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Effec t of Spir onolactone on Di as tolic Function and Le ft V entric ular M a s s i n M a i n e Co o n Ca t s w i t h Fa m i l i a l H y p e r t r o p h i c Car d i o m y o p a t h y K.A. MacDonald, M.D. Kittleson, and P.H. Kass Background: Myocardial ﬁbrosis occurs in cats with hypertrophic cardiomyopathy (HCM), and is one factor that leads to diastolic dysfunction. Spironolactone (SPIR) reduces myocardial ﬁbrosis in several models of HCM and in humans with cardiac disease. Hypothesis: SPIR will improve diastolic function and reduce left ventricular (LV) mass in Maine Coon cats with HCM. Methods: Maine Coon cats with familial HCM were included if there was concentric hypertrophy (6 mm end diastolic wall thickness) and decreased early lateral mitral annular velocity (Em) or summated early and late mitral annular velocity (EAsum) measured by pulsed wave tissue Doppler imaging echocardiography. Cats were paired by Em-EAsum and randomized to receive 2 mg/kg SPIR (n 5 13) or placebo (n 5 13) PO q12 h for 4 months. Em-EAsum, systolic velocity, LV mass, and the ratio of left atrial to aortic diameter were measured at baseline, 2 months, and 4 months. Statistical analysis included 2-way repeated measures analysis of variance and the Student’s t-test. Results: Plasma aldosterone concentration increased in cats treated with SPIR (235 ng/mL, baseline; 935 ng/mL, 2 months; 1,077 ng/mL, 4 months; P o .001 at 2 and 4 months). No signiﬁcant treatment effect was identiﬁed for early or early-late summated diastolic mitral annular velocity or any other variable except plasma aldosterone concentration. Severe facial ulcerative dermatitis developed in 4 of 13 cats treated with SPIR, requiring discontinuation of the drug. Conclusion: SPIR did not improve Em or EAsum of the lateral mitral annulus or alter LV mass over 4 months. One third of cats treated with SPIR developed severe ulcerative facial dermatitis. Key words: Aldosterone; Early mitral annular velocity; Mineralocorticoid receptor blocker; Tissue Doppler imaging; Ulcerative dermatitis.



ypertrophic cardiomyopathy (HCM) is a primary myocardial disease characterized by concentric hypertrophy of the left ventricle. The initial defect is hypothesized to be a functional abnormality of the cardiomyocyte, leading to increased myocyte stress and activation of trophic and mitotic factors that induce the ﬁnal phenotype of concentric hypertrophy, myocyte disarray, and interstitial ﬁbrosis.1 An autosomal dominantinherited defect in the cardiac myosin-binding protein C gene (cMyBPC) causes HCM in a colony of Maine Coon cats.2 These cats develop the hallmark pathologic abnormalities of concentric hypertrophy, myocyte disarray, replacement ﬁbrosis, and interstitial ﬁbrosis.3,4 Diastolic dysfunction occurs as a result of delayed early relaxation and increased ventricular stiffness.5,6 Myocardial ﬁbrosis, concentric hypertrophy, and myocyte disarray are important determinants of diastolic dysfunction and sudden cardiac death in HCM in humans and in animal models of HCM.7–10 Consequently, treatment goals include reduction in myocardial ﬁbrosis and concentric hypertrophy.



H



From the Department of Medicine and Epidemiology (MacDonald, Kittleson), and the Department of Population Health and Reproduction, School of Veterinary Medicine, University of California, Davis, CA (Kass). The authors are currently afﬁliated with The Animal Care Center of Sonoma, Rohnert Park, CA. Corresponding author: Kristin A. MacDonald, The Animal Care Center of Sonoma, 6470 Redwood Drive, Rohnert Park, CA 94928; e-mail: [email protected].



Submitted March 12, 2007; Revised June 18, 2007; Accepted October 31, 2007. Copyright r 2008 by the American College of Veterinary Internal Medicine 10.1111/j.1939-1676.2008.0049.x



Activation of the renin-angiotensin-aldosterone system (RAAS) occurs in people and in cats with HCM.11–13a In 1 study, myocardial aldosterone concentration was increased 4.5-fold in human patients with HCM, but plasma aldosterone concentration remained normal.11 Approximately 50% of Maine Coon cats with mild to severe familial HCM without heart failure have abnormally high plasma aldosterone concentration.13 Activation of the RAAS system has long-term deleterious effects, both locally at the level of the myocardium and systemically. Angiotensin II and aldosterone have been shown to induce myocardial hypertrophy and ﬁbrosis in vitro and in vivo.11,14,15 Both angiotensin II and aldosterone increase collagen synthesis in cultured adult cardiac ﬁbroblasts, which is prevented by treatment with an angiotensin II type-I receptor antagonist or aldosterone receptor antagonist.16 Likewise, aldosterone leads to expression of markers of hypertrophy and increased hypertrophy in rat myocytes, and increased collagen and transforming growth factor-b1 expression in rat cardiac ﬁbroblasts.11 Inhibition of proﬁbrotic and prohypertrophic neurohormones is a reasonable treatment goal in HCM and other cardiac diseases. In a cardiac troponin T transgenic rat model of HCM, spironolactone (SPIR) reversed interstitial ﬁbrosis, decreased myocyte disarray by 50%, and improved diastolic function assessed by mitral inﬂow velocity measurements within 10 weeks of treatment.11 ‘‘Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist’’ is a clinical trial that currently is in progress in human patients with diastolic heart failure. No studies have evaluated the effect of aldosterone antagonists on left ventricular (LV) diastolic function and myocardial mass in naturally occurring HCM in cats. The hypotheses of this study were that SPIR would improve diastolic function and reduce LV mass in Maine
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Coon cats with diastolic dysfunction secondary to HCM. Speciﬁc aims included measurement of early mitral annular velocity by tissue Doppler imaging (TDI) echocardiography, calculation of LV mass using echocardiography, and measurement of plasma aldosterone concentration in cats treated with placebo or SPIR PO for 4 months.



Materials and Methods Study Population Maine Coon and Maine Coon-cross cats residing in a colony of familial HCM cats were used in this study. Fifty-four percent (14/ 26) of the cats in the current study carried the mutation of the cMyBPC gene. Thirteen of 14 were heterozygous affected and 1 cat was homozygous affected. Six of 13 cats given SPIR and 8 of 13 cats given placebo carried the mutation of the cMyBPC gene.



Echocardiography Standard echocardiography was performed on all affected cats while sedated with 0.1 mg/kg acepromazine and 0.1 mg/kg hydromorphone administered SC.b An LV free wall end diastolic thickness (LVFWd) or an interventricular septal end diastolic thickness (IVSd) 6 mm was deﬁned as abnormal. Left atrial (LA) and aortic diameters (Ao) were measured by 2-dimensional echocardiography using the right parasternal short-axis basilar view. LV mass was calculated using the truncated ellipse formula using the right parasternal long-axis and short-axis views at end diastole. This method was validated previously in cats as an accurate technique for LV mass quantiﬁcation, with good correlation to actual LV mass (R 5 0.85, P 5 .015).17 LV mass was indexed to body weight in kilograms (LVMI). Baseline systolic blood pressure was measured in all nonsedated cats with concentric hypertrophy, and had to be 100–160 mmHg for a cat to be included in the study.c The metatarsal region of 1 hind limb of each cat was shaved and a 3 cm cuff was placed above the tarsus. Serial blood pressure (BP) measurements were made over 5 minutes, and the lowest consistent result obtained over 3 measurements was chosen, because this result correlated with when the animal was the calmest.



Tissue Doppler Imaging Pulsed wave TDI (PW TDI) of the lateral mitral annulus from the left-apical 4-chamber view was performed using a 12 MHz probe with the pulsed wave Doppler gate placed perpendicular to myocardial motion. Speciﬁc TDI settings included Nyquist limit 10– 15 cm/s, sweep speed 100 cm/s, gate width 0.11 cm, and ﬁlter 50 Hz. The heart rate (HR) was measured by an electrocardiogram. Five nonconsecutive measurements of early diastolic velocity (Em) or summated early and late diastolic velocity (EAsum), and systolic velocity of the lateral mitral annulus, were recorded and averaged (Fig 1). The HRs at the time of the 5 nonconsecutive measurements were also averaged. Early and late diastolic mitral annular velocity waves fused during high HRs, preventing the measurement of individual Em waves in many cats. Tracings that were chosen had the highest velocities and minimal artifacts. The operator (KM) who obtained and read the echocardiogram and TDI was blinded to the group number of the cat. Maine Coon and Maine Coon-cross cats were included in the study if there was evidence of decreased early diastolic velocity or summated early and late diastolic velocity (EM-EAsum) and there was concentric hypertrophy. Normal reference values of Em-EAsum were obtained by another investigator from 20 normal awake



Fig 1. Pulsed wave tissue Doppler imaging (TDI) in a Maine Cooncross cat with familial hypertrophic cardiomyopathy; TDI of a Maine Coon-cat with severe hypertrophic cardiomyopathy without heart failure, showing reduced Em and E : A reversal, which indicate diastolic dysfunction (A). Em, early diastolic mitral annular velocity; A, late diastolic mitral annular velocity; S, systolic wave.



domestic short-hair cats.d,18 Sixty-four measurements of EmEAsum were made at HRs ranging from 115 to 242 bpm.18 Because Em-EAsum is positively correlated with HR, 95% prediction intervals were constructed from the previously obtained data to determine the upper and lower limits of normal Em-EAsum depending on HR, using the following formulas: vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ u  2 u 1 ðXi  XÞ SIND ¼ SY:X u  P 2 : t1 þ n þ P Xi Xi2  n Prediction interval 5 Yc  tSIND, where Yc is the predicted individual value of Em-EAsum, X is the HR, X ¼ mean heart rate, n is the sample size, SIND is the square root of variance of Y, and t is the t distribution for n  2 df. Blood collection for measurement of plasma aldosterone concentration was conducted in sedated cats after they had been lying in lateral recumbency for approximately 20 minutes between 7 : 00 and 9 : 30 AM. Cats were fed the same diet (Purina Pro Plan salmon and ricee) throughout the study. Plasma was shipped overnight on dry ice to the Endocrine Laboratory, Michigan State University Diagnostic Center for Population and Animal Health for analysis of plasma aldosterone concentration by a competitive radioimmunoassay (RIA) kit.f Samples were stored for a maximum of 3 weeks before RIA analysis. A plasma aldosterone concentration 4388 pmol/L was considered increased according to the reference range for cats developed by the laboratory. Cats were paired based on similarity of Em-EAsum and were blindly randomized to receive placebo or SPIR at 2 mg/kg PO q12h for 4 months (13 cats per treatment group). The investigators were blinded with regard to the treatment group.



Statistical Analysis All data were tested for normality using the Kolmogorov-Smirnov test, and homogeneity of variances was assessed using the Levene median test. Data were transformed if necessary using the natural logarithm or square root to achieve normality.g Parametric tests were used if the data were normally distributed with equality of variance. Baseline variables were compared between treatment groups using an unpaired 2-tailed Student’s t-test.h Two-way



Effect of Spironolactone in Feline Hypertrophic Cardiomyopathy repeated measures analysis of variance (RM-ANOVA) was performed with treatment as a between (grouping) variable and time as a within (repeated) variable.i When there was a signiﬁcant timetreatment interaction, differences in groups were evaluated at speciﬁc times using a 2-group Student’s t-test. A signiﬁcant difference was deﬁned as P o .05 for the ANOVA and P o .025 for the treatment group comparisons at the 2 nonzero time points if the treatment-time ANOVA interaction was signiﬁcant. Separate analysis was performed using the 2-tailed Student’s t-test to evaluate for a treatment effect on EAsum at each time point and to evaluate for a treatment effect on Em (nonsummated) at each time point.



Results Baseline The median septal end diastolic wall thickness and median LV free wall end diastolic wall thickness of cats treated with SPIR or placebo were as follows: LVFWd 6.48  0.9 mm SPIR; LVFWd 6.15  0.94 mm placebo at baseline; IVSd 6.7  1.49 mm SPIR; IVSd 6.1  1.69 mm placebo at baseline. The systolic mitral annular velocity was higher in the cats given SPIR than in the cats given placebo at baseline (P 5 .008) (Table 1). There were no other statistically signiﬁcant baseline differences between the 2 groups (Table 1). Five (1 cat in the SPIR group and 4 cats in the placebo group) of 26 cats (19%) had increased plasma aldosterone concentrations at baseline,
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indicating activation of the RAAS. Baseline differences in systolic mitral annular velocity were adjusted before performing RM-ANOVA by including baseline values as time-invariant covariates in the model. There was borderline signiﬁcance for the time-treatment interaction on Em-EAsum using RM-ANOVA (P 5 .056), but post-ANOVA testing showed no difference between treatment groups at any time point (2 months, P 5 .63; 4 months, P 5 .19; Table 1, Fig 2). There was EAsum in 13 of 26 cats (7 cats treated with SPIR and 6 cats treated with placebo) at baseline, 7 of 26 cats at time point 2 months (2 cats treated with SPIR and 5 cats treated with placebo), and 8 of 23 cats at time point 4 months (4 cats in each group). When analyzing EAsum separately from Em, there was no signiﬁcant difference of EAsum between cats treated with SPIR compared with placebo at any treatment point, nor was there a signiﬁcant difference in Em (nonsummated) between cats treated with SPIR compared with placebo at any treatment point (Table 2). There was no difference in HR between treatment groups in cats with EAsum, nor was there a difference in HR between treatment groups in cats with nonsummated Em at any time point. EAsum of cats treated with SPIR or placebo was consistently higher than Em of cats treated with SPIR or placebo at each time point (P 5 .006 at baseline, P 5 .03 at 2 months, P 5 .03 at 4 months). Likewise, the HR of cats with EAsum



Table 1. Repeated measures ANOVA comparisons and post-ANOVA comparisons of variables in cats treated with SPIR or placebo for 4 months.



Parameter Weight (kg)



HR (bpm)



Em-EAsum (cm/s)



S (cm/s)



LV mass (g)



LVMI (g/kg)



LA : Ao



Aldosterone (pmol/L)



ANOVA Treatment-Time Interaction (P value)



Time (months)



SPIR (n 5 13) Mean; SD



Placebo (n 5 13) Mean; SD



ANOVA Treatment (P value)



0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4 0 2 4



5; 1.6 4.2; 0.9 4.5; 1 187; 28 166; 25 158; 27 6.6; 1.5 6.0; 1.5 7.6; 2.5 6.8; 1.6 5.9; 1.8 6.9; 2.0 11.7; 5.2 12.0; 4.5 13.7; 5.5 2.5; 1.2 2.9; 1.1 3.2; 1.1 1.32; 0.15 1.37; 0.26 1.29; 0.15 235.3; 151.7 976.8; 392.8 1,077.1; 352.6



4.4; 1 4.3; 1.2 4.2; 1.1 180; 20 167; 29 162; 30 6.3; 1.3 6.3; 1.4 6.4; 1.0 5.3; 1.0 5.4; 1.8 6.1; 1.3 12.7; 3.3 12.8; 3.7 12.2; 2.9 2.9; 0.5 3.0; 1.4 2.9; 0.4 1.22; 0.14 1.29; 0.16 1.41; 0.20 244.2; 214.8 357.9; 151.7 373.5; 144.6



.61



.14



.98



.38



.54



.056



.02



.53



.89



.18



.76



.03



.54



.03



.001



.001



Post-ANOVA Treatment (P value)



.65 .63 .19 .01 .49 .29



.36 .83 .35 .09 .36 .11 .9 o.001 o.001



Denotes statistical signiﬁcance.



ANOVA, analysis of variance; SPIR, spironolactone; SD, standard deviation; HR, heart rate; Em-EAsum, early or summated early and late mitral annular velocity; S, systolic mitral annular velocity; LV, left ventricular; LVMI, left ventricular mass index; LA : Ao, ratio of left atrial diameter to aortic diameter.
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Fig 2. Box and whisker plot of early lateral mitral annular velocity or summated early and late mitral annular velocity (Em—EAsum) in Maine Coon cats treated with spironolactone versus placebo over 4 months. There was no treatment effect on Em-EAsum at any time point. S, spironolactone; C, control.



treated with SPIR or placebo was higher than the HR of cats with Em treated with SPIR or placebo at each time point (P 5 .03 at baseline, P 5 .04 at 2 months, P 5 .04 at 4 months). There was no treatment or treatment-time interaction effect on systolic mitral annular velocity, body weight, HR, or LV mass. LVMI had a signiﬁcant treatment-time interaction and time effect (P 5 .03 and P 5 .009, respectively), but post-ANOVA comparisons showed no signiﬁcant difference between treatment groups at any time point (2 months, P 5 .83; 4 months, P 5 .35; Table 1, Fig 3). There was a signiﬁcant treatment-time interaction on LA : Ao, but post-ANOVA comparisons showed no signiﬁcant differences in treatment groups at any time point (2 months, P 5 .36; 4 months, P 5 .11; Table 1). Plasma aldosterone concentration was not different between cats treated with SPIR and cats treated with placebo at baseline, but was markedly increased in cats



Fig 3. Box and whisker plot of left ventricular mass index (LVMI) in Maine Coon cats treated with spironolactone versus placebo over 4 months. There was no treatment effect on LVMI at any time point. S, spironolactone; C, control.



treated with SPIR compared with cats treated with placebo after treatment (2 months, P o .001; 4 months, P o .001; Table 1, Fig 4). Many variables had signiﬁcant changes over time, including Em-EAsum, systolic mitral annular velocity, HR, weight, LA : Ao, LVMI, and aldosterone.



Adverse Skin Reaction Four of 13 cats treated with SPIR developed severe ulcerative facial dermatitis approximately 2.5 months after beginning treatment (Fig 5). Multiple skin biopsies were obtained from each cat. Histopathologic diagnosis of all biopsies was severe, diffuse, subacute necrotizing and ulcerative dermatitis with superﬁcial to deep eosinophilic and neutrophilic perivascular dermatitis. Polymerase chain reaction (PCR) for the presence of herpes virus was performed on skin biopsies of 3 of 4 cats,



Table 2. Comparison of treatment effect on Em or EAsum analyzed separately in cats treated with SPIR or placebo over 4 months. Measurement EAsum (cm/s)



HR of EAsum (bpm)



Em (cm/s)



HR of Em (bpm)



Time (months)



SPIR Mean; SD



Placebo Mean; SD



P Value



0 2 4 0 2 4 0 2 4 0 2 4



7.57; 1.38 7.72; 1 9.32; 2.7 201; 22 192; 12 166; 40 5.48; 0.8 5.72; 1.45 6.49; 1.85 170; 26 162; 24 153; 18



6.78; 1.39 6.98; 1.31 6.82; 0.68 185; 27 183; 35 179; 23 5.98; 1.19 5.89; 1.37 6.26; 1.08 176; 13 157; 20 154; 31



.33 .49 .16 .28 .64 .60 .39 .79 .79 .65 .67 .96



Em, early diastolic mitral annular velocity; EAsum, summated early and late mitral annular velocity; SPIR, spironolactone; SD, standard deviation; HR, heart rate; bpm, beats per minute.



Fig 4. Box and whisker plot of plasma aldosterone concentration in Maine Coon cats treated with spironolactone (SPIR) versus placebo over 4 months. Plasma aldosterone concentration of 388 pmol/ L or higher is considered increased in cats (red line). A plasma aldosterone concentration was markedly increased in cats treated with SPIR after 2 and 4 months (P 5 .001). S, spironolactone; C, control.



Effect of Spironolactone in Feline Hypertrophic Cardiomyopathy



Fig 5. Ulcerative facial dermatitis in 2 cats treated with spironolactone. (a) Six-year-old male Maine Coon-cross cat. Ulcerative lesion on the right lateral preauricular area. (b) Seven-year-old male Maine Coon-cross cat. Ulcerative lesion on the left lateral preauricular area.



and was positive in 1 cat. Because of the severity of the lesions, SPIR was discontinued, and cats were treated with amoxicillin-clavulanic acidi and prednisolone. The lesions completely resolved within 4–6 weeks, with no recurrence over a 12-month period after discontinuation of the drug. One of the cats, a 3.5-year-old female Maine Coon cross, developed severe nonregenerative anemia (9%) and moderate thrombocytopenia (platelet count 100,000/mL), and evaluation of a bone marrow aspirate indicated myelodysplasia. Feline leukemia and feline immunodeﬁciency virus test results were negative. The etiology of the myelodysplasia was undetermined, and the cat was euthanized. CBCs were normal in all other SPIR-treated cats. There was a mild increase in the blood urea nitrogen (BUN) concentration in 6 of 14 cats after 2 months of treatment with SPIR, but there were no baseline biochemistry results for comparison. One cat, a 6.5-year-old male Maine Coon-cross, had increased serum creatinine concentration (3.2 mg/dL) in conjunction with a mildly increased BUN concentration of 37 mg/dL.



Discussion This study found no signiﬁcant differences in diastolic function assessed by PW TDI echocardiography measurements of Em or EAsum in Maine Coon and Maine Coon-cross cats with familial HCM after 4 months of
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treatment with SPIR when compared with cats treated with placebo. Likewise, there was no treatment effect on LV mass, LVMI, systolic mitral annular velocity measured by TDI echocardiography, HR, body weight, or the LA : Ao ratio. Some of the measured variables changed spontaneously over time. Plasma aldosterone concentration was markedly increased in cats treated with SPIR. SPIR competitively binds the mineralocorticoid receptor, which reduces aldosterone utilization and increases circulating aldosterone concentration. Improvement in diastolic function, reduction in LV hypertrophy, improvement in plasma neurohormones, and reduction of circulating collagen biomarkers were found by 3 months of treatment with an aldosterone antagonist in human patients with dilated cardiomyopathy (DCM) and heart failure, in a canine model of ischemic cardiomyopathy, and in a troponin T mouse model of HCM.11,19–21 Therefore, the study duration of 4 months should have been adequate to identify a change in diastolic function or LV mass. In contradiction to the current study, aldosterone receptor antagonists (SPIR or eplerenone) have been shown to improve diastolic function in experimental models of myocardial infarction in rats, in a cardiac troponin T transgenic mouse model of HCM, and in human patients with DCM with mild heart failure.11,22–24 The improvement of diastolic function was correlated with a decreased myocardial collagen content in these studies.11,22,23 Improved diastolic dysfunction in humans with DCM was associated with regression of myocardial ﬁbrosis, but only occurred in humans with increased myocardial collagen accumulation and increased circulating collagen markers.24 In another study, SPIR improved systolic function and ventricular remodeling only in humans with heart failure who had the I/D or I/I angiotensin-converting enzyme (ACE) polymorphism and not in humans with the D/D ACE polymorphism.25 The D/D ACE polymorphism is associated with greater systemic and myocardial ACE activity and increased production of angiotensin II and aldosterone.26,27 The D/D ACE polymorphism is associated with prohypertrophic effects in humans with a cMyBPC mutation causing HCM, but not in other mutations causing HCM.28 ACE polymorphisms have not been evaluated in cats. ACE polymorphisms may be present in cats, and may affect response to neurohormonal antagonism, as seen in humans.25,29 The present study found that SPIR produced no apparent reduction in LV mass over time in this study when compared with the control group. Similarly, eplerenone did not alter LV hypertrophy in a rat myocardial infarction model despite improved diastolic function and decreased myocardial ﬁbrosis.22 Another study showed that SPIR did not decrease LV hypertrophy or myocardial ﬁbrosis in a transgenic rat model of HCM.30 In contrast, SPIR decreased LV hypertrophy in humans with idiopathic DCM and mild to moderate heart failure and in a canine model of ischemic cardiomyopathy.20,21 The decrease in LV mass in humans with idiopathic DCM was highly correlated with decreased plasma markers of ﬁbrosis (R 5 0.65, P 5 .0019).20
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Diastolic dysfunction in HCM may be caused by impaired myocardial relaxation as well as increased ventricular stiffness.5,6 LV hypertrophy, myocardial ﬁbrosis, and myocyte disarray lead to increased stiffness.7– 9 Replacement ﬁbrosis, interstitial ﬁbrosis, myocyte disarray, and severe concentric LV hypertrophy have been demonstrated in Maine Coon cats that died of severe HCM caused by the cMyBPC mutation.4 However, histopathologic evaluation and quantiﬁcation of myocardial ﬁbrosis have not been performed in Maine Coon cats with less severe HCM. Several studies have indicated that the improvement in diastolic dysfunction in humans and animal models of cardiac disease is highly correlated with the reduction in myocardial ﬁbrosis.22–24 If the Maine Coon cats used in the current study did not have clinically relevant myocardial ﬁbrosis, then such an improvement in diastolic dysfunction secondary to decreased ﬁbrosis would not be seen. Persistent diastolic dysfunction may have been caused by the persistent LV hypertrophy in cats treated with SPIR, and impaired myocardial relaxation may also have played a role. Approximately one third of cats treated with SPIR developed severe ulcerative facial dermatitis, which resolved 4–6 weeks after discontinuing the medication. The histopathologic diagnosis of necrotizing and ulcerative dermatitis with superﬁcial to deep eosinophilic and neutrophilic perivascular dermatitis and the resolution of the lesions after discontinuation of the drug are consistent with an adverse drug reaction. SPIR has been reported to cause a cutaneous drug reaction in humans, including a maculopapular rash in a 50-year-old woman.31,32 SPIR also caused a cutaneous drug reaction resembling systemic lupus erythematosis in a man, which resolved after discontinuing the drug and recurred when the drug was readministered.33 There are no reports of SPIR causing cutaneous drug reactions in veterinary medicine. SPIR is not routinely administered to cats and it is possible that this species is more susceptible to adverse cutaneous reactions from SPIR. A recent study found that SPIR was the 5th most common drug associated with drug-induced agranulocytosis and aplastic anemia in humans, with an odds ratio of 19.97 (95% conﬁdence interval, 2.27–175.89).34 It is possible that the myelodysplasia and severe nonregenerative anemia in the 1 cat treated with SPIR was drug induced.



Study Limitations The small number of cats included in this doubleblinded, randomized, placebo-controlled study may have decreased the power of the study. Global diastolic function of the longitudinal ﬁbers was assessed using TDI measurement of the lateral mitral annulus, Em, or EAsum, but measurement of other regions of the left ventricle such as the interventricular septum or the LV free wall was not performed. Because PW TDI was used, myocardial velocity gradients or strain rate could not be measured, and these variables may be more sensitive techniques for evaluation of diastolic function. EAsum occurred relatively frequently (27–50% of the time) in this study. However, there was no treatment effect seen in



separate analysis of EAsum or Ea. It is possible that mild changes in diastolic function may not be reﬂected in the EAsum value. This study included Maine Coon and Maine Cooncross cats residing in a colony with familial HCM, and results must be extrapolated to other breeds of cats. However, the model of familial HCM in the Maine Coon is morphologically the same as that seen in other cats with HCM and is spontaneous and not transgenic. In conclusion, this study found that SPIR did not improve diastolic function or LV mass in Maine Coon and Maine Coon-cross cats with mild to severe HCM without heart failure over a 4-month period. Several cats treated with SPIR developed severe ulcerative facial dermatitis, requiring discontinuation of the drug.



Footnotes a



Sisson D, Oyama MA, and Solter P. Plasma levels of ANP, BNP, epinephrine, norepinephrine, serum aldosterone, and plasma renin activity in healthy cats and cats with myocardial disease. Abstract; J Vet Intern Med 2003;17:1008–1009 b HP Sonos 5500, Philips Medical Systems, Andover, MA c Parks Medical Electronics Inc, Aloha, OR d Acuson 128XP/10, upgraded with Acoustic Response Technology, Acuson DTI software, and Regional Expansion Selection, Acuson Corp, Mountain View, CA e Purina Pro Plan, Socie´te´ des Produits Nestle´ S.A., Vevey, Switzerland f Diagnostic Center for Population and Animal Health, Endocrine Diagnostic Section, Michigan State University, Lansing, MI g S-plus, Insightful Corp, Seattle, WA h BMDP statistical software, Los Angeles, CA i Clavamox, Pﬁzer, New York, NY



References 1. Marian AJ, Salek L, Lutucuta S. Molecular genetics and pathogenesis of hypertrophic cardiomyopathy. Minerva Med 2001;92:435–451. 2. Meurs KM, Sanchez X, David RM, et al. A cardiac myosin binding protein C mutation in the Maine Coon cat with familial hypertrophic cardiomyopathy. Hum Mol Genet 2005;14:3587–3593. 3. Liu SK, Roberts WC, Maron BJ. Comparison of morphologic ﬁndings in spontaneously occurring hypertrophic cardiomyopathy in humans, cats and dogs. Am J Cardiol 1993;72:944–951. 4. Kittleson MD, Meurs KM, Munro MJ, et al. Familial hypertrophic cardiomyopathy in Maine Coon cats: An animal model of human disease. Circulation 1999;99:3172–3180. 5. Golden AL, Bright JM. Use of relaxation half-time as an index of ventricular relaxation in clinically normal cats and cats with hypertrophic cardiomyopathy. Am J Vet Res 1990;51:1352–1356. 6. Mandinov L, Eberli FR, Seiler C, Hess OM. Diastolic heart failure. Cardiovasc Res 2000;45:813–825. 7. Ohsato K, Shimizu M, Sugihara N, et al. Histopathological factors related to diastolic function in myocardial hypertrophy. Jpn Circ J 1992;56:325–333. 8. Varnava AM, Elliott PM, Mahon N, et al. Relation between myocyte disarray and outcome in hypertrophic cardiomyopathy. Am J Cardiol 2001;88:275–279. 9. Shirani J, Pick R, Roberts WC, Maron BJ. Morphology and signiﬁcance of the left ventricular collagen network in young



Effect of Spironolactone in Feline Hypertrophic Cardiomyopathy patients with hypertrophic cardiomyopathy and sudden cardiac death. J Am Coll Cardiol 2000;35:36–44. 10. Spirito P, Bellone P, Harris KM, et al. Magnitude of left ventricular hypertrophy and risk of sudden death in hypertrophic cardiomyopathy. N Engl J Med 2000;342:1778–1785. 11. Tsybouleva N, Zhang L, Chen S, et al. Aldosterone, through novel signaling proteins, is a fundamental molecular bridge between the genetic defect and the cardiac phenotype of hypertrophic cardiomyopathy. Circulation 2004;109:1284–1291. 12. Taugner FM. Stimulation of the renin-angiotensin system in cats with hypertrophic cardiomyopathy. J Comp Pathol 2001;125:122–129. 13. MacDonald K, Kittleson MD, Larson RF, et al. The effect of ramipril on left ventricular mass, myocardial ﬁbrosis, diastolic function and plasma neurohormones in Maine Coon cats with familial hypertrophic cardiomyopathy with no heart failure. J Vet Intern Med 2006;20:1093–1105. 14. Sadoshima J, Izumo S. Molecular characterization of angiotensin II-induced hypertrophy of cardiac myocytes and hyperplasia of cardiac ﬁbroblasts. Critical role of the AT1 receptor subtype. Circ Res 1993;73:413–423. 15. Brilla CG, Matsubara LS, Weber KT. Antiﬁbrotic effects of spironolactone in preventing myocardial ﬁbrosis in systemic arterial hypertension. Am J Cardiol 1993;71:12A–16A. 16. Brilla CG, Zhou G, Matsubara L, Weber KT. Collagen metabolism in cultured adult rat cardiac ﬁbroblasts: Response to angiotensin II and aldosterone. J Mol Cell Cardiol 1994;26: 809–820. 17. MacDonald KA, Kittleson MD, Larson R, Wisner ER. Cardiac magnetic resonance imaging more accurately quantiﬁes left ventricular mass than echocardiography in cats. Vet Radiol Ultrasound 2004;46:192–199. 18. Gavaghan BJ, Kittleson MD, Fisher KJ, et al. Quantiﬁcation of left ventricular diastolic wall motion by Doppler tissue imaging in healthy cats and cats with cardiomyopathy. Am J Vet Res 1999;60:1478–1486. 19. Rousseau MF, Gurne O, Duprez D, et al. Beneﬁcial neurohormonal proﬁle of spironolactone in severe congestive heart failure: Results from the RALES neurohormonal substudy. J Am Coll Cardiol 2002;40:1596–1601. 20. Tsutamoto T, Wada A, Maeda K, et al. Effect of spironolactone on plasma brain natriuretic peptide and left ventricular remodeling in patients with congestive heart failure. J Am Coll Cardiol 2001;37:1228–1233. 21. Suzuki G, Morita H, Mishima T, et al. Effects of long-term monotherapy with eplerenone, a novel aldosterone blocker, on progression of left ventricular dysfunction and remodeling in dogs with heart failure. Circulation 2002;106:2967–2972.



341



22. Delyani JA, Robinson EL, Rudolph AE. Effect of a selective aldosterone receptor antagonist in myocardial infarction. Am J Physiol Heart Circ Physiol 2001;281:H647–H654. 23. Fraccarollo D, Galuppo P, Hildemann S, et al. Additive improvement of left ventricular remodeling and neurohormonal activation by aldosterone receptor blockade with eplerenone and ACE inhibition in rats with myocardial infarction. J Am Coll Cardiol 2003;42:1666–1673. 24. Izawa H, Murohara T, Nagata K, et al. Mineralocorticoid receptor antagonism ameliorates left ventricular diastolic dysfunction and myocardial ﬁbrosis in mildly symptomatic patients with idiopathic dilated cardiomyopathy: A pilot study. Circulation 2005;112:2940–2945. 25. Cicoira M, Rossi A, Bonapace S, et al. Effects of ACE gene insertion/deletion polymorphism on response to spironolactone in patients with chronic heart failure. Am J Med 2004;116: 657–661. 26. Rigat B, Hubert C, Alhenc-Gelas F, et al. An insertion/deletion polymorphism in the angiotensin I-converting enzyme gene accounting for half the variance of serum enzyme levels. J Clin Invest 1990;86:1343–1346. 27. Danser AH, Schalekamp MA, Bax WA, et al. Angiotensinconverting enzyme in the human heart. Effect of the deletion/insertion polymorphism. Circulation 1995;92:1387–1388. 28. Perkins MJ, Van Driest SL, Ellsworth EG, et al. Gene-speciﬁc modifying effects of pro-LVH polymorphisms involving the renin-angiotensin-aldosterone system among 389 unrelated patients with hypertrophic cardiomyopathy. Eur Heart J 2005;26: 2457–2462. 29. Cicoira M, Zanolla L, Rossi A, et al. Failure of aldosterone suppression despite angiotensin-converting enzyme (ACE) inhibitor administration in chronic heart failure is associated with ACE DD genotype. J Am Coll Cardiol 2001;37:1808–1812. 30. Monteiro DR, Kriegel AJ, Greene AS. Combined effects of low-dose spironolactone and captopril therapy in a rat model of genetic hypertrophic cardiomyopathy. J Cardiovasc Pharmacol 2006;48:265–273. 31. Cutaneous drug reaction case reports: From the world literature. Am J Clin Dermatol 2003;4:365–370. 32. Gupta AK, Knowles SR, Shear NH. Spironolactone-associated cutaneous effects: A case report and a review of the literature. Dermatology 1994;189:402–405. 33. Uddin MS, Lynﬁeld YL, Grosberg SJ, Stieﬂer R. Cutaneous reaction to spironolactone resembling lupus erythematosus. Cutis 1979;24:198–200. 34. Ibanez L, Vidal X, Ballarin E, Laporte JR. Populationbased drug-induced agranulocytosis. Arch Intern Med 2005;165: 869–874.



























des documents recommandant







[image: alt]





090299 The Effect of Spironolactone on Morbidity and .fr 

Sep 2, 1999 - From the Department of Internal Medicine, Division of Cardiology, ... the time of enrollment, had been given a diagnosis of heart failure.










 


[image: alt]





The Effect of Ramipril on Left Ventricular Mass, Myocardial 

Cardiac magnetic resonance imaging (cMRI) was performed to quantify LV mass and myocardial fibrosis by delayed .... dysfunction in humans.34,35 A rapid point of care assay is ..... and upregulation of the profibrotic cytokine transform-.










 


[image: alt]





diastolic left ventricular function invasive libro inglese runev nikolay manov emil dbid ek4qf 












 


[image: alt]





Effect of Germination on the Nutritional and Protein Profile of 

ning of the development of seeds into plants. Germina- ... pended in water (1:20 w/v), then adjusted to pH 9.0 with ... were collected for further purification by readjusting the. pH to 7.0 by ..... greatly in the PhD project of Rumiyati. Authors als










 


[image: alt]





Respective demands of task and function allocation on human ... - FREE 

long time, human engineering has expended some effort in defining dynamic allocation .... Figure 2 reproduces part of an air traffic control radar-like scope.










 


[image: alt]





Effect of abducting and adducting muscle acitivity on 

fore, the general aim of conservative or surgical therapy has been to ... musculo-skeletal disorders, shoulder pain or injury. MR imaging was ... After semi-automated segmenta- tion of the ..... Anterior acromioplasty for the chronic impinge-.










 


[image: alt]





Effect of context and efference copy on visual straight ahead 

physical demonstration used a red-green color discrimination in very small (9 ..... The mirror in the background projector's light path was now controlled by the ...










 


[image: alt]





Effect of grazers and viruses on bacterial community ... - ScienceOpen 

Apr 29, 2011 - Scale bars indicated the Bray-Curtis similarity index in Lake Annecy (A) ..... size to yield a total free-living bacteria and 'grazer-free' containing fraction ... grade I, Merck) for 30 min in the dark, then diluted in. 0.02 Î¼m filte










 


[image: alt]





Effect of Information Systems Resources and Capabilities on 

tegic implications of information technology, supply chain management and business ... technology and e-commerce diffusion. He has published .... Resources are stocks of available factors of production owned or controlled by a firm. [4].










 


[image: alt]





The effect of spillovers and congestion on the endogenous formation 

Apr 3, 2014 - not only on the amounts of local public good provided by its jurisdiction and of the .... assumption is used in many articles, such as [13]. ... the same tax rate, the poorest household of a jurisdiction with a high per capita wealth.










 


[image: alt]





The effect of widowhood on housing and location ... - Laurent Gobillon 

Apr 7, 2010 - cost of housing is a decreasing function of its quantity. Scale economies in ..... Accounting for the behaviour of widows in a general equilibrium ...










 


[image: alt]





Alternative Fitness Functions and Their Effect on the Evolution of 

Department of Computer Science. Orlando, FL 32816- ... cluding the speci cs of the tness functions used. Section 4 .... Several general trends trends are immediately ap- parent. .... 2 S. Forrest. Genetic algorithms: Principles of natural selection.










 


[image: alt]





The Effect of Attention on Brightness Contrast and 

6 K. Koffka, Principles of Gestalt Psychology, 1935. 7 W. Benary ... psychological studies. Thus Hartline .... However, in explaining Coren's data we con- jectured that .... 17 S. Siegel, Nonparametric Statistics for the Behavioral Sciences, 1956.










 


[image: alt]





Contrasted effect of biochar and earthworms on rice ... - CiteSeerX 

Mar 16, 2010 - organic matter (Tiessen et al., 1994) and tend to have low cation exchange .... biochar we investigated, in a greenhouse microcosm experiment, the effects .... Besides, at harvest time, a soil sample was collected for chemical.










 


[image: alt]





Effect of strontium substitution on the composition and ... - CiteSeerX 

Nov 18, 2008 - the oral treatment in this case aims at reducing the risk of a second accident. .... 100(PO4)3 Ã� OH. 2.2 Chemical analysis of HASrx samples.










 


[image: alt]





Contrasted effect of biochar and earthworms on rice ... - CiteSeerX 

Mar 16, 2010 - earthworm effects that influence soil properties and plant growth .... dominated by clay (24.06% sand, 27.56% silt, and 48.38% clay). The.










 


[image: alt]





Effect of Heating Rate on Phase and ... - Biblioscience 

materials without relevant grain growth,1â€“3 particularly in the case of transition .... The exothermal signal could be attributed to the crystal- lization of the a-Al2O3 ..... Salt for Synthesizing Al2O3 Nanopowders,'' Nanostruct. Mater., 10 543â€“










 


[image: alt]





Effect of grazers and viruses on bacterial community ... - BioMedSearch 

Apr 29, 2011 - in water characterized by low bacterial abundance and ...... 48. Casamayor EO, SchÃ¤fer H, BaÃ±eras L, PedrÃ³s-AliÃ³s C, Muyzer G: Identification ...










 


[image: alt]





Effect of carbonate ion concentration and irradiance on ... - Core 

Jan 19, 2010 - on G. sacculifer were conducted under two irradiance lev- ... Table 1. G. sacculifer initial and final mean size (Si and Sf), final weight (Wf) and estimated initial weight ...... acidification?, Biogeosciences, 6, 1917–1925, 2009,.










 


[image: alt]





Effect of organic fertilizers on genetic and ... - Laboratoire BioSol 

of microbial carbon after fumigation-extraction, (3) quantification of total DNA extracted ... shows a modifications of the microbial ecosystem structure with a weak.










 


[image: alt]





Alternative Fitness Functions and Their Effect on the Evolution of 

{rebecca,williams}@cs.ucf.edu. Abstract ... cluding the speci cs of the tness functions used. Section 4 ... We answer a more general form of that question. ..... Stdev 0.38 0.50 0.35 0.18. 0.31. 0. 0. 0. 0. 0. 0. 0. ML. Indiv. 18. 104. 86. 188. 95. 8










 


[image: alt]





The effect of spatial and temporal information on saccades ... - Research 

aspect of the target movement was predictable than in saccade control and fixation conditions. In the basal ganglia, activation discriminated between advance.










 


[image: alt]





effect of microstructure on the mechanical and thermal 

to the progress being made in both coatings and insulation materials, has limited the ... The idea of using clayey materials in the composition of the matrix has ...










 


[image: alt]





The effect of hand position and pattern motion on 

moved directly toward each other reduced or eliminated the effect of motion on TOJs. ... present study, the term leading toward is used to describe ... The subjects were very unlikely to have ... The hand is a unique sensory organ. .... is rarely foc










 














×
Report Effect of Spironolactone on Diastolic Function and Left





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



