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Dilated cardiomyopathy (DCM) is characterized by systolic myocardial dysfunction
which is identified by low myocardial velocities obtained by pulsed tissue Doppler (PTD).
However, increased preload is known to increase myocardial velocities which could ove-
restimate myocardial function and turn dysfunction characterization into a challenge in
dogs with DCM and congestive heart failure. To test the hypothesis that increased preload
could hamper identification of low myocardial velocities in dogs with DCM and congestive
heart failure the present study prospectively evaluated 32 English Cocker Spaniel dogs,
being 16 with clinical DCM and 16 healthy for control purpose. The PTD analysis of regional
velocities were performed in both longitudinal and radial myocardial displacements and
systolic (Sm), early (Em) and late diastolic (Am) velocities were obtained in left ventricu-
lar free wall (LVFW) and interventricular septum (IVS). Peak radial subendocardial and
subepicardial Sm velocities were lower in DCM group compared to control (0.065+0.018
vs. 0.102+0.020m/s and 0.059+0.014 vs. 0.094+0.025m/s respectively; p<0.001). Peak
longitudinal Sm velocities were lower in basal and medial portions of LVFW (0.093+0.034
vs. 0.155+0.034m/s and 0.091+£0.033 vs. 0.134+0.037m/s respectively; p<0.001) and IVS
(0.063+0.021vs.0.136£0.039 and 0.066+0.026 vs. 0.104+£0.032m/s respectively; p<0.001).
Most of diastolic velocities were not significantly different between groups, although ad-
vanced myocardial disease and dysfunction are expected in DCM group. Reduction in sys-
tolic basal and medial longitudinal myocardial velocities and in radial myocardial velocities
was the most significant PTD findings. Increased preload did not represent a problem to
evaluate systolic dysfunction by PTD in English Cocker Spaniels with DCM, but influence of
preload on assessment of diastolic velocities should be better elucidated.

INDEX TERMS: Myocardial velocities, systolic function, diastolic function, dogs, cardiomyopathy, con-
gestive heart failure, myocardial function.

RESUMO.- [Velocidades miocardicas obtidas por meio
de Doppler tecidual pulsatil em cies da raca Cocker Spa-
niel Inglés com cardiomiopatia dilatada e insuficiéncia

1 Received on October 13, 2015.
Accepted for publication on April 14, 2016.
2 Departamento de Clinica Médica, Faculdade de Medicina Veterinaria
e Zootecnia (FMVZ), Universidade de Sdo Paulo (USP), Av. Prof. Orlando
Marques de Paiva 87, Sdo Paulo, SP 05508-900, Brazil. *Corresponding
author: ggpereira2002@yahoo.com.br

851

cardiaca congestiva.] A cardiomiopatia dilatada (CMD)
é caracterizada por disfungdo miocardica sistdlica, a qual
pode ser identificada pelas baixas velocidades miocardicas
obtidas por meio de Doppler tecidual pulsatil (DTP). Contu-
do, sabe-se que a elevada pré-carga aumenta as velocidades
miocardicas, o que poderia superestimar a fungdo miocar-
dica e tornar desafiadora a caracterizacdo da disfuncdo nos
caes com CMD e insuficiéncia cardiaca congestiva. Para tes-
tar a hipotese de que a elevada pré-carga pode mascarar a
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identificacdo de baixas velocidades miocardicas nos caes
com CMD e insuficiéncia cardiaca congestiva, o presente es-
tudo avaliou prospectivamente 32 caes da raca Cocker Spa-
niel Inglés, sendo 16 com manifestacdes clinicas de CMD e 16
higidos para efeito de grupo controle. A andlise DTP das ve-
locidades regionais foi realizada tanto no deslocamento mio-
cardico longitudinal quanto radial e foram obtidas as veloci-
dades sistolica (Sm), diastdlica inicial (Em) e tardia (Am) na
parede livre do ventriculo esquerdo (PLVE) e no septo inter-
ventricular (SIV). Os valores de Sm radial subendocardicos e
subepicardicos foram menores no grupo CMD em compara-
¢do com o grupo controle (0,065+0,018 vs. 0,102+0,020m/s
e 0,059+0,014 vs. 0,094+0,025m/s, respectivamente;
p<0,001). Os valores de Sm longitudinais foram menores nas
porg¢oes basal e intermediaria da parede do ventriculo es-
querdo (0,093+0,034 vs. 0,155+0,034m/s e 0,091+0,033 vs.
0,134+0,037m/s, respectivamente; p<0,001) e do septo in-
terventricular (0,063+0,021 vs. 0,136+0,039 e 0,066+0,026
vs. 0,104+0,032m/s, respectivamente; p<0.001). A maioria
dos indices diastolicos ndo apresentou diferenga significati-
va entre os grupos, apesar de a doen¢a miocardica avancada
e adisfuncdo serem esperadas no grupo CMD. A redugdo nas
velocidades sistélicas longitudinais nos segmentos basais e
intermediarios e nas velocidades radiais representaram os
achados mais relevantes no estudo com DTP. Nos cies da
raca Cocker Spaniel Inglés com CMD e insuficiéncia cardiaca
congestiva a pré-carga elevada ndo representou empecilho
para a avaliacdo da disfungao sistélica por meio de DTP, po-
rém a influéncia da pré-carga na avaliagcdo das velocidades
diastoélicas deve ser mais bem investigada.

TERMOS DE INDEXACAO: Velocidades miocardicas, fungio sisté-
lica, fungdo diastoélica, cies, cardiomiopatia, fun¢do miocardica.

INTRODUCTION

Dilated cardiomyopathy (DCM) is one of the most common
causes of heart disease in dogs, mainly in large and giant
breeds, male dogs, and being more prevalent and strongly
familial in certain breeds, such as Boxer, Doberman Pins-
cher and English Cocker Spaniel (Tidholm & Jonsson 1997).
DCM is characterized by ventricular myocardial failure, re-
presented by systolic (reduced contractility) and diastolic
(relaxation and distensibility abnormalities) dysfunction,
which results in a higher systolic and diastolic volumes,
and occurrence of arrhythmias, contributing to congestive
heart failure and high risk of sudden death (Sisson et al.
1999, Meurs 2005). Diagnosis is easily obtained by conven-
tional echocardiography in advanced disease and systolic
dysfunction is usually the main feature of this condition
(Dukes-McEwen et al. 2003). Recent studies about therapy
in dogs with DCM focused on evaluation of systolic function
as an indicator of positive outcome induced by investigated
protocol (Oyama et al. 2007, Soares et al. 2010).

Tissue Doppler, a novel echocardiographic technique,
allows quantification of myocardial movement by elimina-
ting low frequency/high amplitude filter from ultrasonic
device (Isaaz et al. 1986, McDicken et al. 1992). The velo-
city of myocardial displacement can be obtained by pulsed
tissue Doppler (PTD) evaluation, which represents a valu-
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able tool for investigation of myocardial diseases (Mishi-
ro et al. 1999). As PTD technique is easily obtained in any
ultrasonic device by adjusting pulsed wave Doppler filters,
its use could be very helpful on clinical routine. Both radial
and longitudinal displacements, represented by transver-
sal and longitudinal fibers, respectively, are evaluated by
this method, providing additional information when com-
pared to conventional echocardiography. Systolic myocar-
dial dysfunction due to DCM is identified by low myocardial
velocities obtained by PTD. However, increased preload
is known to increase myocardial velocities (Meco & Cirri
2010) which could overestimate myocardial function and
turn dysfunction characterization into a challenge in dogs
with DCM and congestive heart failure. This influence could
be a concern when systolic function is used as indicator of
beneficial response in previous and future studies about
therapeutic strategies for DCM in dogs. The present study
intends to test the hypothesis that increased preload could
hamper identification of low myocardial velocities in dogs
with DCM and congestive heart failure.

MATERIALS AND METHODS

English Cocker Spaniel dogs diagnosed with DCM (DCM group)
were included in this study. Diagnosis was established at the De-
partment of Cardiology of the Veterinary Hospital of Faculdade
de Medicina Veterindria e Zootecnia, Universidade de Sdo Paulo
(FMVZ-USP), Brazil, based on clinical criteria and scoring system
previously described (Dukes-McEwen et al. 2003). All dogs in DCM
group were in functional class III of heart failure, according to the
International Small Animal Cardiac Health Council (ISACHC) re-
commendations for classification of the stage of heart failure (Bo-
nagura et al. 1995). Physical examination, including recordings
of heart and respiratory rates, rectal temperature measurement,
cardiopulmonary auscultation, pulse quality assessment, inspec-
tion of apparent mucosal membranes and palpation of superficial
lymph nodes were performed. A thoracic radiographic evalua-
tion by lateral and ventrodorsal views were performed in order
to help staging the disease and to exclude concurrent pulmonary
disorders. Electrocardiographic recordings, including standard
6-frontal plane and precordial leads, were obtained in all dogs as
previously described (Tilley, 1995), for heart rate determination
and investigation of bundle branch blocks and arrhythmias. Dop-
pler ultrasonic indirect systolic blood pressure recordings were
performed to exclude systemic hypertension as a cause of lower
myocardial function according to previous recommendations
(Brown et al. 2007). The same number of healthy dogs, randomi-
zed for sex and weight, were also evaluated and included (control
group). Physical examination, conventional echocardiographic
and electrocardiographic examinations, thoracic radiographic
evaluation and indirect systolic arterial blood pressure were also
obtained from dogs in control group. Additionally, complete blood
count, serum biochemical analysis (alanine aminotransferase and
alkaline phosphatase activities and creatinine/urea concentra-
tion), urinalysis, and ELISA test for Dirofilaria immitis, Borrelia
burgdorferi and Ehrlichia canis, were assessed in both groups.
Conventional transthoracic echocardiography, with conti-
nuous ECG monitoring, was performed according to the Echo-
cardiography Committee of the Specialty of Cardiology, American
College of Veterinary Internal Medicine (Thomas et al. 1993). An
ultrasonic unit (Vivid 7 Expert, General Electric®) equipped with
1,5-4,0 MHz and 3-8 MHz phased-array transducers was used for
this purpose. Animals were awake and gently restrained in left
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lateral recumbence for left parasternal views and in right lateral
recumbence for right parasternal views. Aortic root (Ao) and left
atrium (LA) diameter were obtained by 2D echocardiography,
through a right parasternal short axis view, and thus LA to Ao ra-
tio was calculated. Using M-mode echocardiography, in a right pa-
rasternal short-axis view, left ventricular end-diastolic and end-
-systolic diameters, septal and left ventricular free wall thickness
in diastole and systole, mitral E-point to septal separation, right
ventricular diastolic diameter and fractional shortening (FS) were
obtained (Boon 2011). Left ventricular ejection fraction calcula-
tion was calculated by modified Simpson’s method, as previously
described (Wess et al. 2010). Conventional pulsed-wave Doppler
evaluation was performed, through left parasternal apical long-
-axis views, in order to record atrioventricular valves inflow, left
and right ventricular outflow, and abnormal (turbulent) flows. Mi-
tral E (early inflow) and A (atrial contraction inflow) waves peak
velocities, as well as E/A ratio were determined.

PTD was performed in all dogs from both groups (DCM and
control), with the same ultrasonic device used for conventional
echocardiography. Dogs were awake and gently restrained in late-
ral recumbence. Longitudinal myocardial function was investigated
by PTD through a left parasternal apical four chamber view, with a
sample volume ranging from 2.5 to 3.0mm and placed in six diffe-
rent myocardial regions: basal (mitral annular), medial (papillary
muscle level) and apical portions of left ventricular free wall (LVFW)
and interventricular septum (IVS). Radial myocardial displacement
was assessed by a right parasternal short-axis view, at the level of
papillary muscles, with sample volume (ranged from 2.5-3.0mm)
placed in endocardial and epicardial regions of LVFW myocardium.
For each segment, peak myocardial velocities resulting from ven-
tricular systole (Sm), early ventricular filling (Em) and atrial con-
traction (Am) were determined. Five consecutive cardiac cycles, re-
presented by five consecutive QRS complexes in the simultaneous
electrocardiogram (ECG), were recorded, and measurements were
obtained for each cardiac cycle. The value considered for each para-
meter evaluated was the mean of these five measurements.

Peak E wave velocity of mitral inflow (Ef) and peak Em veloci-
ty, obtained from LVFW displacement at the mitral annulus level,
were recorded in early diastole, and Ef/Em ratio was determined,
in order to determine a congestive status in dogs from DCM group
(Nagueh et al. 1997).

The study protocol was reviewed and approved by the Ethic
Committee in the Use of Animals of FMVZ-USP, in order to assure
adequate animal care (protocol #1230/2007).

Values obtained for parametric data are expressed as means
and * standard deviation (SD). Kolmogorov-Smirnov test was em-
ployed to investigate Gaussian distribution hypothesis of quanti-
tative variables. Differences in numerical variables (age, weight,
myocardial velocities, heart rate and Ef/Em ratio) between both
groups (DCM group and control group) were interrogated by
unpaired Student’s t-test if parametric, considering different stan-
dard deviations and Welch correction, when appropriated, and by
Mann-Whitney U-test, for non-parametrical data. Pearson’s cor-
relation coefficient was employed in order to investigate influence
of Ef/Em on myocardial velocities recorded. P values < 0.05 were
considered statistically significant.

RESULTS

The study population included 32 English Cocker Spaniel
dogs, being 16 in the control group and 16 in the DCM
group. Eight male and eight female dogs were included in
each group. Weight ranged from 10.8 to 15.2 kg (mean 12.5
kg, SD£1.25) in the DCM group and from 10.9 to 15.4 kg
(mean 12.8 kg; SD #+ 1.24), and this difference was not sta-

tistically significant. Mean age in DCM group was slightly
higher as compared to control group (mean 8.25+2.89 ver-
sus 6.00%2.10, p<0.05).

Heart rate obtained by electrocardiography ranged
from 120 to 180 beats per minute (bpm) in DCM group
(mean 147 bpm; SD+23), and from 80 to 160 bpm in con-
trol group (mean=103 bpm; SD+19), and this difference
was statistically significant (p<0.001).

All dogs included in both groups were in sinus rhythm.
Most dogs in DCM group were in normal sinus rhythm
(56.2%, n=9), while sinus arrhythmia was the most com-
mon rhythm found in control group (68.7%, n=11). Ano-
ther six (37.5 %) dogs from DCM group were in sinus ta-
chycardia and five (31,2 %) dogs in control group were
in normal sinus rhythm. Six animals (27.2%) in the DCM
group showed isolated ventricular premature complexes.

Waves Sm, Em and Am were identified in all dogs (Fig.1
and 2). Peak systolic velocities were lower in the basal and
medial portions of both LVFW and IVS in dogs with DCM,
compared to findings of control group (Table 1 and 2). Also
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cardial velocities in LVFW of a dog from control group. Sm
= systolic myocardial wave; Em = early myocardial diastolic
wave; Am = myocardial late (atrial) diastolic wave.
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Fig.2. Pulsed tissue Doppler determination of longitudinal myo-
cardial velocities in LVFW of a dog from DCM group. Sm = sys-
tolic myocardial wave; Em = early myocardial diastolic wave;
Am = myocardial late (atrial) diastolic wave.
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systolic velocities recorded at the apical segment of IVS
were lower in the DCM group. The E/A ratio < 1 was found
in all segments of both LVFW and IVS in two dogs, in all seg-

Table 1. Means * SD of longitudinal myocardial velocities
(m/s) obtained in interventricular septum of English Cocker
Spaniels with dilated cardiomyopathy and healthy (control)

Table 3. Means * SD of radial myocardial velocities (m/s)
obtained in left ventricular free wall of English Cocker
Spaniels with dilated cardiomyopathy and healthy (control)

DCM? (n=16) Control (n=16)
Sm® (basal) § 0.063 +0.021 0.136 + 0.039
Em°¢ (basal) 0.098 + 0.035 0.096 + 0.025
Am‘ (basal) 0.074 + 0.044 0.068 £ 0.017
Em/Am ratio (basal) 1.588 +0.678 1.404 + 0.386
Sm (medial) § 0.066 + 0.026 0.104 + 0.032
Em (medial) 0.095 + 0.044 0.089 +0.023
Am (medial) 0.079 + 0.045 0.061 +0.020
Em/Am ratio (medial) 1.353 £0.708 1.385 + 0.506
Sm (apical) 0.064 + 0.032 0.074 +0.029
Em (apical) 0.078 £ 0.027 0.061 +0.021
Am (apical)* 0.060 = 0.025 0.041 +0.020
Em/Am ratio (apical) 1.408 £ 0.532 1.498 + 0.517

2 DCM= dilated cardiomyopathy; ® Sm= systolic myocardial wave; ¢ Em=

DCM? (n=16) Control (n=16)
Sm® (EDc) ¢ 0.065 +0.018 0.102 +0.020
Em¢ (ED) 0.100 + 0.051 0.109 + 0.061
Ame (ED) 0.071 +0.037 0.078 £ 0.015
Em/Am ratio (ED) 1.628 £ 0.781 1.592 +0.568
Sm (EPf) § 0.059 +0.014 0.094 +0.025
Em (EP) 0.086 +0.031 0.080 + 0.026
Am (EP) 0.065 +0.014 0.055 +0.019
Em/Am ratio (EP) 1.623 £0.843 1.539 £ 0.561

2 DCM = dilated cardiomyopathy; ® Sm = systolic myocardial wave; ¢ ED
= subendocardial; ¢ Em = early diastolic myocardial wave; ¢ Am = late
diastolic myocardial wave; f EP = subepicardial; $ p<0,001

Table 4. Means * SD of Ef wave velocities (m/s) and Ef/Em
ratio obtained in left ventricular free wall of English Cocker
Spaniels with dilated cardiomyopathy and healthy (control)

early diastolic myocardial wave; ¢ Am= late diastolic myocardial wave.
#p<0.01; § p<0.001.

Table 2. Means * SD of longitudinal myocardial velocities
(m/s) obtained in left ventricular free wall of English Cocker
Spaniels with dilated cardiomyopathy and healthy (control)

DCM? (n=16) Control (n=16)
Ef° 1.01+0.28 0.77 £0.13
Ef/Em°® ratio® 9.6 +0.33 6.21+0.26

2 DCM = dilated cardiomyopathy; ® Ef = peak E wave mitral early diastolic

flow; ¢ Em = early diastolic myocardial wave; $ p<0.001.

DCM? (n=16) Control (n=16)
Sm® (basal) § 0.093 +0.034 0.155 + 0.034
Em°¢ (basal) 0.123 +0.033 0.134 +0.032
Am‘ (basal) 0.073 +0.033 0.075 +0.021
Em/Am ratio (basal) 1.830 + 0.685 1.624 + 0.369
Sm (medial) § 0.091 +0.033 0.134 +0.037
Em (medial) 0.152 + 0.051 0.119 £ 0.037
Am (medial) 0.078 + 0.035 0.070 £ 0.021
Em/Am ratio (medial) 2.104 £0.792 1.737 £ 0.530
Sm (apical)” 0.076 £ 0.033 0.097 £ 0.027
Em (apical) 0.090 = 0.043 0.076 £ 0.024
Am (apical) 0.056 + 0.020 0.044 +0.011
Em/Am ratio (apical) 1.798 + 0.627 1.730 £ 0.481

2 DCM = dilated cardiomyopathy; ® Sm = systolic myocardial wave;  Em =
early diastolic myocardial wave; ¢ Am = late diastolic myocardial wave;
#p <0.05; $ p<0.001
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Fig.3. Pulsed tissue Doppler determination of longitudinal myo-
cardial velocities in IVS of a dog from DCM group. Abnormal
relaxation can be identified by Em velocity lower than Am
velocity. Sm = systolic myocardial wave; Em = early diastolic
myocardial wave; Am = late (atrial) diastolic myocardial wave.
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ments of LVFW in one dog and in all segments of IVS in one
dog. The same abnormality was found in IVS, only in basal
and medial segments in one dog, and only in medial and
apical segments on another one (Fig.3). All of the animals
in control group had E/A ratio >1.

Peak subendocardial and subepicardial systolic radial
velocities were significantly lower than values obtained in
control group (Table 3). Peak E and A velocities, and E/A
ratio were not different in both groups. Two dogs of DCM
group had E/A ratio <1 in both subendocardial and sube-
picardial segments, and one in subendocardial segment.
Results obtained demonstrated higher Ef/Em ratio in dogs
from DCM group (Table 4).

DISCUSSION

To the authors’ knowledge this is the first report of myocar-
dial velocities evaluation by PTD in a population of English
Cocker Spaniels. Although dogs were in a volume overload
condition due to congestive heart failure, the present study
demonstrated that myocardial systolic velocities were lo-
wer in DCM dogs and increased preload did not represent a
clinically relevant concern. These findings could be helpful
for interpretation of future studies investigating therapy
strategies in dogs with DCM, mainly with inotropic drugs,
even in the presence of congestive heart failure.

Once LVFW and IVS myocardial velocities are good in-
dicators of systolic function in dogs (Hori et al. 2007), lo-
wer longitudinal peak Sm velocities of these segments as
observed in this study could be explained by longitudinal
myocardial systolic dysfunction in dogs with DCM. This
regional dysfunction seemed to be more evident in basal
and medial segments. Initial involvement of basal myocar-
dial segments had been previously found in asymptomatic
patients with DCM, suggesting being a feature of early ab-
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normality in DCM (Chetboul et al. 20044, 2004b). The pre-
sent study also found additional lower velocities in apical
IVS segments and, considering that dogs included were
in advanced disease, this finding could be an indicator of
disease progression. Further studies are advocated in or-
der to define prognostic value of this pattern of myocardial
dysfunction and correlation with progressive myocardial
failure. An abnormal systolic radial myocardial function,
expressed as reduced peak Sm wave velocities of radial
displacement at posterior wall of the left ventricle in DCM
dogs, compared to control dogs, indicates radial myocar-
dial fibers involvement. Such radial dysfunction was found
both in subendocardial and subepicardial myocardial re-
gions. Similar findings had been related in Golden Retrie-
vers with Duchenne’s-like muscular dystrophy (Chetboul
etal. 2004b).

Except for peak Am velocities at apical interventricu-
lar septum, an absence of significant differences in dias-
tolic velocities evaluated in both groups was surprisingly
found, although diastolic dysfunction could be identified
by PTD in some dogs from DCM group. Diastolic dysfunc-
tion identified by PTD indices had been demonstrated be-
fore, by color tissue Doppler imaging (TDI), in dogs with
DCM (Chetboul et al. 2007). Differences in sensibility be-
tween both techniques should be considered for interpre-
tation of these findings, once PTD velocities recorded on-
line may be higher than reconstructed offline color-coded
TDI signals (Yu et al. 2007). Also the population size could
be not large enough to allow identification of statistical
differences between groups. Previous studies that found
abnormal diastolic velocities did not include English Co-
cker Spaniels and breed-specific variations need to be in-
vestigated. It is known that Doberman Pinschers with DCM
have reduced diastolic myocardial velocities in the mitral
annulus (O’Sullivan et al. 2007). Also lower subendocar-
dial diastolic radial velocities and basal longitudinal dias-
tolic velocities have been demonstrated in specific breeds
(Chetboul et al. 2004a, 2004b). As the present study inclu-
ded only English Cocker Spaniels and there is no previous
report describing PTD investigation of diastolic function
in this breed, further breed related differences should be
investigated.

Age-related influence also should be considered in this
population, as mean age in DCM group was slightly higher.
This limitation of the study could be minimized if dogs
were also randomized by age, although the thin line betwe-
en abnormal senescence and abnormal pathologic findings
could be a challenge for the decision of including some old
animals in a control group. A previous study had failed in
finding age-related differences in systolic function of dogs
using color-coded tissue Doppler (Chetboul et al. 2005),
but early diastolic wave velocities were lower in left apex
of elderly dogs. This source of influence should be better
investigated when using PTD technique.

Most of previous studies were obtained in asymptoma-
tic dogs, while the present report includes symptomatic
dogs, in which preload influence is significantly higher and
could have contributed to an increase in diastolic velocities
even with myocardial diastolic failure. Higher Ef/Em ratio

was found in DCM group which means an elevated left ven-
tricular filling pressure and increased left atrial pressure
(Oyama et al. 2004, Acil et al. 2005, Schober et al. 2008)
in dogs with DCM, demonstrating that dogs in this group
were really volume overloaded. Previous reports showed
that a volume overload condition is supposed to influence
diastolic waves obtained by tissue Doppler, increasing their
velocities (Mendes et al. 2008, Tidholm et al. 2009, Schober
et al. 2010). Those findings are more evident in a normal
myocardial condition (Firstenberg et al. 2001, Nagueh et al.
2001, Quintard et al. 2012). The present study compared
a population of dogs with normal preload and myocardial
function with a population of dogs with increased preload
and abnormal myocardial function and velocities were not
quite different. Higher diastolic velocities were expected in
DCM group because dogs were volume overloaded, but the
diastolic myocardial failure could have neutralized this res-
ponse. Additional studies investigating myocardial diasto-
lic wave velocities in DCM dogs with or without congestive
heart failure are recommended to investigate the preload
influence in PTD diastolic waves of dogs with myocardial
dysfunction and to elucidate if this preload influence is re-
ally significant in this population.

CONCLUSIONS

A reduction in systolic basal and medial myocardial lon-
gitudinal velocities and radial myocardial velocities repre-
sents the most significant pulsed tissue Doppler findings
in English Cocker Spaniels with DCM and congestive heart
failure, being PTD analysis a useful tool for assessment of
systolic function despite of volume overload.

Investigation using PTD could provide reliable infor-
mation in studies involving therapeutic strategies for im-
provement of myocardial function in dogs with congestive
heart failure secondary to DCM.

Although increased preload did not represent a pro-
blem to diagnose systolic dysfunction in this group of dogs,
its influence on assessment of diastolic velocities should be
better elucidated.
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