecgao da disfungao atrial esquerda.

TERMOS DE INDEXAGAQ: Avaliacio, atrio esquerdo, cies assintomaticos,
mixomatosa cronica, valva mitral, ecocardiograficos, bidimensional
feature tracking, volume atrial esquerdo, Strain e Strain Rate atriais.

INTRODUCTION

Degenerative mitral valve disease (DMVD) is the most common
heart disease in small dogs and causes mitral regurgitation
(MR) and myocardial dysfunction. The progression of the
disease occurs slowly, and its morbidity is directly related
to the magnitude of valve insufficiency, volume overload and
severity of atrial remodelling (Borgarelli & Buchanan 2012).

The leftatrium (LA) controls ventricular filling via its three
functions: as a reservoir, which occurs during ventricular
contraction; as a conduit, which allows the blood to flow
passively from the atrium to the left ventricle; and as a
booster pump, which is involved in the contraction of the LA
(Matsumoto et al. 2014).

The measurement of LA function is essential for cases of
DMVD because LA remodelling is a physiological response to
volume overload from MR (Fox 2012). However, quantifying
LA deformation is challenging because of its complex anatomy,
which includes the insertion of pulmonary veins, the presence
of the atrial appendage, variable geometry, and small wall
thickness (Hoit 2014).

These limitations can be overcome with new echocardiographic
tools, including two-dimensional feature-tracking imaging (2D-FTI)
echocardiography and the single-plane Simpson’s method,
which have all been used to assess atrial function. Nonetheless,
few veterinary medicine studies to date have evaluated DMVD,
demonstrating the need for additional investigation of this
subject (Nakamura et al. 2017, Toaldo et al. 2017).

Therefore, the objectives of this study were (1) to
determine the feasibility and reproducibility of 2D-FTI
echocardiography in assessing LA function in dogs; (2) to
compare the measurements of LA function and volume that
were obtained from both 2D-FTI echocardiography and the
single-plane Simpson’s method between healthy dogs and
asymptomatic dogs with DMVD; and (3) to correlate the
variables that were obtained via 2D-FTI echocardiography
to the left atrial to aortic root ratio (LA/Ao) measurements
that were obtained by conventional echocardiography.

MATERIALS AND METHODS

Ethics statement. The data were obtained from the Cardiology
Department of the Veterinary Hospital of the “Universidade Federal
de Lavras”, Lavras/MG, Brazil. The study was approved by the Animal
Research Ethics Committee of our institution under Protocol No.
030/17.

Animals. A total of 1,160 echocardiographic examinations that
were performed from February 2011 to July 2017 were evaluated, and
images that were obtained from 80 dogs (Canis lupus familiaris) were
selected for inclusion in the study. The animals were separated into
three groups according to the classification proposed by Atkins et al.
(2009) as follows: Group 1, class A animals (Control Group, breeds at
risk of developing DMVD); Group 2, class B1 animals (presented with
DMVD and MR without LA remodelling); Group 3, class B2 animals
(presented with DMVD, MR, and cardiac remodelling - LA/Ao >1.5
and/or left ventricular diameter in normalised diastole >1.7 - without
congestive heart failure). The study animals received a detailed
physical examination, electrocardiography, echocardiography, and
chest X-rays (when necessary, to exclude pulmonary edema). The
inclusion criteria were a presence of systolic murmur in the mitral
area, echocardiographic evidence of DMVD, and sufficient image
quality to perform analyses using 2D-FTI echocardiography and
the single-plane Simpson’s method.

Conventional echocardiography. Examinations were performed
using echocardiographic equipment (MyLab 40 Esaote®, Italy) with
4-10MHz multifrequency ultrasound transducers, an electronic
sector scanning system, and simultaneous electrocardiographic
recording on the monitor. All examinations were performed without
sedation and with the animals gently restrained. The conventional
echocardiographic variables that were measured included the LA
diameter, aortic (Ao) diameter, and the left atrial /aortic root ratio (LA/
Ao) in the parasternal short-axis view at the level of the great vessels.
The conventional echocardiographic examinations were performed
as recommended by Thomas et al. (1993). The measurements for
the shortening fraction, LV diameter in normalised diastole (LVDd
N), and LV diameter in normalised systole (LVDs N) were obtained in
the M mode as previously described (Cornell et al. 2004). In pulsed
Doppler mode, the E and A waves of the mitral flow, the E/A ratio,
the isovolumic relaxation time (IVRT), the E/IVRT ratio, and the
Em, Am and Em/Am variables by tissue Doppler were evaluated.

The atrial volume was measured in the three phases of the LA
using a single-plane Simpson’s method in the apical four-chamber
view. LAEDV, LAESV, LA ejection fraction (LAEF), and LA cardiac
output (LACO) were evaluated. The formulas that were used to
measure volume in the three phases were as follows: i) reservoir
(LAV,_ . -LAV . /LAV_);ii) conduit (LAV__-LAV__ /LAV_ J;and
iii) contraction (LAVpa - LAV ./ LAVpre,a) as described previously
(Blume etal. 2011), where LAV is the left atrial volume and LAV
is preatrial contraction volume.

pre-a

Pesq. Vet. Bras. 40(3):188-196, March 2020



190 Mariana R. Coelho et al.

2D-FTI echocardiography. The indices representing atrial
deformity and atrial myocardial velocity (strain and strain rate,
respectively) were obtained by means of the 2D-FTI method (Fig.1)
similar to the one described by Caivano etal. (2016). For this purpose,
the two-dimensional images that were acquired in the left parasternal
short-axis view and the apical four-chamber view were stored for
off-line analysis using Xstrain software version 10.1 and the optical
flow algorithm (ESAOTE®). Three consecutive cardiac cycles were
analysed using continuous ECG monitoring, with a sampling rate
between 50 and 100 frames/s.

The software automatically represented graphically and
quantitatively atrial myocardial strain (St) and strain rates (StR)
(Fig.2). It was obtained the mean value of the analyzed segments of
strain (global St) in the reservoir, conduction and contraction phases,
and to obtain the conduction phase the following calculation was
used: conduction St = (reservoir St - contraction St). The mean StR of
the three phases was automatically measured by the software. The
contraction strain index (CSI), which represents the contribution of
the active contraction of the LA to the LV filling phase, was calculated
using two strain variables (Cameli et al. 2012) as follows: CS = (LAS
contraction/LAS reservoir) x 100.

The diastolic volume, systolic volume, and cardiac output values
were automatically determined by the 2D-FTI software. These
parameters were correlated with body weight (HOllmer et al. 2013)
and were designated as the left atrial end-diastolic volume (LAEDV),
left atrial end-systolic volume (LAESV), and cardiac index (CI). The
LAEF was measured automatically by the 2D-FTI software.

Statistical analysis. The statistical analysis was performed
using GraphPad Prism software version 5.0. The normality of the
data distribution was assessed using the Shapiro-Wilk test. The data
from different animal classes were analysed using one-way ANOVA
and Tukey’s post-hoc test. A two-tailed p-value smaller than 0.05
was used to define statistical significance. The intraclass correlation
coefficient (ICC) and its 95% confidence interval were calculated
using MedCalc® software version 16.8 to compare the values that
were obtained from the two echocardiographic methods. The degree
of correlation was defined as follows: ICC =0.75 excellent; 0.4> ICC
<0.75 satisfactory to good; and ICC <0.4 poor (Fleiss 1981).

The intraobserver variability was obtained from 30% of the
animals, and the interobserver variability was obtained from 60%
of the animals; the animals were randomly assigned to each of
these groups. The degree of variability was defined according to the

Fig.1. Two-dimensional echocardiographic image showing a semiautomatic tracing of the left atrium (LA) of a healthy dog (A) and velocity

vectors (B) using 2D-FTI echocardiography.
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Fig.2. Graphical representation of atrial strain and strain rate in an 8-year-old 10-kg dog of Group 1 (class A). (A) Left atrial strain, (B) left
atrial strain rate. Reservoir phase (yellow arrows), contraction phase (red arrows), conduction phase (white arrows).
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coefficient of variation (CV) as follows: <15%, low; 15-25%, moderate;
and >25%, high (Decloedtetal. 2011). The association between the
variables that were derived from 2D-FTI echocardiography (LAEDV,
LAESV, CI, CS, LAS, and LASR) and the LA/Ao was tested using a
Pearson correlation analysis and was considered significant at p<0.05.

RESULTS

All of the dogs that were evaluated were of small to medium
size and consisted of the following breeds: mixed breed (16),
Poodle (14), Pinscher (10), Yorkshire (9), Beagle (8), Teckel

(7), Maltese (4), Schnauzer (4), Shih Tzu (2), Cocker (2), Fox
Terrier (1), Pug (1), Lhasa Apso (1) and Pekingese (1).

The data that were obtained from the conventional
echocardiography methods and the clinical characteristics
of the study sample are presented in Table 1. The variables
for LA function and volume that were obtained by 2D-FTI
echocardiography and the single-plane Simpson’s method are
shown in Table 2 and 3, respectively. For each animal, it was
possible to obtain an adequate speckle tracking of the LA, with
significant values for LA volume and LAS during contraction.
With both the conventional and 2D-FTI echocardiography

Table 1. Clinical characteristics, mean and standard deviation of conventional echocardiography variables of dogs with
DMVD at different stages

Group 1 - class A

Group 2 - class B1

Group 3 - class B2

Variable (n=21) (n = 30) (n = 29) Value p
Age (years) 8.5 +2.40 10.1 +2.63 113 +2.47 -
Sex (Male/Female) 6/14 13/17 11/18 -
Weight (kg) 6.24 +3.07 6.77 £3.30 7.93 £3.30 -
HR (bpm) 120 +26.80 113 £20.40 116 £20.11 -
LA/Ao 1.297+ 0.09 1.27*+0.11 1.75°+£0.17 <0.0001*
LVDd N (mm) 1.36%+ 0.09 1.48%0 £ 0.20 1.67°+0.21 <0.0001*
LVDs N (mm) 0.822+0.09 0.94°0 + 0.14 0.97°+0.19 0.002*
FS % 37.25+4.72 35.25+3.98 38.07 £5.53 0.074
E Wave (m/s) 0.66*°+0.17 0.58*+0.13 0.72°+0.16 0.003*
A Wave (m/s) 0.58+0.13 0.55+0.14 0.63 +0.19 0.153
E/A 1.18 £ 0.32 1.13+0.39 1.20 £ 0.36 0.705
IVRT (ms) 74.86 £ 15.40 79.63 £12.02 79.38 £ 14.54 0.417
E/IVRT 0.93*+0.33 0.75*+0.22 0.96" + 0.36 0.025*
Em (m/s) 0.07 +0.02 0.06 +0.02 0.07 £0.02 0.123
Am (m/s) 0.08+0.02 0.07 +0.02 0.08 £ 0.02 0.541
Em/Am 0.88£0.33 0.92+0.37 0.94 +0.29 0.848

DMVD - degenerative mitral valve disease., HR = heart rate, LA/Ao = relation between left atrium and aortic root, LvDd N = left ventricular diameter
in diastole normalized by weight, LVDs N = left ventricular diameter in systole normalized by weight, FS = fractional shortening, IVRT = isovolumic
relaxation time, E/IVRT = relation between E wave and isovolumic relaxation time, Em = early diastolic velocity of the septal mitral annulus, Am = late
diastolic velocity of the septal mitral annulus; *° different letters on the same line demonstrate statistical significance; * indicates significant difference

between groups (P<0.05).

Table 2. Mean and standard deviation of 2D-FTI echocardiographic variables for left atrial function and volume of dogs with

DMVD at different stages

Group 1 - class A

Group 2 - class B1

Group 3 - class B2

Variable (n=21) (n = 30) (n = 29) Value p
Strain (St)
St reservoir 36.32+12.58 36.14 +10.36 37.87 £16.18 0.866
St contraction 16.69* £ 5.74 13.98* +3.10 12.92°+ 4.54 0.014*
St conduction 19.64 £ 7.79 22.16+9.18 24.95+12.00 0.081
Strain Rate (StR)
StR reservoir 2.66 +0.81 2.62+0.71 2.77 £0.97 0.763
StR contraction 1.75 £ 0.62 1.49 +0.74 1.36 £ 0.94 0.065
StR conduction 1.84 +0.68 2.01+£0.45 2.16 £ 0.60 0.366
CSI % 46.82*+8.10 39.88 +8.03 35.25°+ 5.64 <0.0001*
LAdI (ml/kg) 0.96** +0.31 0.89*+ 0.42 1.31°+0.95 0.038*
LAsI (ml/kg) 0.31+0.14 0.28 £0.14 0.42 +0.38 0.108
ACI (mL/min/kg) 78.19%0 + 33.38 64.75*+ 27.97 102.38°+80.18 0.030*
LAEF% 67.87 +7.88 68.97 +7.82 68.86 + 9.35 0.890

DMVD - degenerative mitral valve disease, CSI = contraction strain index, LAdI = left atrial diastolic volume index, LAsI = left atrial systolic volume
index, ACI = atrial cardiac index, LAEF = left atrium ejection fraction; ** different letters on the same line demonstrate statistical significance; * indicates

significant difference between groups (P<0.05).
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methods, the LA volume increased as the disease progressed,
especially in Group 3, whereas the LAS during contraction
and the CS decreased progressively in the groups of dogs with
DMVD. The results using the single-plane Simpson’s method
indicated that LA volumes in the case of DMVD, regardless
of the phase (LAVmaX, LAV ., or LAVp ), were significantly
higher in the animals of the B2 class.

The LA/Ao that was obtained from the conventional
echocardiography method was significantly correlated with

re-a

the LAESV (p =0.0082), LAEDV (p=0.0025),CI (p=0.0010),
and CS (p = 0025) (Fig.3).

The intraobserver and interobserver variabilities were low
to moderate because most of the coefficients of variation for
the variables that were analysed using both methods were
less than 25%. The interobserver variability was high only
for LAESV and LAVpre-a (measured using the single-plane
Simpson’s method) and the LASR conduit (measured by
2D-FTI) (Table 4).

Table 3. Mean and standard deviation of function and volume variables in the atrial phases measured by Simpson’s
monoplanar method in dogs with DMVD at different stages

Group 1 - class A

Group 2 - class B1

Group 3 - class B2

Variable (n=21) (n = 30) (n = 29) Value p
Left atrial ejection fraction (%) 65.46 +4.60 66.54 +5.72 68.72 £ 4.95 0.0767
Cardiac output (ml/kg/min) 64.25 £16.57° 75.52 + 35.47° 130.29 + 74.73" <0.0001*
Maximum volume (ml/kg) 0.78 +0.222 0.92 +0.272 1.58 £0.77° <0.0001*
Atrial pre-contraction volume (ml/kg) 0.36+0.11* 0.42+0.13* 0.74 £ 0.44° <0.0001*
Mnimum volume (ml/kg) 0.28 £ 0.09? 0.31 +0.09? 0.50 +0.29° <0.0001*
Reservoir (ml/kg) 0.64 + 0.04° 0.66 + 0.06*" 0.69 £ 0.04° 0.0028*
Conduction (ml/kg) 0.54 +0.05 0.54 +0.07 0.53 £0.06 0.9566
Contraction (ml/kg) 0.21 £ 0.06° 0.25 £ 0.06" 0.32 +0.08° <0.0001*

DMVD - degenerative mitral valve disease; * different letters on the same line demonstrate statistical significance; * indicates significant difference

between groups (P<0.05).
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Fig.3. Scatter plots of four variables selected for atrial function correlated with LA/Ao ratio, analyzed by Pearson's correlation (p<0.05).
LAsI = atrial systolic volume index, LAdI = atrial diastolic volume index, ACI = atrial cardiac index, CSI = contraction strain index.
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Table 4. Intra and interobserver coefficient of variation (CV) of the echocardiographic variables analyzed by Simpson’s
monoplanar and 2D-FTI methods in dogs with DMVD at different stages

Simpson monoplanar method

Variable

CV (%) I Intraobserver

CV (%) Interobserver

Vd (ml)

Vs (ml)

Vpc (ml)

LAEF %

ACO (ml/kg/min)
Maxium volume (ml/kg)
Minimum volume (ml/kg)
Atrial pre-contraction volume (ml/kg)
Reservoir (ml/kg)
Conduction (ml/kg)
Contraction (ml/kg)

Vd (ml/kg)

Vs (ml/kg)

LAEF %

ACO (ml/kg/min)
St reservoir %

St contraction %
St conduction %
CSI

StR reservoir %
StR contraction %
StR conduction %

CV (%) Intraobserver

1.62 20.36
3.09 30.31
1.29 26.18
3.86 7.20
2.58 12.57
4.25 10.46
3.17 22.16
1.57 17.58
1.42 5.81
1.14 6.80
0.30 11.38

2D-FTI method
CV (%) Interobserver

4.35 11.09
17.26 3.48
4.73 6.98
0.34 18.10
3.18 9.32
4.05 9.01
2.62 24.47
0.44 18.27
6.94 0.90
7.37 17.39
9.75 25.74

DMVD - degenerative mitral valve disease, Vd = diastolic volume, Vs = systolic volume, Vpc = preatrial contraction volume, LAEF = left atrium ejection
fraction, ACO = atrial cardiac output, St = strain, CSI = contraction strain index, StR = strain rate, 2D-FTI = two-dimensional feature-tracking imaging.

Table 5. The intraclass correlation coefficient (ICC)
variability of left atrial echocardiographic volumes and
function measured by 2D-FTI and Simpson monoplanar

methods
Variable ICC CI (95%)
LAEF (%) 0.2851 -0.1027 a 0.5383
ACI (ml/kg/min) 0.8680 0.7947 a 0.9153
LAdI (ml/kg) 0.8759 0.8065 a 0.9204
LAsI (ml/kg) 0.7967 0.6835 a 0.8694

2D-FTI = Two-dimensional feature-tracking imaging, ICC = intraclass
correlation coefficient, CI = confidence interval, LAEF = left atrium
ejection fraction, ACI = atrial cardiac index, LAdI = left atrial diastolic
volume index, LAsI = left atrial systolic volume index.

The ICC was excellent for most of the LA volume variables
that were measured using the two echocardiographic methods
and was low for the LAEF (Table 5).

DISCUSSION

In the present study, 2D-FTI echocardiography and the
single-plane Simpson’s method proved useful for assessing
the function of the LA by calculating the LAESV, LAEDV, CI,
LAVmaX, LAme, LAVpre_a, LAS reservoir, LAS contraction, and

cardiac conduction abnormalities in dogs with DMVD. The
2D-FTI analysis detected differences in the LAS of the healthy
and class B2 dogs, which was indicative of early changes in
the myocardial deformation of these animals. The images that
were obtained were of sufficient quality to evaluate the dogs
with structurally normal LA and dogs with LA remodelling. The
animals were randomly selected according to the cardiology
routine of our institute. For this reason, the number of females
was higher in all of the groups that were studied, although
previous studies showed that males are more commonly
affected (Atkins et al. 2009, Fox 2012). However, the animal
weight and age data indicated a mean value lower than 15kg
and an age higher than 6 years because DMVD occurs more
frequently in smaller breeds of dogs and those older than 6
years (Atkins et al. 2009, Boswood et al. 2016).

There were significant differences in some of the variables
that were obtained from conventional echocardiography as
reported by Nakamura et al. (2017). The E wave and the E/
IVRT ratio, which are used to determine diastolic function and
venous congestion, respectively, were significantly higher in
Group B2 than in Group B1. An increased E wave indicates
diastolic dysfunction with a pseudonormal filling pattern that
is caused by an increased LA filling pressure and decreased
ventricular compliance, which occurs with the progression
of DMVD (Boon 2011).

The E/IVRT ratio in the B2 Group, although higher is still
below the predictive value indicating the development of
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CHF (E/IVRT>2.5), but this increase is expected in the more
advanced stages of the disease, since this index can be used
to detect high ventricular filling pressure and CHF in dogs
with DMVD (Schober et al. 2010). The LVDd N, LVDs N, and
LA/Ao were used to classify the sample according to disease
progression. These variables were higher in the B2 Group
because the cardiac output is decreased and the hydrostatic
pressure inside the cardiac chambers is increased in dogs
with the more severe stages of DMVD, which activates
neurohormonal systems (Oyama 2009). The long-term
activation of these systems induces cardiac remodelling,
which is characterised by eccentric myocardial hypertrophy
(Bonagura & Schober 2009).

The variables that were used to assess the LA function by
feature tracking (SLA reservoir, SLA contraction, SLA conduit,
CI, SLAR reservoir, SLAR contraction, and SLAR conduit) were
also used to characterise the physiological changes during
the cardiac cycle (Caivano et al. 2016). In the clinical routine,
the LA size is determined by LA/Ao. LA function can also be
evaluated by measuring the diastolic and systolic volume by
conventional two-dimensional echocardiography. However,
the LA structure is complex (including the conical left atrium,
pulmonary veins, variable geometry, and small wall thickness),
thus limiting the measurement of linear dimensions (Toaldo et
al. 2018). Volume-based methods can provide more accurate
estimates of the LA than can linear one-dimensional or area
measurements, but they have limitations regarding their ability
to estimate the size, function, and pathology of heart chambers
(Hollmer etal. 2013,2016, Hoit 2014). This fact is demonstrated
by the observation that dogs with and without CHF may have
similar degrees of atrial remodelling, as confirmed by their
LA/Ao values (Caivano et al. 2016). Therefore, an analysis
of atrial deformation by 2D-FTI may provide additional and
useful information about the phasic function of the LA and
the clinical cardiac status in asymptomatic dogs with DMVD,
as demonstrated in this study.

To date, no veterinary studies have evaluated the use of the
feature-tracking tool to assess atrial volume. In the present
study, the LAEDV and CI that were obtained by 2D-FTI were
significantly increased in the B2 Group as a function of the
severity of MR, which worsens as the disease progresses, thus
corroborating previous findings (Osuga et al. 2016, Hollmer
et al. 2017). This result was confirmed by the association
between these variables and LA/Ao (Fig.3).

Although there was no significant correlation between
LA/Ao and SLA during contraction, there was a significant
difference in these variables in the B2 Group when compared
to the Control Group, demonstrating a reduction in contractile
function in these patients. This finding reinforces the idea that
linear measurements do not accurately evaluate the entire
extent of the LA because its remodelling is asymmetrical
(Tidholm et al. 2011). Nakamura et al. (2017) found a
significant relationship between the LA/Ao and SLA during
contraction because the mean LA/Ao value (1.92) in the B2
Group was higher than the mean value found in the present
study (1.75). In cases of major LA remodelling and severe
MR, fractional shortening decreases as the atrial diameter
and pressure increase, which compromises LA contractile
function - Frank-Starling mechanism (Payne etal. 1971), and
these changes are reflected in this correlation. However, LA
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contractile function is even reduced in the early stages of
remodelling, as demonstrated in the present study.

Itis important to emphasise that the atrial systolic function
depends on multiple factors, including ventricular compliance
and LV end-diastolic pressure. Ventricular diastolic dysfunction
can be evaluated by conventional echocardiography using the
E wave and E/IVRT, which were higher in Group B2 in this
study. In DMVD, as ventricular filling pressure progressively
increases with a worsening of diastolic dysfunction, the LA
acts predominantly as a conduit, enhancing the reduction
in contractile function (Prioli et al. 1998, Rosca et al. 2011).

In addition, atrial remodelling involves singular adaptive
events, which include changes in the composition of the
extracellular matrix that include excessive proliferation of
fibroblasts, myocyte hypertrophy, necrosis, and apoptosis
(Lee etal. 2015, Janus et al. 2016). These structural changes
significantly affect the properties of the LA myocardial wall,
including relaxation and contractility and lead to a reduction
in LA phasic functions, as demonstrated by Cameli etal. (2012)
using two-dimensional speckle tracking echocardiography
(2D-STE) in humans and Toaldo et al. (2018) using 2D-STE
in dogs with DMVD. Similar to the above studies, the present
study showed that the reduction in atrial function could be
observed early using 2D-FTI in asymptomatic dogs with DMVD.

The CSI represents the percent contribution of the active
contraction of the LA to the filling phase of the LV (Cameli
et al. 2012). There was a negative correlation between this
variable and LA/Ao, as previously reported by Baron et al.
(2017). In contrast to the previous studies, this study found
a significant difference in the CSI between all study groups.
An explanation for this result could be that the early effect of
MR on LA morphology and function can be detected only by
2D-FTI. In humans with MR, the variables that are obtained
by 2D-STE echocardiography have been strongly correlated
with atrial fibrosis (Cameli et al. 2011). However, there is
no information in the veterinary literature on the role of
fibrosis in the LA of dogs at the initial stage of DMVD. Another
contributing factor is the age of the animals in the Control
Group, and an age-related effect cannot be excluded because
this group was younger than the other groups.

With respect to the single-plane Simpson’s method, the
LA volumes increased as the disease severity increased, as
observed by Hollmer etal. (2017), and they were significantly
higher in the asymptomatic dogs of class B2. Furthermore,
Toaldo etal. (2018) demonstrated that the use of a volumetric
method has a prognostic value in assessing LA size in dogs
with DMVD compared with standard linear measurement.
Previous studies have evaluated several methods of measuring
atrial volume in the two-dimensional mode in healthy dogs
(Dickson et al. 2017) and in dogs with DMVD (Ho6llmer et al.
2016,2017, Toaldo et al. 2018). The large LA volume in dogs
with DMVD is mainly a reflection of volume overload due
to mitral regurgitant flow. LA enlargement is an important
compensatory mechanism to prevent pulmonary congestion
and maintain adequate ventricular filling volume. Another
important factor was LA contraction, which decreased with
increasing disease severity (Group 1 0.21+0.06; Group 2
0.25+0.06; Group 3 0.32+0.08; p<0.0001) whereas LA volume
and LA systolic volume were increased. The impaired LA
contraction that occurs as DMVD progresses may be due to
an increased afterload (end-diastolic LV filling pressure) and



Evaluation of left atrial function in asymptomatic dogs with chronic myxomatous mitral valve disease 195

the exhaustion of the Frank-Starling mechanism by severe
volume overload (Ho6llmer et al. 2017).

Caivano et al. (2016) measured the variability and
repeatability of 2D-FTI measurements and found that the
inter-observer variability was high for some variables (CS,
SLA during contraction, and SLAR during contraction). Since
the software automatically generates the curves after feature
tracking during the cardiac cycle, the high variability of some
variables may depend on the software that was used. In
addition, the need for high-quality images for analysing the
2D-FTI variables may increase the variability, whereas the
measurements that require less computational power and
lower quality images allow for higher repeatability, which
was also observed by Baron et al. (2017).

The present study has some limitations; first this was a
non-invasive study and was performed in companion animals.
Therefore, invasive evaluations of the mechanical properties
of the LA or afterload were not performed to confirm the
reduced atrial function of the study animals. An alternative
approach is magnetic resonance imaging, which is the gold
standard in medicine to assess myocardial function and
to validate the similarity between the methods. However,
this analysis was not performed because of its high cost.
Second, dogs that were affected with DMVD were older than
those in the Control Group. However, it is difficult to obtain
a group of older dogs without any degree of MR, given the
pathophysiology of the disease.

Third, the results that we obtained may not be applicable
to all clinical situations because of potential differences in
echocardiography devices, software, equipment, examiner
experience, and image quality, and these factors may affect
measurements and data variability, as demonstrated in other
studies (Caivano et al. 2016, Baron et al. 2017, Nakamura et
al. 2017).

Notwithstanding, the study demonstrated that 2D-FTI
echocardiography and the single-plane Simpson’s method
could be used to determine LA function in dogs with DMVD.
The results we obtained provide new perspectives on
LA deformation and other variables, allowing for a more
comprehensive quantification and a better understanding of
the role of the LA in the pathophysiology of DMVD.

CONCLUSIONS

The present study demonstrated that DMVD causes changes
in atrial function, especially in the contraction phase, and that
2D-FTI echocardiography was a sensitive method that could
be used for the early detection of LA dysfunction. The use of
this tool allows for the measurement of atrial deformation
even in asymptomatic animals, and the progressive decline
in atrial function can be measured as the disease progresses.

Therefore, future studies can use 2D-FTI as a prognostic
indicator in dogs with DMVD. The single-plane Simpson'’s
method could differentiate between asymptomatic animals
either with or without atrial remodelling, and its effectiveness
was similar to that of 2D-FTI echocardiography.
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