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Abstract

Background: most studies about Degenerative Mitral Valve Disease (DMVD)
in dogs have focused on studying the echocardiographic (ECG) changes
without considering changes in systolic, diastolic or mean blood pressure.
Objective: to relate echocardiographic alterations and systemic pressure
with the clinical stage in patients with DMVD. Methods: a random sample
of 23 dogs with DMVD was obtained. A clinical classification of patients
was performed based on criteria of the ACVIM. Blood pressure was taken
with high-definition oscillometry equipment (HDO-2112-Vet) and then, pa-
tients underwent echocardiographic examination. Ultrasonographic fea-
tures of the valve apparatus were assessed qualitatively, specifically the
presence of thickening and prolapse of leaflets and remodelative changes,
heart rate (HR), left atrium and aorta ratio (LA/AQ), fractional shortening
(FS), trans-valvular flows and pressure gradients were calculated as well.
The confidence level was set at 95%. An univariate analysis was employed,
as well as an ANOVA followed by a Fisher's test; Pearson’s correlation was
applied. Results: in the echocardiographic evaluation, statistically signifi-
cant differences were observed between stages B1, B2 and C for the varia-
bles LA/AO, FS, and mitral gradient. There was a direct correlation between
FS and mitral gradient (r= 0.66), LA/AO and mitral gradient (r=0.70), and
LA/AO and FS, (r= 0.75). An inverse correlation was found between systolic
arterial pressure and FS (r= 0.51). Conclusions: patients with EDVM on
stage C tended to have lower values tension; therefore, clinical evaluation
with repeated blood pressure measurements in the same patient can help
in decision-making and classification of the disease process. Among echo-
cardiographic variables, the FS and LA/AO ratio were directly related to the
clinical stage of the DMVD.

Keywords: cardiomyopathy, echocardiography, high definition oscillometry,
remodelative changes, arterial pressure.
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Resumen

Antecedentes: la mayoria de estudios sobre la Enfermedad Degenerativa de la Val-
vula Mitral (EDVM) en caninos se han enfocado en estudiar los cambios ecocardio-
graficos (ECG) sin considerar los cambios en la presion arterial sistdlica, diastélica o
media. Objetivo: relacionar las alteraciones ecocardiograficas y de presion sistémica
con el estadio clinico en pacientes con EDVM. Métodos: se obtuvo una muestra al
azar de 23 caninos con EDVM. Se realiz6 la clasificacién del paciente segun los cri-
terios de la ACVIM. Se tom¢ la presidn arterial con un equipo de oscilometria de alta
definicion (Vet-HDO-2112). Las caracteristicas ultrasonogréficas del aparato valvular
fueron evaluadas cualitativamente, especificamente la presencia de engrosamiento
y prolapso de valvas y los cambios remodelativos, la frecuencia cardiaca (FC), la re-
lacion Al/AO, la fraccion de acortamiento, los flujos trans-valvulares y se calcularon
los gradientes de presién. El nivel de confianza establecido fue del 95%. Se realiz6
un analisis univariado, prueba de ANOVA y el test de Fisher y se aplicé la correlacidn
de Pearson. Resultados: en la evaluacion ecocardiografica se observé diferencia
estadistica significativa entre los estadios B1, B2 y C para las variables Al/AQ, FA 'y
gradiente mitral, una correlacién directa entre FA y gradiente mitral (r= 0,66), Al/AQ
y gradiente mitral (r= 0,70), y entre AI/AO con FA (r=0,75), y una correlacion inversa
entre la presion arterial sistélicay FA (r= 0,51). Conclusién: los pacientes con EDVM
en estadio C mostraron tendencia a presentar valores mas bajos de presion arterial,
por ende, la evaluacién clinica con mediciones repetidas de la presién arterial en
el mismo paciente puede ayudar en la toma de decisiones y en la clasificacion del
proceso morbido. Entre las variables ecocardiograficas, la FA y la relacion Al/AO se
relacionaron de manera directa con el estadio clinico de EDVM.

Palabras clave: cambios remodelativos, cardiomiopatia, ecografia, oscilometria de
alta definicidn, presion arterial.

Resumo

Antecedentes: a maioria dos estudos sobre a Doenca Degenerativa da Valva Mitral
(EDVM) em caes tém sido foco em estudar alteragcoes no ECG, independentemente
de alteracoes na pressao arterial sistolica, pressao arterial diastolica ou média. Ob-
jetivo: relacionar ecocardiografica e pressao sistémica e estagio clinico em pacien-
tes com EDVM. Métodos: foi obtida uma amostra aleatoria de 23 caes com EDVM.
Houve um exame clinico sequido de classificacao clinica de um paciente com base
nos critérios do American College of Veterinary Internal Medicine (ACVIM). A pressao
arterial foi tirada com uma Oscillometry alta definicao automatica (HDO-2112-Vet).
Os pacientes foram submetidos a exame ecocardiografico. Ele foi avaliado qualita-
tivamente caracteristicas ultra-sonograficos do aparelho valvar, especificamente a
Presenca de espessamento e / ou prolapso de folhetos e mudancas remodelative,
HR, relacao AE/AQ, fracdo de encurtamento (FE), os fluxos trans-valvar e pressao,
em seguida, calculou-se gradientes. O nivel de confianca foi de 95% em setembro.
Foi realizada analise de variancia, seguida pelo teste de Fisher, correlacao de Pear-
son foi aplicado. Resultados: a avaliacao ecocardiografica, foi observada diferenca
estatisticamente significativa entre as fases B1, B2 e C para as variaveis Al/AQ, FE
e gradiente mitral. Houve uma correlacao direta entre a % de Gordura e gradiente
mitral (r= 0,66), AI/AO e gradiente mitral (r= 0,70), e entre Al / AO com de gor-
dura (r= 0,75) e uma correlacao inversa entre a Pressdo Arterial Sistolica e FE (r=
0,51). Conclusdes: pacientes com EDVM fase em C eles tendem a ter valores tenséao,
portanto, avaliacao clinica com medicoes de pressao arterial repetidas no mesmo
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paciente pode ajudar na tomada de decisoes e classificacao do processo da doenca.
Entre as variaveis ecocardiograficas, FE e relacao Al/AQ estavam directamente re-
lacionados com o estagio clinico da EDVM.

Palavras-chave: cardiomiopatia, mudancas remodelativos, oscilometria, pressao
arterial, ultrasom de alta definicao.

Introduction

Degenerative Mitral Valve Disease (DMVD) is the most prevalent cardiac disease found
in canines (Atkins et al, 2009; Serres et al., 2008; Coté 2005; Gémez, 2004). DMVD is
accompanied by changes in the heart function and structure, with hemodynamic after-
maths and alterations in the systemic arterial pressure that finally exceed the ability of
compensatory mechanisms in the body, leading to various degrees of congestive heart
failure (Gémez, 2004; Nyland y Mattoon, 2004; Tou et al., 2006).

Mitral regurgitation produces cardiovascular alterations related with changes of
systolic volume and blood pressure (Tou et al, 2006). On one hand, the echocardio-
graphic findings show an increase in leaflet thickness, atrial and left ventricular
dilatation, eccentric hypertrophy of the left ventricle and an increase of the left ven-
tricular systolic function, findings related to the severity of the clinical signs (Nyland
y Mattoon, 2004). On the other hand, cardiac output decreases, which theoretically
triggers a reduction in blood pressure (Hall, 2008). In canines, primary hypertension
is defined as a sustained increase in blood pressure without being associated with
an identifiable cause, while secondary hypertension is associated with multisystem
diseases, such as chronic kidney disease, Cushing’s desease, diabetes mellitus, hy-
peraldosteronism, pheochromocytoma and hypothyroidism (Brown, 2007).

Currently, there are two non-invasive methods for measuring blood pressure in dogs:
the doppler ultrasonography and oscillometry (Brown, 2007). The accuracy of these
methods has been evaluated in canines with normal pressure (Bodey, 1996; Stepien
RL, 1999; Chalifoux A, 1985), hypertensive, (Chalifoux A, 1985), both conscious (Bodey.
1996; Stepien RL, 1999) and anesthetized (Chalifoux A, 1985). Oscillometry in particu-
lar, is a noninvasive method of easy application that allows to measure with accuracy
the systolic pressure (SBP), diastolic pressure (DBP), mean pressure (MAP) and heart
rate (HR) in canines (Chetboul, 2010), and its proper use requires little training from
clinicians. Due to the fact that oscillometry equipment for measuring blood pressure
in dogs is relatively new in the market, until recently, its measurement by this method
was rarely part of cardiological examination in patients with cardiac issues. However,
the use of such equipment is becoming increasingly common.

Most studies about DMVD in canines have focused on studying echocardiographic
(ECG) changes, without regard to changes in blood pressure, and it is still not clear
whether patients with DMVD show alterations in systolic, diastolic or mean blood
pressure. The goal of the present study was to relate the echocardiographic and
systemic pressure alterations with the clinical stage of patients with DMVD.

Materials and methods

An observational, analytical, cross-sectional study of correlation was conducted.
The Ethics Committee for Animal Experimentation of the University of Antioquia
granted the approval to carry out this research (act N° 73, 2011).
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Population and sample

Twenty-three dogs from Medellin (Antioquia, Colombia, South América), regardless
of breed or gender that had been diagnosed with DMVD without previous pharma-
cological treatment were selected randomly to be studied. All dogs were older than
3 years. Patients with different cardiac issues, such as: infective endocarditis, valve
disease or congenital malformation, dilated cardiomyopathy and pulmonary valve or
aortic disease, or that showed a pulmonary disease of non-cardiogenic origin, like
tumors, metastasis, thrombo-embolism and other respiratory system or pulmonary
parenchymal disorders that can cause pulmonary hypertension from different origin
of the mitral insufficiency were excluded.

Anamnesis

Owners were interviewed to figure out the clinical behavior of patients, the reason
for consultation, and the presentation of clinical signs such as cough, exercise into-
lerance, and episodes of syncope.

Clinical examination

A general clinical examination was conducted. Variables such as weight, body condi-
tion, heart rate, respiratory rate, capillary refill time and temperature were recorded.
After patient cardiac assessment, a clinical classification was performed based on
the criteria of The American College of Veterinary Internal Medicine (ACVIM) in 5
groups: A, B1,B2,C and D (Atkin et al,, 2009). Canines with classification A and D were
both excluded. Animals with classification A do not show symptomatology of heart
failure and the study only considers breeds predisposed to develop cardiac issues,
while dogs with classification B had received previous medical treatment, this being
an exclusion criterion established for this study. Finally, the presentation of other
clinical variables was evaluated, namely: everyday behavior, orthopneic position, the
presence of heart murmur, cough, cyanosis, hypoperfusion, dyspnoea, tachypnea,
tachycardia, ascites, and arrhythmia.

Blood pressure measurement

Blood pressure measurements were taken from the evaluated patients followed by
a clinical examination with a high-definition automatic oscillometry equipment (Vet-
HDO-2112, Germany). This equipment detects pressure fluctuations throughout a
cuff; this being a method that yields reliable results for taking blood pressure in dogs
(Henik et al., 2005).

For this study, the cuff size was selected according to the size of each patient. With
the patient sitting down, the cuff was placed on the upper left limb, distal to the
elbow at the height of the median artery; then, the equipment was switched on to
automatically inflate the cuff to a suprasystemic pressure of 200 mmHg, and then
allowed to deflate slowly to a pressure of 25 mmHg. The equipment automatically
determined the mean arterial blood pressure (MBP), systolic blood pressure (SBP),
diastolic blood pressure (DBP) and pulse (Binns et al., 1995). Blood pressure mea-
surements were taken by the same person, in a quiet environment away from other
animals. Blood measurements were taken 10 times per patient over a 10-15 minute
period, in order to minimize the bias due to lack of custom of patients to this process.
Then, the mean of the values recorded was calculated.
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Echocardiographic examination

Patients who met the inclusion criteria underwent an echocardiographic examina-
tion which was performed on the patient in the lateral decubitus position using the
equipment Esaote MyLab30 equipped with a cardiology module with B-mode, M-mo-
de, Doppler color, spectral Doppler in pulsed wave (PW) and continuous wave (CW)
modes. Sectorial transducers, phase array multi-frequency were used. None of the
patients were sedated to avoid the influence of these drugs on the parameters to be
studied.

Both long and short parasternal and apical basic planes in the cardiac axis were
used, according to the technical indications described by Nyland (Nyland y Mattoon,
2004; Talavera, 2001). Initially, ecocardiographic features of the valve apparatus on
B-mode were assessed qualitatively, specifically the presence of thickening and/or
prolapse of leaflets, and remodelative changes that accompany this disease. Then,
the following variables were taken on M-mode: heart rate (HR # 2), left atrium and
aorta ratio (LA/AQ), fractional shortening (FS) and finally transvalvular flows were
evaluated with Doppler. The mitral thickening on B-mode was evaluated according
to the presence of nodular structures, irregularity of the shape of the leaflet, the
increase in size of the tip of the valve leaflet and the changes (decrease) in the echo-
genicity of the valve leaflets, according to Talavera, (2001). In the apical cut of the
4-chambers, after having identified with color Doppler the mitral regurgitation jet in
the left atrium (LA), the maximum peak of the speed was measured with the CW and
the pressure gradients were calculated (Nyland y Mattoon, 2004). Patients showing
tricuspid regurgitation were intervened the same way.

Data analysis

All data was entered into an Excel spreadsheet ©. Data was analyzed using the sta-
tistical program Statgraphics. The confidence level was set at 95%. A univariate
analysis was employed, as well as an ANOVA followed by a Fisher's test; Pearson’s
correlation was also applied.

Results

Data analysis showed that the animals in the study had an average of 10.65 + 3.11
years and an average body weight of 5.83 + 3.38 kg. Of the patients 57% were fema-
les and 43% males. The French Poodle was the predominant breed (65%), followed
by Schnauzer (9%), Yorkshire Terrier, Shih-Tzu, Pincher, Beagle, Crossbreed and Fox
Terrier, each of these with a 4% stake in the study group.

Clinical examination

For the clinical assessment the clinical status, breed, and gender were taken as re-
ference variables, and these were compared with the variables of heart rate, respi-
ratory rate, temperature, tachycardia, arrhythmia, permanent cough, sporadic cough
and cyanosis. The data obtained allowed to establish that there is a significant sta-
tistical difference between clinical stages B1 - C and B2 — C, and the variables per-
manent cough (p= 0.0006), sporadic cough (p= 0.0050), and cyanosis (p= 0.0026). For
the variable dyspnea the difference was between the groups B2 — C (p= 0.0000). With
respect to the capillary refill time, it was found that there is a statistical difference
between the three groups (p= 0.0000). The remaining variables showed no statis-
tical difference. When comparing the variables breed and sporadic cough, it was
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found that the patients in group B1 were equal to the ones in group B2 statistically
speaking, unlike group C (p= 0.0176). The remaining variables showed no statistical
difference. Regarding gender, there was no statistical difference between the clinic
or echocardigraphic variables studied.

Blood pressure

Employing an ANQOVA, statistically significant difference was detected for SBP. MBP,
DBP and pulse variables, regarding the patient’'s condition. Blood pressure results
are shown in table 1.

Table 1. Average values, standard deviation and p value for the variables SBP, MBP, DBP and pulse, with respect

to the patient’'s condition.

P (mm Hg) B1 B2 c p value*
SBP 154.42 + 15.35° 146.08 £+ 13.77 124.67 £ 20.03° 0.0132
MBP 107.57 £ 9.95 103.15 + 14.09 94.67 +9.07
DBP 92.14 £18.10° 80.69 + 17.50° 74.33 £ 8.50 0.0269

PULSE 114.86 + 24.55 122.15 + 37.95 183.00 + 72.92

SBP = systolic blood pressure; MBP = mean arterial blood pressure, DBP = diastolic blood pressure Values of 0.05 indicate a statis-
tical difference with a confidence level of 95%.

=b Different superscript letters in the same row indicate a statistical difference between groups.

Data without superscript letters indicate no statistical difference with regards to the other groups of the same row.

Echocardiographic assessment

As for the data obtained in the echocardiographic evaluation, ANOVA did not show
a statistically significant difference between the clinic or ecocardiographic varia-
bles and the variables mitral thickening, mitral prolapse, and mitral jet. Variables
that showed a statistical difference with respect to the clinical condition variable are
shown in table 2.

Table 2. Average values, standard deviation, and p value for echocardiographic variables with respect to the patient’s condition.

Variable B1 B2 c p value***
LA/AQ ratio 1.18 £+ 0.152 1.58+0.12° 1.98+0.17¢ 0.0001
FA* 43.14 +1.35° 53.62 + 4.39° 60.67 £ 4.16°¢ 0.0004
MG** 14.40 £ 13.99° 69.91 £ 21.23 89.27 + 44.46P 0.0171

LA/AQ ratio=left atrium and aorta ratio; FA= Fractional shortening; MG = Mitral gradient.

*Values for the FS variable are shown as a percentage (%).

**Values for the mitral gradient variable are expressed in cm/sec.

***Values <0.05 indicate a statistical difference with a confidence level of 95%.

abe Different superscript letters in the same row indicate a statistical difference between groups.

Data without superscript letters indicate no statistical difference with respect to the other groups of the same row.

In regards to the patient's condition and the dilation of the atrial and ventricular left
chambers, the study showed that there is a statistical difference between the groups
B1-B2 (p=0.0000y p=0.0401, respectively).

Measurements in the right chambers and heart valves were also conducted during
the echocardiographic examination. The data analysis showed no statistically signi-
ficant difference between the data obtained and the clinic variables. The same re-
sults were obtained for the maximum speeds in the aortic and pulmonary semilunar
valves.
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When applying the Pearson correlation, a significant direct correlation was obser-
ved between the following variables: FS and mitral gradient (r= 0.66), between LA/
AO with mitral gradient (r= 0.70), and between LA/AO with FS (r= 0.75). Additionally,
there was an inverse correlation between SBP and FS (r= 0.51).

Discussion

During clinical examination of canines, blood pressure values obtained by indi-
rect measurement methods and under standard protocols are important tools for
assessing the risk of harm in organs produced either by hypotension or hyperten-
sion, since an adequate pressure allows the correct perfusion throughout the whole
body (Rondeau et al., 2013). The values obtained should be interpreted according to
the condition and attitude of the patient, since factors such as anxiety, dehydration,
among others, can alter transiently and negatively the real conditions of systemic
blood pressure of the patient (Brown et al. 1998). Based on these statements, in this
research the blood pressure measurement was performed according to Egner et al.
(2007), who established reference values of systemic blood pressure in canines and
felines through high-definition oscillometry (Egner et al., 2007; Brown et al., 2007),
who defined some guidelines for management of hypertensive patients.

In the present study, it was found that patients with DMVD in the clinical stage C had
lower SBP values than patients in stages B1 and B2, however, the values of SBP,
MBP, DBP were found between reference values described for small breeds in the
canine species (Egner, 2007; Stepien, 1999; Chalifoux, 1985). This is consistent with
the results obtained by Petit et al,, (2013) as with the results described by Bogarelli et
al., (2012), who found that dogs with DMVD in advanced stages of the disease (class
3a and 3b) showed mean arterial pressure values lower than the patients with stage
1 and 2 of the disease, according to the International Small Animal Cardiac Health
Council System (ISACH) classification. Although Petit et al. (2013) conducted a pros-
pective study in 103 patients with DMVD finding lower pressure values in stages 3a
and 3b than in patients with stages 1 and 2 of DMVD, the results can be equated with
the ones in the present study, because in both patients in clinical stages 3a and 3b of
the ISACH as well as the ones in stage C according to ACVIM, there is valvular dama-
ge with structural changes to the valve and previous signs of heart failure. According
to the results of the present study it can be stated that with the progression of the
disease there is a tendency to diminish blood pressure values, being that patients
with greater severity of DMVD are those showing lower values of SBP. MBP, and DBP.

Although, similar to what Petit et al. (2013) in their prospective study found that dogs
in advanced stage exhibit lower pressure values, one limitation of the current study
was that DBP was not measured, which provides important information about the
elasticity of blood vessels and the degree of affectation of themselves. In the pre-
sent study it was found that DBP values in patients with DMVD in stage C showed
a tendency to be lower when compared with patients in clinical stages B1 and B2,
although there was no significant difference between the different stages of the di-
sease.

In this study, none of the patients was receiving any medical treatment for the di-
sease, in fact, patients classified in clinical stages B1 and B2 were selected to meet
the inclusion criteria. In the prospective study by Petit et al. (2013), patients treated
with a variety of drugs were included, such as: furosemide, IECAs, pimobendan, spi-
ronolactone and nitroglycerin patches, therefore, researchers could not conclude
whether low MBP values were associated with a decreased cardiac output, of the
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afterload, or both, due to the treatment used in these patients. The results described
in the current study led to the conclusion that patients with DMVD in stage C without
any medication had a lower MBP values.

In humans, the decrease of blood pressure in patients with DMVD is an indicator of
negative prognostic (Spiegelstein et al, 2013). Although, dogs in the current study
with DMVD in stage C had lower blood pressure values with respect to patients with
DMVD in stages B1 and B2, it is not possible to conclude whether this finding, as in
humans, is of bad prognosis in the cardiac patient.

In patients with advanced heart failure, the heart is unable to keep the systolic volu-
me necessary to achieve a perfusion pressure that allows the proper tissue oxyge-
nation. In the early stages of the disease some compensatory mechanisms are tur-
ned on, such as the catecholamine secretion, the Frank-Starling mechanism and
the myocardial hypertrophy to normalize cardiac output in a failing heart, however,
in advanced stages of the disease, the aforementioned offsets are not enough to
keep an adequate cardiac output (Spiegelstein et al., 2013). According to David et al.
(2013) the contractile dysfunction in patients with remodeling is due to the altera-
tion of the ventricular relaxation or the distensibility of the ventricular walls, with
the subsequent appearance of systemic hypotension (David et al., 2013). Although,
in the current study hypotension was not found in none of the patients, a tendency
toward reduction was observed in the values of SBP, MBP, DBP, therefore, it would
be important to conduct some studies in which blood pressure could be measured
in patients in stage D of the disease to determine whether in canines, as in humans,
hypotension occurs in the most advanced stage of the disease.

Canines with DMVD that develop congestive heart failure show signs like syncope
and cough, caused by a marked left atrial dilatation that generates compression of
the main left bronchus (Walasinee et al., 2009); due to these pathological changes,
the medical management of the disease, often, does not help to stop the develop-
ment and the progression of morphological alterations (Fox, 2012). Some patients
with DMVD in stage C of the present study showed congestive signs such as cough,
dyspnea and besides, exercise intolerance, suggesting that these patients had ad-
vanced physiopathologic changes as a result of the degeneracy of the valve appara-
tus and the mechanical dysfunction and mitral incompetence.

It has been described that in the DMVD is possible to observe irregular thickening
of the free edges of the leaflets, which generally has a lower echogenicity than the
normal valves, and presents an imperfect valve closure or incomplete coaptation,
besides of the valvular flutter in diastole and valve prolapse inside of the left atrium
in systole. (Nyland and Mattoon, 2004; Terzo, 2009 y Suzuki, 2013). In the canines
of this study, the modifications described by other researchers were observed,
although without any significant relation to the clinical stage, which can be explained
by the variability in the presentation of clinical signs and the evolution of the disea-
se in each patient. According to Gdmez (2011), the signs evidenced in patients with
congestive heart failure may be of very varied clinical presentation and little precise
with respect to the disease.

Mitral regurgitation is the most common manifestation of DMVD in advanced stages,
but these patients also show frequently ventricular remodeling and rupture of the
tendineae chordae (Fox, 2011; Chetboul y Tissier, 2012). It has to be said that, in none
of the patients, chordae tendineae rupture was observed despite having shown con-
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gestive signs. This can be explained because patients in stage D were not included in
the study, who in fact, are patients that show all the signs of patients in stage C, but
besides they have been refractory to the treatment according to the classification of
the ACVIM, and their inclusion would have been a bias by preventing to determine if
the systemic changes in pressure in these patients were due to the physiopathologic
evolution or to the medication.

Atrial and left ventricular dilation of patients with DMVD is proportional to the degree
of regurgitation and the valvular deterioration (Mark et al., 2003), and in turn, the
valvular deterioration is associated with the deterioration of the cardiocirculatory
function (Hezzell et al. 2012; Bonagura, 2009; Zaca 2007).

Likewise these authors, it was found that patients of this study had atrial and left
ventricular dilatation associated with volume overload, and that this morphological
alteration presented statistically significant difference among patients with clinical
stage B1 and B2. With the help of M-mode echocardiography, other quantitative data
were obtained as the FS and the LA/AO ratio that explain in a more direct manner
the relationship between the degree of valvular regurgitation and the clinical stage
of the disease. In the clinical practice, the LA/AO ratio is very useful to estimate the
dilatation degree of the LA and the severity of the disease (Nyland and Mattoon,
2004; Bonagura, 2009). On the other hand, the FS is an index of ventricular function
that increases as does the degree of clinical engagement of the patient with DMVD
(Hezzell et al., 2012, Nyland and Mattoon, 2004; Bonagura, 2009); both the LA/AQ
ratio as well as the FS and their relation to clinical stages B1, B2 and C in this study
behaved in a similar way.

Nowadays, it is unquestionable the importance of echocardiography for diagnosis
of patients with DMVD, since this tool allows to reveal the morphological changes
and functional status of the heart in patients with DMVD (Mark, 2003; Nyland and
Mattoon, 2004; Terzo, 2009 y Suzuki 2013; Schober et al,, 2010; Bernay et al., 2010;
Chetboul y Tissier, 2012). Echocardiographic alterations have been widely studied in
patients with DMVD, this, coupled with the increasingly easy access to echocardio-
graphy makes of this the main diagnostic tool for clinical assessment, tracking the
disease evolution and thus determine the clinical classification of the patient. The
measurement of the systemic blood pressure necessary in patients with DMVD is
a complementary tool that coupled with echocardiographic changes can be used
to establish the degree of systemic involvement. It has the advantage of being an
economic process, of easy implementation and interpretation that, as well as the
echocardiography procedure is a noninvasive method.

It is propose to continue the study with a larger sample size, including patients in
stage D of the disease to determine the behavior of the blood pressure in these pa-
tients, besides conducting a clinical follow-up of the patients involved in the study.
The B-mode, M-mode and Doppler echocardiography must be performed in patients
with suspected DMVD to show the clinical stage, morphological changes, disease
progression, patient prognosis and the management guidelines. According to the
results of the current study, it is propose to measure the systemic blood pressure of
patients with DMVD in order to complement the cardiological examination, especially
in patients in advanced stages, due to the fact that it tends to decrease in patients in
stage C of the disease; although preserving it within the reference ranges establis-
hed for small breeds in canines species.
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