Cardiac Rhythm Abnormalities: Diagnosis and Management
Wendy A. Ware, DVM, MS, Dipl. ACVIM (Cardiology)

Overview
Abnormalities of the cardiac rhythm can complicate many conditions, as well as be a primary problem in some patients. An approach to identifying different arrhythmias on the ECG will be reviewed, and strategies for arrhythmia management will be discussed in this session.
While some tachyarrhythmias are of no clinical consequence, others can cause weakness, syncope or sudden death, especially in animals with underlying disease. The clinical context of the arrhythmia and whether it causes hemodynamic compromise are important considerations in making treatment decisions. Many factors underlie the development of cardiac arrhythmias. Changes in cell conduction properties or automaticity from cardiac structural or physiological remodeling can predispose to arrhythmias, even without overt evidence of cardiac disease. Genetic or environmental factors can contribute. Additional triggering factors (e.g. premature stimulus or abrupt change in heart rate) and/or modulating factors (e.g. changes in autonomic tone, circulating catecholamines, ischemia, or electrolyte disturbances) also appear necessary to provoke and sustain rhythm disturbances.

In general, arrhythmia mechanisms involve abnormalities of impulse formation or impulse conduction, or combinations of both. Abnormal impulse formation includes discharge from ectopic (subsidiary) pacemaker cells that normally are overdrive suppressed (known as enhanced normal automaticity), or spontaneous discharge from injured cells that normally have no pacemaker activity (known as abnormal automaticity). Triggered activity is a form of abnormal automaticity where membrane electrical oscillations following an action potential (afterdepolarizations) are strong enough to reach threshold and trigger another action potential. Tachyarrhythmias arise from abnormal conduction when reentry (circus movement, reciprocating tachycardia) occurs. Reentry involves an area where conduction is blocked or delayed, but which recovers excitability in time to transmit the depolarizing wave back around so that tissue which had been previously depolarized becomes activated again. 

Tachyarrhythmias that compromise cardiac output, arterial blood pressure, and coronary perfusion promote myocardial ischemia, deterioration of cardiac pump function, and sometimes sudden death. Rapid sustained tachycardia not only reduces cardiac output acutely, it eventually leads to myocardial dysfunction and congestive heart failure (known as tachycardia-induced cardiomyopathy or TICM). When cardiac output is inadequate for the animal’s level of activity, signs of weakness, lethargy, or syncope occur. An arrhythmia’s hemodynamic effects can also be estimated by pulse quality, mentation, and blood pressure. In addition, some diseases are known to have higher risk for sudden arrhythmic death (e.g. cardiomyopathies, especially in Doberman Pinschers and Boxers, and severe subaortic stenosis). 

ECG Rhythm Interpretation Guide
1. Determine the heart rate. Is it too fast, too slow, or normal?

2. Is the rhythm regular or irregular?

3. Is sinus rhythm present (with or without other abnormalities), or are there no consistent P-QRS-T relationships?

4. Are all P waves followed by a QRS and all QRS complexes preceded by a P wave?

5. If premature (early) complexes are present, do they look the same as sinus QRS complexes (implying atrial or junctional [supraventricular] origin), or are they wide and of different configuration than sinus complexes (implying a ventricular origin or possibly abnormal intraventricular conduction of a supraventricular complex)?

6. Are premature QRS complexes preceded by an abnormal P wave (suggesting atrial origin)?

7. Are there baseline undulations instead of clear and consistent P waves, with a rapid, irregular QRS occurrence (compatible with atrial fibrillation)?

8. Are there long pauses in the underlying rhythm before an abnormal complex occurs (escape beat)?

9. Is an intermittent AV conduction disturbance present?

10. Is there a lack of consistent temporal relationship between P waves and QRS complexes, with a slow and regular QRS occurrence (implying complete AV block with escape rhythm)?

11. For sinus and supraventricular complexes, is the mean electrical axis normal?

12. Are all measurements and waveform durations within normal limits?

Making the Decision to Use Antiarrhythmic Drug(s)
Questions remain regarding which patients should receive antiarrhythmic drug therapy, and which strategies are most effective in suppressing arrhythmias as well as in preventing sudden death. There is general agreement that therapy is indicated when arrhythmias cause clinical signs of hemodynamic instability, or when the risk of a lethal arrhythmia is high. Based on human medical experience, there is less advocacy for antiarrhythmic drug use in animals with asymptomatic ventricular ectopy, especially when ventricular function is normal. Whether this conservative approach also is justified in animals with disease known to be associated with sudden death is not clear. On the other hand, it also is not clear whether, or which, antiarrhythmic therapy prolongs survival in diseases associated with increased sudden death risk. Nevertheless, control of persistent tachycardia is warranted based not only on immediate hemodynamic effects but also on the longer-term risk of tachycardia-induced cardiomyopathy.

When deciding whether to use an antiarrhythmic drug, the animal’s clinical status, underlying disease(s) and current medications, as well as the potential benefits/risks of specific drugs are considered. Concurrent cardiac or extra-cardiac disease should be treated as this helps control some arrhythmias. Hypokalemia and hypomagnesemia predispose to ventricular arrhythmias by affecting cell electrophysiologic properties, and can reduce the effectiveness of many antiarrhythmic drugs. 
Suppression of all abnormal beats is not a realistic treatment goal. Successful therapy usually means sufficient reduction in frequency (e.g. by ( 70-80%) or repetitive rate of ectopic beats to restore normal hemodynamic status and eliminate clinical signs. It is important to recognize that even apparently complete arrhythmia suppression does not remove the risk of lethal arrhythmia and sudden cardiac death. Antiarrhythmic agents with greater antifibrillatory activity (e.g. class III drugs) are thought to provide increased protection, but such agents do not prevent some fatal arrhythmias such as asystole. It is important that the owner also understand the limitations of antiarrhythmic therapy. 

Potential adverse drug effects (including proarrhythmia) as well as drug cost must be weighed against the desired benefits. In all cases, careful monitoring of the animal as well as the ECG is warranted to assess drug effectiveness and to watch for adverse drug effects and other complications, especially with chronic therapy. Dosage adjustments as well as alternate antiarrhythmic agents may be needed. Repeated Holter monitoring can help in assessing arrhythmia control over time.

Antiarrhythmic drugs work by slowing a tachycardia’s rate, terminating a reentrant arrhythmia, or preventing abnormal impulse formation or conduction.  These effects can occur through modulation of tissue electrophysiologic properties and/or autonomic nervous system effects. The traditional (Vaughan Williams) drug classification system consists of four classes based on the drug’s predominant cardiac electrophysiologic effects. Other drugs are also useful in managing arrhythmias, including digoxin, anticholinergic agents, ACE inhibitors, and others not typically considered antiarrhythmic agents.  

Management of Supraventricular Tachyarrhythmias


Occasional premature beats generally are not treated; minimize predisposing factors. Frequent atrial premature contractions or paroxysmal supraventricular tachycardia (SVT): 

1) Digoxin previously was the initial PO drug of choice in dogs with heart failure and in cats with dilated cardiomyopathy; but in animals already on pimobendan, the Ca++ blocker diltiazem (or a β-blocker) would be a good choice.
2) When digoxin is used, a β-blocker or diltiazem can be added, if the arrhythmia is not sufficiently controlled (along with heart failure therapy). 

3) For cats with hypertrophic cardiomyopathy or hyperthyroidism a β-blocker (such as atenolol or propranolol) is the drug of first choice, although diltiazem could be an alternative. 

4) Recurrent, refractory supraventricular tachyarrhythmias may respond to amiodarone, sotolol, procainamide, quinidine, or a Class IC agent.

Acute therapy for sustained or frequent paroxysms of SVT: 

1) A vagal maneuver can be tried initially and may help differentiate among SVT mechanisms. Increased vagal tone should temporarily slow the rate of sinus tachycardia and reveal normal P waves; although some automatic tachycardias also slow in rate. Reentrant tachycardias involving the AV node are sometimes abruptly terminated by a vagal maneuver, as an increase in AV refractoriness blocks further conduction around the reentry circuit. The vagal maneuver may transiently slow or intermittently block AV conduction to expose abnormal atrial P' waves from an automatic ectopic atrial focus. If the arrhythmia persists, vagal maneuvers repeated after antiarrhythmic drug administration may be more effective. 

2) Concurrent IV fluid administration helps maintain blood pressure and increase vagal tone. But patients with heart failure should receive a small volume slowly, if at all. Further cardiac diagnostic tests are indicated once conversion is achieved or the ventricular rate falls below 200 beats/min. 

3) A Ca++ channel blocker is usually administered for persistent SVT. Diltiazem (IV or PO loading) is preferred. Verapamil (IV) is also effective but is not recommended for dogs with myocardial dysfunction or heart failure because of greater negative inotropic effect. 

4) A β-blocker given slowly IV (propranolol, esmolol) is an alternative to diltiazem, but its negative inotropic effect is also of concern in heart failure. 

5) Lidocaine can be effective in some cases of SVT caused by an accessory pathway or ectopic atrial focus, although it is most often used for ventricular tachyarrhythmias. 

6) If Ca++ channel- or β-blocker, or lidocaine therapy does not control persistent SVT, IV procainamide may be helpful.  Again, caution is advised for patients in heart failure. 

7) Refractory SVT (AV node independent) may respond to sotalol or amiodarone.

8) IV digoxin is another alternative, but is generally less effective than Ca++ channel blockers. Digoxin’s onset of action is slower and, while it increases vagal tone, IV administration also can increase central sympathetic output. 

9) The combination of a Ca++- and β-blocker can be considered in animals with refractory SVT and reasonably normal myocardial function and blood pressure; but the second agent should be dosed cautiously to avoid hypotension. 

10) If the ectopic focus cannot be suppressed, ventricular rate control (by slowing AV conduction) becomes the goal of therapy. Combinations of diltiazem or a β-blocker, and digoxin, sotolol, or amiodarone can be effective.

11) A class IC agent, such as propafenone, may be effective in converting some cases. 
12) Other drugs that might be useful for refractory SVT include the alpha1 agonist phenylephrine (0.004 to 0.01 mg/kg IV), which reflexly increases vagal tone, or the anticholinesterase edrophonium chloride (0.05 to 0.1 mg/kg IV). These can potentiate initially unsuccessful vagal maneuvers.  Synchronized DC cardioversion has been used successfully in people and could be considered. Adenosine is rarely effective in dogs. 

Chronic oral therapy: 
See above (Frequent atrial premature contractions..). Catheter ablation also may be an effective alternative for persistent tachyarrhythmias in some cases. 
Atrial Fibrillation (AF)

Because underlying heart disease makes permanent conversion to sinus rhythm unlikely in most cases, the usual goals of therapy are to slow AV conduction as well as manage the cardiac disease. In-hospital HRs less than 150 beats/min in dogs (or 180/min in cats) are desirable, although ideal target HR probably depends on the animal’s size and disease. At-home HRs of 70 - 120 beats/min in dogs and 80 - 140 beats/min in cats are acceptable. ECG recording is recommended to document the ventricular rate because HR estimation by auscultation or palpation can be quite inaccurate. Femoral pulses should not be used to assess HR when AF is present because of frequent pulse deficits.
For rapid HR reduction: 


1) IV diltiazem is recommended (less negative inotropic effect than verapamil and β-blockers). 

2) Cautious use of IV esmolol is an alternative; IV digoxin is usually avoided. 

Chronic oral therapy: 

1) Digoxin is usually used first in dogs (and cats with dilated cardiomyopathy). If HR> 200 to 220 beats/min at rest, twice the eventual PO maintenance dosage can be given for the first 1 (to 2) days. Digoxin does not adequately slow the heart rate in many animals by itself. Increases in sympathetic tone with exercise, excitement or CHF often override the vagal effect of digoxin on the AV node.
2) Either diltiazem or a β-blocker can be added to further slow AV conduction. Because of their potential myocardial depressive effects, low initial doses are used and titrated upward to effect. 

3) Amiodarone can be used if additional rate control is needed. 

4) For cats with hypertrophic cardiomyopathy and AF, diltiazem or a β-blocker is used without digoxin.

Management of Ventricular Tachyarrhythmias

Occasional ventricular premature beats in an otherwise asymptomatic animal usually are not treated. 

Acute therapy for sustained or frequent paroxysms of ventricular tachycardia: 

1) IV lidocaine is usually the first-choice antiarrhythmic agent in dogs. The effect from IV boluses lasts about 10 – 15 minutes, so constant infusion (CRI) is warranted if the drug is effective. Small supplemental IV boluses can be given with the CRI until steady state is achieved. IV infusions can be continued for several days, if needed. If lidocaine is ineffective after maximal recommended doses, several other approaches can be used.

2) Procainamide (given IV, IM, or PO) or quinidine (given IM or PO) is often tried next. Quinidine is not given IV because of its hypotensive effects. It is also avoided in animals receiving digoxin or with prolonged QT intervals. Effects of a single IM or PO loading dose of either drug should occur within 2 hours. If ineffective, the dose can be increased or another antiarrhythmic agent chosen. Be sure serum potassium concentration is not low.

3) Consider adding a β-blocker to lidocaine or procainamide. 

4) Other drugs are more effective in some cases, including sotalol, amiodarone, or mexiletine. Veterinary experience with IV amiodarone is still limited; IV amiodarone effectively suppresses VT in some dogs, but hypotension can occur. Very slow injection of conservative doses and blood pressure monitoring are recommended. Also, occasional dogs experience hypersensitivity-like reactions.
5) DC cardioversion can be attempted for refractory VT if equipment is available. ECG-synchronization and anesthesia or sedation are required. High-energy, nonsynchronized shock (defibrillation) can be used for rapid polymorphic VT or flutter degenerating into VF.

6) Cats with serious ventricular tachyarrhythmias are usually given a β-blocker first. Alternatively, low doses of lidocaine can be used but cats are more sensitive to lidocaine’s neurotoxic effects. 

7) Procainamide, quinidine, and sotolol have also been used in cats.

8) Digoxin toxicity-induced ventricular tachyarrhythmias are treated first with lidocaine. If refractory to lidocaine, phenytoin can be used (in dogs only) slowly IV. Phenytoin is used PO occasionally to treat or prevent digitalis-induced ventricular arrhythmias. IV potassium supplementation also is given the serum concentration is less than 4 mEq/L. Magnesium supplementation may also help suppress arrhythmias (e.g. MgSO4 at 25 to 40 mg/kg slow IV bolus, followed by infusion of the same dose over 12 to 24 hours). 

Chronic oral therapy for ventricular tachyarrhythmias
Underlying heart (and other) disease should be treated. Although Class I antiarrhythmic drugs (e.g. procainamide or mexiletine), sometimes in combination with a β-blocker, previously were used most often for chronic therapy, the Class III agents (sotolol and amiodarone) appear to have greater antifibrillatory effects. In some cases, a β-blocker alone may help prevent both ventricular and supraventricular tachyarrhythmias that are provoked by sympathetic stimulation or catecholamines, but atenolol alone does not appear effective for Boxer ARVC. Amiodarone is an effective antiarrhythmic, although there are concerns about its prolonged half-life and an array of potential adverse effects. But amiodarone may have lesser proarrhythmic and greater antifibrillatory effect than other agents. The bottom line is still unclear and may be different for different diseases.

1) Drugs currently used for the chronic management of ventricular tachyarrhythmias in dogs include: 

a) sustained-release procainamide or mexiletine (not highly advocated); or
b) sustained-release procainamide or mexiletine combined with atenolol or propranolol; or
c) sotalol; or 

d) amiodarone. 

NOTE: The latter three options are more favored because they are thought to provide a greater antifibrillatory effect. 
Antiarrhythmic Drug Doses

Amiodarone: Dogs, 10 mg/kg q12h PO for 7 days, then 8 mg/kg q24h PO (lower as well as higher doses have been used); 3 (to 5) mg/kg slowly (over 10-20 min) IV (can repeat but do not exceed 10 mg/kg in 1 hour)

Atenolol: Dogs, 0.2 to 1.0 mg/kg q12-24h PO; Cats, 6.25 to 12.5 mg/cat q(12 to)24h PO

Digoxin: Dogs <22 kg, 0.005-0.008 mg/kg q 12 hr; dogs >22 kg, 0.003-0.005 mg/kg q 12 hr PO. Maximum: 0.5 mg/day or 0.375 mg/day for Dobermans; Cats, 0.007 mg/kg (or ¼ of 0.125 mg tab) q 48 hr PO 

Diltiazem: Dogs, acute IV for SVT: 0.15 to 0.25 mg/kg over 2 to 3 min IV, can repeat q15min until conversion or maximum 0.75 mg/kg; CRI: 5 to 15 mg/kg/hr; PO loading dose: 0.5 mg/kg PO followed by 0.25 mg/kg PO q1h to a total of 1.5 (to 2.0) mg/kg or conversion; PO maintenance: initial dose 0.5 mg/kg (up to 2+ mg/kg) q8h PO; Cats, same(?)
Diltiazem XR: 1.5-4 (to 6) mg/kg PO q 12-24 h
Esmolol: Dogs, 0.1 to 0.5 mg/kg IV over 1 min (loading dose), followed by infusion of 0.025 to 0.2 mg/kg/min; Cats, same

Lidocaine: Dogs, Initial boluses of 2 mg/kg slowly IV, up to 8 mg/kg; or rapid IV infusion at 0.8 mg/kg/min; if effective, then 25 to 80 mcg/kg/min CRI; Cats, Initial bolus of 0.25 to 0.5 (or 1.0) mg/kg slowly IV; can repeat boluses of 0.15 to 0.25 mg/kg, up to total of 4 mg/kg; if effective, 10 to 40 mcg/kg/min CRI

Mexiletine: Dogs, 4 to 10 mg/kg q8h PO

Phenytoin: Dogs, 10 mg/kg slowly IV; 30 to 50 mg/kg q8h PO

Procainamide: Dogs, 6 to 10 (up to 20) mg/kg IV over 5 to 10 min; 10 to 50 mcg/kg/min CRI; 6 to 20 (up to 30) mg/kg q4-6h IM; 10 to 25 mg/kg q6h PO (sustained release: q6-8h); Cats, 1.0 to 2.0 mg/kg slowly IV; 10 to 20 mcg/kg/min CRI; 7.5 to 20 mg/kg q(6 to)8h IM or PO
Propafenone: Dogs, 3-6 mg/kg PO TID; start low
Propranolol: Dogs, 0.02 mg/kg initial slowly IV (up to max. of 0.1 mg/kg); initial PO, 0.1 to 0.2 mg/kg q8h, up to 1 mg/kg q8h; Cats, same IV instructions; 2.5 up to 10 mg/cat q8-12h PO

Quinidine: Dogs, 6 to 20 mg/kg q6h IM (loading dose, 14 to 20 mg/kg); 6 to 16 mg/kg q6h PO; sustained action preparations, 8 to 20 mg/kg q8h PO; Cats, 6 to 16 mg/kg q8h IM or PO

Sotalol: Dogs, 1 to 3.5 (to 5) mg/kg q12h PO; Cats, 10 - 20 mg/cat q12 h PO (or 2-4 mg/kg q 12 h PO)

Tocainide: Dogs, 10 to 20 (to 25) mg/kg q8h PO
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