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Before a discussion on various cardiac medications and how they impact veterinary patients, it is important for the technician and nursing team to understand the basic pathway of blood through the park, how various factors affect cardiac function and blood pressure, and how alpha and beta receptors affect blood pressure and patient condition. 
Preload is the volume of fluid in the heart just prior to contraction. It is myocardial muscle fiber stretch in the ventricles right before contraction. Preload is affected by the overall volume status of the patient, ventricular compliance, ventricular arrhythmias, and the heart rate. 
Afterload is the ventricular pressure at the end of cardiac contraction; easier to think about as the pressure the heart pushes against during contraction. The ventricles of the heart must be strong enough to overcome the aortic and pulmonic valves to push blood. The pressure, volume, and ventricular wall thickness will all affect afterload, as will vascular resistance.
When discussing blood pressure, cardiac output, and cardiac disease, it is also important to have a basic understanding of alpha and beta receptors and how medications act upon these receptors to achieve the desired outcome. Alpha receptors are located on arteries. When stimulated by epinephrine or norepinephrine alpha receptors will cause arterial constriction to increase blood pressure and increase venous return to the heart. 
Beta receptors are involved in the sympathetic nervous system’s fight or flight response. Beta 1 receptors are located within heart and when stimulated will increase heart rate and cardiac contractility. Beta 2 receptors are located within the lungs and in skeletal tissue. When stimulated, beta 2 receptors will cause bronchodilation and vasodilation in skeletal muscle to increase blood flow to muscles in preparation for “flight”. Understanding the purpose of each receptor then helps to understand the benefit to either stimulating or blocking these receptors as the patient needs.
There are different classes of medications that may be prescribed for veterinary patients suffering from cardiac disease. Used alone or in conjunction with other cardiac drugs, it is important that the veterinary nursing team understand why certain drugs are prescribed, how the drugs work, and the expected outcome from administering these drugs. This knowledge is necessary for proper nursing care and client education.
One of the most common classes of drugs used in emergency situations of congestive heart failure and for maintenance after the hospital is diuretics. Loop diuretics, like furosemide, act on the loop of Henle in the kidney to prevent sodium uptake. With the use of these medications, sodium and other electrolytes are lost in the urine promoting an increased water loss from the body. This loss of body water promotes removal of pulmonary edema and ascites in patients with heart failure. Loop diuretics can put stress on the kidneys as their use leads to decreased renal blood flow which will, in turn, kick off the renin-angiotensin-aldosterone-system (RAAS). When the kidneys sense that blood flow through the organ is less than normal like in hypotension, hypovolemia, or cardiac disease, renin is released. Renin acts on circulating angiotensinogen and changes it to angiotensin I. Angiotensin I is changed to angiotensin II with the aid of angiotensin converting enzyme (ACE) which is produced by the lungs. Angiotensin II will cause vasoconstriction and increased sodium retention by the kidneys. The higher levels of sodium will lead to an increase in circulating volume which, when combined with vasoconstriction, will increase the blood pressure and perfusion to the kidneys. Angiotensin II will signal the adrenal glands to secrete aldosterone. Aldosterone will also signal the kidneys to retain sodium as well as excrete potassium. This will further contribute to increased circulating volume and increased blood pressure for the patient. RAAS will cause further stress on a diseased heart as the constant increase in circulating volume can lead to myocardial remodeling. 
Furosemide can be administered as an injection or in oral form, and in some cases of severe respiratory distress from congestive heart failure, can be administered as a constant rate infusion. Patients must be monitored for dehydration and water should always be available to animals receiving diuretics. Kidney values should be monitored with long term use. 
Spironolactone is a potassium sparing diuretic that will block the renin-angiotensin-aldosterone system. Without the effects of aldosterone, sodium and water are excreted and potassium is not lost as it is with furosemide administration. It can accompany furosemide in long term diuretic use to prevent dramatic potassium loss. 
Torsemide is a loop diuretic that has been used with success in humans and is seeing increased used in veterinary patients. It has higher bioavailability than furosemide and also has a longer duration of action. With long term use of furosemide, patients can become diuretic resistant leading to recurrence of congestive heart failure. Torsemide also has aldosterone blocking action which can decrease diuretic resistance. While not a first-line choice for congestive heart failure, it has been used with success in patients on increasingly high doses (4-8mg/kg/day) of furosemide.
ACE Inhibitors act on the renin-angiotensin-aldosterone-system and inhibit angiotensin converting enzyme (ACE) from converting angiotensin I into angiotensin II. Blocking that step then prevents sodium retention, vasoconstriction, and increased blood pressure. ACE inhibitors are drug names that end in –pril; the most common in veterinary medicine are enalapril and benazepril. These drugs may also be used in patients with kidney disease to treat hypertension in conjunction with other therapies. They are generally handled well by veterinary patients but can rarely cause gastro-intestinal upset, hypotension, and ataxia. Patients with cardiac disease starting a new course of medication should have their electrolytes monitored while in the hospital and on routine recheck appointments.
Positive inotropes are drugs that increase cardiac contractility strength by increasing available calcium for protein binding or by increasing protein sensitivity to calcium. Pimobendan is a widely used positive inotrope in cardiac disease patients. Most commonly used in oral form, its effects are realized in the patient within 1-hour post administration making it a choice for use even in acute crisis patients. Patients receiving pimobendan will experience increased cardiac contractility (due to cardiac cells increased sensitivity to calcium), increased myocardial oxygen consumption, and balanced vasodilation which is vital in cardiogenic shock. Balanced vasodilation will decrease both preload and afterload. Pimobendan is generally well tolerated but may cause mild GI upset. It is only approved for use in dogs.
Dopamine is a positive inotrope acting on Beta 1 receptors and will stimulate norepinephrine release. Administration of this drug will cause an increase in cardiac contractility as well as arterial constriction (in higher doses) and increased blood pressure. Due to increased norepinephrine release, dopamine at doses higher than 10mcg/kg/min should not be used in patients suffering from severe cardiac disease as it will increase cardiac afterload. It has a short half-life and therefore is administered as a constant rate infusion. Common side effects are tachycardia and cardiac arrhythmias necessitating close patient monitoring.
Dobutamine is a positive inotrope that only acts on Beta 1 receptors and does not cause arterial constriction. Because of this, dobutamine can be used in patients with severe cardiac disease to increase blood pressure and peripheral perfusion. It works by increasing cardiac contractility and can lead to an almost immediate increase in blood pressure once the constant rate infusion is started. Patients receiving dobutamine should be closely monitored and the dose adjusted according to patient clinical signs. Cardiac arrhythmias are rare when using dobutamine.
Vasodilators are a class of drugs used to reduce preload or afterload in patients with cardiac disease. Arterial dilators will decrease afterload, and venous dilators reduce preload. Hydralazine is an arteriolar dilator which can be given PO or IV. Prior to administration, patients should have a baseline blood pressure measurement and have their blood pressure monitored regularly post-administration to watch for hypotension.
Amlodipine blocks calcium channels in arterioles which will prevent constriction and promote arteriole dilation thereby lowering blood pressure and afterload. Amlodipine effects in dogs and cats are similar to those of hydralazine but amlodipine may be easier on the gastrointestinal tract leading to less upset. Diltiazem will block calcium from entering cardiac cells leading to decreased contractility and a decrease in heart rate. It is most commonly used in the treatment of supraventricular arrhythmias. It will not affect ventricular arrhythmias so it is important for the team to understand basic ECG interpretation prior to administering medications. Diltiazem can be administered IV or PO and patients must be monitored for hypotension, bradycardia and AV block, and gastrointestinal upset. 
Nitroglycerine may be used in emergency situations of congestive heart failure to dilate venous vessels and decrease preload. The efficacy is anecdotal in dogs and cats. 2% ointment is the most commonly used and should be applied to a hairless area of the abdomen. If using in acute situations, avoid the ears as perfusion may not be ideal for drug uptake. The veterinary team must use care not to expose themselves to this drug when applied as a paste. 
Prazosin is commonly used in cats suffering from urinary obstruction as it relaxes smooth muscle which will cause vasodilation. While not usually used as a first line medication in cardiac disease, prazosin is an alpha receptor blocker and can be administered to promote arterial dilation and decrease blood pressure.
Nitroprusside is one of the most powerful vasodilators in veterinary practices. Depending on the dose, this drug can reduce both preload and afterload in patients suffering from severe, life-threatening hypertension and congestive heart failure. It must be administered as a constant rate infusion and the patient should have continuous blood pressure monitoring making this drug labor intensive for the nursing staff. Regardless of patient response, it should not be administered for longer than 48-72 hours as cyanide build-up in the patient will occur with use.
Sildenafil can be administered to reduce pulmonary artery resistance in patients suffering from pulmonary hypertension. Sildenafil will create more relaxation of pulmonary arterioles than in systemic, peripheral arterioles making these patients at lower risk of developing systemic hypotension while on this medication. More clinical studies are required to prove its efficacy in dogs, but anecdotal evidence is promising.
Lidocaine is used to treat ventricular arrhythmias in dogs and has a rapid onset of action. It should be used with caution in dogs with hepatic disease as it is metabolized by the liver. Lidocaine can be administered as an intravenous bolus in life threatening ventricular tachycardia, and as a constant rate infusion for sustained treatment. It is tolerated well in dogs but may cause gastrointestinal upset. Lidocaine can be used in cats but they are more susceptible to toxicity and must be monitored closely for CNS excitement and further cardiac arrhythmias. Mexilitine is the oral form of lidocaine that may be used in conjunction with sotolol to control ventricular arrhythmias. Procainamide is also a sodium channel blocker and can be used on both ventricular and supraventricular arrhythmias and is most commonly used in conjunction with lidocaine in ventricular tachycardia. 
Beta blockers will block either beta 1 and/or 2 receptors which will promote a steady heart rate (usually lowering tachycardia) and will also slightly reduce cardiac contractility. They can be used to treat ventricular and supraventricular tachycardia as well as systemic hypertension. These drugs can contribute to bronchospasm and should be used with extreme caution in cats with reactive airway disease. Propranolol and atenolol are commonly used in tachycardia; atenolol being used more commonly in cats with uncontrolled hyperthyroidism and tachycardia. Atenolol should not be abruptly discontinued as this can cause bradycardia and hypotension. Sotolol is an oral beta blocker used to treat ventricular arrhythmias and is often successful when used as the only therapy. Sotolol is well tolerated even if dogs that are not eating and can be used when lidocaine causes nausea in the hospital. Esmolol has a rapid onset of action and is quickly metabolized making it a reasonable choice in the emergency room, especially in cases of toxicosis (chocolate, albuterol, amphetamine). 
Amiodarone is drug with a variety of mechanisms of action that might be used when more traditional antiarrhythmic drug therapies do not work. Amiodarone can work like lidocaine, like a beta blocker, and like a calcium channel blocker making it useful for both ventricular and atrial arrhythmias. In humans, it has been used with success in treating atrial fibrillation. The potential side effects are many and include liver enzyme elevation, gastrointestinal upset, neutropenia, and thyroid function problems. It can be dosed IV in acute situations and continued orally if needed, especially if traditional antiarrhythmic therapy is unsuccessful.
Digoxin is a cardiac glycoside which, by inhibiting the enzyme which controls Na+/K+ pumps, results in increased intracellular sodium. The body will push calcium intracellularly in exchange for sodium leaving higher concentrations of calcium intracellular which will increase cardiac contractility. Digoxin is thought to increase contractility without increasing the energy consumption of cardiac cells as well as decreasing blood volume and venous pressure. The therapeutic range of digoxin is narrow and prolonged use requires blood level monitoring. Veterinary scientific evidence of the benefit of digoxin in dogs and cats is lacking but in combination with other classes of cardiac medications may prolong life in some patients. 
Cardiac medications are often used in conjunction with each other and it is vital that the nursing team understands why a particular drug is ordered, the potential side effects of each drug, and the use of which require ECG monitoring. Cardiac patients can be delicate and require a nursing team that pays attention to subtle changes, monitors blood pressure and perfusion carefully, and alerts veterinarians to any changes in patient status. 

References:
Ames, Marisa K, Atkins, Clark E (2016) “Beyond Furosemide: The Role of Diuretics in Congestive Heart Failure Part 1 – Torsemide” Today’s Veterinary Practice 6:1 99-106
Bernay, F., Bland, J.M., Haggstrom, J., Baudel, L., Combes, B., Lopez, A., Kaltsatos, V. (2010) “Efficacy of Spironolactone on Survival in Dogs With Naturally Occurring Mitral Regurgitation Caused by Myxomatous Mitral Valve Disease” Journal of Veterinary Internal Medicine 24:2 331-341
Gordon, Sonya G, Saunders, Ashely B (2018) “Systemic Pharmacotherapeutics of the Cardiovascular System” Merck Veterinary Manual 1-6
Malakoff, Rebecca (2016) “Torsemide: An Alternative Diuretic” MSPCA Angell Memorial Hospital
Oyama, Mark A (2009) “Cardiac Drugs for Treatment of Canine Heart Failure” NAVC Clinicians Brief, 7 56-59
Saunders, Ashley B., Miller, Matthew W., Gordon, Sonya G., Van De Wiele, Carrie M. (2008) “Oral Amiodarone Therapy in Dogs with Atrial Fibrillation” Journal of Veterinary Internal Medicine 20:4 921-926
Maxwell, Lara K (2009) “CHF: What Works and What Doesn’t?” Proceedings of CVC, Kansas City August 2009
Verschoor-Kirss M, Rozanski E, Rush J (2020) “Use of esmolol for control of tachycardia in 28 dogs and cats (2003-2020)” J of Vet Emerg and Crit Care 2022;32:243-248

Keywords: cardiac output, cardiomyopathy, CHF, nursing care, pharmacology



PHARMACOLOGY OF CARDIAC DRUGS   Megan Brashear, BS, R VT, VTS (ECC)   Purdue Veterinary Hospital , West Lafayette, IN     Before a discussion on various cardiac medications and how they impact veterinary patients, it is i mportant   for the  technician and nursing team to  understand  the basic pathway of blood through the park, how various factors affect  cardiac function and blood pressure, and how alpha and beta receptors affect blood pressure and patient condition.    Preload   is  the volume of fluid in the hea rt just prior to contraction. It is  myocardial  muscle fiber  stretch   in the  ventricles right  before contraction . Preload is affected by the overa ll volume status of the patient,  ventricular  compliance, ventricular arrhythmias, and the heart rate.    A fterload   is  the ventricular pressure at the end of  cardiac  contraction ; easier to think about as the pressure the  heart pushes against during contraction.  The ventricles of the heart must be strong enough to overcome the aortic and  pulmonic valves to push blood. The pressure, volume, and ventricular wall thickness will all affect afterload, as will  vascular resistance.   When discussing blood pressure, cardiac output, and cardiac disease, it is also important to have a basic  understanding of alpha and beta receptors and how medications act upon these receptors to achieve the desired  outcome.  Alpha receptors are  located  on arteries. When  stimulated by   epinephrine or norepinephrine alpha receptors  will  c ause arterial constriction   to   increase blood pressure   and increase venous return to the heart.     Beta receptors are involved in the sympathetic nervous system’s fight or flight response. Beta 1 receptors are  located  within hear t and  when stimulated will increase  heart rate and  cardiac  contractility. Beta 2 receptors are  located  with in the lungs and in skeletal tissue. When stimulated , beta 2 receptors   will cause bronchodilati on and vasodilation  in skeletal muscle to increase blood flow  to muscles in preparation for “flight”. Understanding the purpose of each  receptor then helps to understand the benefi t to either stimulating or blocking these receptors as the patient needs.   There are  different classes of medications that may be prescribed for veterinary patients suffering from cardiac  disease. Used alone or in conjunction with other cardiac drugs, it is important that the veterinary nursing team  understand why certain drugs are prescri bed, how the drugs work, and the expected outcome from administering these  drugs. This knowledge is necessary for proper nursing care and client education.   One of the most common classes of drugs used in emergency situations of congestive heart failure   and for  maintenance after the hospital   is diuretics.  Loop diuretics, like furosemide, act on the loop of Henle in the kidney  to   prevent sodium uptak e. With the use of these medications, s odium and other electrolytes are   lost in the urine promoting  an increased water loss from the body. This  loss of body water  promotes remov al of pulmonary edema and ascit es in  patients with heart failure.  Loop diuretics can put s tress on the kidneys as their use leads to decreased renal blood flow   which will, in turn, kick off the renin - angiotensin - aldosterone - system (RAAS) .  When the kidneys sense that blood flow  through the organ is less than normal like in hypotension, hypovolemia, or cardiac disease, renin is released. Renin acts  on circulating angiotensinogen and changes it to angiotensin I. Angiotensin I is changed to ang iotensin II with the aid of  angiotensin converting enzyme (ACE) which is produced by the lungs. Angiotensin   II will cause vasoconstriction and  increased sodium retention by the kidneys. The higher levels of sodium will lead to an increase in circulating volume  which, when combined with vasoconstriction, will increase the blood pressure and perfusion to the kidn eys. Angiotensin  II will signal the adrenal glands to secrete aldosterone. Aldosterone will also signal the kidneys to retain sodium  as well  as   excrete potassium. This will further contribute to increased circulating volume and increased blood pressure for   the  patient.   RAAS   will   cause further stress on a diseased heart   as  the constant increase in circulating volume can lead to  myocardial remodeling.     Furosemide can be administered  as an injection or in oral form , and in some cas es of severe respiratory distress   from congestive heart failure, can be administered as a constant rate infusion.  Patients must be monitored for  dehydration and water should always be available to animals receiving diuretics. Kidney values should be monitored  with long term use.    Spironolactone   is a potassium sparing diuretic that will block the renin - angiotensin - aldosterone   system.  Without  the effects of aldosterone, sodium and water are excreted  and potassium is not lost as it is with furosemide  administration.  It can accompany furosemide  in long term diuretic use to prevent dramatic potassium loss.    Torsemide is a loop diuretic  that has been used with success in humans and  is  seeing increased   used in veterinary  patients .   It has  higher bioavailability than furosemide and also has a longer duration of action. With long term use of 

