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USE OF ENALAPRIL MALEATE, FUROSEMIDE AND
SPIRONOLACTONE TO TREAT DOGS WITH DEGENERATIVE
MYXOMATOUS MITRAL VALVE

UTILIZACAO DO MALEATO DE ENALAPRIL, FUROSEMIDA, ESPIRONOLACTONA E
SUAS ASSOCIACOES EM CAES COM DOENCA DEGENERATIVA MIXOMATOSA DA
VALVULA MITRAL

R. P. FRANCO'; T. CHAMPION'; J. P. E. PASCON'; G. B. P. NETO';
D. P. JUNIOR!; A. A. CAMACHO"

SUMMARY

Severe degenetative myxomatous mitral valve disease (DMMVD) is a common condition in dogs. Therefore, a clinical
study was conducted to determine the effectiveness of different treatment protocols based on enalapril maleate,
furosemide, spironolactone, and their associations, to treat dogs with DMMVD belonging to functional class Il
congestive heart failure (CHF). For this purpose, 20 dogs were divided into two groups (n = 10), where the first
received enalapril maleate (0.5 mg/kg) and furosemide (2 mg/kg) and the second enalapril maleate spironolactone (1
mg/kg) and furosemide, administered once a day for 56 days. The dogs were evaluated four different times regarding
clinica signs, radiographic, electrocardiographic, echocardiographic and blood pressure. However, hematological and
biochemical-serum, which included mainly serum concentrations of angiotensin converting enzyme (ACE) and
aldosterone, were implemented at the beginning and end of the experiment. The results were characterized by animals
with mitral murmur grade 11l to V/VI with reduced clinical signs after administration of therapeutic protocols.
Laboratory tests revealed significant reduction (p<0.01) for values of ACE and adosterone in both groups. The
radi ographic examination showed significant reductions (p<0.05) in VHS and variable wave Pms ECG in both groups.
Moreover, the Doppler echocardiography showed significant decrease (p<0.05) variables LVD d/s IVS d/s, mean
LA/Ao, FS% and the speed of mitral valve regurgitation. Therefore, the analysis of the results showed the effectiveness
of treatment protocols used, especially when combined with spironolactone.
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RESUMO

Devido a prevaléncia de cdes portadores da doenga degenerativa mixomatosa da valvula mitral (DMMVD) realizou-se
uma investigagdo clinica da eficacia de diferentes protocolos terapéuticos a base de maleato de enalapril, furosemida,
espironolactona e suas associagdes, em cdes com DMMVD pertencentes a classe funcional II da insuficiéncia cardiaca
congestiva (ICC). Para tanto, utilizaram-se 20 caes distribuidos em dois grupos (n=10), com o primeiro recebendo
maleato de enalapril (0,5 mg/kg) e furosemida (2 mg/kg) e o segundo, maleato de enalapril associado a espironolactona
(1 mg/kg) e furosemida, administrados uma vez ao dia durante 56 dias. Os cies foram avaliados em quatro momentos
quanto aos sinais clinicos, avaliagdes radiograficas, eletrocardiograficas, ecodopplercardiograficas e aferi¢do da pressdo
arterial. Entretanto, em relagdo aos parametros hematoldgicos € bioquimico-Séricos, que incluiram mormente as
concentragdes séricas da enzima conversora da angiotensina (ECA) e aldosterona, estas foram executadas no inicio e ao
final do experimento. Os resultados obtidos caracterizaram-se animais portadores de sopro foco mitral grau 1l a V/VI
com redugdo dos sinais clinicos ap6s administragdo das terapias. Os exames laboratoriais revelaram reducéo
significativa (p<0,01) dos valores de ECA e adosterona em ambos os grupos. Ao exame radiografico observou-se
reducdes significativas (p<0,05) nos valores VHS e na variavel onda Pms do eletrocardiograma nos grupos. Outrossim,
0 ecodoppl ercardiograma evidenciou diminui¢do significativa (p<0,05) dos DIVEd/s, ESIVd/s, relagdo AE/Ao, FEC% ¢
na velocidade da regurgitagdo valvula mitral. Portanto, os resultados evidenciaram efetividade dos protocolos
terapéuticos utilizados, principalmente com associagdo a espironolactona.

PALAVRAS-CHAVE: Endocardiose. Valvula mitral. Caninos.
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INTRODUCTION

A magjor challenge in veterinary cardiology today is
to adapt and find new therapeutic protocols for the
control of congestive heart failure (CHF) due to
degenerative myxomatous mitral valve disease
(DMMVD). This disease affects older dogs and small
breeds (DETWEILER & PATTERSON, 1965,
BUCHAMAN, 1997), and clinical signs derive from
the activation of compensatory mechanisms of CHF
(O'GRADY, 1997; KITTLESON, 1998, MUCHA,
2007). In addition to diagnosis based on clinical history
and physical examination, the patient usually presents
mitral systolic murmur, with sound intensity graded
according to the degree of vavular insufficiency
(KITTLESON, 2006), laboratory tests, radiographic,
ECG, echocardiogram and blood  pressure
measurement were performed as well (TILLEY, 1992;
BUCHANAN & BUCHEL, 1995; BOON, 1998;
MUZZ| et a,1999).

The patient is classified according to the functional
classes of CHF as established by ISACHC (1995), in
order to start the most appropriate therapeutic protocol
to treat DMMVD. In this case, the use of enalapril
maleate is indicated, a vasodilator and inhibitor of
angiotensin converting enzyme (ACE) (SEARLE,
1987; SISSON, 1991; ROTH, 1993; KITAGAWA et
a, 1997; KEENE & RUSH, 1997; ETTINGER et a,
1998), with or without furosemide, a loop diuretic
(JACKSON, 1996; KEENE & RUSH, 1997,
PEREIRA, 1996; KOGICA, 1999). Nowadays,
spironolactone is added to the association of enalapril
maleate furosemide. Spironolactone is a potassium-
sparing diuretic and competitive antagonist of
aldosterone receptors in heart disease not responsive to
conventional therapy (JACKSON, 1996; KOGICA,
1999; DIBARTOLA et a, 2000; RAMIRES &
PALANCA, 2001.) The combination of spironolactone
and enalapril maleate has shown clinical benefits while
used to treat human patients with heart disease and
dogs with the studied valvulopathy (MARCY et a,
2006; GOMEZ & ORTEGA, 2007).

Thus, assuming that dogs with DMMVD have
increased preload and afterload as well, and that
therapeutic  protocols based on diuretics and
vasodilators may produce clinical improvement of
CHF, this study investigates treatment protocols based
on enalapril maleate, furosemide and spironolactone
and their associations in order to improve dog survival
rates. The evaluations will be done through the study of
clinical, laboratory, radiographic, €lectrocardiographic,
Doppler echocardiography and blood pressure
measurements before and after administration of
therapeutic protocols.

MATERIAL AND METHODS

To conduct in depth study, twenty dogs with natural
degenerative myxomatous mitral valve (DMMVD)
functional class Il CHF were used. The disease was
characterized by the presence of clinical signs and
changes in exams, according to the classification by
ISACHC (1995). The diagnosis was based on the

review, clinica history, physical examination and
complementary examinations such as hematological,
serum  chemistry, electrocardiogram, radiography,
echocardiography and blood pressure. We excluded
dogs with gastrointestinal, liver and kidney disorders,
in order to avoid interference on the absorption,
metabolism and excretion of the drugs being eval uated.

The inclusion of patients in different treatment
protocols was established in advance, according to
their order in clinical care. Thus, the dogs were
randomly selected into two groups as follows:

* G1: a group of ten dogs with CHF functional class II,
treated with 0.5 mg / kg of enalapril maleate and 2 mg /
kg of furosemide, both administered orally once a day.
* G2: a group of ten dogs with CHF functional class II,
treated with 0.5 mg / kg of endapril  maleate
associated with 1mg/kg spironolactone, together with 2
mg/ kg furosemide, administered orally once aday.

Each anima was assessed clinically four times
during the period of 56 days between the first visit (T0)
and after therapy began (T14, T28 and T56 days). In
addition, the owners were asked to feed a low sodium
content diet. Genera condition of the animal,
occurrence of clinical signs and response to the
therapies employed were given by the owners.
Moreover, physical examinations were aways
performed by the same person and if any animal
decompensated clinically, it would be treated and
excluded from the study.
Serum hematol ogical and biochemical parameters were
measured before (TO) and 56 days (T56) after
administration of therapeutic protocols. Serum alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
urea, creatinine, total protein (TP) and abumin, were
obtained by spectrophotometry using commercially
available kits (THRALL et a, 2007). Meanwhile,
serum sodium and potassium were measured by
photometry (KEENE & RUSH, 1997), aldosterone by
radioimmunoassay in duplicate, while the values of
ACE were obtained by the enzymatic method
simplified (SILVA, 2006).

Definitive diagnosis was achieved by right lateral
and dorsal-ventral radiography, while trying to observe
the cardiectasia when the sum of Vertebral Heart
System (ESR) was above 10.5 vertebra bodies
(BUCHANAN & BUCHELLER, 1995). In turn, an
electrocardiogram  was perfformed usng a
computerized devicel that dlows simultaneous
acquisition of six leads (DI, DII, DIll, avL, avR and
aVF) at a speed of 50 mm/second, calibrated to 1 mV
equals one cm, adlowing to obtan the
electrocardiographic ~ tracing and  subsequent
interpretation (TILLEY, 1992, WOLF et a, 2000).
Systolic, diastolic and mean blood pressures were
obtained by the non-invasive oscilometric2 method. In
the Doppler echocardiography3, the following
variables were analyzed from the M mode: right
ventricle internal diameter (RVD), left ventricle inner
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diameter (LVD), interventricular septum thickness
(IVS) and free wall thickness of left ventricle
(PWLVD), all variables were recorded at the end of
diastole (d) and end-systole (s). The fractional
thickening of the interventricular septum (1VS%) and
left ventricular free wall (PWLV%), gjection fraction
(EF%) and shortening (FS%), aortic diameter (Ao) and
left atrial (LA), and the ratio LA/Ao were also verified.
In the evaluation of pulsed Doppler transmitral flow,
we measured the peak velocity of left ventricular filling
fast (PEV), slow (PAV) and the relationship between
them. After directing the line-cursor through the mitral
valve, the time velocity integral (FVI) of mitral
regurgitant flow was measured using continuous
Doppler, together with the velocity of regurgitant
mitral valve (BOON, 1998).

The data were analyzed statistically with the
corresponding variables of clinical evolution, using the
non-parametric tests and Fisher exact Chi-sgquare test,
and considered significant when p<0.05. Moreover,
comparing the changes in the four consultations
between the G1 and G2, using anaysis of variance
with repeated measures on factors group and time.
Tukey test at p<0.05 was used to evaluate significant
variables and the comparison two by two.

RESULTS

Clinical variables such as color of mucous
membranes, femoral pulse, heart rate and respiratory
rate, rectal temperature and body weight were
measured in al clinical evaluations performed, and
showed no datistical variation between groups.
However, the impact of DMMVD CAE was evident
within the age range from nine to 13 years, weighing
five to seven kilograms, with racial predisposition:
Poodle (52%), Pinscher (20%), Dachshund (12%), Fox
terrier (6%) and mixed breed (10%).

During the interview, the owners initially reported
on the clinica signs of CHF, such as cough and
tiredness. After the implementation of treatment
protocols, both groups showed significant reduction
(p<0.05) of tiredness and coughing. It should be
emphasized, that twelve animals presented tracheal
collapse, thus perpetuating clinical signs of cough.

During thoracic physical examination of all
evaluated animals, a systolic murmur mitral ranging
from grade Ill to V/VI with absence of pulmonary
impairment was observed.

Regarding laboratory tests, erythrocyte and WBC
did not show significant changes in both groups.
However, G1, did not show significant increase of
hematocrit (Ht), erythrocytes (He), hemoglobin (Hb)
and plasma total protein (TP) after 56 days of therapy.
As for serum biochemistry, both groups showed no
significant reduction of the values. However, values of
K serum showed lower reduction in G1 when
compared to G2. In contrast, serum ACE and
aldosterone were not significantly different initially
(TO) for the two groups, but significant reductions
(p<0.01) were observed at the end of the period (T56
days) (Table 2).

Systalic (SBP), mean (MAP) and diastolic (DBP)
blood pressures were measured in all dogs, and showed
no significant changes on the baseline. Radiographic
evaluation showed reduction of VHS values after
standard treatments, but significantly (p<0.05) only in
G1. The electrocardiogram showed in TO, an increase
of wave duration and complex Pms QRSms in both
groups, with the prevalence of sinus rhythm. After 56
days of therapy, a significant reduction (p<0.05) of
these variables was observed in both groups.

Finaly, Doppler echocardiography results showed
no significant changes when comparing both groups.
However, at TO, both groups had high values of IVS
d/s, LVD d/s LA/Ao and FS%, according to standard
values set by Boon (1998). On day 56 of therapy, the
values of IVS dis, LVD d/s, mean LA/Ao and FS%
(p<0.01) were significantly lower (p<0.05), while
others showed no significant variations. Spectral
Doppler mode showed no significant differences for
the variables between groups and over time. However,
the speed of mitra regurgitation in both groups was
significantly lower (p <0.05) after 56 days (Table 2).

DISCUSSION

Mitral valve endocardiosis is a heart condition that
affects smal dog breeds (O Grady, 1997) and
incidence of valvular disease increases with increasing
dog age (DETWEILER & PATTERSON, 1965;
BUCHAMAN, 1997). A fact that has been confirmed
in this study, since the evaluated animals ranged from 9
to 13 years old, thus correlating the evolution of
valvular disease with age. The dogs in this study were
characterized as small breeds, with body weight
ranging from 5 to 7 kg, confirming the findings
reported by Thusfields et al. (1985), Atkins (1995),
O’Grady (1997) and Buchanan (1997).

Initially, the dogs of both groups had cough and
moderate to severe fatigue, with subsequent significant
reduction in grades and/or lack of tiredness after the
treatment, as reported by the owners. These data are
similar to those described by Calvert (1991) and
Hamlin et al. (1996), which reported normalization of
the response to exercise after the use of ACE inhibitors
in dogs with the same vavular disease. Such
improvement was attributed to a reduction in pre and
cardiac afterload, and left atrial enlargement as well
(ROTH, 1993; SISSON, 1991, PEREIRA et al, 2005).
Some animals were suffering from tracheal collapse
leading to the appearance of reverse sneezing,
characterized by the owners as a mild cough.
Therefore, the concomitant development of tracheal
collapse in dogs with endocardiosis mitral valve was
observed, especially in chondrodytrophic races
(KITTLESON, 1998; KITTLESON & SISSON, 1999).

Thoracic auscultation of the dogs showed absence
of pulmonary involvement with the presence of
holosystolic murmur in the mitral grade 111 to V/VI, as
characterized by Kittleson (2006) when he related the
increase in the degree of valvular regurgitation with the
evolution of heart disease.
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Table 1. Mean values and variance analysis of doppler echocardiographic results obtained in groups of dogs affected by degenerative myxomatous valve mitral with NYHA class 1
(n=20) at four different times, according to therapeutic protocols previoudly stipulated.

Analysis doppler echocardiographic

G1 (n=10) G2 (n=10)
VARIABLE TO T14 T28 T56 TO T14 T28 T56 GROUP TIME REFERENCES
RvDd 05+/-0,16%*  052+-0,17**  048+/-0,16"*  043+/-0,18"° 043+-0,17"  040+-0,15**  040+/-0,16"*  0,35+/-0,21" 0,359 0,363 04a0,6
IVSd 0,93+-0,28%* 0,80+-0,23**  080+/-0,13" 0,79 +-0,17% 0,75+-0,19%%  0,64+-0,20"*  0,62+-0,22% 0,60 +/-0,20% 0,051 0,045 0,4a0,6
LVvDd 3,06+/-08% 309+-0,77"*  2,98+/-0,82"* 2,79 +/- 1,06° 2,88+/-0,79%*  267+-1,35""  2,70+/-0,96"* 2,63 +/-0,92** 059  0,049* 16a28
PWLVd  073+-016%* 074+-0,22"  086+-0,21""  0,75+/- 0,19 0,72+-0,24%2  0,70+-0,11%*  0,72+-0,17**  0,71+/-0,19*° 0,771 0,281 04a0,6
IVSs 1,32+-0,28%* 1,27+ -029%  126+-042""  1,18+/-0,38% 1,57 +-0,27%*  1,05+-031**  1,05+-0,28**  1,01+-0,21% 0119  0,039* 06a1,0
LVDs 1,83+/-055%  1,74+/-047"*  171+-051**  1,79+-0,67* 1,7+-058"  1,72+/-0,78"*  171+/-087%*  157+-054% 0,906  0,049* 08al6
PWLVs  102+-023** 115+/-0,26"* 1,15+/-0,20"*  1,0+/-0,20** 1,06 +/-0,34%*  111+4-027**  111+-035"*  1,09+/-0,18" 0,642 0,249 0,6-1,0
IVS% 46,4+-30%*  61,1+/-33,08" 59,4+/-6457% 68,1+/-43,87 68,6 +/-39,89”%  87,4+/-90,53"*  91,8+-48,84%* 68,33 +/- 56,58 0,282 0,23 34-732
PWLV%  44+/-41,13"* 638+/-5024"% 30,8+/-14,65"% 45 +/- 23,51 54,4 +/-4337%%  581+-17,58"* 556+/-46,61** 39,8 +/- 19,61 0,439 0,202 45,70-75,90
EF% 76,5+-10,5%%  782+-6,3"*  735+/-827*  71,6+-1307"° 79,1+-10,87%%  78+4-5574° 72,8+-853%*  71,3+/-3,83" 0,77 0,913 40-100
FS% 43+/-7,65%* 46 +/-6,28"* 41,6 +/- 7,50 39,9+-7,14% 48 +/- 6,962 40,5 +/- 5,945 45 +/- 8,647 41,4 +/- 4,475 0,788  0,0001** 28-35
Ao 14+-050%  1,4+/-029%  1,35+/-0,34""  146+-0,42" 1,23+-0,26%*  1,24+/-0,26"*  1,24+/-0,31"* 1,24 +/-0,33"° 0,29 0,416 0813
LA 2,73+/-059%* 262+/-0,64%*  252+/-058"* 2,57 +/- 1,45" 242+-1,19%  217+-082%*  225+-0,90"  229+/-0,98" 0,474 0,245 0818
LA/Ao 24+-054%  2,0+/-052" 1,8 +/- 0,552 1,8 +/- 0,405 22+-058%  1,85+/-0,75**  1,9+/-081" 1,9 +/- 0,898 0127  0,041* 13
PEV 09+/-0,30%* 094+-030"* 1,05+-0,31"*  1,01+/-0,29" 0,83+/-021"*  091+-0,28"*  089+/-027**  0,85+/-0,26" 0,877 0,319 59-118
PAV 0,69 +-0,23%*  0,63+/-0,12**  0,80+/-0,23"*  0,71+-0,21"* 0,77 +-0,26"  0,61+-0,33%*  0,72+-0,25** 0,71 +/-0,48"° 0,407 0,488 33-93
E/A 1,39+- 043  142+/-028"  141+-031""  1,39+-0,31" 1,37+ -048%*  1,68+-054"  1,33+/-021"°  1,59+/-0,62"° 0,637 0,191 1,04-2,42
FVI 0,13+-0,22%*  0,13+-0,03**  0,12+/-0,03** 0,12 +/-0,03"* 0,10+/-0,03  0,10+-0,03**  0,12+-0,03** 0,11 +/-0,03" 0,877 0,064 0,094
VREG 523+/-0,97%* 4,89+/-056""  4,65+-0,89"* 4,57 +/-0,80° 557+/-050""  515+-0,67"*  495+/-0,87%*  4,93+/-0,44% 0,05 0,048* 4,7a59

* P<0.05 - Significantly different at 5%; ** P<0.01 — Significantly different at 1%;

A= averages followed by same uppercase | etter do not differ according to Tukey test over time.

A= averages followed by same |owercase |etter do not differ according to Tukey test between groups.
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Table 2. Mean values and variance analysis of ACE and al dosterone concentrations obtained in groups of dogs affected by degenerative myxomatous valve mitral with NY HA class
Il (n=10) at two different times, according to therapeutic protocols p

Gl (n=10) G2 (n=10) P
VARIABLE T0 T56 T0 T56 GROUP TIME  REFERENCES
ECA (UL) + BATH-5688""  1535+-535°  pLH-5462"°  14154-4828™ 0498 0000 239- 299
ALDOSTERONA (pg/mL) +  8287+/-6832""  2650+/-4042% 1117+-83"  1962+-3707" 0656 0000+ 5-345
TF=0% Sgiteaty dieer A5 T <00l Sgineaty dneer a1

A = averages followed by the same uppercase | etter do not differ according to Tukey test over time.
a = averages followed by the same lowercase |etter do not differ according to Tukey test in the Groups.
Reference: + B.E.T. Laboratories— Veterinary Endocrinology (Michigan State University, University of California— UC Davis); ++ Silva, R. R.

Determination of serum angiotensin converting enzyme activity by a simplified enzymatic method — reference values for healthy dogs and evaluation in chronic renal failure. 2006, 49f. Thesis (doctorate) -
College of Agrarian and Veterinary Sciences, Universidade Estadual Paulista.
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The erythrogram at the end of 56 days of therapy
showed no significant increase of Ht, He, Hb and PT,
for the dogs that received enalaprii maleate and
furosemide (G1). A fact that arises from the diuresis
promoted by furosemide, a potent loop diuretic, which
leads to decreased circulatory volume, and
consequently, hemoconcentration serum (PEREIRA,
1996; JACKSON, 1996). However, serum biochemical
(ALT, ALP, creatinine, urea and abumin) did not
show changes to indicate deleterious effects on kidney
function (TEXTOR, 1997) and liver, thus showing the
safety of the therapies administered, as previousy
reported by Haggstron et a. (1996) and Atkins et al.
(2002), when evaluating the use of enalapril maleate
and furosemide in dogs with the same valvular disease.
Serum sodium and potassium ion concentrations did
not reduce significantly only in the group treated with
enalapril maleate and furosemide (ATKINS et &, 2002;
PEREIRA et a, 2005), a fact explained by the increase
in diuress and consequent excretion of sodium,
potassium and water, caused by furosemide. However,
spironolactone was added to the treatment (G2) to
prevent hypokalemia caused by loop diuretics, thus
stabilizing blood levels of potassium ions and dightly
increasing diuresis by inhibiting the binding of
aldosterone to its receptors, as observed in this study
and also by Marcy et al. (2006).

ACE serum levels compared between groups
showed similarities, thus suggesting that both groups
belong to the same functional class of CHF. However,
values were above those recommended for dogs
(SILVA, 2006) at TO, which is justified by the
activation of RAAS in the development of clinical
signs of CHF. After the administration of therapeutic
protocols, a significant reduction in these values was
observed, suggesting a pharmacological action on
RAAS with the reduction in preload, which lead to
clinical improvement of patients. Therefore, in
agreement with Hall & Kalberg (1986) who correlated
the use of enalapril maleate in the acute phase of CHF
with a reduction of serum angiotensn Il and
aldosterone. Aldosterone values were similar between
groups and reduced significantly after the therapies
administered, again justifying the action of drugs
against RAAS (WATKINS e d, 1976
HAGGSTRONS et a, 1996; TIDHOLM et &, 2001).
In dogs treated with spironolactone associated to
therapy (G2), the reduction of adosterone values was
significant and meaningful, due to decreased activation
of RAAS and inhibition of its action on receptors,
leading to prevention of hypokaemia (MARCY et a,
2006, ORTEGA & GOMEZ, 2007). These data
together suggest the use of ACE serum and a dosterone
as independent predictors of CHF, as stated by
O'Sullivan et al. (2007) in relation to aldosterone with
sudden death.

In this study, blood pressure values did not change
significantly between groups and over time as well,
which discards the development of hypotension during
the therapeutic protocols studied, similarly described
by Pereira (1996), Kitagamaet al. (1997) and Pereira et
al. (2005).

Furthermore, radiographic evaluation showed
higher ESR values in both groups at TO, differing from
the results reported by Smith et a. (2004), who
reported cardiectasia only in some animals with the
same valve disease and functional class studied here.
However, after therapy, significant reduction of ESR
values was observed only for G1, thus suggesting
cardiac muscle remodeling with reduction in pre and
after load. As for ECG characterization, groups at TO
showed an increase in the duration of P waves and
QRS complexes, suggesting left atrial and ventricular
overload (WOLF et a, 2000; KITTLESON, 2006;
MUCHA, 2007). With further significant reduction and
absence of cardiac rhythm disturbances at the end of
the evaluation (DEINERT & RIPKEN, 2002;
PEREIRA et a, 2005). These data aso differed from
the ones described by Smith et a. (2005) regarding the
electrocardiogram.

Initially, Doppler echocardiography showed an
increase of the left ventricular dimensions, FS%, LA
and LA/Ao ratio (BOON, 1998, KIENLE &
THOMAZ, 2004, BORGARELLO et a, 2007).
Subsequent to therapies, a significant decrease of the
variables IVS d/s, LVD d/s, LA and mean LA/Ao was
observed, thus suggesting a left atrial and ventricular
remodeling through reduction of diastolic and end
systolic volume, promoted by the reduction in pre and
cardiac after load (SISSON, 1991; ROTH, 1993;
SEARLE, 1997; BILLER et al, 1998, MORI et d,
2000; DOMENECH et a, 2002; FIRM & PETRIC,
2002). As to FS%, values were higher than 40% (
KIENLE & THOMAZ, 2004; KITTLESON, 2006),
indicating ventricular hyperkinesis due to Frank
Starling mechanism activation, with further reduction
at the end of therapies (BORGARELLO et al, 2007). In
spectral Doppler, the significant reduction in the rate of
mitral regurgitation after treatment suggested a
reduction of intraventricular pressure by decreasing pre
and afterload as demonstrated by reducing FS% and
EF% and left ventricular diameters. However, the
reduction in speed cannot be directly correlated with
regurgitation volume (KIENLE & THOMAZ, 2004).

CONCLUSIONS

Under the conditions of this study and after
analysis, interpretation and discussion of the results, it
can be concluded that the therapeutic protocols based
on enalapril maleate, furosemide, spironolactone, and
their associations, at the end of 56 day trial period,
were able to control CHF, and had no deleterious
effects on liver and kidney functions while maintaining
serum potassum levels when spironolactone was
added to the treatment. Furthermore, we suggest the
use of serum ACE and adosterone as indicators of
clinical prognosis and therapeutic efficacy, together
with echocardiographic variables LVD, IVS, FS%, AE
and AE/Ao, in dogs with DMMVD functional class Il
CHF.
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