






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Carvedilol in Dogs with Dilated Cardiomyopathy

From the Department of Veterinary Clinical Medicine, College of. Veterinary Medicine, University of ...... denced by their EF values. At time of study enrollment,. 

















 Télécharger le PDF 






 152KB taille
 10 téléchargements
 395 vues






 commentaire





 Report
























J Vet Intern Med 2007;21:1272–1279



Carvedilol in Dogs with Dilated Cardiomyopathy Mark A. Oyama, D. David Sisson, Robert Prosˇek, Barret J. Bulmer, Mike W. Luethy, and Virginia Luis Fuentes Background: Dilated cardiomyopathy (DCM) is characterized by reduced systolic function, heightened sympathetic tone, and high morbidity and mortality. Little is known regarding the safety and efficacy of b-blocker treatment in dogs with DCM. Hypothesis: Carvedilol improves echocardiographic and neurohormonal variables in dogs with DCM over a 4-month treatment period. Methods: Prospective, placebo-controlled, double-blinded randomized study. Dogs with DCM underwent echocardiography, ECG, thoracic radiographs, and neurohormonal profiling, followed by titration onto carvedilol (0.3 mg/kg q12h) or placebo over a 4-week period and subsequently received 3 months of therapy. Primary study endpoints included left ventricular volume and function. Results: Sixteen dogs received carvedilol and 7 received placebo. At study end, 13 carvedilol dogs and 5 placebo dogs were alive. There was no difference in the mean percentage change in left ventricular volume at end-diastole (LVVd), left ventricular end-systolic volume (LVVs), and ejection fraction (EF) between treatment groups, suggesting that both groups experienced similar amounts of disease progression. Carvedilol treatment did not result in significant changes in neurohormonal activation, radiographic heart size, heart rate, or owner perceived quality-of-life. Baseline B-type natriuretic peptide (BNP) predicted dogs in the carvedilol-treated group that maintained or improved their EF over the study duration. Conclusions and Clinical Importance: Carvedilol administration did not improve echocardiographic or neurohormonal indicators of heart function. The lack of effect may be related to severity of disease, carvedilol dose, or brevity of follow-up time. Statistical power of the present study was adversely affected by a high fatality rate in study dogs and small sample size. Key words: Beta-blocker treatment; Heart disease; Neurohormones; Quality of life; Ventricular remodeling



hronically high sympathetic tone is an important pathologic feature of heart disease because it results in persistent tachycardia, activation of the renin-angiotensin aldosterone system, myocyte necrosis and apoptosis, down-regulation of b-receptor– mediated signaling, reduced myocardial energetic efficiency, myocardial hypertrophy, and decreased intrinsic myocyte contractility.1–3 Accordingly, treatment with b-adrenergic blocking agents, such as carvedilol, improves cardiac function and survival in humans with heart disease.4–6 Dilated cardiomyopathy (DCM) is a common cardiac disease of large-breed dogs such as Doberman Pinschers and Great Danes and is accompanied by high circulating concentrations of epinephrine and norepinephrine.7 Morbidity and
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case fatality from DCM remains very high despite conventional treatment with angiotensin converting enzyme (ACE)-inhibitors, diuretics, and positive inotropes and, in part, might be caused by a failure to suppress b-adrenergic activity. Use of b-blocking agents in dogs with DCM has been previously reported,8–10 but these reports have been limited by their retrospective nature, lack of controls, and limited duration and extent of follow-up. Carvedilol is a 3rdgeneration nonselective b-blocker with ancillary vasodilatory and antioxidant properties, and when administered to dogs with experimental heart failure, improves contractility, reduces heart size, and suppresses arrhythmia formation.11–14 Based on these properties, we sought to prospectively determine the effects of 4-month oral carvedilol administration on echocardiographic, radiographic, neurohormonal, and quality of life parameters in dogs with moderate to severe DCM.



Materials and Methods This was a prospective, placebo-controlled, masked, randomized clinical trial of the efficacy of carvedilol in dogs with DCM. Dogs presenting to the veterinary teaching hospitals of the University of Illinois and The Ohio State University and the Animal Emergency & Critical Care Center for evaluation of suspected heart disease were recruited. Dogs were considered eligible for the study if echocardiographic examination revealed a left ventricular end-systolic volume (LVVs) index .35 mL/m2 in the absence of an identifiable underlying cause and did not have active congestive heart failure. If dogs had been previously diagnosed as hypothyroid, they had to have been receiving a consistent and appropriate dose of thyroid supplementation for at least 12 weeks before entry into the study. Dogs that were ineligible due to active congestive heart failure were treated with diuretics and ACE-inhibitors and asked to return in several weeks for reevaluation and inclusion into the study. Dogs were allowed to receive background cardiac medications, including digoxin, as long as the dose had been consistent for at least 2 weeks.
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Table 1. Baseline echocardiographic, hemodynamic, radiographic, neurohormonal, and biochemical characteristics of 16 dogs treated with carvedilol and 7 dogs treated with placebo. Values reported as mean (SD) except where indicated. Unadjusted P values are displayed. Carvedilol



Placebo



P



Echocardiographic LVId (cm) LVIs (cm) LVId-Ao index LVIs-Ao index FS (%) 2D LA : Ao LVVd (mL) LVVs (mL) LVVd-BSA index LVVs-BSA index EF (%) PEP/LVET EPSS (cm) Vcf (circ/s)



5.71 4.90 2.34 2.02 14.1 1.68 124.8 78.1 100.0 62.8 37.3 0.375 13.4 0.900



(0.75) (0.70) (0.51) (0.49) (5.1) (0.37) (30.0) (19.5) (18.4) (15.7) (7.0) (0.123) (5.7) (0.410)



5.51 4.78 2.33 2.01 14.5 1.60 119.7 83.8 104.4 70.7 32.7 0.453 15.4 0.846



(1.1) (1.2) (0.47) (0.53) (7.7) (0.37) (52.2) (49.8) (15.1) (17.6) (9.8) (0.107) (6.1) (0.461)



.62 .75 .95 .99 .90 .62 .77 .69 .56 .30 .22 .16 .47 .79



(18) (11) (11) (25)



.57 .11 .11 .97



Blood pressure (mmHg) Systolic Diastolic Mean Heart rate (bpm)



119 73 90 122



(17) (10) (10) (33)



124 80 98 121



Radiographic VHS Pulmonary scorea



10.9 (0.77) 0 (0–2)



10.9 (0.55) 1 (0–1)



.85 .83



Neurohormonalb ANP (nmol/mL) BNP (pg/mL) PRA (mg/mL/h) ALD (pg/mL) NE (pg/mL) EPI (pg/mL)



0.678 18.5 4.56 156 293 151



(0.421) [13] 0.630 (0.308) [6] (17.6) [16] 8.81 (8.26) [7] (5.63) [11] 14.7 (15.9) [5] (237) [12] 135 (113) [5] (206) [11] 329 (199) [4] (88) [11] 127 (68.5) [4]



.81 .18 .07 .85 .77 .63



Bloodwork T4 (nM) Taurine (nmol/mL) BUN (mg/dL) Creatinine (mg/dL) Na (nM) K (nM) Digoxinb (ng/mL)



22.9 111.2 21.0 1.14 149 4.44 0.92



(8.5) (29.5) (6.0) (0.33) (4.3) (0.40) (0.32) [14]



.96 .10 .26 .31 .51 .39 .08



22.7 89.7 18.2 0.99 148 4.30 1.34



(5.7) (13.2) (2.5) (0.30 (6.2) (0.26) (0.63) [4]



Quality of Lifea Activity Mobility Attitude Appetite



1 1 2 2



(1–1) (1–2) (1–2) (1–2)



1 1 2 2



(1–1) (1–2) (1–2) (1–3)



1.00 .76 .95 .81



SD, standard deviation; LVId, left ventricular end-diastolic internal diameter; LVIs, left ventricular end-systolic internal diameter; Ao, aorta; FS, fractional shortening; 2D, 2 dimensional; LA, left atrial diameter; LVVd, left ventricular end-diastolic volume; LVVs, left ventricular end-systolic volume; BSA, body surface area; EF, ejection fraction; PEP, pre-ejection period; LVET, left ventricular ejection time; EPSS, E-point to septal separation; Vcf, velocity of circumferential fiber shortening; VHS, vertebral heart size; ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; PRA, plasma renin activity; ALD, aldosterone; NE, norepinephrine; EPI, epinephrine; T4, thyroid hormone; BUN, blood urea nitrogen.
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Table 2. Interobserver coefficients of variation of baseline echocardiographic parameters from 10 randomly selected dogs that were entered into the study. Variable LVId LVIs LA/Ao EPSS PEP/LVET LVVd LVVs EF



CV% (SD) 4.3 5.5 0.1 5.3 15.3 12.9 13.9 0.9



(7.2) (8.8) (12.6) (27.6) (38.0) (11.4) (8.4) (26.0)



CV, coefficient of variation; SD, standard deviation; LVId, left ventricular end-diastolic internal diameter; LVIs, left ventricular end-systolic internal diameter; FS, fractional shortening; LA, left atrial diameter; Ao, aorta; EPSS, E-point to septal separation; PEP, pre-ejection period; LVET, left ventricular ejection time; LVVd, left ventricular end-diastolic volume; LVVs, left ventricular end-systolic volume; EF, ejection fraction. Exclusion criteria included plasma taurine concentration ,50 nM, previous history of doxorubicin treatment, systolic blood pressure ,90 mmHg, or previous or current treatment with pimobendan, sotalol, or any other b-blocking agent. Chest radiographs, 2-dimensional (2D), M-mode and Doppler echocardiogram, oscillometric blood pressure measurement, serum digoxin assay (if applicable), serum chemistry, and neurohormone profiling were performed at baseline and 4 months. The neurohormone profile included plasma epinephrine (EPI), norepinephrine (NE), NT-pro-atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP), renin activity (PRA), and serum aldosterone (ALD) measurement by previously described techniques.7,15 Echocardiographic examinations were performed without sedation and followed the conventional standards and recommendations.16,17 Internal dimensions of the left ventricle, left atrium and aortic root were calculated from 2-dimensional (2D) loops obtained from the right parasternal short axis views. Left ventricular volumes were calculated by the modified Simpson’s rule after tracing the endocardial-blood pool border from the left apical 4 chamber view. All echocardiographic measurements were done in triplicate, except for those dogs with atrial fibrillation, in which case measurements were done on 5–7 consecutive beats. Vertebral heart size was measured from the lateral chest radiograph,18 and the pulmonary parenchymal pattern evaluated by means of a 5-point grading system wherein a score ranging from 0–4 indicated a normal, mild interstitial, moderate interstitial, alveolar, and severe consolidated pattern, respectively. Owners were asked to assess their animal’s activity and wellbeing by means of a quality of life questionnaire adapted from a previously reported study.19 In brief, owners were asked to judge their dog’s activity, mobility, attitude, and appetite by means of an ordinal scale wherein perceived high quality was ranked as 1 and lower quality ranked from 2 to 6 depending on the parameter in question (activity, 1–5; mobility, 1–6; attitude, 1–3; appetite, 1–4). After baseline examination, dogs were randomized by the University of Illinois veterinary pharmacy in a 2 : 1 fashion to either carvedilol or placebo. Study investigators and owners were blinded r a



Values reported as median (range). Values in brackets [ ] indicate the number of samples included in the analysis. b



T4 (nM) Taurine (nmol/mL) BUN (mg/dL) Creatinine (mg/dL) Na (mM) K (mM) Digoxinb (ng/mL)



Biochemical



Neurohormonalb ANP (nmol/mL) BNP (pg/mL) PRA (ng/mL/h) ALD (pg/mL) NE (pg/mL) EPI (pg/mL)



VHS Pulmonary scorea



Radiographic



Systolic (mmHg) Diastolic (mmHg) Mean (mmHg) Heart rate (bpm)



Blood pressure



LVId (cm) LVIs (cm) FS (%) 2D LA : Ao LVVd (mL) LVVs (mL) EF (%) PEP/LVET EPSS (mm) Vcf (circ/s)



Echocardiographic



(18) (10) (10) (34)



(0.80) (0.70) (5.6) (0.40) (32.9) (20.4) (71) (0.113) (6.0) (0.432)



22.1 111.9 22.0 1.19 148 4.44 0.95



0.693 18.0 5.70 185 326 167 (7.5) (30.2) (6.1) (0.34) (4) (0.36) (0.36) [11]



(0.533) [8] (19.2) [13] (6.91) [7] (290) [8] (256) [6] (98) [6]



10.9 (0.8) 1 (0–1)



120 74 91 127



5.81 4.98 14.2 1.68 125.5 78.2 37.5 0.396 13.3 0.955



Baseline



(18) (16) (16) (38)



(0.92) (0.83) (7.8) (0.52) (37.4) (26.9) (9.2) (0.148) (5.8) (0.500)



23.4 1.28 148 4.60



0.770 18.9 2.69 158 376 206 — — (11.3) (0.42) (4) (0.27) —



(0.668) [8] (17.2) [13] (2.84) [7] (200) [8] (295) [6] (101) [6]



10.9 (1.2) 1 (0–1)



125 81 97 117



5.95 4.96 16.4 2.43 136.3 90.0 34.5 0.410 15.0 0.954



4 Months



Carvedilol



(21.7) (21.7) (19.2) (37.1)



(6.00) (7.46) (54.4) (18.2) (10.9) (18.3) (15.8) (33.2) (39.0) (98.9)



(37.9) (1160) (37.5) (184) (71.3) (123)



— — 6.21 (33.6) 7.10 (11.5) 20.050 (2.78) 3.64 (8.19) —



11.0 4.48 252.8 214.5 15.2 23.1



0.47 (28.5) —



4.11 9.98 6.81 28.16



2.32 20.40 15.1 5.42 8.62 15.1 28.53 3.66 12.9 20.09



% Change



(18) (11) (10) (26)



(0.77) (0.95) (6.1) (0.40) (59.3) (57.3) (10.8) (0.112) (4.2) (0.484)



19.8 90.0 18.1 0.94 147 4.40 1.52



0.603 8.24 8.03 151 355 127



(3.4) (14.7) (3.0) (0.21) (3) (0.16) (0.63) [3]



(0.330) [4] (8.95) [5] (6.36) [4] (123) [4] (235) [3] (68) [4]



10.9 (0.7) 0 (0–2)



120 78.8 95 116



5.73 5.09 11.7 1.57 127.7 93.1 30.5 0.478 13.4 0.773



Baseline



(17) (13) (15) (30)



(0.55) (0.63) (6.1) (0.46) (47.3) (43.1) (11.4) (0.105) (4.3) (0.503)



20.8 1.04 149 4.12



0.609 20.5 10.0 128 258 103



— — (9.6) (0.25) (6) (0.08) —



(0.460) [4] (29.3) [5] (10.0) [4] (84) [4] (104) [3] (72) [4]



10.8 (0.5) 0 (0–2)



107 65 80 124



5.85 5.04 14.0 2.58 141.8 98.9 32.0 0.453 14.7 0.866



4 Months



Placebo



(7.50) (11.3) (10.1) (15.4)



(7.64) (7.89) (29.1) (20.7) (13.4) (19.1) (26.8) (21.7) (34.9) (60.0)



(48.5) (387) (56.0) (101) (27.1) (35.4) — — 15.1 (59.8) 10.6 (31.7) 1.22 (5.17) 26.36 (3.58) —



1.08 148 24.7 215.7 227.3 219.0



20.92 (3.48) —



210.4 217.3 216.1 7.06



2.20 20.90 19.4 19.7 11.0 6.21 4.87 25.33 9.72 12.1



% Change



— — .692 .724 .504 NS (.019) —



.703 .792 NS (.022) .991 .365 .531



.916 —



.171 .020 .027 .394



.972 .902 .870 .170 .703 .374 .202 .586 .878 .801



(% Change)



Carvedilol versus Placebo



P



Table 3. Echocardiographic, hemodynamic, radiographic, neurohormonal, and biochemical characteristics of 13 dogs treated with 4 months of carvedilol and 5 dogs treated with 4 months of placebo. Values reported as mean (SD) except where indicated. Unadjusted P values are displayed. Those that meet the Bonferroni-adjusted threshold within each diagnostic group are underlined.



1274 Oyama et al



— — — — (1–2) (1–2) (1–2) (1–2) 1 1 2 2 (1–1) (1–2) (1–2) (1–2) 1 1 2 2 Activity Mobility Attitude Appetite



Quality of Lifea



(1–1) (1–2) (1–2) (1–3)



(1–1) (1–2) (1–2) (1–2) 1 1 2 2 1 1 2 2



— — — —



% Change 4 Months Baseline Echocardiographic



Carvedilol



Table 3. Continued.



SD, standard deviation; LVId, left ventricular end-diastolic internal diameter; LVIs, left ventricular end-systolic internal diameter; FS, fractional shortening; 2D, 2 dimensional; LA, left atrial diameter; Ao, aorta; LVVd, left ventricular end-diastolic volume; LVVs, left ventricular end-systolic volume; EF, ejection fraction; PEP, pre-ejection period; LVET, left ventricular ejection time; EPSS, E-point to septal separation; Vcf, velocity of circumferential fiber shortening; VHS, vertebral heart size; ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; PRA, plasma renin activity; ALD, aldosterone; NE, norepinephrine; EPI, epinephrine; T4, thyroid hormone; BUN, blood urea nitrogen. a Values reported as median (range). b Values in brackets [ ] indicate number of samples used in the analysis.



— — — —



(% Change) 4 Months Baseline



Placebo



% Change



Carvedilol versus Placebo



P
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1275



as to randomization. Carvedilol or placebo, compounded into similar appearing capsules, was then prescribed over a 4-week titration period. During this time dogs initially received 0.05 mg/kg PO q12h for 7 days, then underwent weekly dose increases to 0.1, 0.2, and finally to 0.3 mg/kg PO q12h. Owners were instructed to monitor their dogs for respiratory distress, poor appetite, and weakness during the titration phase and not to administer the next highest dose if any of these signs were noted. Following the 4-week titration phase, dogs received 3 months of uninterrupted drug treatment at a dose of 0.3 mg/kg PO q12h. During this time, changes to the dog’s digoxin or thyroid supplementation were not permitted. Upon completion of the 4-month protocol, dogs underwent a re-examination similar to their baseline visit. The study’s primary endpoints were prospectively defined as left ventricular volume at end-diastole (LVVd), LVVs, and ejection fraction (EF 5 [LVVd 2 LVVs]/LVVd). The study was prospectively designed to detect a 5% change in ventricular volumes. Secondary endpoints included left ventricular and atrial dimensions, systolic time intervals, and neurohormonal parameters. At the end of the study, dogs that had received placebo during the blinded phase were eligible to enroll in a crossover protocol wherein open-label carvedilol (0.3 mg/kg PO q12h) was added to their treatment regimen. These dogs underwent a 4-week titration and 3-month chronic treatment phase similar to the original study protocol. Echocardiographic interobserver coefficients of variation (CV) (MAO, BJB) were determined from 10 randomly selected dogs that underwent 2 separate echocardiographic exams at baseline (CV 5 100 mean difference/average value). In an attempt to identify parameters that predicted response to carvedilol treatment, analysis of 2 subgroups within the carvedilol cohort was retrospectively performed. The baseline characteristics of those dogs with little disease progression (ie, no change or positive change in 12-week EF) were compared with the baseline characteristics of those patients with progressive loss of contractile function (ie, negative change in 12-week EF or death). The study protocol was approved by the University of Illinois Institutional Animal Care and Use Committee, and owners were required to provide written informed consent.



Statistical Analysis Analysis was performed by a PC-based software program.a Data were assessed for normality before statistical analysis. Unpaired 2-tailed Student’s t-tests and Mann-Whitney U-tests were used to compare patient groups at baseline. Between each patient group, Bonferroni-adjusted P values were used for the paired Student’s t-test comparison of the percentage change in baseline versus 4-month values within the echocardiographic, neurohormonal, biochemical, and quality of life families of comparisons. Prospective and post hoc calculation of study power and detectable differences was calculated by a PC-based software program.b Statistical significance was defined as P , .05. Data are reported as mean 6 standard deviation (SD).



Results Twenty-three dogs were recruited into the study (University of Illinois, 20; Animal Emergency and Critical Care, 2; The Ohio State University, 1). Sixteen dogs were randomized to carvedilol and 7 to placebo. The 2 groups were well matched with respect to radiographic, echocardiographic, and neurohormonal characteristics (Table 1). Technical complications involving the neurohormonal profile resulted in the loss of some samples, thus evaluation of neurohormonal indices was incomplete (Table 1). Dog breeds included the
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Doberman Pinscher (carvedilol, 9; placebo, 6), Great Dane (carvedilol, 4; placebo, 1), Rottweiler (carvedilol, 2), and Bouvier des Flandres (carvedilol, 1). Four dogs had atrial fibrillation (carvedilol, 3; placebo, 1). In each group, 1 dog died suddenly during the titration period. During the chronic treatment phase, 2 dogs in the carvedilol group died suddenly and 1 dog in the placebo group was euthanized due to heart failure, resulting in 13 dogs in the carvedilol group and 5 dogs in the placebo group completing the study. Titration of study drug was well tolerated in both groups. One dog in the carvedilol group experienced a modest increase in respiratory rate and effort approximately 2 weeks into the titration phase. Titration was slowed and subsequently achieved over a 6-week period. Interobserver CVs for the various echocardiographic variables ranged from 0.1 to 15.3% (Table 2). Three months of chronic treatment with carvedilol did not significantly improve LVVd, LVVs, or EF as compared with dogs receiving placebo (Table 3). Treatment with carvedilol did not significantly improve left ventricular and atrial dimensions, systolic time intervals, or neurohormonal parameters (Table 3). Dogs receiving placebo experienced a small but significant decrease in diastolic and mean blood pressure (Table 3). Neither treatment altered owner-perceived indices of quality of life (Table 3). Subgroup analysis of the 16 dogs originally receiving carvedilol indicated a wide variation in individual response with regards to EF and outcome. Based on the difference between baseline and 12-week EF, 6 dogs maintained systolic function, while 10 dogs experienced deterioration of systolic function over the study period (EF-maintained, 1.6 6 1.3%; EF-deteriorated, 27.3 6 3.7%). Of various baseline echocardiographic, hemodynamic, and neurohormonal characteristics, only BNP predicted which dogs experienced deterioration of systolic function (Table 4). Four dogs originally randomized to the placebo group were re-enrolled in a crossover protocol that added open-label carvedilol to their treatment regimen. One dog experienced congestive heart failure 2 weeks into the titration period and the owner opted to discontinue carvedilol and start pimobendan treatment. The dog died suddenly 6 weeks later. The remaining 3 dogs completed the 4-month crossover, but no significant differences were detected in left ventricular dimensions, volumes, or ejection indices over their 4-month treatment with open-label carvedilol (data not shown). Post hoc analysis based on the sample size and SD in the response of the matched pairs within the carvedilol group indicated that, as performed, the study possessed requisite power (ie, .80% at a 5 0.05) to detect differences in LV dimensions $8.1%, in LV volumes $17.6%, and in EF $23.9% between the treatment groups.



Discussion Chronic therapy with carvedilol did not improve ventricular volume or systolic function in dogs with



Table 4. Baseline characteristics of 6 dogs that maintained systolic function versus 10 dogs that experienced progressive loss of systolic function during 4 months of carvedilol treatment. Maintained LVVd-BSA index LVVs-BSA index EF (%) 2D LA : Ao Mean blood pressure (mmHg) Heart rate (bpm) ANP (nmol/mL) BNP (pg/mL) EPI (pg/mL) NE (pg/mL)



Progressed



P



96.1 60.2 38.4 1.61 89.8



(27.3) (23.8) (7.5) (0.49) (12.2)



101.9 64.4 36.7 1.72 89.4



(11.6) (9.35) (7.0) (0.29) (9.8)



NS NS NS NS NS



130 0.632 6.35 134 296



(33) (0.255) (8.09) (28) (180)



117 0.707 25.75 161 291



(34) (0.515) (18.03) (110) (234)



NS NS .027 NS NS



LVVd, left ventricular end-diastolic volume; BSA, body surface area; NS, nonsignificant; LVVs, left ventricular end-systolic volume; EF, ejection fraction; 2D, 2 dimensional; LA, left atrial diameter; Ao, aorta; ANP, atrial natriuretic peptide; BNP, B-type natriuretic peptide; EPI, epinephrine; NE, norepinephrine.



moderate to severe DCM as compared with placebo. In addition, carvedilol treatment did not significantly change circulating neurohormone concentrations or improve owner-perceived quality of life. The findings of the present study differ from previous reports involving canine models of heart failure or humans with idiopathic DCM. There is improved LV dP/dt, stroke volume, and cardiac output and suppressed plasma NE concentrations after oral carvedilol administration to dogs undergoing rapid ventricular pacing.14 Carvedilol treatment in humans with idiopathic DCM results in improved systolic function, regression of LV hypertrophy, suppression of neurohormonal activation, and longer survival, making b-blockade a cornerstone of chronic heart failure therapy.20–24 The reported benefits of b-blocker therapy are owing to a complex combination of events, including restoration of b-receptor signaling, myocardiocyte protection against oxidative stress and apoptosis, mitigation of cyclic adenosine monophosphate (cAMP)-induced hyperphosphorylation, improved Ca2+ cycling, and improved efficiency of myocardial energetics.11,12,25–27 The results of the present study may be due to differences in the severity, progression, and differing etiology of canine and human DCM, inadequate drug dosages, and the brevity of follow-up. The dogs in this study suffered from relatively severe disease as indicated by markedly high LV volumes and reduced EF. As disease worsens, the amount of irreversible injury to the myocardium presumably increases, making response to therapeutic intervention less likely. Investigation in humans suggests that carvedilol administration is effective in advanced disease (ie, EF ,25%4,5) as well as in very elderly patients28; however, one report indicated that response was suboptimal in patients with larger heart sizes, worse systolic function, and more advanced clinical heart failure class.29 Advanced canine DCM is accom-
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panied by progressive myocyte loss due to necrosis, apoptosis, atrophy, and fibrous or fatty infiltration.30,31 The remaining myocytes demonstrate significant abnormalities of transcription of basic cellular components as well as deficiencies in mitochondrial protein expression.32–34 In the later stages of disease, these changes may preclude effective response to b-blockade as the myocardial substrate becomes irrevocably injured. Positive response to b-blockade in the form of ventricular remodeling generally requires that patients receive medication for at least 3 months. This effect is influenced by both dose and time, in that patients receiving higher doses of drug for longer periods of time experience the most dramatic results.35 Thus, consensus opinion involving human patients recommends initiating b-blocker therapy in patients with relatively mild disease (NYHA II) and titrating to the highest tolerable doses.36,37 High-dose therapy in veterinary medicine is made difficult by the advanced nature of disease in dogs that present with congestive heart failure. Moreover, the deterioration of clinical status in dogs with DCM is relatively rapid as compared with humans, as evidenced by a 1-year survival rate in dogs of 17.5% versus a value between 50 and 95% in human patients depending on the exact cohort studied.38 Thus, long-term treatment and resultant benefit may not be achievable in dogs with relatively advanced disease. Earlier and more aggressive treatment in dogs necessitates effective strategies to detect asymptomatic (ie, occult) disease in a widely available and accurate manner. The ideal dose of carvedilol for dogs with heart disease is unknown. In healthy dogs, doses ranging from 0.08–1.5 mg/kg q12h have been reported.39–41 In dogs with experimental heart disease, doses ranging from 0.2– 0.4 mg/kg q24h have been shown to significantly reduce heart rate.42 Recently, Nikolaidis et al reported using considerably higher doses (1.5–1.7 mg/kg q12h) in dogs undergoing rapid ventricular pacing; however, the dogs were only treated for 3 days before being euthanized.14 In this study, it is interesting to note that treatment with carvedilol did not suppress circulating NE and EPI, nor did treatment decrease heart rate. Thus, the results of the present study may have been influenced by an overly conservative dose of carvedilol; however, we note that heart rate response may not be a reliable means to assess carvedilol dose insofar as a considerably higher dose of carvedilol (1.5 mg/kg PO q12h) did not consistently reduce heart rate in healthy dogs.40 In the authors’ experience, more aggressive titration can be associated with acute clinical deterioration that is difficult to treat and can lead to substantial morbidity and mortality. It is very difficult to prospectively determine which animals could tolerate higher doses and which ones could not. While none of the dogs in this study experienced catastrophic exacerbation of heart failure signs, 1 dog did require slowing of the titration protocol due to presumed worsening of heart failure. This experience suggested that a maximally tolerated dose had been reached in that individual patient.
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There was a wide degree of individual response within the group of dogs receiving carvedilol. Six of the 16 dogs originally randomized to carvedilol demonstrated preserved or slightly improved cardiac function as evidenced by their EF values. At time of study enrollment, this subgroup of dogs possessed BNP concentrations significantly lower than dogs considered as not responding to the study protocol. BNP is a marker of cardiac stress and possesses prognostic value in a wide variety of human patients with heart disease.43–46 In general, humans with lower BNP concentrations possess risk for cardiac morbidity and mortality 2–3 times lower then the cohort with higher concentrations. In at least 1 study,47 baseline BNP predicted which human patients received the greatest survival benefit after receiving carvedilol, and in another study,48 NT-proBNP predicted mortality in both carvedilol-treated and nontreated patients. Further studies investigating the predictive value of neurohormonal activation in dogs are warranted. This study was limited because it was not specifically designed to prospectively identify predictors of response, nor could we be entirely sure that the changes seen in the responder group were necessarily the result of carvedilol therapy or would ultimately result in reduced mortality. This study was limited by the small number of patients and inherent variability associated with the echocardiographic technique, which affected the ability to detect changes in cardiac diameters, volumes, and ejection indices. Thus, even moderate changes in ventricular function might not have been detected by the current study. A primary goal of any therapeutic intervention is to improve patient survival. This study was specifically designed to investigate the effect of carvedilol on ventricular remodeling and function, and additional studies are needed to determine if carvedilol improves survival. In summary, carvedilol therapy can be safely administered to dogs with moderate to severe DCM; however, doses .0.3 mg/kg q12h are likely to be required to effect changes in ventricular remodeling and function. The potential benefit of earlier and more aggressive treatment with b-blocking agents requires further study.
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