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Overview

A variety of cardiac abnormalities can cause heart failure in dogs, with chronic degenerative valvular disease and dilated cardiomyopathy being the most common. Chronic mitral valve regurgitation (MR) is responsible for most cases of congestive heart failure (CHF) in small breed dogs. Dilated cardiomyopathy (DCM) is the most common cause of heart failure in large/giant breeds. Our ability to manage chronic heart failure continues to improve. New treatment options and a growing understanding of the processes underlying heart failure provide hope for extending our patients’ quality and duration of life. This session will focus on current strategies for managing chronic heart failure in dogs. Topics will include: deciding which drugs to use at different stages of disease, and strategies for managing common complications. Case examples will be used to illustrate some of these clinical problems and how to handle them. 
The pathophysiology of heart failure is complex. Structural and functional changes within the heart, vasculature, and other organs are involved and develop over a period of time. The term ‘cardiac remodeling’ refers to the changes in myocardial size, shape and stiffness that occur in response to various mechanical, biochemical, and molecular signals induced by an underlying injury or stress. These changes include myocardial cell hypertrophy, cardiac cell drop-out, excessive interstitial matrix formation, fibrosis, and destruction of normal collagen binding between individual myocytes. Neurohormonal (NH) responses contribute to cardiac remodeling and also have more far-reaching effects.
Excessive activation of NH "compensatory" mechanisms leads to the clinical syndrome of CHF over time. While these mechanisms support the circulation in the face of acute hypotension and hypovolemia, their chronic activation also accelerates further deterioration of cardiac function. Major NH changes in heart failure include increases in sympathetic nervous tone, attenuated vagal tone, activation of the renin-angiotensin-aldosterone system, and release of antidiuretic hormone (vasopressin). These NH systems work independently and together to increase vascular volume (by sodium and water retention and increased thirst) and vascular tone. The extent to which these mechanisms are activated varies with the severity and etiology of heart failure. In general, as failure worsens, NH activation increases. Increased production of endothelins and proinflammatory cytokines, as well as altered expression of vasodilatory and natriuretic factors, also contribute to the complex interplay among these mechanisms and their consequences. 

Classification of heart failure severity

Guidelines for clinical staging of heart failure (based on the American Heart Association and American College of Cardiology [AHA/ACC] system) are being increasingly applied to veterinary patients (see Table 1). These describe disease progression through four stages over time. This staging system emphasizes the importance of early diagnosis and evidence-based management of heart dysfunction. It also deemphasizes the term “congestive” heart failure because volume overload is not consistently present at all stages. Nevertheless, attention to the patient’s fluid status is highly important. 
Approach to chronic heart failure management

The evolving perspective on chronic heart failure management is based on blocking excessive NH activation and preventing progression of myocardial remodeling and dysfunction, with diuretics being used to control signs of congestion. Most current treatment strategies for heart failure are aimed at modifying either the results of NH activation (i.e., sodium and water retention) or the activation process itself (e.g., angiotensin-converting enzyme inhibition). In most cases, therapy centers on controlling edema and effusions, improving cardiac output, reducing cardiac workload, supporting myocardial function, and managing concurrent arrhythmias. An important goal of heart failure therapy is to improve the patient's quality of life as well as survival time. Therapy is tailored to the individual animal's needs as heart disease progresses by adjusting dosages (see Table 2), adding or substituting drugs, and modifying lifestyle or diet. Pleural effusion and large-volume ascites that accumulate despite medical therapy should be drained to facilitate respiration.
Diuretic therapy is indicated for controlling cardiogenic pulmonary edema and effusions. Although aggressive furosemide treatment is indicated for acute, fulminant pulmonary edema, the smallest effective doses are used for chronic heart failure therapy. Furosemide (or other diuretic) alone is not recommended as the sole treatment for chronic heart failure, because it can exacerbate NH activation and reduce renal function.

ACE inhibitors (ACEI) are an important component of therapy for most causes of chronic heart failure, especially chronic MR and DCM. The ACEI have only modest diuretic and vasodilatory effects, but their main benefits arise from opposing NH activation and abnormal cardiovascular remodeling. Some patients can be maintained at least for a time with an ACEI alone. Enalapril is used most often; but in patients with reduced renal function, benazepril is usually recommended.

Support of myocardial function with a positive inotropic drug is indicated for dogs with advanced MR as well as for those with DCM. Pimobendan is a new positive inotropic agent for oral use. It is a phosphodiesterase III inhibitor that also has a calcium sensitizing effect on the contractile proteins. This increases contractility without greater myocardial O2 consumption. Pimobendan is known as an ‘inodilator’ because it also causes systemic and pulmonary vasodilation, which contributes to improved cardiac pump function. Many dogs appear to experience marked clinical improvement when this agent is added to conventional CHF therapy (e.g. furosemide and an ACEI, with or without digoxin).
Digoxin is useful for patients with reduced myocardial function or supraventricular tachyarrhythmias. It should be a component of therapy for dogs with atrial fibrillation. Digoxin has only a modest positive inotropic effect, but its ability to sensitize baroreceptors and thereby modulate NH activation may be its most important attribute. It can be used with pimobendan. Because of the potential for digoxin toxicity, low doses are used and serum concentrations monitored. Serum samples should be drawn 8-10 hours post-dose, a week or more after beginning digoxin therapy or a dose change. Trough serum concentrations in the low to mid "therapeutic" range are desired (e.g. 0.8-1.5 ng/ml).
Spironolactone is often used because of its action as an aldosterone antagonist. Not only can insufficient suppression of aldosterone develop despite ACE inhibition, it is now known that aldosterone can also promote collagen synthesis and contribute to abnormal cardiac remodeling. In people with myocardial dysfunction, the addition of spironolactone to standard therapy reduces mortality. However, the diuretic effect of spironolactone in dogs is questionable. Furthermore, it is unknown whether similar effects related to myocardial remodeling occur in dogs, especially with primary valvular disease. Spironolactone is contraindicated in patients with hyperkalemia and must be used cautiously in those receiving an ACEI or potassium supplements. It is important to monitor for azotemia and hyperkalemia during its use. Spironolactone may decrease the clearance of digoxin.
Exercise restriction helps reduce cardiac workload regardless of heart failure etiology. Strenuous exercise can provoke dyspnea and potentially serious cardiac arrhythmias even in animals with compensated CHF. Chronic heart failure is associated with skeletal muscle changes that contribute to fatigue and dyspnea. Physical training can improve cardiopulmonary function and quality of life in chronic heart failure. Although it is difficult to know how much exercise is best, regular (not sporadic) mild to moderate activity is encouraged, as long as excessive respiratory effort is not induced. Bursts of strenuous activity should be avoided. 
Dietary salt restriction and other nutritional issues can be important in the management of chronic heart failure. Moderate dietary salt restriction is generally advised (early cardiac disease, senior, or renal diets). Intensified salt restriction may be useful as failure progresses; for example switching from a "kidney diet" to a "heart failure diet". Cardiac cachexia is common in advanced CHF and multiple factors are involved in its pathogenesis, including the TNF-alpha and other cytokines. Dietary supplementation with fish oils, which are high in n-3 fatty acids can reduce cytokine production. Improvements in cachexia have been noted in dogs with DCM using approximately 27 mg/kg/day EPA and 18 mg/kg/day DHA.
L-carnitine deficiency has been identified in some Boxers and Doberman Pinschers with DCM, but its prevalence is thought to be low and the number of affected dogs responsive to L-carnitine supplementation even lower. Nevertheless, a trial period of supplementation (for about 4 months) may be worthwhile. Several dose ranges have been suggested, including 50–100 mg/kg q8–12h for systemic deficiency, or 200 mg/kg q8h for myopathic deficiency. Others use 1 g q8h of oral L-carnitine for dogs <25 kg, and a dose of 2 g q12h for dogs 25–40 kg. About ½ teaspoonful of pure L-carnitine powder is the equivalent of 1 g. Plasma carnitine concentration is not a sensitive indicator of myocardial carnitine deficiency.
Although most dogs with DCM are not taurine-deficient, low plasma taurine is found in some cases (most notably American Cocker Spaniels). Dogs fed protein-restricted diets can become taurine deficient; some develop evidence of DCM. Plasma taurine concentrations <25(to 40) nmole/ml and blood taurine concentrations <200(or 150) nmol/ml are generally considered deficient. Specific collection and submission guidelines should be obtained from the laboratory used. Although taurine-deficient dogs can show some echocardiographic improvement after supplementation, there is questionable effect on survival time. Nevertheless, measurement of plasma taurine or a trial of supplemental taurine for at least 4 months may be useful, especially in an atypical breed affected with DCM. Taurine supplementation for dogs <25 kg is 500–1,000 mg TID; for dogs 25–40 kg the dose is 1–2 g q8–12h. Both taurine and L-carnitine can be mixed with food for easier administration. The role of other dietary supplements is unclear.
In people with myocardial failure, chronic therapy with certain beta-blockers (e.g. carvedilol, metoprolol) reduces mortality and improves cardiac function. Not all beta-blockers are effective for this, and some patients experience possibly fatal clinical deterioration and worsening failure before any chronic benefits are seen. Clearly, beta blockers are indicated in the management of certain tachyarrhythmias, such as atrial fibrillation. But whether dogs with advanced MR or DCM will consistently achieve improved myocardial function and survival as seen in people after chronic (at least 3 to 6 months) therapy is still unclear. Caution is warranted in all patients with myocardial failure, and especially those with clinical signs of congestion. 
Strategies for advanced or refractory heart failure

Recurrent CHF while on initial therapy, is usually first handled by increasing the furosemide and/or maximizing the ACEI dosage. Pimobendan, if not already being used, should be added. Digoxin also can be used, especially if supraventricular tachyarrhythmias are occurring; serum concentrations should be monitored. In some cases, the furosemide dosage can be reduced after other medications are adjusted or added. Spironolactone is usually added because of its action as an aldosterone antagonist. Low doses of an arteriolar vasodilator to further reduce afterload (e.g. amlodipine or hydralazine can further intensify therapy for dogs with CHF from MR or DCM. Blood pressure should be monitored. An arteriolar vasodilator is not recommended for dogs with fixed ventricular outflow obstruction (e.g. subaortic stenosis). Some animals benefit from the addition of a thiazide diuretic as failure becomes more refractory, but renal function and electrolytes must be carefully monitored.
For episodes of fulminant pulmonary edema, IV furosemide (2 to 5 mg/kg) is given to promote rapid diuresis. This is repeated q 1-4 hr until respiration improves. Alternatively, furosemide by CRI is another effective strategy. Physical activity is maximally curtailed and oxygen supplementation given. Aminophylline has mild diuretic and positive inotropic actions and a bronchodilating effect that can be helpful for acute therapy. But it is usually not continued chronically for heart failure. Additional vasodilation may be helpful as long as hypotension is avoided. Dogs with myocardial failure or persistent hypotension can benefit from short-term IV dobutamine (1-10 mcg/kg/min CRI; start low). Digoxin is usually not administered IV, except for some supraventricular tachyarrhythmias unresponsive to diltiazem. Mild sedation can help reduce anxiety (e.g. butorphanol 0.2-0.3 mg/kg IM; or morphine 0.1-0.5 mg/kg IM or SC).

Complicating factors
A number of complicating factors commonly arise in the chronic management of dogs with MR or DCM, including arrhythmias, myocardial function deterioration, and progressive valvular insufficiency. These can lead to recurrent bouts of pulmonary edema, signs of biventricular failure, weakness, syncope, and other issues. In addition, factors such as physical exertion, anemia, dietary indiscretion, erratic administration of medication, inappropriate medication dosage for the level of disease, environmental stresses, and development or worsening of concurrent extracardiac disease can precipitate clinical signs. Early identification of complications and appropriate medication adjustment are important in managing these.

Reevaluation & monitoring

Repeated reevaluation is important. Stable patients can be scheduled every 4-6 months or so, but more frequent evaluation may be needed in others. Medications and dosage schedules should be reviewed with the owner at each visit. Any problems with drug administration, adverse effects, and signs of toxicity should be discussed. The animal’s resting respiratory rate, response to the medications, diet and appetite, activity level, and any other concerns should also be discussed. 
Depending on the animal's status, clinical tests might include a resting ECG or ambulatory monitoring, thoracic radiographs, serum biochemistry analyses, an echocardiogram, serum digoxin concentration, or others (including cardiac biomarkers). Serum electrolyte and creatinine or BUN concentration measurement is recommended at least every 6 months. 
Many complications of chronic heart failure can be caught early when the owner is attentive and knows what to look for. Monitoring the pet’s respiratory and heart rates during sleep or while resting at home is helpful. Resting respiratory rates for normal animals in the home environment are usually (30 breaths/minute. A persistent increase (of (20%) in resting respiratory rate is often an early sign of worsening heart failure. This is because pulmonary edema increases lung stiffness, which induces faster, more shallow respiration. Likewise, a persistent increase in resting heart rate accompanies the heightened sympathetic tone of decompensating failure. 

Table 1: Modified AHA/ACC Heart Failure Staging System

A
Patient “at risk” for the development of heart failure, but apparent cardiac structural abnormality not yet identified

Tx rec: no therapy; yearly evaluation

B
Structural cardiac abnormality is evident, but no clinical signs of heart failure 

B1: No/minimal evidence of hemodynamic effect (e.g normal Xray appearance) 

Tx rec: for MR: recheck Xray or echo q 6-12 mo, screen for arterial hypertension; 

for occult DCM: consider ACEI or pimobendan
B2: Evidence of hemodynamic effect (e.g. left atrial +/- ventricular enlargement) 

Tx rec: for MR: no consensus on recommended Tx; consider ACEI if LA size increasing;
for DCM: pimobendan and ACEI, consider spironolactone or carvedilol/metoprolol

C
Structural cardiac abnormality, with past or present clinical heart failure signs

Tx rec (chronic): PO furosemide, ACEI, pimobendan, or(and) digoxin for atrial fibrillation, spironolactone; consider also diltiazem for atrial fibrillation, carvedilol (if stable and CHF not provoked), other drugs as indicated on individual case basis

D
Persistent or end-stage heart failure signs, refractory to standard therapy
Tx rec: as for Stage C, ensure optimal doses and intervals; r/o complicating factors (e.g. hypertension, arrhythmias, disease progression [ruptured chordae, etc.], anemia, infection….); additional afterload reduction (amlodipine or hydralazine) – monitor renal function & blood pressure, if pulmonary hypertension present add sildenafil (1 mg/kg bid-tid); tap effusions as needed; cough suppression or bronchodilator trial (for refractory cough); hospitalization if needed for intensive care
Table 2: Common Heart Failure Drug Doses for Dogs

Diuretics

Furosemide 
1 - 3 mg/kg, q 8 to 24 h PO (use smallest effective dose chronically); 2 – 5 (-8) mg/kg, q 1 to 6 h IV, IM or SC, or 0.6–1 mg/kg/hour CRI
Spironolactone
0.5-1 mg/kg q (12-) 24 hr PO

Chlorothiazide
20-40 mg/kg q 12 hr PO

Hydrochlorothiazide
2-4 mg/kg q 12 hr PO

ACEI

Enalapril

0.5 mg/kg q 12 to 24 h PO (use low initial dose)

Benazepril

0.25- 0.5 mg/kg q (12 to) 24 h PO (use low initial dose)

Other vasodilators

Hydralazine
0.5 - 2 mg/kg q 12 h PO (use low initial dose)

Amlodipine 
0.05 - 0.3 mg/kg q (12-) 24 h PO

Positive inotropic agents

Pimobendan
0.1-0.3 mg/kg q 12 hr PO, start low; give at least 1 hour before feeding

Digoxin

For dogs < 22 kg: 0.005-0.008 mg/kg q 12 hr, PO; for dogs > 22 kg: 0.003-0.005 mg/kg q 12 hr PO, or 0.22 mg/m2, q 12 h, PO (maximum dose of 0.5 mg/day or for Dobermans, 0.25 to 0.375 mg/day). 
Dobutamine
1 to 10 mcg/kg/min, constant IV infusion

Other agents

Atenolol

0.2-1 mg/kg q 12-24 hr PO

Propranolol
0.1 up to maximum of 1 mg/kg, q 8 h, PO; initial IV bolus of 0.02 mg/kg up to maximum of 0.1 mg/kg, slowly

Carvedilol

For chronic stable heart failure: 0.05–0.1 mg/kg q24h initial; slow (weeks) titration up to 0.2–0.3 mg/kg q12h (or higher), if tolerated
Metoprolol

For chronic stable heart failure: 0.1–0.2 mg/kg/day initial; slow (weeks) titration up to 1 mg/kg, if tolerated.
Diltiazem

0.5 up to 1.7 mg/kg, q 8 h, PO; for atrial tachycardia: 0.5 mg/kg PO, followed by 0.25 mg/kg q 1 h to total of 1.5 mg/kg or conversion

Aminophylline
4-8 mg/kg slow IV, IM, SC or 6-10 mg/kg PO q 6-8 hr
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