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E f f e c t o f P i m o b e n d a n o n E c h o c a r diographic V al ues in D ogs with A s y m p t o m a t i c M i t r a l V a l v e Di s e a s e M. Ouellet, M.C. Be´langer, R. DiFruscia, and G. Beauchamp Background: Pimobendan (PIMO) is a novel inodilator that has shown promising results in the treatment of advanced mitral valve disease (MVD), but little is known about its hemodynamic effects, especially regarding the mitral regurgitant volume in naturally occurring MVD. Hypothesis: The addition of pimobendan to treatment decreases the regurgitant fraction (RF) in dogs with asymptomatic MVD. Animals: Twenty-four client-owned dogs affected by International Small Animal Cardiac Health Council class Ib MVD. Methods: Prospective, blinded, and controlled clinical trial. Dogs were assigned to a PIMO treatment group (n 5 19) (0.2–0.3 mg/kg q12h) or a control group (n 5 5). Echocardiographic evaluations were performed over a 6-month period. Results: The addition of PIMO to treatment did not decrease the RF of dogs affected by asymptomatic class 1b MVD over the study period (P 5 .85). There was a signiﬁcant increase in the ejection fraction of the PIMO treated dogs at 30 days (80.8  1.42 versus 69.0  2.76, corrected P 5 .0064), and a decrease in systolic left ventricular diameter (corrected P 5 .011) within the PIMO group compared with baseline. However, this improvement in systolic function was not sustained over the 6-month trial period. Conclusion and Clinical Importance: This study did not identify beneﬁcial long-term changes in the severity of mitral regurgitation after addition of PIMO to angiotensin converting enzyme inhibitor treatment of dogs with asymptomatic MVD. Key words: Asymptomatic; Cardiovascular; PISA; Valvular disease.



itral valve disease (MVD) is the most common acquired cardiac disease of dogs1 and represents the underlying condition of the vast majority of cases presented in congestive heart failure (CHF) to our hospital. During the past few years, introduction of the new inodilatator pimobendan (PIMO) to the traditional treatment regimen of CHF caused by MVD has been suggested. The therapeutic rationale behind the use of PIMO in canine MVD relies on its preload and afterload reducing effect as well as the potential reduction of the mitral regurgitation (MR) through reduction of left ventricular (LV) size and enhancement of LV papillary and mitral annular tone.2 Controversy persists surrounding the use of PIMO in canine MVD. On one hand, clinical evidence is building up in favor of the addition of this relatively new drug to the traditional treatment regimen of International Small Animal Cardiac Health Council (ISACHC) class II–III dogs affected by MVD. PIMO is well tolerated in advanced MVD.2,3 There is evidence of clinical improvement of the quality of life of these dogs and 2 recent trials also reported a beneﬁcial effect on survival.2–5 Finally, a recent evaluation in an experimental model of asymptomatic MVD has shown a signiﬁcant decrease in the MR volume, left atrial and ventricular diameters as well as plasma nor epinephrine concentration after qintroduction of PIMO.6 However, this experiment
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was a short-term study and no histopathologic examination was performed. On the other hand, a few isolated reports of possible adverse effects with the use of PIMO have been published,7,8 and 1 clinical prospective study reported negative effects of PIMO on MR, cardiac morphology, and function of asymptomatic Beagle dogs affected by naturally occurring mild MVD.9 The aim of this prospective study was to evaluate the effect of the addition of PIMO on echocardiographic parameters of dogs affected by naturally occurring asymptomatic class 1b MVD over a 6-month period.



Materials and Methods Animals This study was conducted in accordance with the ethical principles of the animal care and use committee of the University of Montreal. The study population included 10 male and 14 female dogs (age, 10.5  2.75 years; range, 5–16 years; weight, 7.3  3.8 kg; range, 2.7–18.7 kg). Various breeds were represented, including Poodle (4 miniature, 1 toy), Shih Tzu (3), Bichon (3), Schnauzer Miniature (3), Lhasa Apso (2), and one of each Shetland Sheepdog, Border Collie, Norfolk Terrier, Pomeranian, West Highland White Terrier, Cavalier King Charles Spaniel, Boston Terrier, and Mixed breed dog. Dogs with ISACH class 1b MVD criteria were recruited at the veterinary teaching hospital of the University of Montreal between July 2003 and December 2005. Conﬁrmation of MVD and relevant left atrial enlargement (2-dimensional [2D] LA : Ao 41.6) had to be present upon echocardiography in order to include the asymptomatic animal in the study. Pretreatment with an ACEI was tolerated as long as it had been administered at the same dosage for at least 30 days before enrolment. Exclusion criteria included the presence of CHF on chest radiographs, concomitant cardiac disease other than MVD, evidence of other systemic diseases, the presence of an eccentric regurgitation jet making the PISA evaluation inconsistent, or poorly cooperative patients.
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Study Design



Statistical Analysis



This was a prospective controlled clinical study of 6 months duration, where the 1st 19 dogs enrolled were attributed to a PIMOatreated group, at standard dosages of 0.2–0.3 mg/kg q12h, whereas the last 5 dogs were allocated to a control (C) group (no PIMO added) in order to evaluate the natural progression of the disease in a similar asymptomatic group of dogs followed during a similar trial period. The echocardiographer was blinded to this study design. Each dog was subjected to a complete cardiac evaluation, which included a physical exam, CBC, chemistry panel, urinalysis, chest radiographs to assess the vertebral heart score (VHS) and the absence of CHF, ECG, systolic indirect blood pressure assessed by doppler ﬂow detector, and complete echocardiogram. PIMO was then introduced immediately after the baseline evaluation in the treatment group, whereas no change was made in the treatment regimen of group C. Follow-up evaluations were performed at 30, 90, and 180 days after inclusion. In the event that a dog presented a signiﬁcant progression of disease necessitating the introduction of a new cardiac medication that could alter the loading conditions of the myocardium, data were censored from the moment of treatment modiﬁcation.



Statistical analysis was performed with commercial analytical software.c A repeated measures linear model (ANOVA) was used with time as a within-subject factor and group as a between-subject factor. A priory contrast between mean values at each time period was performed with Bonferroni’s correction towing to the large number of comparisons. Level of signiﬁcance was set at P o .05. Means and standard errors are shown throughout, and P-values are reported corrected.



Echocardiography Echocardiographic data were collected at each visit by the same experienced echocardiographer (RDF), in a blinded fashion regarding the treatment group to which the dog was assigned. Coefﬁcients of variation were not performed. Transthoracic echocardiography was performed on unsedated dogs in left and right lateral recumbency, by an ATL 5000 echocardiographic machine equipped with 2–4 and 4–7 MHz phased array cardiac probes and continuous lead II ECG monitoring.b Guidelines of the American Society of Echocardiography were closely followed during these exams. Two-dimensional, M-mode, color ﬂow, pulse wave Doppler, and continuous wave (CW) Doppler were used to assess cardiac structures and function, chamber dimensions, valvular competence, as well as aortic, pulmonary, and atrio-ventricular ﬂow patterns. Systolic time intervals, isovolumic relaxation time (IVRT), E-point septal separation (EPSS), were recorded and ventricular volumes were calculated using the biplane modiﬁed Simpson’s rule. The quantiﬁcation of the MR was obtained by use of the proximal isovelocity surface area method (PISA) as previously described.10–13 The mitral annular region was carefully examined and magniﬁed in the left parasternal 4-chambers view and interrogated with Color ﬂow Doppler. Care was taken in order to obtain the most precise hemispherical area possible through modulation of the Nyquist limit. Measurement of the radius of the PISA was obtained in midsystole. The effective regurgitant oriﬁce area (EROA) was calculated using the formula EROA ¼ 2  r2  Velalias =VelMR ; where Velalias is the alising velocity and VelMR is the peak velocity of the mitral valve regurgitation. Mitral regurgitant volume (RV) was calculated using the following equation: RVpisa ðmLÞ ¼ EROA  VTIMR ; where VTIMR is the velocity-time integral of the mitral regurgitant ﬂow jet. Regurgitation fraction (RF) was calculated using the combination of the RV of the PISA (RVpisa) and left ventricular ejection volume (LVeject) obtained with the Simpson’s rule RFmitral ð%Þ ¼ RVpisa =LVejectsimpson :



Results General Population Characteristics At baseline both groups were similar in terms of age (PIMO 5 10.9  0.51 versus C 5 9.0  1.97, P 5 .36), sex, weight (PIMO 5 7.6  0.93 versus C 5 6.3  1.35, P 5 .45), and severity of the disease based on the lack of signiﬁcant differences in the indexed mitral RV, mitral RF, left atrium to aorta ratio, and VHS. At time of inclusion, pretreatment drugs were present in 12 dogs and included ACEI (11 PIMO, 1 C) at a mean dose of 0.39 mg/kg (range, 0.21–0.54) of Benazeprild daily, and small dose of furosemidee (1.5 and 0.9 mg/kg/ day) due to left atrial enlargement (1 PIMO and 1 C). Three dogs in the PIMO group did not complete the trial period owing to progression of their disease to CHF and the necessity to modify their treatment regimen by use of standard treatment of CHF in dogs (n 5 2 between days 30 and 90 and n 5 1 between days 90 and 180). Two dogs in the PIMO group were euthanized owing to conditions unrelated to their cardiac disease (diabetes mellitus, osteoarthritis) as well as 1 dog in the control group (gastro-intestinal disease). Two dogs were lost to follow-up and 2 dogs were excluded from the study (noncompliance and transportation problems), in the PIMO group. A total of 10 dogs completed the 6-month trial in the PIMO group whereas 4 control dogs remained in group C.



Echocardiographic Data When comparing the mean values obtained over time within the PIMO group, some parameters did appear to change because few trends were observed. A reduction of the end systolic LV internal diameter (LVIDs) was noted at day 30 (1.47  0.10 cm) compared with baseline (1.72  0.10 cm) (P 5 .011) (Fig 1). The end diastolic LVID was not different at day 90 (2.95  0.14 cm) compared with baseline (3.17  0.14 cm) (P 5 .06). Temporal echocardiographic data of the PIMO group and group C are summarized in Table 1. A signiﬁcant difference was noted for the ejection fraction (EF) calculated with Simpson’s rule, at day 30, with an EF signiﬁcantly higher in the PIMO group (80.8  1.41%, P 5 .0064) compared with group C (69.0  2.75%). Other parameters did not reach statistical signiﬁcance between the 2 groups at any point in time during the study. These included the mitral RF, mitral RVi, EROAi, LA : Ao ratio, and LV volumes and diameters.
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4.0 P = 0.011



Table 1. Echocardiographic data between groups over the study period. Parameters
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Fig 1. Box and whisker plots of the left ventricular end-systolic internal diameters (cm) of the PIMO group (n 5 19, 19, 17, and 10). Central lines of the box represent the median, upper, and lower limits of the box represent the 75th and 25th percentiles, whiskers represent the 95th and 5th percentiles. Corrected P-value provided. PIMO, Pimobendan.



Other Quantitative Data Several other parameters were collected during the study period, including systemic blood pressure, heart rate, and VHS. None of these signiﬁcantly changed over time or differed between the 2 groups at any time during the study. Table 2 summarizes these data. ECG tracings were unremarkable for occurrence of new arrhythmic patterns during the trial period in both groups. CBC and chemistry evaluations that were performed over the 6-month period of time did not show any clinically signiﬁcant anomaly.



2D LA : Ao



LVVd (Simpson) (mL)



LVVs (Simpson) (mL)



EF (Simpson) (%)



EROAi (cm2)



RVi (mL/m2)



Discussion This study demonstrated that the addition of PIMO to treatment of dogs in ISACHC class Ib MVD was associated with an unsustained improvement of some systolic function indices (EF, LVIs) at day 30. However, it failed to identify any signiﬁcant changes (positive or negative) on the RF of these dogs. Improvement of systolic function was expected based on results of previous study and the pharmacological properties of PIMO. Surprisingly, the signiﬁcant positive inotropic effect seen at day 30 was not detected at subsequent evaluations (days 90 and 180). Lack of statistical power towing to the reduction in the number of dogs still enrolled at days 90 and 180 as well as the increased variability observed at both of these time points could explain the transitory nature of the observed results. Also, because CV were not evaluated, intrinsic variability of the echocardiographic measurements could have contributed to these results. Tachyphyllaxis or tolerance to the effect of PIMO in chronic therapy in dogs is not reported. Only 1 report demonstrated a decrease in vasodilator effect after 6 months of treatment in humans, based on indirect arterial blood pressure monitoring.14 One can also hypothesize that the initial positive inotropic effect was lost overtime because of the ongoing progressive nature of chronic MVD. Another possibility
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RF (%)



T



PIMO group



C group



0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180 0 30 90 180



46.0 (1.9) 50.6 (1.9) 48.7 (2.0) 47.0 (2.4) 3.17 (0.14) 2.99 (0.14) 2.95 (0.14) 3.06 (0.15) 1.72 (0.10) 1.47 (0.10) 1.51 (0.10) 1.62 (0.11) 2.30 (0.11) 2.13 (0.11) 2.17 (0.12) 2.32 (0.14) 21.29 (2.78) 20.11 (2.77) 21.89 (2.79) 21.85 (2.92) 4.39 (0.74) 3.73 (0.74) 4.72 (0.75) 4.66 (0.81) 80.0 (1.45) 80.8(1.42) 77.98(1.49) 78.1(1.90) 0.303 (0.085) 0.299 (0.085) 0.332 (0.087) 0.337 (0.102) 27.4 (4.5) 25.3 (4.5) 21.5 (4.7) 26.1 (5.4) 50.1 (5.4) 46.24 (5.1) 39.5 (5.4) 38.6 (6.9)



46.7 (4.0) 44.4 (3.8) 44.9 (4.5) 41.00 (4.1) 2.83 (0.27) 2.96 (0.27) 2.79 (0.28) 2.94 (0.27) 1.52 (0.20) 1.68 (0.20) 1.57 (0.21) 1.72 (0.20) 1.89 (0.22) 1.94 (0.22) 2.06 (0.26) 2.13 (0.24) 18.06 (5.48) 15.00 (5.40) 18.91 (5.62) 16.97 (5.49) 5.00 (1.49) 4.80 (1.45) 5.89 (1.56) 4.96 (1.49) 75.73(3.05) 69.00(2.76) 69.61(3.49) 73.04(3.06) 0.130 (0.165) 0.151 (0.165) 0.144 (0.191) 0.228 (0.176) 12.6 (8.8) 13.4 (8.8) 15.0 (10.0) 25.0 (9.3) 35.0 (10.4) 41.4 (9.35 34.9 (12.0) 68.1 (10.4)



Values reported as mean (SE).



Signiﬁcant difference between PIMO group and C group, cor-



rected P 5 .0064. SE, standard error; FS, fractional shortening; LVIDd, left ventricular end-diastolic internal diameter; LVIDs, left ventricular endsystolic internal diameter; 2D, 2-dimensional; LA : Ao, left atrium to aorta ratio; LVVd, left ventricular end-diastolic volume; LVVs, left end-systolic volume; EF, ejection fraction; EROAi, effective regurgitant oriﬁce area indexed to BSA; RVi, regurgitant volume indexed to BSA; RF, regurgitation fraction. Numbers of dogs n 5 19, 19, 17, and 10 in PIMO group and n 5 5, 5, 3, and 4 in C group.



for the transient improvement of the systolic function could be an attenuation of the inotropic propriety of PIMO in a failing myocardium, an effect observed in a study performed on failing human myocardium.15 This assumption seems less probable because although small, a similarly affected cohort of dogs (group C) did not show any signiﬁcant worsening of the MVD over the 6-month trial period. Finally, the major increase in ﬁber
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Table 2. Other quantitative data collected in the PIMO group. Time of evaluation Parameters Heart rate (bpm) Systolic blood pressure (mmHg) VHS



0 (n 5 19)



30 (n 5 19)



90 (n 5 17)



180 (n 5 10)



123 (7) 144 (5) 10.68 (0.43)



108 (7) 147 (5) 10.70 (0.43)



123 (7) 141 (5) 11.04 (0.46)



125 (8) 156 (7) 10.97 (0.60)



Values reported as mean (SE). SE, standard error; VHS, vertebral heart score.



shortening already observed in the myocardium of dogs affected by MVD owing to increased preload (FrankStarling mechanism) and decreased afterload (low left-atrial pressure) could mask some of these positive inotropic effects of the molecule, especially when the evaluation of the systolic function relies on ejection phase indices (FS, EF), known to be largely inﬂuenced by loading conditions. However LVVs, a marker of LV systolic function known to be less inﬂuenced by loading condition, remained unchanged. The use of more sophisticated indicators of systolic function such as strain or strain rate evaluation could have detected a potential positive inotropic effect. In addition to these ﬁndings, it is also noteworthy that no signiﬁcant change was noted on arterial blood pressure after the introduction of PIMO, despite the well-described vasodilatator propriety of the drug. This ﬁnding was also reported in 2 previous studies in which indirect blood pressure was unchanged after the addition of PIMO.2,9 Several hemodynamic studies performed on humans and animals after PIMO introduction have also failed to detect any change in arterial blood pressure.16–18,fOn the other hand, numerous human and experimental animal model studies reported a decrease of blood pressure with the use of PIMO.6,14,19–22 The indirect method of measurement (Doppler ﬂow detector) used in the present study might explain our ﬁnding through its lack of sensitivity compared with a more invasive direct measurement technique. The positive inotropic effect of PIMO could also have counterbalanced the impact of its vasodilatory effect on blood pressure, but the absence of signiﬁcant increase noted in LV output makes this hypothesis less tangible in our study. The purpose of increasing systolic function in MVD is questionable. Dogs affected by chronic MVD develop compensatory LV remodeling in the form of eccentric hypertrophy and systolic dysfunction is usually only detected late in the progression of the disease.23,24 However, evaluation with more sophisticated techniques such as measurement of the end-systolic wall stress-endsystolic volume ratio has shown impairment of systolic function in experimental and naturally occurring chronic MR.25,26 Improvement of papillary muscle and mitral annular tone as well as modulation of LV morphology could potentially be beneﬁcial in these patients. Positive inotropic agents can reduce the RV, most likely by acting on the EROA through reduction of the LV and mitral annulus diameters.6,27,28 In addition, vasodilators are



known to have the potential to reduce the RF by reducing the EROA and modulating the pressure gradient between the aorta and the left atrium in favor of aortic ejection (decrease in afterload).29,30 Despite these assumptions and the inodilator properties of PIMO, no signiﬁcant reduction in the severity of the MR (RV, RF, VTI, and EROA) or signiﬁcant change in indicators of the severity of the MR (LA/Ao, VHS) were detected in this study. This is contrary to the observations of Kanno et al6 after introduction of PIMO over a 4-week period of time in a canine experimental MR model. These investigators actually found a signiﬁcant reduction of blood pressure, LV diameters, LA : Ao ratio and RV, as well as an increase of FS and EF after introduction of the medication in 4 treated dogs.6 However, no control group was included in this study, and none of the dogs were treated concomitantly with ACEI and PIMO. Whether it is the positive inotropic effect, vasodilatory effect, a combination of both, or even its other described properties that contributed to the reported PIMO’s beneﬁcial effect in the treatment of mild to moderate experimentally induced MVD remains to be determined. PIMO negatively inﬂuenced the severity of MR in a population of Beagle dogs affected by ISACHC class Ia MVD.9 The authors hypothesized that this worsening was caused by an increase in the systolic atrio-ventricular pressure gradient and possible ‘‘cardiotoxicity’’ or induction of cardiac fatigue due to the positive inotropic effect of the drug.9 The discrepancies with our ﬁndings could be attributed to various factors. First, the effect of PIMO was studied on considerably different populations of dogs. The sample evaluated by Chetboul and colleagues was composed entirely of Beagles, evaluated over a longer period of time, where one of the main criteria of inclusion was the absence of any ventricular and atrial dilatation on echocardiographic examination, as opposed to our study where dogs had to show evidence of left atrial enlargement to be enrolled. The possibility that these 2 subpopulations of asymptomatic dogs reacted in a different manner after the introduction of PIMO cannot be excluded. This can potentially be explained by an attenuation of the inotropic effect of PIMO related to the ventricular enlargement seen in ISACHC class 1b MVD dogs. It is also noteworthy to mention that no dogs received concomitantly PIMO and ACEI in Chetboul et al study, as opposed to a large proportion of the cases in the present study. In addition, the methodologies used in the evaluation of the severity of the MR differed greatly between the studies. In the present study, RV and RF
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were quantiﬁed by the use of the PISA method and modiﬁed Simpson’s rule, as opposed to an evaluation based on the VTI, peak velocity and maximum area of the regurgitant jet signal with CW Doppler used by Chetboul and colleagues. Finally, histopathologic analysis of the mitral appartus was not performed in our study, and the presence of more subtle changes in valvular lesions undetected on echocardiography cannot be ruled out. One of the limitations of our study relies on the noninvasive nature of our evaluation. Even if the authors attempted to quantify the RV using accepted and validated quantitative echocardiographic techniques, there is still a possibility of error and the evaluation of betweenday CV would have been very useful to assess this possibility. The authors chose to use the PISA methodology because it is noninvasive and readily available in a clinical setting. The use of more accurate but invasive techniques such as angiography and thermodilution was not suitable for our study population composed of clientowned dogs. However, the PISA method has been proven to be a reliable and accurate methodology to quantify human and canine MV regurgitations,10–13,31,32 but it still has some major limitations: it is technically demanding, necessitates a cooperative patient and has the tendency to be less reliable in certain situations.33–35 In the case of small proximal isovelocity surface area, the RV can be signiﬁcantly underestimated due to the nonhemispherical shape (radial compression) of the isovelocity shells. Conversely, a larger isovelocity area tends to be laterally compressed, overestimating the true value of the RV. To palliate to this weakness of the PISA method, the authors excluded from the study all dogs that had an irregular or angle-shaped isovelocity hemisphere. The 2nd limitation relies on the size of the control group and the fact that these cases were not randomized. The 1st 19 dogs were attributed to the PIMO-treated group whereas the last 5 dogs were used as the control group. The authors wanted to recruit as many cases as possible in the PIMO group and obtain maximal statistical power when comparing echocardiographic data before and after introduction of the medication because the main objective of the study was to evaluate the hemodynamic effects of PIMO addition to this group of asymptomatic MVD dogs. In that kind of study design, every treated dog was acting as its own control. The small control group was only recruited to assess the natural progression of the disease over the same period of time (6 months). The authors wanted to document that the lack of improvement in the PIMO group was not caused by a concomitant worsening of the condition. Unfortunately, time restriction only allowed enrollment of 5 dogs, but clearly a larger controlled group would have been more suitable to conﬁrm that the severity of MVD does not tend to progress signiﬁcantly over a 6-month period in a group of naturally occurring class 1b MVD. Finally, the study was underpowered due to the small sample size and the large number of dogs lost or censored during the study period. The high drop-off rate was something to expect when studying a geriatric population of dogs in a clinical setting and it unfortunately affected the value of the data collected at day 180. The
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reason for a higher drop-off rate in the Pimo group (Pimo 5 47% versus C 5 20%) remains unknown. All these limitations certainly warrant caution when interpreting the results; the lack of statistically signiﬁcant difference between groups or times of evaluation is certainly inﬂuenced by an underpowered study caused by a small sample size.
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