EXAMPLE OF A CERTIFYING ESSAY QUESTION AND MODEL ANSWER (in red)
1. LIST the broad etiologies or mechanisms of heart failure in the horse?  (5 points)

· Valvular regurgitation caused by mitral, aortic or tricuspid insufficiency.

· Left to right shunts due to congenital defects (e.g. ventricular septal defect)

· Myocardial systolic failure due to reduced contractility (e.g. ionophore toxicity)

· Impaired diastolic function due to restrictive pericardial disease (e.g. pericardial effusion)

2. DESCRIBE the haemodynamic consequences of heart failure and how do they manifest clinically? (10 points)
Heart failure is associated with two primary haemodynamic abnormalities: 

1. Increased ventricular filling pressures (end-diastolic pressure) causing congestion and oedema 

· Increased ventricular pressures can occur in the left or the right side of the heart. 

· Horses with left sided failure have increased left ventricular filling pressures and subsequently increased left atrial and pulmonary venous pressures leading to pulmonary oedema.  

· Clinical manifestations of left sided heart failure may include tachypnoea, dyspnoea, coughing, haemoptysis and the appearance of frothy white or pink fluid at the nostrils. 

· In horses with left sided heart failure, increased left sided filling pressure may stimulate pulmonary vasoconstriction and pulmonary vascular remodeling, resulting in secondary right sided heart failure. 

· Horses with right sided heart failure have increased right atrial and systemic venous pressures leading to peripheral oedema. 

· Clinical manifestations of right sided heart failure include subcutaneous oedema, jugular venous distension and pulsation. 
2. Reduced cardiac output causing inadequate tissue perfusion. 

· Clinical manifestations of inadequate tissue perfusion depend on the severity and rate of onset of heart failure. 

· Clinical manifestations of mild to moderate heart failure referable to reduced cardiac output include fatigue, weakness and exercise intolerance. 

· Horses with acute onset or severe heart failure may also demonstrate signs of systemic hypotension (cardiogenic shock), including tachycardia, weak peripheral pulse, cold extremities, prolonged capillary refill time and hypothermia.

3. DISCUSS the neuroendocrine compensatory and counter-regulatory mechanisms are activated in response to heart failure and why they occur?  (40 points)
1. Compensatory mechanisms 

· Compensatory mechanisms include (a) stimulation of the sympathetic nervous system, (b) activation of the renin-angiotensin-aldosterone system, (c) enhanced secretion of arginine vasopressin (ADH) and (d) increased circulating levels of endothelin. (4 points)
a) Stimulation of the sympathetic system causes vasoconstriction and tachycardia. (1 point)
b) Activation of the renin-angiotensin-aldosterone system results in activation of angiotensin II, which activates AT1 receptors on vascular smooth muscle cells of precappilary arterioles and post capillary venules, causing vasoconstriction. Angiotensin also inactivates bradykinin, a potent vasodilator; increases cardiac contractility by opening calcium channels in cardiac myocytes; and increases heart rate by enhancing noradrenergic transmission and facilitating sympathetic tone. Angiotensin I also increases reabsorbtion of sodium and water by acting directly on the adrenal cortex to produce aldosterone and indirectly by regulating the tone of the afferent arteries in the kidney.  (6 points)
c) ADH acts on renal collecting ducts to increase water permeability which leads to decreased urine formation. This increases blood volume, cardiac output and peripheral perfusion.  A secondary function of ADH is vasoconstriction.  (3 points) 

d) Endothelins are secreted by the endothelium and cause profound arterial and venous constriction. (1 point)
2. Counter regulatory mechanisms 

· Counter-regulatory mechanisms include (a) secretion of natriuretic peptides, (b) increased production of vasodilating prostaglandins, and (c) increased myocardial synthesis of endothelium derived relaxing factors (EDRF). (3 points)
a) Atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) are produced from the atrial and ventricular myocytes in response to increased atrial pressure, and exert potent vasodilator and natriuretic effects on the vasculature and kidneys. ANP and BNP also antagonize the effects of the renin-angiotensin-aldosterone system by suppressing the formation of rennin and aldosterone. (3.5 points)
b) Prostaglandins PGE2 and PGI2b are endogenous vasodilators and counteract compensatory vasoconstrictor mechanisms (e.g. angiotensin II activation).  (1.5 points)
c) Endothelium derived nitric oxide (NO) causes vasodilation and counteracts the vasoconstrictive effects of endothelin. (1.5 points)
Why?
· In compensated heart failure, the overall effects of these mechanisms are vasoconstriction and increased preload due to sodium retention and antidiuresis. Increased preload causes an increase in stroke volume (Starlings law) which together with tachycardia from increased sympathetic drive results in improved cardiac output and peripheral perfusion. (3 points)
· With decompensated heart failure, myocardial contractility can no longer increase stroke volume with increasing ventricular filing pressures, leading to retrograde transmission of increased pressures into the circulation, causing volume overload and ultimately congestion and oedema. Therefore, with decompensated heart failure, compensatory neuroendocrine mechanisms are actually responsible for many of the clinical manifestations of heart failure by initiating several deleterious self perpetuating cycles. Counter-regulatory mechanisms moderate or reduce the effects of venoconstriction and antidiuresis by promoting natriureisis and vasodilation, thus reducing the workload of the heart.  (3 points)
4. DESCRIBE the physical (structural) compensatory mechanisms can occur in the heart in response to heart failure and how are these recognized using currently available diagnostic tools? (15 points)

The heart will hypertrophy in response to the increased haemodynamic burden in 2 possible ways: (2 points)

a) Concentric hypertrophy of the myocardium will occur in response to a chronic pressure overload, and leads to an increased wall thickness without ventricular dilatation. This form of cardiac hypertrophy is uncommon in the horse as chronic pressure overload is unusual.(4 points)

b) Eccentric hypertrophy of the myocardium will occur in response to chronic volume overload  and/or loss of contractility, and leads to ventricular dilatation. This form of cardiac hypertrophy is common in the horse.(4 points) 

Physical compensatory mechanisms can be recognized by performing an echocardiographic examination. M-mode echocardiographic measurements can document increases in chamber size and wall thickness, while calculation of fractional shortening can be used to assess myocardial function. (4 points)
5. LIST the drugs can be used to treat heart failure in the horse?  For each class of drug:

a. Give an example and indicate where appropriate if pharmacokinetic studies have been performed in the horse (10 points)
b. Discuss the mechanism of action in relation to heart failure (20 points)
1. Vasodilators 

· Venodilators are used to decrease ventricular filling pressures, wall stress and preload by increasing venous capacitance. Arterial vasodilators provide reduction in afterload by decreasing systemic vascular resistance, thus increasing forward stroke volume.  Angiotensin converting enzyme (ACE) inhibitors work by preventing the conversion of angiotensin I to angiotensin II, thereby attenuating the potent vasoconstrictor effects of angiotensin II. ACE also breaks down bradykinin, a vasodilator substance. Therefore, ACE inhibitors, by blocking the breakdown of bradykinin, increase bradykinin levels, which can contribute to the vasodilator action of ACE inhibitors. Pharmacokinetics of ACE inhibitors (enalapril) have undergone preliminary investigation, however effective doses have not been established.

· Hydralazine reduces afterload by reducing systemic and pulmonary vascular resistance, resulting in an increase in forward stroke volume and a decrease in ventricular wall stress. Hydralazine has little effect on venous resistance. Hydralazine is useful in horses with marginal renal dysfunction that cannot tolerate ACE inhibitor. Recommended doses for horses have been published in the literature, but have not been substantiated by pharmacokinetic studies.

2. Diuretics

· Diuretics are used to reduce water and sodium retention by the kidneys, thereby reducing intravascular volume, ventricular filling pressures (preload) and wall stress. The diuretic which is most beneficial in the treatment of heart failure is furosemide, which is a loop diuretic (Na+K+2Cl symport inhibitor) that prevent reabsorption of sodium and chloride from the thick ascending loop of Henle. The pharmacokinetics and dosing of furosemide has been extensively studied in the horse. 

· Other diuretics which can potentially be used include the potassium sparing diuretics and the thiazide diuretics (inhibitors of the Na+Cl- symporter), however these diuretics are not effective alone in moderate to severe heart failure as they act more distally in the nephron and are thus not able to prevent enhanced water and solute reabsorption in the proximal segments of the nephron. Furthermore, pharmacokinetics and dosage for these diuretics has not been established in the horse. Diuretics should not be used as monotherapy even if symptoms are controlled. Instead diuretics should generally be combined with angiotensin converting enzyme inhibitors.

3. Cardiac glycosides

· The cardiac glycoside digoxin is used to increase myocardial contractility (positive ionotrope) in the failing heart. Digoxin binds to and inhibits the Na+K+ATPase pump exchanging intracellular sodium for extracellular potassium, thus causing sodium to accumulate in the cell. The increased amount of sodium inside the cell prevents the Na+Ca2+ exchanger from working efficiently and calcium is not pumped from the cell. The extra calcium within the cell is taken up by the sarcoplasmic reticulum and allows for more calcium to be released during contraction. The excess calcium binds to sarcomere and increases the velocity and extent of sarcomere shortening, thus increasing contractility. Cardiac glycosides also decrease sympathetic nervous system activity and increase vagal tone. This leads to a reduced heart rate, prolonged effective refractory period and a decrease in AV node conduction velocity. Because myocardial perfusion occurs in diastole, a decrease in heart rate will decrease myocardial ischaemia. Furthermore, because myocardial perfusion occurs in diastole, a decrease in heart rate will also improve stroke volume by allowing increased time for ventricular filling and decrease myocardial oxygen consumption. Pharmacokinetics of digoxin has been extensively studies in both normal horses and horses with heart failure.

NOTE: Points will be given for mentioning calcium channel blockers, phosphodiesterase inhibitors or adrenergic and dopaminergic agonists?
--------------------------------------------------------------------
