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Effects of Carvedilol Treatment in Dogs with Chronic Mitral Valvular Disease Ma´rio Marcondes-Santos, Flavio Tarasoutchi, Antonio P. Mansur, and Ce´lia M.C. Strunz Background: Stimulation of the sympathetic nervous system occurs during the development of heart failure in dogs with chronic mitral valvular disease (CMVD). Hypothesis: The use of beta-blockers to modulate the activation of the sympathetic nervous system would be useful in dogs with CMVD. Animals: Group A included 13 dogs who received the conventional treatment (digoxin, benazepril, a reduced sodium diet, and codeine, and a diuretic when indicated), and group B included 12 dogs who received the protocol above plus carvedilol (0.3 mg/kg q12h). Methods: Blinded, placebo, controlled study. Results: The main echodopplercardiographic variables, heart rate, biochemical data, functional classification (FC) (New York Heart Association) and quality of life score (functional evaluation of cardiac health questionnaire) were assessed at baseline (T0) and after 3 months (T1). Only group B showed improvement in score of quality of life (13.8 6 8.8 versus 6.0 6 6.3; P , .001), in FC (2.4 6 0.9 versus 1.8 6 0.7; P 5 .032) and a reduction in systolic blood pressure (151.2 6 18.3 versus 124.5 6 23.4; P 5 .021). Two deaths from group A and 1 from B were related to CMVD. Conclusion: The studied dose of carvedilol in this group did not improve the sympathetic activation and echocardiographic variables over 3 months of chronic oral treatment. However, the results suggested a beneficial effect on the quality of life score, functional classification, and a reduction on systolic blood pressure. Key words: Beta-blocker; Cardiology; Dog; Heart failure; Mitral valve; Quality of life.



ome neuroendocrine mechanisms are triggered during the development of heart failure (HF) and contribute to the progression of this disease in humans and other animals.1,2 Among the main mechanisms that are triggered are the stimulation of the sympathetic nervous system (SNS), activation of the renin-angiotensin system, and release of vasopressin.2,3 Activation of the SNS is one of the first mechanisms aroused in HF.2,4–16 This activation stimulates tachycardia and arrhythmias and also causes malfunction and necrosis of cardiomyocytes.13–18 Analysis of these results suggests that the use of beta-blockers to prevent sympathetic action on cardiomyocytes would be especially helpful in reducing progression of heart disease in dogs. Beta-blockers have become an established treatment for human patients with HF. Clinical studies19,20 conducted since 1992 have tested the effect of the beta-blocker carvedilol and found that it has the potential to enhance survival in human patients with HF, chiefly those with dilated cardiomyopathy (DC). In addition to sympathetic modulation, carvedilol demonstrated antihypertensive and antioxidant effects, which contribute to reducing the progression of HF in humans.6,8,14,18,19,21 Studies have been done in healthy dogs to establish an effective dose of carvedilol and the main hemodynamic
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changes promoted by this drug in canine species.22–25 In dogs with induced HF, when using a model of iatrogenic mitral regurgitation, the oral dose was less than 0.2 mg/ kg and titrated up to 0.4 mg/kg.26 Previous studies reported a significant improvement on the left ventricular function in dogs with experimentally induced mitral regurgitation treated with the beta-blocker atenolol.27,28 Its administration promoted a decrease in cardiac interstitial norepinephrine (NE) in dogs with experimentally induced mitral regurgitation.29 The proposed mechanism of systolic dysfunction characteristic of primary mitral valve regurgitation is related to the increase of the SNS tone, which results in a reduction of the absolute number of cardiomyocytes, as well as the number of contractile elements within each cardiomyocyte.30 Other investigators31,32,a mentioned, in their studies, the possible beneficial effects of carvedilol treatment in dogs with chronic mitral valvular disease (CMVD), which include dogs with CMVD with no clinical signs of the condition. Some of these investigators31,32 stated that studies to evaluate the effect of betablockers during the various phases of CMVD treatment should be conducted to confirm this hypothesis. Recently, a studyb with canine DC did not reveal any differences in the echocardiographic and neurohormonal variables after carvedilol treatment (0.3 mg/kg q12h). Similar results were noted in a retrospective study33 done with acquired DC or CMVD and revealed no improvement in functional classification or cardiac dimensions after treatment with another beta-blocker, metoprolol. However, the response to carvedilol might be different in dogs, depending on the type of heart disease (DC or CMVD, acquired or experimentally induced mitral disease, asymptomatic or symptomatic diseases) or in comparison with healthy dogs. The objective of this study was to evaluate the effects of a low dose of carvedilol in a group of client-owned dogs with CMVD. The primary study end points involved quality of life
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and sympathetic activation. Secondary end points involved echocardiographic variables.



Materials and Methods Animals The clinical study was conducted on 25 client-owned dogs. The dogs were from the Cardiology Service of the Sena Madureira Veterinary Hospital in Sa˜o Paulo, Brazil and were diagnosed with CMVD.



Procedure The definitive diagnosis of CMVD was obtained during echocardiographic examination by use of an ultrasound systemc with a 5-MHz micro convex transducer and was performed by a veterinarian specialist in Doppler echocardiography from the Image Service of Sena Madureira Veterinary Hospital and blinded to the protocol treatment. Severity of mitral regurgitation of dogs with CMVD was estimated by spectral-pulsed Doppler. Only dogs with moderate-to-severe mitral regurgitation and left atrial enlargement were chosen, and were classified as grade I to IV according to New York Heart Association (NYHA) functional class scoring system modified for veterinary use3 on the basis of historical severity of HF signs and physical, radiographic, and echocardiographic findings. The radiographic examinations were performed by a veterinarian specialist in radiology from the same veterinary hospital and who was blinded to the protocol treatment. The NYHA functional class scoring system was transformed to arabica numeral for analysis. After the selection, the dogs were balanced to sex and functional classification, filling up 2 groups in an attempt to avoid the influence of different clinical conditions between the groups over the results. The data are presented as mean and standard deviation. The group A comprised 13 dogs (4 females and 9 males); mean age, 11.0 6 1.6 years; functional classes, 2.3 6 0.7; and left atrium dimension : aortic root dimension (LA : Ao) ratio, 1.79 6 0.39. Group B comprised 12 dogs (4 females and 8 males); mean age, 11.2 6 1.6 years; functional classes, 2.4 6 0.9; and LA : Ao ratio, 1.73 6 0.39. The breeds were as follow; in group A, 10 Poodles, 1 Fox, 1 Pinscher, and 1 mixed-breed dog; and in group B, 6 Poodles, 2 mixed-breed-dogs, 1 Beagle, 1 Lhasa Apso, 1 Cocker Spaniel, and 1 Pinscher. The animals under therapy before the study (8 from group A and 7 from group B) were receiving furosemide, with or without digoxin or a vasodilator. After the collection of baseline parameters (T0), the current treatment was discontinued and the new protocol was initiated (Table 1). All the included dogs had normal results for clinopathologic tests of renal and hepatic function. In addition, results of the cell blood count were within the respective reference ranges. Informed written consent was obtained from each owner. Each owner was informed about the drugs used in the treatment and the possible adverse effects, but the differences between the protocol treatments were omitted so each was blind to the name of the drug under study and the protocol treatment of the other studied dogs. The study was approved by the Ethic Committee of the Heart Institute (InCor), University of Sa˜o Paulo, Medical School. Clinical evaluation consisted of a physical examination; ECG; measurement of arterial blood pressure; thoracic radiography; CBC; serum biochemical analysis; and 2-dimensional, M-mode, and spectral-pulsed Doppler echocardiography. All dogs were submitted to the above evaluation at baseline (T0) and after 3 months (T1). The period of 3 months was chosen based in studies27,28 with atenolol in dogs with experimentally induced mitral regurgitation that reported an improvement of the left ventricular function after this time. The conventional treatment for group A
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Table 1. Number of animals divided according to drugs before the study (discontinued) and at the beginning of the study in both groups (A and B). Drugs before the study (discontinued) Vasodilator Digoxin Furosemide Drugs in the beginning of the study Benazepril Digoxine Codeine Furosemide Spironolactone Hydrochlorothiazide Carvedilol



A (n 5 13)



B (n 5 12)



8 2 5



7 2 4



13 12 10 12 1 1 0



12 10 9 10 1 1 12



was the benazepril (0.3–0.5 mg/kg q24h) for dogs in functional class I. In dogs with functional class $II, the protocol was benazepril (0.3–0.5 mg/kg q24h), digoxin (0.0055 mg/kg q12h, with therapeutic concentrations of serum digoxin of 1–2 ng/mL measured 1 week after the initiating therapy; blood samples were collected 6–8 hours after the last dose) and 1 reduced sodium dietd,e,f during the 3 months of evaluation. Codeine (0.3 mg/kg q8h) and a diuretic were used only when necessary in dogs with functional classes $II. The diuretic protocol used in the study was as follows: only furosemide (mean dose, 2.5 mg/kg q12h in both groups) for dogs with functional classification II and III, and the association of spironolactone (2 mg/kg q12h) and hydrochlorothiazide (2 mg/kg q12h) for dogs with functional class IV (only 1 dog in group A and 1 in group B). All dogs in group B received the same protocol mentioned above plus carvedilol (0.3 mg/kg q12h) (Table 1). The initial dose of carvedilol was 0.15–0.2 mg/kg q12h during 1 week. After evaluating the arterial blood pressure and the heart rate, the dose was raised to 0.3 mg/kg q12h. Only 1 dog in group B kept receiving carvedilol at initial doses because of the lower values (#100 mm Hg) of systolic arterial blood pressure after the beginning of treatment. The purpose of using client-owned dogs in this study was because the owners could more accurately evaluate the quality of life of their dogs than could other viewers. The functional evaluation of cardiac health (FETCH) questionnaire score used to evaluate the quality of life34 was established through the information obtained from the owner during the anamnesis on T0 and T1. The questionnaire consisted of 17 questions answered by the owner, who graded the severity of clinical signs on a scale from 0 to 5, the higher score being the poorest health-related quality of life. To check the questionnaire applied, the comparison between the FETCH score and the HF functional classification was assessed for the 25 dogs at baseline conditions (T0) by using the Spearman rank test. To confirm the homogeneity of the clinical condition of the groups in the beginning of the study, the FETCH score (Student’s t-test) and the functional classification (Mann Whitney U-test) were compared at T0. By revealing similar results (with P 5 not significant [NS]) (Table 2), we assumed that the clinical conditions at T0 were not interfering in these data. Blood samples for the measurement of plasma concentrations of NE were collected early in the morning. An appropriately sized heparinized catheterg was inserted into a saphenous vein of each dog. Then, the dog was positioned in lateral recumbence on a table with minimal restraint for 20 minutes.21,35 The first milliliter of blood collected via the catheter was discarded. The subsequent 3– 5 mL of blood were collected and immediately transferred into icechilled tubes that contained a mixture of ethylene glycol tetracetic
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Table 2. Mean 6 standard deviation of quality of life score (FETCH questionnaire), functional class, biochemical data, heart rate, blood pressure, and main echodopplercardiographic parameters at 2 treatment times in dogs with CMVD. Group Aa A (T0) Quality of life (FETCH score) Functional class (NYHA)c Norepinephrine (pg/mL) Sodium (mEq/L) Heart rate (bpm) Systolic blood pressure (mm Hg) Diastolic blood pressure (mm Hg) LVIDd (cm) LVIDs (cm) LVIDd : Ao LVIDs : Ao FS (%) Ao (cm) LA (cm) LA : Ao



12.3 2.3 579 146.9 146.5 124.2 80 3.2 1.6 2.3 0.7 49.9 1.4 2.5 1.79



6 9.1 6 0.7 6 409.4 6 2.9 6 35.1 6 16.5 6 12.9 6 0.8 6 0.4 6 0.3 6 0.1 6 5.3 60.2 6 0,9 6 0.39



Group Bb A (T1) 9.1 2.1 483.6 144.9 140.9 127.7 80.9 3.3 1.7 2.3 0.7 48.7 1.4 2.5 1.75



6 6 6 6 6 6 6 6 6 6 6 6 6 6 6



8.3 0.7 310.4 4.4 22.6 16.9 12.2 0.9 0.5 0.4 0.2 3.7 0.2 0.9 0.34



B (T0) 13.8 2.4 515.1 145.5 145 151.2 90.8 3.7 1.9 2.3 1.2 48.5 1.6 2.8 1.73



6 6 6 6 6 6 6 6 6 6 6 6 6 6 6



8.8 0.9 405.8 3.1 23.9 18.3 14.4 0.8 0.5 0.4 0.2 6.1 0.3 0.7 0.39



B (T1) 6.0 1.8 393.3 146.6 127.3 124.5 85.5 3.6 1.9 2.3 1.2 48.1 1.6 2.7 1.75



6 6 6 6 6 6 6 6 6 6 6 6 6 6 6



6.3* 0.7** 231.4 3.5 24.1 23.4*** 11.3 0.8 0.5 0.4 0.2 5.3 0.4 0.7 0.39



Ao, aortic root dimension; CMVD, chronic mitral valvular disease; FETCH, functional evaluation of cardiac health; FS, fractional shortening; LA, left atrium dimension; LVIDd, diastolic left ventricular internal dimension; LVIDs, systolic left ventricular internal dimension; NYHA, New York Heart Association; T0, baseline condition; T1, after 3 months of treatment. a Thirteen dogs who received conventional treatment for CMVD. b Twelve dogs with conventional treatment plus carvedilol for CMVD. c Functional class (NYHA) was transformed to arabic numeral for analysis: I, 2; II, 2; III, 3; IV, 4. Within a row, values differ significantly (*P , .001; Student’s t-test; **P 5 .032; ***P 5 .021; Wilcoxon signed rank test) from T0 value in the group.



acid (EGTA)-glutathione (20 mL of anticoagulant/mL of blood). Within 1 hour after blood collection, plasma was separated by cold centrifugation and was immediately frozen at 270uC. NE was determined by high-performance liquid chromatography36–39,h and sodium was analyzed by selective electrode.i To confirm the contribution of the sympathetic activation on the severity of clinical signs in this group of HF dogs, the correlation between NE and HF functional classes was calculated for the 25 dogs at T0 by using the Spearman rank test. The arterial blood pressure was measured indirectly by vascular Doppler,j with the dog in lateral recumbence. The cuff width was approximately 40% of the limb circumference. Each value of systolic and diastolic arterial blood pressure was calculated by the mean of 3 to 4 measurements. The heart rate evaluation was performed by ECG.k The M-mode echocardiographic variables studied were the following: diastolic left ventricular internal dimension (LVIDd), systolic left ventricular internal dimension (LVIDs), fractional shortening (FS), aortic root dimension (Ao), left atrium dimension (LA), and LVIDd : Ao, LVIDs : Ao, LA : Ao ratios. Values for FS were calculated by the equation: FS 5 ([LVIDd 2 LVIDs]/LVIDd) 3 100. The intraobserver variability for the M-mode echocardiographic variables was calculated by means of 15 measurements in each variable in 5 dogs40 (coefficients of variation ranged from 2.6 to 6.5%). The severity of mitral regurgitation was estimated by the use of spectral-pulsed Doppler ultrasonography, with careful placement of the pulsed-wave Doppler gate at various depths within the left atrium to provide information on the width and depth of the regurgitant jet in the left atrium. An aliased signal was generated at points where the gate revealed a regurgitant jet; the signal was generated on the basis of the percentage of the left atrium occupied by the regurgitant jet (mild ,20%; moderate, 20–50%; and severe, .50%).32,41–43



Statistical Analysis Data were expressed as mean, median 6 SD. The KolmogorovSmirnov normality test was used to test for normal distribution of data for the variables. On the basis of those results, the parametric Student’s t-test was used for results with normal distribution. When the normal distribution was rejected, the nonparametric MannWhitney U test was used to compare the independent groups; the nonparametric Wilcoxon signed-rank test to measure the dependent samples, and the Spearman rank test to measure the degree of association between variables. Results were considered significant at values of P , .05.



Results The severity of mitral regurgitation was estimated by the use of spectral-pulsed Doppler ultrasonography, which revealed in group A: 5 dogs with mild regurgitation, 3 with mild-to-severe regurgitation, and 5 with severe regurgitation. In group B, mild regurgitation was observed in 5 dogs and was severe in 7 dogs. The results of the FETCH quality of life score, which ranged from 2 to 30 when compared with HF functional classification, revealed a positive and significant correlation (r 5 0.579, P 5 .003, Spearman rank test; Fig 1), which allowed us to assume that this questionnaire could reflect the health-related quality of life in this group of dogs. The difference in the quality of life FETCH score between T0 and T1 was not statistically significant for dogs in group A (12.3, 7.0 6 9.1 versus 9.1, 6.0 6 8.3; P 5 .38). However, a statistically significant improvement
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Fig 1. Comparison of the functional evaluation of cardiac health score of quality of life with the New York Heart Association functional class of heart failure at T0. The values were significantly and positively correlated (r 5 0.579; P 5 .003, Spearman rank test).



of quality of life FETCH score for dogs treated with the evaluated dose of carvedilol in group B was detected with higher scores at T0 in comparison with T1 (13.8, 12.0 6 8.8 versus 6.0, 4.0 6 6.3; P , .001, Student’s ttest) (Table 2, Fig 2). The better results for the score of quality of life presented by group B after 3 months of treatment could be confirmed by the improvement of functional class (2.4, 2.5 6 0.9 versus 1.8, 2.0 6 0.7; P 5 .032, Wilcoxon signed-rank test). For group A, the mean values of functional class were similar at the 2 studied times (2.3, 2.0 6 0.72 versus 2.1, 2.0 6 0.7; P 5 NS, Wilcoxon signed-rank test). Plasma NE results for all dogs at the beginning of treatment revealed a moderate positive correlation with HF functional classification (r 5 0.52; P 5 .008, Spearman rank test ). Although the results pointed to a trend for lower values of plasma NE in group B after 3 months of beta-blocker therapy, they were not statistically significant. No differences between T1 and T0 for the 2 drug protocols were observed for sodium values. Even with no differences being detected for the mean heart rate measured by ECG at the 2 studied times for the groups A and B, there was a trend for lower values in group B at T1. The results from blood pressure data revealed a statistical difference only for systolic blood pressure of group B (151.2, 160 6 18.3 versus 124.5, 125 6 23.4, P 5 .021, Wilcoxon signed-rank test). The mean of diastolic blood pressure was similar at T0 and T1 for both groups. The M-mode echocardiographic variables LVIDd, LVIDs, FS, Ao, LA, LVIDd : Ao, LVIDs : Ao, and LA : Ao at the 2 periods of evaluation (T0 and T1) were
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Fig 2. Comparison of means, quality of life functional evaluation of cardiac health score questionnaire in the baseline condition (T0) and after 3 months of treatment (T1) in group A (conventional treatment, n 5 13) and group B (conventional treatment plus carvedilol, n 5 12) in dogs with CMVD. *Values at T1 differed significantly (P , .001, Student’s t-test) from values at T0.



compared in each group, and no statistical difference was found.



Discussion Because of the controversial data from the literature about the effective dose of carvedilol in healthy dogs and the absence of clinical studies in dogs with symptomatic CMVD having previous hemodynamic changes, we chose a relatively low oral dose of 0.3 mg/kg carvedilol q12h, according to the study by Uechi et al,26 to better control the effects of this drug in a small group of clientowned dogs with CMVD in this preliminary study. The results of this study with the evaluated carvedilol dose revealed an improvement in the quality of life score (estimated by the FETCH questionnaire)34 and the functional class (Table 2, Fig 2), which suggested that the use of this beta blocker could be beneficial for the treatment of dogs with CMVD. However, although the quality of life (FETCH) questionnaire was answered by owners blinded to the object of this analysis, we cannot exclude some degree of subjectivity in this evaluation, and this is a limitation of this study. New research must be performed with a larger number of animals to evaluate the real impact of this therapy in the progress of the HF in canine CMVD. Another limitation was that some of the dogs were under drug therapy before the beginning of the protocol, meaning that these other drugs could have influenced the results, not only the beta-blocker. Otherwise it must be emphasized that the ingestion of drugs, except for carvedilol in group B, was
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similar in the 2 groups at T0 and T1 (Table 1), making us believe that differences noted between the 2 moments for group B could be attributed to the beta-blocker. Another point was that the groups were composed of different breeds, which could be interpreted as a source of bias for the study. It must be mentioned also that the 2 groups of dogs were balanced according to sex and functional classification, not truly random. However, we do not believe that these 2 points compromised the results, because of the homogeneity at the baseline clinical conditions in the 2 groups when compared. The NE data correlated with the functional classes at baseline for all dogs, as already described by other investigators,2 but these neurohormone concentrations did not follow the differences observed in the functional classification after carvedilol therapy. This paper also failed to detected differences in heart rate after 3 months of beta-blocker treatment. However, the values obtained for both of these parameters had a trend to be lower in the dogs after treatment with carvedilol (Table 2). The inclusion of a larger number of dogs and a longer period of treatment is likely to allow us to better investigate the effect of carvedilol treatment on NE and HR values. With regard to blood pressure, the basal systolic values (T0) were lower in group A in comparison with group B, but all animals began the study with values considered normal for the species according to previous studies when using the same method.44,45 After treatment, we obtained lower values at T1 moment compared with T0 for group B. This decrease is in agreement with previous studies that described the antihypertensive effect (a1-adrenergic blocking effect) of carvedilol.6,8,18,19,21,22,46 The decrease of systolic blood pressure observed in this study is very similar to the result reported by Uechi et al.26 These investigators noted a decrease on blood pressure and heart rate in dogs with HF with iatrogenic mitral regurgitation treated with 0.4 mg/kg carvedilol. The use of the beta-blocker atenolol, as demonstrated by other investigators, promoted the improvement on left ventricular function in dogs with experimentally induced mitral regurgitation.27,28 Other investigatorsa describe a reduction in the left atrial size (estimated by maximum diastolic left atrial area in cm2), as well as an improvement in the left ventricular function in 5 asymptomatic dogs with CMVD after 5 months of treatment with higher doses of carvedilol. Yet, in the same study, when the M-mode parameters LVIDd, LVIDs, and LA : Ao ratio were evaluated, the values were similar (without statistical differences), both before and after 5 months of treatment. These data did not reveal any different measurements for the main M-mode echocardiographic parameters before and after 3 months of treatment. This observation was the same as the one described by Rush et al33 in a retrospective study with metoprolol in acquired heart disease in dogs. In fact, the utilization of other methods with different sensibilities to evaluate the remodeling effects during the carvedilol treatment could be the explanation for these different results. Another limitation of the study could be the short period of follow-up or the controversial therapeu-



tic dose of carvedilol used in this preliminary study, or both, compelling us to, in the future, extend the time of treatment and use different doses to better evaluate the carvedilol treatment in dogs with CMVD.



Footnotes a
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