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Comparison of the effects of imidapril and enalapril in a prospective, multicentric randomized trial in dogs with naturally acquired heart failure Chris Amberger1; Valérie Chetboul2; Eric Bomassi3; Sandrine Rougier4; Frédérique Woehrlé4; Fabrice Thoulon4 On behalf of the FIRST (First Imidapril Randomized Study) group



Abstract Objective: To compare the efficacy and tolerability of the long-term administration of two different angiotensin-converting enzyme inhibitors, imidapril and enalapril, in a multicentric, prospective, randomized parallel-group scheme clinical trial in dogs with naturally acquired heart disease. Animals: One hundred twenty eight dogs with clinical signs of heart failure (stage II (64-50%) - III (45-35%) - IV (1915%) New York Heart Association) caused by chronic valvular disease or dilated cardiomyopathy were selected. Procedure: Imidapril (minimum dosage 0.25 mg/kg) or enalapril (median dosage 0.5 mg/kg) was administered orally once daily for 12 months, either alone or as an add-on therapy to diuretics and/or digoxin. Results: The primary outcome measure was the quality of life score after 3 months of therapy. Sixty-one percent of the dogs in the imidapril group (36/59) and 52 % in the enalapril group (30/58) were considered responders. After 12 months, a clear improvement compared to baseline was maintained in each treatment group for most parameters



reflecting the quality of life such as fatigue, exercise tolerance, dyspnea, cough and general condition. Quality of life scores and survival times were similar in both groups after 12 months. Both drugs were well tolerated over the one-year follow-up. Conclusions: Imidapril proved to be as effective as the reference drug enalapril in the treatment of dogs with NYHA class II-IV heart failure. As with enalapril, imidapril was well tolerated during the long-term treatment period of one year in the dose range used in the study.
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Introduction There is now proven clinical evidence that angiotensinconverting enzyme (ACE) inhibitors are of benefit in managing congestive heart failure in dogs, as adjunct therapy to standard treatment. ACE inhibitors have proved to improve hemodynamic parameters, clinical signs and exercise tolerance of dogs with both experimentally induced1,2,3 and naturally occurring heart failure in placebo controlled4,5,6,7,8 clinical trials. The controlled clinical trials have shown that ACE inhibitors improve the quality of life in dogs with class II-IV heart failure receiving furosemide and other drugs such as digoxin, extend life expectancy and
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Chris Amberger; Valérie Chetboul; Eric Bomassi; Sandrine Rougier; Frédérique Woehrlé; Fabrice Thoulon delay the time to treatment failure (deterioration in clinical condition or death/euthanasia due to congestive heart failure), as described with enalapril compared to placebo in 110 dogs treated for up to 17 months7 or with benazepril compared to placebo in 162 dogs treated for up to 34 months.8 Imidapril is a new ACE inhibitor in a liquid form presentation, with pharmacodynamic properties9 similar to those of benazepril, enalapril and ramipril10 in dogs but a longer ACE suppression half-life (18-20h). Imidapril is excreted with a renal to hepatic ratio similar to ramipril (40:6011 based on studies on radiolabeled compounds), and has a large margin of safety. In a 90-day tolerance study of imidapril in dogs, the no-effect-level was evaluated at 5 mg/kg, i.e. 20 times the usually recommended therapeutic dosage.12 The aim of this study was to test the efficacy and tolerability of the long-term administration of imidaprila in dogs with heart failure. Efficacy and tolerability of imidapril were compared to those of the reference product, enalaprilb, in an international multicentric, randomized, clinical trial including dogs with naturally acquired heart insufficiency (Stage II, III and IV of the New York Heart Association classification13).



Animals, materials and methods This study was designed as a randomized, prospective, placebo-controlled, multicentric trial involving a total of 13 veterinary clinics with the following international distribution: France (8), Germany (2), Belgium (1), Italy (1), and Switzerland (1). Animals Dogs with cardiac failure in class II, III or IV (NYHA classification14) were included in the trial. Inclusion criteria: The presence of a heart murmur was mandatory. In addition, the dogs had to exhibit at least one clinical sign of cardiac insufficiency (depression, prostration, ascites, dyspnea, exercise intolerance or cough). On the inclusion day, the diagnosis, etiology and heart failure classification were determined by the clinical history and detailed clinical examination which included a physical examination, observation of clinical signs, thoracic radiograph, electrocardiogram, and echocardiogram. Blood pressure measurement was not required but was performed if thought useful. A blood sample analysis including complete blood count, urea, creatinine, plasma alanine/aspartate aminotransferase (ALT/AST), alkaline phosphatase (ALP), potassium (K) and sodium (Na) as well as urinalysis with specific gravity and protein content, were performed in a central laboratory for each country. Exclusion criteria: All dogs with surgically treatable congenital heart disease, acute renal insufficiency (based on a blood creatinine level above 220 µmol/l or 25 mg/l), suspected hypersensitivity to ACE inhibitors in patients previously treated, and pregnant or lactating bitches were excluded on the pre-admission 10



clinical examination. Administration of any drug with a known action on the canine cardiovascular system, e.g. ACE inhibitors, vasodilators or beta adrenergic blockers, had to be discontinued at least 8 days before inclusion into the study with the exception of furosemide and digoxin. No limitation was imposed regarding theoretically anticipated life expectancy (i.e. stage of heart failure). The animals that showed evidence of acute renal disorders on the blood analysis results after the inclusion were excluded (post-admission exclusion criteria) before the first re-examination. Study design The cases were enrolled onto a pre-designed inclusion list, following a strict chronological order in each centre. The dogs included in the trial were assigned the test treatment (imidapril or enalapril) in randomized blocks of 4 (numerically pre-printed envelopes). Due to the different galenic presentation (liquid vs. tablets) and in order to maintain blind conditions, the dual investigators’ method was used, with a “clinician” (trained cardiologist) and a “therapeutic” (veterinarian or technician) investigator in each centre. Dogs were orally administered either imidapril at 0.25 mg/kg q24h or enalapril at a median dosage of 0.5 mg/kg q24h, which in both cases are the registered dosages. Owners were informed by the therapeutic investigator about the preparation of an oral solution with two vials (freeze dried powder and water for injection), which has to be stored in the refrigerator once reconstituted; the liquid formulation allowed an accurate dosage. Imidapril could be given during or in between meals. Enalapril was administered orally in between meals according to leaflet recommendations. With the standard tablet presentations given for 5 different ranges of bodyweight (1, 2.5, 5, 10 and 20 mg per tablet), the dose really ingested by the dogs was between 0.282 and 0.850 mg/kg/day. The owner compliance was checked by counting the amount of vials returned during the study on the scheduled re-examination days. The dosage of imidapril or enalapril could be doubled (up to 0.5 mg/kg for imidapril [0.25 mg/kg q12h] and 1 mg/kg for enalapril [0.5 mg/kg q12h]) once during the trial in case of insufficient improvement in clinical signs as assessed by the clinician investigator. If a dog developed pulmonary edema (thoracic radiographs) and/or ascites during the study, diuretic therapy was added (furosemidec 1-2 mg/kg q12h). Dogs presenting a supraventricular tachyarrhythmia (electrocardiogram) or a dilated cardiomyopathy (DCM, based on the echocardiography) had to be treated with glycosides (digoxind 0.0075 mg/kg q12h). There was no limitation concerning when complementary drugs could be added, discontinued or dosage adjusted. Other medical treatments (e.g. analgesics or antibiotics) were permitted for the treatment of concomitant acute illness. The trial supervisor was notified of their use in order to enable evaluation of their possible influence on the monitoring parameters, and decide whether the animal had to be excluded or not. Each dog was examined by the clinical investigator on day 0, 14, 28 and 3 months after randomization, and then every 3 months for a period of one year (M6, M9 and M12), or



Journal of Veterinary Cardiology, Vol.6, No 2, November 2004 until the animal died or was withdrawn from the study for other reasons. Thoracic radiographs, electrocardiogram and echocardiography were repeated after 3 and 12 months, blood and urine analysis was performed on day 28 and on the 3, 6 and 12 month re-examinations. Animals treated with digoxin had serum concentrations measured in order to adjust the dosage regimen if needed. Outcome measures The primary outcome measure was the assessment of the quality of life on M3, based on 7 clinical parameters (appetite, fatigue, exercise tolerance, syncope, dyspnea, cough, and general condition) used for monitoring the clinical status. The secondary outcome variables were the survival time defined as the time from the beginning of the treatment with imidapril or enalapril to the death or treatment failure, the evolution of clinical parameters (the 7 previously described parameters plus rectal temperature, color of mucous membranes, ascites, heart rate, cardiac arrhythmia, evolution of cardiac murmur and pulmonary auscultation) over time. Safety parameters The clinical investigator assessed the tolerability of the test treatments by questioning the owner on each visit about any possible side effect. Any undesirable clinical event was recorded in detail (e.g. change in appetite, polyuria, polydipsia, vomiting, diarrhea, vertigo, syncope or cough not related to cardiac insufficiency, nervous disorders or any other remarkable modification in behavior). The investigator graded the association between possible side effects and treatment as follows: none, possible, probable or obvious. Clinical tolerance was assessed from biochemical parameter changes between day 0 and 28 (D0, D28), and month 3, 6, and 12 (M3, M6 and M12).



Statistical analysis Parallel groups were used for the experimental design of the trial. The reference treatment was enalapril. Individual (heart diseases) and prognostic (heart failure class) criteria for both treatment groups were compared on D0 in order to check baseline. The trial was designed to include a total of 120 cases, i.e. 60 per treatment group. The response rate on M3 was estimated at 70% in the control group. The difference between response rates was expected to be close to 0. The a priori equivalence limit (non-inferiority) was set at 20%. Thus, with a power of 80% and a type I error of 5% (onesided), a total sample size of 120 animals was expected to be sufficient to show the non-inferiority of the new product compared to the reference product. The primary outcome measure of clinical response rate regarding quality of life on M3 was evaluated according to a 4-level scale grid (clear improvement, improvement, insufficient improvement or failure). Both “clear improvement” and “improvement” levels were considered response to treatment. “Insufficient improvement” and “failure” classes were considered non-response (Table 1). A non-inferiority approach was used to compare the response rates, by calculating the odds ratio (OR) and its 95% onesided confidence interval. In order to evaluate the p-value, a Chi-square test based on the Dunnet and Gent15 methodology was used. Non-inferiority was tested with both intent to treat (ITT) and per protocol (PP) sub-populations, according to the European Medicines Agency (Center for Veterinary Medicinal Products and Center for Proprietary Medicinal Products) guidance notes, “EMEA/CVMP: Statistical principles for veterinary clinical trials, draft revision 4, May 1999” and “Points to consider on biostatistical/methodological issues arising from recent CPMP discussion on licensing applications: superiority, non-inferiority and equivalence, draft CPMP/EWP/182/99, September 1999”. For the secondary outcome measures,



Table 1 - Primary outcome variable: clinical parameters used to assess the quality of life, response vs. non-response scale.



Response



Appetite, fatigue, exercise tolerance, syncope, dyspnea, cough, general condition



Clear improvement



Return back to normal of at least 50% of initially impaired parameters and no parameter worsened



Improvement



Return back to normal of at least 1 variable but less than 50% of initially impaired parameters and no parameter worsened



No response



Parameters taken into account



Insufficient improvement



General improvement without any parameter coming back to normal; if there is at least one parameter worsened, the number of improved parameters must be higher or equal to the number of worsened parameters



Failure



Lack of improvement or worsening of all parameters and cases for which the number of worsened parameters is higher than the number of improved parameters



Response



If only one parameter was abnormal on D0, the evaluation of the clinical result was as follows: Clear improvement Improvement Failure = No response



Return back of this parameter to normal The parameter is improved, but not normal Lack of improvement or worsening of the parameter
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Chris Amberger; Valérie Chetboul; Eric Bomassi; Sandrine Rougier; Frédérique Woehrlé; Fabrice Thoulon survival curves were compared using the Log-rank test. A Cox proportional Hazard model stratified on the following variables age (< 7, 7-12, > 12), gender, body weight (< 10, 10-20, > 20), heart failure stage (II, III/IV) and diagnosis (DCM vs. valvular disease) was used to compare the 2 survival curves. The evaluation of clinical parameters and side effects (frequency of undesirable events) were compared using a Fisher’s exact test (2x2 tables, or if at least one expected count was less than 5) or a likelihood ratio Chisquare test. All these tests were performed at the 5% twosided significance threshold. Only descriptive statistics were presented (mean ± standard deviation) for the evolution of hematological and plasma biochemical results from D0 to M12.



Results Inclusion 128 dogs were initially recruited into the study by 13 investigators throughout Europe between October 1998 and March 2000, and were randomly divided into 2 treatment groups (60 in the enalapril group and 68 in the imidapril group). Problems other than heart disease had been ruled out by blood and urine analysis and a complete cardiovascular examination including echocardiography confirmed the diagnosis. Withdrawal from the study Among the 128 initially included dogs, 11 (2 from the enalapril group and 9 from the imidapril group) were excluded because of withdrawal before M3 for a reason other than heart failure or mortality or non cardiac death, or failure to meet the blood biochemical inclusion criterion (ITT sample: 117 dogs, 58 in the enalapril group and 59 in the imidapril group). Another 27 dogs (12 from the enalapril group and 15 from the imidapril group) were excluded from the one-year trial because of major deviations to the study



protocol (PP sample: 90 dogs, 46 in the enalapril group and 44 in the imidapril group). The number of exclusions was similar in the two groups. Thus, the number of dogs completing the study was for imidapril 59 (D0), 59 (D14), 59 (D28), 49 (M3), 45 (M6), 44 (M9), 39 (M12) and for enalapril 58 (D0), 57 (D14), 54 (D28), 48 (M3), 42 (M6), 39 (M9), 38 (M12). Data of all animals but 2 (126 dogs, 59 in the enalapril group and 67 in the imidapril group) were available for the evaluation of possible side effects. Description of the population at baseline (Table 2) The baseline characteristics were not significantly different (p > 0.05, Fisher’s exact, Student’s or Chi-square test) in the two groups except for exercise tolerance and monocyte count. More dogs in the imidapril group presented exercise intolerance (ITT sample): 34/58 (59%) dogs showed no or slight reduction in exercise tolerance in the enalapril group vs. 27/59 (46%) in the imidapril group (p = 0.01). Although the monocyte percentage was different in each treatment group (3.8% (SD 2.2%) in the enalapril group vs. 4.1% (SD 3.3%) in the imidapril group), the values remained within the normal physiological range. Eleven dogs displayed only one clinical sign on D0, mostly exercise intolerance (4 in the imidapril group, 7 in the enalapril group). A wide range of breeds, predominantly Cavalier King Charles Spaniel (14%), Whippet (7%), Dachshund (6%) and Yorkshire Terriers (5%), was included. The most common heart failure etiology was valvular endocardiosis, with 93/117 (79%) cases equally distributed in both groups; 68 dogs presented an isolated mitral insufficiency, 5 dogs isolated tricuspid insufficiency and 18 dogs both mitral and tricuspid valvular disease. Mild aortic and pulmonary stenosis was also found in 4 dogs. The most common cause for valvular insufficiency was mitral valve endocardiosis (78 of 93 cases). Cardiomyopathy was found in 24/117 (21%) dogs; among these cases of DCM, there



Table 2 - Baseline population characteristics (ITT sample). Enalapril group (n=58) Mean ± SD Age (years) Body weight (kg) Male sex Duration of heart failure symptoms Less than 1 month From 1 to 6 months More than 6 months Unknown Class of heart failure (NYHA) Class II Class III Class IV Etiology of heart failure Chronic valvular Disease (CVD) Dilated cardiomyopathy (DCM) CVD + DCM Others
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Number of dogs (%)



9.3 ± 3.7 20 ± 16



Imidapril group (n=59) Mean ± SD



Number of dogs (%)



9.8 ± 3.3 15.7 ± 14.9 36 (62)



31 (53)



15 (26) 22 (38) 16 (28) 5 (9)



16 (27) 17 (29) 20 (34) 6 (10)



30 (52) 18 (31) 10 (17)



29 (49) 23 (39) 7 (12)



45 (78) 10 (17) 1 (2) 2 (3)



45 (76) 11 (19) 2 (3) 1 (2)



Journal of Veterinary Cardiology, Vol.6, No 2, November 2004 were 21 dogs with pure DCM and 3 with both DCM and valvular disease. Duration of symptoms was in 36/117 (31%) cases longer than 6 months and in 31/117 (26%) cases of the patients less than 1 month. Most of the dogs (77/117, 66%) had not received any previous treatment. On D0, 59/117 (50%) dogs presented a NYHA stage II cardiac insufficiency, 41/117 (35%) stage III and 17/117 (15%) stage IV. The blood parameters and urine analysis results were within the normal reference range (Table 3). The distribution of clinical parameters registered on D0 was: fatigue (93/117, 79%), exercise intolerance (114/117, 97%), dyspnea (96/117, 82%) and cough (69/117, 59%). Two Dogs in the imidapril group and 3 in the enalapril group had their dosage doubled during the study. Prescription of one or both of the authorized associated treatments was necessary for 55 dogs (47%) on D0. Consequently, 36 dogs received furosemide, 10 digoxin and 9 both products. All dogs with congestive heart failure (45) had furosemide on a regular base. Efficacy, clinical result (Figure 1) The main efficacy criterion was the rate of clinical response regarding quality of life after 3 months. After 3 months, 36/59 (61%) dogs showed response in the imidapril group versus 30/58 (52%) in the enalapril group (ITT sample). Using PP sample, the response rate was 52% in each group (respectively 23/44 and 24/46 for imidapril and enalapril). For both ITT and PP samples, the two groups were statistically equivalent. After one year, the clinical results in the ITT sample still showed a “clear improvement” level. The positive response rate was slightly higher in the enalapril group (25/57, 44% - 1 missing data) than in the imidapril group (22/58, 38% - 1 missing data). Failure rate in both groups was 60/115 (52%). This rate was slightly higher in imidapril group (32/58, 55%) than in enalapril group (28/57, 49%). There was no statistically significant difference between the two treatment groups in the distribution over the 4 response levels (p = 0.63). The evaluation of the evolution of clinical parameters over time showed a rapid improvement of clinical signs as early as D14. No difference was found between the 2 groups. Eighty-six percent (63/73) of the dogs evaluated by the Figure 1 - Primary outcome measure: the ”quality of life“ score measured on M3 in the two treatment group (ITT sample, p=0.54). Assessment based on the clinical parameters (appetite, fatigue, exercise tolerance, dyspnea, cough and general condition).



clinician investigator on M12 (44 missing data) were considered responders to treatment with 35/73 (48%) classified as “clear improvement”. In comparison with clinical results obtained according to the protocol, the rate of failure evaluated by the investigators was lower. In fact, on M12, the evaluation by clinicians was performed only on the living dogs, whereas the clinical results according to the protocol were given for all the enrolled dogs, including dogs that died before the end of the trial period. Efficacy, survival data (Figure 2) The survival time was compared between both groups on M3 and M12. Concerning the ITT sub-sample, 11 out of 58 dogs (19%) from the enalapril group and 8 out of 59 dogs (14%) from the imidapril group died between D0 and M3. For most of them, the reason for death was cardiac, except for one case in the imidapril group, which underwent euthanasia because of hindquarter paresis of neurological origin.



Figure 2 - Secondary outcome measure: survival curve during 1 year of treatment (time from the beginning of treatment with imidapril or enalapril to the death or withdrawal of the dog due to treatment failure).



The survival in each group on M3 and M12 was similar: in each group, 20 dogs died between Day 0 and M12 and 16 deaths were clearly due to a progression of the cardiac disease. Sixty-six percent of enrolled dogs (38/58 in the enalapril group and 39/59 in the imidapril group) were still alive after one year of treatment. The reasons for death were similar in the two groups: 7 dogs developed acute pulmonary edema in the imidapril group vs. 8 in the enalapril group, 5 showed a worsening of cardiac failure in the imidapril group vs. 3 in the enalapril group and 1 had additional arrhythmia in the imidapril group vs. 3 in the enalapril group. Seven patients in the imidapril group and 6 in the enalapril group died from causes either unknown or obviously not related to cardiac disease. There was no significant difference between the 2 survival curves after stratification on age, gender, body weight, stage and etiology of the heart failure (Cox proportional Hazard model).
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Chris Amberger; Valérie Chetboul; Eric Bomassi; Sandrine Rougier; Frédérique Woehrlé; Fabrice Thoulon Tolerance: blood parameters and urinalysis (Table 3) There was no difference at any time between the two treatment groups concerning urea nitrogen, creatinine, potassium, sodium, ALT, AST, alkaline phosphatase, total and differential blood cell count as well as urine analysis (specific gravity and protein).



were not statistically different between the 2 groups (p = 0.96). Only 2 additional undesirable effects were reported during the following 9 months (diarrhea and polyuria, both in the enalapril group). The most frequent adverse effects reported by investigators were diarrhea (2 cases in enalapril group and 3 cases in imidapril group), hypotension (3 cases in the enalapril group), polyuria/polydipsia (2 cases in enalapril group and 1 case in imidapril group) and anorexia/dysorexia (3 cases in the imidapril group). All these effects were transient and



Tolerance: clinical observations Undesirable effects were reported in 9/59 dogs (15%) in the enalapril group and in 10/67 dogs (15%) in the imidapril group during the first 3 months. These percentages Table 3 - Blood parameters from D0 to M12. Variables



Number of cases



Dates



Mean



(SD)



Imidapril Mean



(SD)



Urea nitrogen (mmol/L)



125 103 88 77 66



D0 D28 M3 M6 M12



15.3 16.8 16.3 15.5 15.5



(6.6) (13.3) (5.9) (6.8) (5.8)



15.9 16.6 16.2 15.7 17.3



(12.9) (9.7) (8.0) (6.6) (9.0)



Creatinine (mmol/L)



125 103 88 77 67



D0 D28 M3 M6 M12



90.1 85.8 94.5 90.3 94.3



(26.2) (23.8) (22.0) (25.5) (26.5)



83.9 88.7 91.5 94.4 91.7



(23.1) (30.7) (24.9) (23.3) (30.9)



Potassium (µmol/L)



120 99 83 73 65



D0 D28 M3 M6 M12



5.1 4.9 5 5 5.1



(0.8) (0.7) (0.9) (0.7) (0.7)



4.8 4.8 5.1 5.2 5



(0.5) (0.7) (0.8) (1.1) (0.6)



Sodium (mmol/L)



122 100 47 75 66



D0 D28 M3 M6 M12



150.4 150.4 151.2 149.4 149



(4.3) (3.6) (3.2) (11.6) (16.0)



150.6 150.3 151.2 150.5 151.6



(3.6) (4.4) (3.4) (4.2) (2.7)



122 101 86 75 78



D0 D28 M3 M6 M12



20,2 19,5 17,6 20,8 18



(13,3) (14,1) (9,8) (12,6) (10,5)



18,5 16,6 19,3 14,9 18,1



(10,1) (7,8) (13,0) (4,9) (10,5)



116 98 80 71 64



D0 D28 M3 M6 M12



150,2 138,3 85,4 107,2 109,8



(386,3) (357,5) (84,5) (114,2) (112,4)



113,6 126,7 247,5 90,8 95,8



(107,5) (143,6) (782,1) (74,8) (111,8)



112 87 74 65 51



D0 D28 M3 M6 M12



9 9.5 8.7 9.3 9.2



(4.2) (4.3) (2.5) (2.9) (3.0)



10.1 8.2 8.8 9 8.8



(6.3) (3.0) (3.8) (4.1) (3.6)



112 87 74 65 51



D0 D28 M3 M6 M12



6.6 7 6.8 6.6 6.6



(1.1) (0.8) (1.1) (0.9) (0.9)



6.7 6.8 6.7 7 6.8



(0.9) (0.9) (1.0) (0.8) (1.1)



112 87 74 65 51



D0 D28 M3 M6 M12



15.3 15.9 15.6 15.6 15.7



(2.7) (2.1) (2.2) (2.4) (2.3)



15.7 15.7 15.7 16.2 16.4



(2.2) (2.3) (2.4) (2.1) (2.5)



111 87 74 65 51



D0 D28 M3 M6 M12



295.2 320.9 287.7 298.9 270.3



(136.3) (172.3) (118.9) (116.0) (144.4)



292.1 276.6 274.7 334.2 337.9



(150.1) (143.9) (152.7) (151.7) (232.6)



ASAT (IU/L)



ALP (IU/L)



White Blood Cell count (109/L)



Red Blood Cell count (1012/L)



Hemoglobin (g/dL)



Platelet count (103/µL)



14



Enalapril



Journal of Veterinary Cardiology, Vol.6, No 2, November 2004 lasted a few hours or days. Only 2 dogs presented these signs for 2 and 3 weeks, respectively. No specific treatment was necessary for managing any of these cases. Only 6/59 (10%) adverse effects in the enalapril group and 3/67 (4%) in the imidapril group were considered to have a probable or obvious relation with the treatment.



Discussion The main result of this study is that imidapril has a similar efficacy and tolerability to enalapril. After 12 months of treatment, response rate was 44% for enalapril and 38% for imidapril. Compared to the results on M3, these rates are lower owing to a high number of withdrawals during the long-term trial between M3 and M12. As a result of the fact that only dogs alive on M12 were examined, failure rate according to the veterinarians is close to 0, and the response rate according to their opinion is about 85%. For all the response rates including death or withdrawal, there were no significant differences between groups. The mortality rate at the end of the one-year treatment period was similar (34%) in both treatment groups (respectively 20/58 in enalapril group and 20/59 in imidapril group) with, in each group, 16 cases of death clearly related to the cardiac pathology. The survival curves of imidapril and enalapril were similar over the entire trial period (no statistically significant difference). These results confirm the non-inferiority of the ACE inhibitor imidapril in the treatment of heart failure in dogs compared to enalapril. The aim of ACE inhibitor therapy is not to cure the animals, but to give them a better quality of life for as long as possible. Furthermore, as reported in previous studies with ACE inhibitors,4,5,7,8 most of the clinical parameters clearly improved over time in both groups and particularly parameters reflecting the quality of life such as fatigue, exercise tolerance, dyspnea, cough and general condition. Indeed, there was evidence of improvement in these parameters as early as 14 days after the beginning of the therapy. A good tolerance of imidapril was observed. No new side effect occurred after 3 months of treatment. The rate of longterm side effects related to the treatment was 3/67 (4%) vs. 6/59 (10%) in enalapril group. These rates are similar in other studies.5,8 Blood parameters remained within the normal reference range from day 0 to M12 in both groups. The major limitations of the study were first the number of cases, which was lower than in the BENCH8 study, but similar to the LIVE7 study. This number was adequate to obtain a two-group statistical comparison for the primary and secondary outcome measures (comparison of quality of life and survival of the two treatment groups), but insufficient to make a complete sub-group analysis (chronic valvular disease, DCM and others). Secondly, 44 cases were lost during the follow-up period (18 between D0 and M3 and 26 between M3 and M12), due to difficulties in maintaining owner cooperation over the study time period. Similar problems have been reported in the BENCH and the



LIVE studies. The third limitation of the study was that, due to the different galenic presentations of the test products, the double-blind structure of the study could not be maintained by all the investigators. However, only 3 cases were considered disclosed. Nevertheless, the primary goal of this trial was only to assess the efficacy and tolerability of imidapril in dogs with heart failure. The fact that nearly half of the population had class II heart failure represented another limitation of the study. Currently there is no consensus about the use of ACE inhibitors in the early stage of heart failure,15,16 and the results might have been different if we had considered only stage III and IV dogs. In fact, if we analyze only these 2 sub-categories in the ITT sample, similar results with a statistical equivalence between both groups are shown, but the statistical power is 68% only. Each clinician investigator was free to decide whether additional treatment was needed. In fact, all the investigators decided to begin diuretic therapy at stage III, together with enlarged pulmonary veins and/or acute pulmonary edema, and none of the dogs with class II heart failure received diuretics. There was no difference between the 2 groups in the diuretic regimen, which might have biased the results. As a prospective, randomized, multicentric clinical study, this trial is the first one in veterinary medicine that compares a new ACE inhibitor to the reference enalapril, which is considered as one of the most studied medications, with regards to efficacy and tolerability, in veterinary medicine. There will be probably more comparative studies in the future, as the European regulations now ask for the provision of information about the non-inferiority of a new medication compared to the previously registered ones, and placebo controlled studies for already similarly labeled medications are no longer allowed for ethical reasons.



Conclusion This clinical trial shows that the ACE inhibitor imidapril, at the dosage of 0.25 mg/kg/day has effects on the quality of life and survival similar to the reference product enalapril in the treatment of cardiac insufficiency of stage II, III or IV in dogs on long-term medication (12 months). According to pharmacokinetic studies, the dosage used in both groups results in comparable ACE inhibition in the two groups (suppression of circulating ACE activity of about 60% 12 to 24 hours after medication).9,10 There is no apparent reason why veterinarians should select one drug rather than the other, except because of the difference of presentation (liquid vs. tablet). Imidapril was well tolerated with only a few cases displaying adverse effects, which were mostly transient and needed no specific treatment.



Investigators and writing committee Clinician Investigators (number of dogs enrolled in each site are shown in parenthesis) C Amberger (3), C Brovida (7), D Bruyère (8), E Bomassi 15



Mark A Oyama; Philip F Solter (2), F Bagaïni (2), M Collet (1), L Fabries (7), A Hüttig (13), G Haroutunian / M Marguin (13), F Mens (42), P Paillassou (3), J-F Rousselot (12), E Trautwetter (15).



13. Autran de Morais H. Pathophysiology of heart failure and clinical evaluation of cardiac function. In Ettinger SJ and Feldman EC ed. Textbook of veterinary internal medicine, diseases of the dog and cat. Philadelphia, WB Saunders, 2000: 692-712. 14. Dunnet CW, Gent M. Significance testing to establish equivalence between treatments, with special reference to data in the form of 2x2 tables. Biometrics, 1977; 33: 593602. 15. Kvart C, Häggström J, Pedersen HD, et al. Efficacy of enalapril for prevention of congestive heart failure in dogs with myxomatous valve disease and asymptomatic mitral regurgitation. J Vet Intern Med 2002; 16: 80-88. 16. Atkins CE. Enalapril monotherapy in asymptomatic mitral regurgitation, results of Vetproof. Proceedings of the 20th ACVIM Forum 2002: 75-76.



Study coordinators D Borell, S Rougier, F Bernay-Stazzu, F Woehrlé, F Thoulon, B Boisramé, S Aberlin. Statistical analysis J-L Davot, S Pheulpin, N Moggio. Writing committee C Amberger, V Chetboul, E Bomassi, S Rougier, F Thoulon. Sponsoring Vétoquinol Research Centre, BP 189, F-70204 Lure cedex, France.



Footnotes Prilium®, Laboratoire Vétoquinol SA, BP 189, F-70204 Lure cedex, France b Mirapril®, Intervet SA, Angers Technopole, BP 17144, 49071 Beaucouze cedex, France c Furozenol®, Laboratoire Vétoquinol SA, BP 189, F-70204 Lure cedex, France d Digoxine Nativelle®, Procter & Gamble Pharmaceuticals France, 96 av. Charles de Gaulle, 92201 Neuilly-sur-Seine cedex, France a
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