INODILATORS
PIMOBENDAN

Clinical applications
· Positive inotropic and vasodilatory properties 
· Used to treat canine heart failure secondary to DCM and CVD 
· Evaluated thoroughly in dogs with CHF secondary to DCM and CVD
· Significantly reduces morbidity in dogs with heart failure secondary to these conditions
· Trends noticed in reduction of dosage of furosemide administered 
· Prolongs survival in dogs with CHF from DCM and CVD
· Addition of Pimo to CHF therapy enhances systolic function and reduced filling pressures
· Improvement in systolic function 
· Reduction in left ventricular (LV) internal dimension in systole
· Reduction of LV end-systolic area and an increase in the percentage of LV area shortening
· Reduction in regurgitant fraction
· Decrease in VHS
· Reduction in systolic left atrial diameter on echo
· Decrease in LA:Ao
· Effects apparent as soon as 24 hours after starting drug – suggested for use in acute HF
· No additional monitoring, good client compliance


Mechanism of action
1. Inotropy
· Benzimidazole pyridazinone derivative
· Classified as an inodilator (positive inotrope and balanced systemic arterial and venous dilator)
· Positive inotropic effects through sensitization of the cardiac contractile apparatus to intracellular calcium 
· As PDE III inhibitor it increases intracellular calcium concentration 
· Increases intracellular Ca through enhancement of interaction between calcium and troponin C complex
· Results in a positive inotropic effect that does not increase myocardial oxygen consumption (like other PDE III inhibitors)
· Limits arrhythmogenic side effects of other positive inotropes by enhancing efficiency of contraction
· Safely augments contractility

2. Vasodilation
· Phosphodiesterase III and V (PDE III, PDE V) found in vascular smooth muscle
· Inhibits PDE III and results in balanced vasodilation (combination of venous and arterial dilation) leading to REDUCTION of preload and afterload
· May have some PDE V inhibition effects
· PDE V concentrations relatively high in the vascular smooth muscle of pulmonary arteries
· PDE V inhibition may decrease elevations in pulmonary artery pressure 

3. Cytokine modulation
· Beneficial modulation of pro-inflammatory cytokines (TNF-β, IL-1β, IL- 6) in heart failure
· Has survival benefit

4. Antiplatelet  effects

5. Positive lusitropic effect
· via PDE III inhibition in cardiomyocyte
· Increases intracellular cAMP  facilitates phosphorylation of receptors on the sarcoplasmic recticulum and enhances the diastolic re-uptake of calcium and the speed of relaxation 


Pharmacokinetics
· Bioavailability reduced by food until steady state is reached in a few days
· Peak hemodynamic effects with oral administration on empty stomach achieved in 1 hour and last 8-12 hours


Adverse effects (Canadian package insert) 
· Systemic hypotension and tachycardia (usually dose dependent and avoided by reducing the dose)
· Gastrointestinal problems (inappetence, anorexia, vomiting)
· Nervous system/behavioral problems (uneasiness, incoordination, convulsions) 
· Polyuria and polydipsia


Formulation
· 1.25, 2.5 mg or 5 mg capsules or chewable tablets
· [bookmark: _GoBack]Pimobendan is not stable in suspension and should not be reformulated in this manner
· Labeled dose recommendation is 0.25–0.3 mg/kg q.12 h



MILRINONE AND AMRINONE
Mechanism of action
· Bipyridine compounds
· Increase myocardial contractility and produce mild systemic arteriolar dilation
· Milrinone is 30–40x as potent as Amrinone
· Act as inhibitors of phosphodiesterase fraction III (an intracellular enzyme that hydrolyzes cAMP in myocardial and vascular tissue) 
· Phosphodiesterase III inhibited  intracellular cAMP increases  inotropic effect in myocardium (same effect produced by sympathomimetics, BUT bipyridine compounds ‘bypass’ the β receptors, so NO decrease in inotropic effect over time)
· Chemically incompatible with furosemide
· Ventricular arrhythmias worsen in small % of dogs
· IV only
· Not licensed in vet med


Milrinone 
· Preferred bipyridine 
· Rarely used clinically for acute cardiovascular support, dobutamine is preferred

Pharmacokinetics
· Reduced to 50% of maximum within 10 min of stopping the infusion
· The effects gone in 30 min

Formulations (DOGS)
· In normal anesthetized dogs, milrinone 30–300μg/kg IV increases contractility by 40–120% while decreasing diastolic blood pressure by 10–30%
· Constant-rate intravenous infusions (1–10μg/kg/min) increase contractility by 50–140%, with peak effect in 10–30 min
· Dogs with systolic dysfunction (predominantly from DCM) displayed improved echocardiographic parameters with milrinone 0.5–1.0 mg/kg q.12 h PO during a 4-week treatment regimen


Amrinone
· Used for short-term inotropic support in small animal patients with myocardial failure
· Expensive 

Pharmacokinetics
· Studies have not been performed to determine the hemodynamic changes brought about by amrinone administration in dogs or cats with naturally occurring heart failure
· Recommendations made based on anesthetized normal dogs

Formulations (DOGS AND CATS)
· Marketed for IV administration and so is useful only for short-term administration
· In dogs, the initial dose should be 1–3 mg/kg, administered as a slow intravenous bolus, followed by a CRI of 10–100 μg/kg/min 
· One-half the initial bolus may be administered 20–30 min after the first bolus
· The same regimen may be effective in the cat



Question: Name 5 effects of Pimobendan and their associated mechanism of action
