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Canine Atrial Fibrillation

Atrial fibrillation (AF) is a common, 
sustained supraventricular tachy-
cardia in dogs. It is characterized by 

disorganized, rapid atrial electrical activity 
resulting in loss of atrial contribution to 
ventricular filling as well as an irregular 
and typically rapid ventricular response 
rate. The physiologic consequences of 
AF include a reduction in cardiac output 
and development or worsening of clini-
cal signs of heart failure. AF is most com-
monly diagnosed in association with atrial 
enlargement secondary to underlying car-
diovascular disease, although not all dogs 
with atrial enlargement develop AF.1 The 
primary therapeutic goal is to improve 
cardiac output either by controlling ven-
tricular rate or by converting AF to sinus 
rhythm. Therapeutic management contin-
ues to present clinical challenges.2,3 

Mechanisms and Pathophysiology
The atria normally function as reservoirs 
for blood from the pulmonary and systemic 
veins, as conduits for passive filling of the 
ventricles, and as contractile apparatuses to 
augment ventricular stroke volume. Atrial 
contraction contributes approximately 20% 
of end-diastolic ventricular volume at rest. 
Persistently elevated heart rates and the loss 
of organized atrial contraction compromise 
ventricular filling and impair systolic and 
diastolic cardiac function, with resultant 
decreases in cardiac output. 

 Mechanisms for the formation and 
maintenance of AF are multifactorial. 
Abnormal electrical activity—either ecto-
pic triggers (such as those occurring at the 
pulmonary veins) or reentrant waves—
causes AF. Normally, a wave of depolar-
izing atrial myocardial cells makes atrial 
tissue refractory to immediate stimulation 
by a second electrical impulse. In reentry, 
abnormal paths of electrical activity allow 
multiple wavelets of electrical activity to 
travel across the atria without encounter-
ing tissue in a refractory state and to con-
tinue to depolarize myocardial tissue in a 
circuitous manner.4 The presence of fibro-
sis, inflammation, and wall stretch within 
the atrial myocardium influences the 
paths of electrical activity. Atrial enlarge-
ment sustains reentry by creating sufficient 
area to allow waves of electrical activity 
to move about without terminating each 
other. Giant-breed dogs may have enough 
atrial mass, even in the absence of cardio-
vascular disease, to have an increased risk 
of developing AF.5 
 Atrial arrhythmias can be triggered by 
alterations in autonomic tone.6–9 Elevated 
parasympathetic tone increases dispersion 
of refractoriness, affecting wavelet activ-
ity and contributing to both discontinu-
ation and perpetuation of AF.7,8 In dogs 
with advanced cardiac disease and heart 
failure, excessive adrenergic tone contrib-
utes to elevated heart rates, and successful 
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At a Glance

Abstract: Atrial fibrillation (AF) is the most commonly diagnosed supraventricular tachyar-
rhythmia in dogs. It typically develops when atrial enlargement occurs secondary to under-
lying cardiovascular disease. Electrocardiographically, AF is characterized by disorganized 
atrial electrical activity resulting in an absence of P waves and a rapid, irregular ventricular 
rate. The hemodynamic consequences of AF include decreased cardiac output and the de-
velopment of clinical signs of heart failure. Therapeutic management focuses on controlling 
ventricular rate or restoring and maintaining sinus rhythm using antiarrhythmic medication 
and, in some cases, biphasic transthoracic electrical cardioversion. The prognosis varies 
and is especially guarded in the presence of significant underlying cardiac disease, such as 
dilated cardiomyopathy.
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heart failure therapy alone may reduce sympa-
thetic tone and decrease heart rate. 
 The presence of sustained AF results in 
electrical and structural remodeling of the atria 
that perpetuates AF—that is, “AF begets AF.”10 
Sustained elevations in heart rate (>200 bpm in 
dogs) can result in tachycardia-induced atrial 
and ventricular systolic dysfunction, even in 
the absence of underlying cardiovascular dis-
ease.11 Structural remodeling also occurs dur-
ing heart failure, which often coexists with 
AF, via angiotensin II– and aldosterone-medi-
ated fibrosis. Angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers, 
and aldosterone antagonists inhibit the renin–
angiotensin–aldosterone system (RAAS), reduc-
ing fibrosis and the rate of AF recurrence after 
conversion to sinus rhythm in human patients 
and, experimentally, in dogs.12–14 

Incidence and Etiology
It is generally not possible to ascertain how 
long a dog has had AF before diagnosis, but 
the history is often assumed to be chronic. The 
intermittent, or paroxysmal, presence of AF is 
not routinely recognized in dogs.15 Most dogs 
with AF have atrial enlargement secondary to 
underlying cardiovascular disease.1 The most 
common congenital and acquired cardiovas-
cular diseases contributing to the development 
of canine AF are listed in Box 1.1,16,17 The docu-
mented incidence of AF is higher in large- and 
giant-breed dogs than in small-breed dogs,5,16 
and dilated cardiomyopathy is the most com-
monly recognized concurrent cardiovascular 
disease.18 One possible reason for the lower 
rate of AF in small-breed dogs with chronic 

degenerative valve disease is that even in the 
presence of atrial enlargement, atrial mass 
may not be adequate to sustain AF.1 The 
breeds most commonly reported to have AF 
and underlying cardiomyopathy are the Irish 
wolfhound, Great Dane, Newfoundland, and 
Doberman pinscher.19–22 Lone AF occurs in the 
absence of obvious cardiovascular disease and 
is also more common in giant breeds such as 
the Irish wolfhound.19–22 Male dogs are more 
often affected.5,23

History and Clinical Presentation
Although most dogs with AF exhibit character-
istic clinical signs, those with lone AF may have 
no demonstrable signs at the time of diagnosis. 
Clinical presentation is affected by the sever-
ity of underlying cardiovascular disease and 
the presence of heart failure, and signs may 
be exacerbated by exercise. Dogs often have 
a history of lethargy, weakness, and exercise 
intolerance.16 Other reported abnormalities at 
presentation include syncope, cough, dyspnea, 
ascites, and anorexia.23 

Physical Examination
The most consistent abnormalities associated 
with AF are a rapid heart rate and an irregular 
heart rhythm. The irregularity of the rhythm 
may not be readily appreciated when the heart 
rate is extremely fast. Estimation of heart rate 
based on auscultation or palpation of pulses 
is often inaccurate.24 The intensity of the first 
heart sound is usually variable with AF. A mur-
mur, typically systolic, may be auscultated in 
dogs with underlying cardiac disease. Often, 
the character of the murmur is inconsistent 
from beat to beat and depends on heart rate. 
Pulse quality may be normal to decreased with 
an irregular rhythm, and pulse deficits may be 
appreciated, especially with higher heart rates. 
Clinical evidence of hemodynamic instabil-
ity includes weakness, syncope, decreased 
pulse quality, pulse deficits, and pale mucous 
membranes. Signs of congestive heart failure 
include tachypnea, dyspnea, ascites, and jugu-
lar venous distention. 

Electrocardiography
Electrocardiography (ECG) is required to defini-
tively diagnose AF, which is distinguished by a lack 
of identifiable P waves and an irregular ventricular 
rate characterized by a variable R-to-R interval. In 

The presence of 
atrial fibrillation 
should prompt 
further evaluation 
for concurrent car-
diovascular disease, 
including dilated 
cardiomyopathy, 
chronic degenera-
tive valve disease, 
and congenital 
heart disease.

QuickNotes

Common Cardiovascular 
Diseases Associated With 
Atrial Fibrillation in Dogs

Box 1

 Acquired
	 ❯		Dilated cardiomyopathy
	 ❯		Chronic degenerative valve disease

 Congenital
	 ❯		Patent ductus arteriosus
	 ❯		Atrial septal defect
	 ❯		Mitral valve dysplasia
	 ❯		Tricuspid valve dysplasia
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most cases, the QRS complexes are narrow and 
predominately upright in lead II (Figure 1). In the 
absence of organized atrial activity, the baseline 
is characterized by undulations identified as fibril-
latory “f” waves. Pathologic atrial electrical activity 
bombards the atrioventricular (AV) node at a rate 
that is frequently >300 bpm. Normal cycling of 
the AV node through active and refractory states 
prevents some of these electrical impulses from 
passing through to the ventricles, resulting in 
an irregular ventricular rate. Occasionally, QRS 
complexes are conducted with a bundle branch 
block pattern that has a wide, bizarre morphol-
ogy resembling complexes of ventricular origin 
(Figure 2). Ventricular ectopic complexes may 
coexist with AF, particularly in dogs with dilated 
cardiomyopathy (Figure 3). ECG criteria for ven-
tricular enlargement, including tall R waves or 
deep S waves, suggest the presence of left or right 
ventricular enlargement, respectively. With peri-
cardial or pleural effusion, QRS complexes may 
be uncharacteristically small.23 Before the onset 
of AF, dogs with underlying cardiovascular dis-
ease and enlarged atria may have an increased 
incidence of atrial ectopic activity, heralding the 
impending development of AF.

 Compared with in-hospital ECG, 24-hour 
Holter analysis provides a better overall esti-
mate of heart rate in the clinical setting and 
home environment. In one report, the resting 
heart rate obtained with in-hospital ECG over-
estimated the Holter-derived heart rate by 15% 
to 25%.25 Obtaining an accurate estimation of 
the average heart rate is of particular benefit 
when administering or adjusting antiarrhythmic 
medication. The ideal ventricular rate during 
therapeutic management of AF has not been 
adequately established, although the target rate 
for large- and giant-breed dogs is considered to 
be lower than for small-breed dogs. Often, the 
goal is to achieve a heart rate that allows the 
dog to remain free of clinical signs.26 

Additional Diagnostic Tests 
Additional diagnostic tests—including echocar-
diography, thoracic radiography, blood pressure 
measurement, and hematologic testing—pro-
vide complementary information regarding 
the presence and severity of any underly-
ing cardiac disease or comorbid conditions 
and associated hemodynamic compromise. 
Echocardiography is essential for evaluating 

Examples of atrial fibrillation (AF) and normal sinus rhythm electrocardiograms.
Figure 1

A classic example of AF characterized by narrow, upright QrS complexes, an irregular ventricular rate, 
and the absence of P waves in lead ii. Paper speed = 25 mm/sec; 1 cm = 1 mV.

Lead ii rhythm strip obtained from a 
dog with a normal sinus rhythm. P, r, 
and T waves are labeled. Paper speed = 
25 mm/sec; 1 cm = 1 mV.
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cardiac structure and function, characterizing 
underlying cardiac disease, assessing atrial 
size, and detecting possible atrial thrombus 
formation. Initial echocardiographic indices 
of systolic function (fractional shortening and 
ejection fraction) commonly underestimate 
the true level of myocardial contractility and 
should be repeated once the ventricular rate 
or cardiac rhythm is controlled. As a result of 
the irregular rhythm characteristic of AF, color 
Doppler recordings are frequently inconsis-
tent in documenting variations in the severity 
of valvular regurgitation and peak transaortic 
and transpulmonic outflow velocities (Figure 

4). Doppler indices of diastolic function may 
be of little use because of the absence of A 
waves on transmitral inflow profiles. 
 Thoracic radiography provides an estimate 
of cardiac size and confirms the presence or 
absence of congestive heart failure, including 
pulmonary venous congestion, pulmonary 
edema, and pleural effusion. Indirect mea-
surement of blood pressure is invaluable when 
assessing hemodynamic status and monitor-

ing the effects of antiarrhythmic medications, 
especially those that can result in systemic 
hypotension. However, a rapid heart rate and 
irregular rhythm may impair accurate indi-
rect blood pressure measurement. A complete 
blood cell count and serum biochemistry pro-
file may provide useful information regarding 
concurrent diseases, especially when making 
therapeutic decisions regarding antiarrhythmic 
therapy or anesthesia for biphasic transtho-
racic electrical cardioversion. Thyroid function 
testing is recommended when evaluating dogs 
with systolic dysfunction or those receiving 
antiarrhythmic therapy that can alter thyroid 
function, such as amiodarone.27 

Treatment
The principal goals of therapy are to resolve 
clinical signs of heart failure and improve car-
diac output and quality of life. Historically, in 
human medicine, conversion to sinus rhythm 
was the preferred treatment objective primarily 
because rhythm control restores coordinated 
atrial and ventricular activity to improve car-

Therapeutic man-
agement of atrial 
fibrillation focuses 
on either control-
ling ventricular rate 
(rate control) or 
restoring and main-
taining sinus rhythm 
(rhythm control).

QuickNotes

Examples of AF and ventricular tachycardia electrocardiograms.
Figure 2

Lead ii rhythm strip illustrating AF with wide complexes caused by aberrant conduction due to a bun-
dle branch block. Note the absence of P waves. Ventricular ectopic complexes (*) are present. Paper 
speed = 25 mm/sec; 1 cm = 1 mV.

in this example of ventricular tachycardia, P waves are identified unrelated to ventricular QrS com-
plexes in the lead ii recording. The presence of P waves differentiates ventricular tachycardia from AF 
with aberrant conduction from a bundle branch block. Paper speed = 25 mm/sec; 1 cm = 1 mV.
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diac output and clinical signs while potentially 
reducing the incidence of stroke.28 However, 
multiple studies performed to evaluate the 
issue of rhythm or rate control in human 
patients have had mixed results.28 Many human 
patients do not remain in sinus rhythm control, 
and an improvement in mortality has not been 
consistently documented. Successful conver-
sion to sinus rhythm is technically challenging 
and is more likely to occur with acute AF or in 
the absence of underlying cardiac disease (not 
the common presentation in dogs). Although 
many antiarrhythmic medications have been 
used for conversion to sinus rhythm in humans, 
very few medications have had similar effects 
in dogs. Amiodarone, diltiazem, quinidine, 
and verapamil have been reported to restore 
sinus rhythm in a few dogs.17,29–34 Restoration 
and maintenance of sinus rhythm is more 
challenging in cases of chronic AF due to the 
presence of atrial remodeling. Maintaining 
ventricular rate within a normal range opti-
mizes cardiac output even in the presence of 
AF, making adequate heart rate control a rea-
sonable therapeutic goal.
 Once a diagnosis of AF is established, ini-
tial therapy is based on the type and sever-
ity of underlying cardiac disease, the presence 
of clinical signs, and the hemodynamic status. 
Occasionally, a dog may present with a normal 
ventricular rate despite having received no anti-
arrhythmic medication (e.g., a giant-breed dog 
with lone AF). It is unclear whether these dogs 
benefit from therapeutic intervention, but there 
is ample evidence that a subset will develop ven-
tricular dysfunction.22 Holter analysis may reveal 
significant elevations in heart rate, clarifying the 

need for antiarrhythmic therapy. Acute thera-
peutic intervention is recommended in dogs 
with evidence of hemodynamic compromise, 
including profound weakness, collapse, and sys-
temic hypotension. IV antiarrhythmic therapy 
is required with acute, severe hemodynamic 
instability, whereas oral therapy is sufficient for 
most other cases. Although the ultimate goal of 
therapy may be restoration of sinus rhythm, the 
immediate goal is generally a reduction in ven-
tricular rate. Any respiratory distress should be 
stabilized before further diagnostic testing. 
 Appropriate heart failure therapy, includ-
ing diuretics, oxygen therapy, and positive 
inotropic support, should be administered for 
concurrent decompensated heart failure. Dogs 
with concurrent cardiovascular disease and 
heart failure typically have faster heart rates at 
presentation than dogs without heart failure; 
appropriate heart failure therapy can effec-

Electrocardiogram from a dog with dilated cardiomyopathy showing AF and a ventricular  
ectopic complex (*). Paper speed = 25 mm/sec; 1 cm = 1 mV.

Figure 3

Example of transpulmonic velocity signals 
recorded with continuous-wave Doppler 
echocardiography. The maximum velocity is 
highly variable in the presence of AF.

Figure 4
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tively decrease heart rate.19 Anticoagulation is 
essential for human patients at risk for stroke 
but has not been routine therapy for dogs, in 
which no increased risk of thromboembolism 
has been reported. 

Pharmacotherapy
Antiarrhythmic medications used to manage 
canine AF are listed in TABLe 1. IV procain-
amide or diltiazem may be considered for initial, 
acute therapy. In the presence of a wide QRS 
tachycardia that cannot be definitively identi-
fied as supraventricular or ventricular in origin, 
procainamide is an ideal first-line IV therapeutic 

agent because of its broad spectrum of activ-
ity with atrial and ventricular arrhythmias. AF 
can develop in the perioperative or intraopera-
tive period after the administration of opioids 
or as a result of gastrointestinal (GI), respiratory, 
or neurologic diseases that elevate parasympa-
thetic tone.34,35 Successful conversion of vagally 
induced acute AF to sinus rhythm using IV lido-
caine boluses or a constant-rate infusion of ami-
odarone has been reported.34,35 In one study,34 
reported side effects of IV amiodarone included 
pruritus, erythema, and angioedema and were 
attributed to substances in the carrier solvent of 
the solution rather than to the drug itself; these 

Antiarrhythmic 
medications used 
to manage atrial 
fibrillation include 
diltiazem, digoxin, 
amiodarone, and 
β-adrenergic 
blockers. 

QuickNotes

TABLe 1   Antiarrhythmia Drugs for Management of Acute and Chronic Canine Atrial Fibrillation17,25,26,34,35 

 
 
Drug

 
 
Recommended Dose

Type of 
Atrial 

Fibrillation

 
 
Potential Adverse Effects

Class 1A

Procainamide* 5–15 mg/kg IV slowly to effect Acute GI disturbance, hypotension, proarrhythmia

Class 1B

Lidocaine 2 mg/kg bolus IV Acute GI disturbance, tremors, seizures

Class II

Atenolol 0.25–1 mg/kg PO q12h Chronic Bradycardia, AV block, negative inotropy, 
hypotension, weakness

Carvedilol 0.25–1 mg/kg PO q12h Chronic Bradycardia, AV block, negative inotropy, 
hypotension, weakness

Metoprolol 0.25–1 mg/kg PO q12–24h Chronic Bradycardia, AV block, negative inotropy, 
hypotension, weakness

Class III

Amiodarone 5 mg/mL at 3 mL/min CRI 
to effect31

Acute Erythema, pruritus, angioedema

10–20 mg/kg PO q24h loading 
for 5–7 days; 5–10 mg/kg PO 
q24h maintenance

Chronic GI disturbance, bradycardia, hepatotoxicity, 
neutropenia, thrombocytopenia, corneal 
deposits, proarrhythmia

Class IV

Diltiazem* 0.05–0.2 mg/kg IV to effect or 
cumulative dose of 0.25 mg/kg

Acute Bradycardia, AV block, negative inotropy, GI 
disturbance, weakness

0.5–2 mg/kg PO q8h Chronic
2–4 mg/kg PO q12h 
(extended release)

Chronic

Other

Digoxin* 0.003–0.01 mg/kg PO q12h Chronic GI disturbance, AV block, proarrhythmia, 
increased risk of toxicity with hypokalemia 
and renal failure

*Commonly used.
AV = atrioventricular; CRI = constant-rate infusion; GI = gastrointestinal.
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effects resolved when amiodarone administra-
tion was discontinued. 
 During management of chronic AF, antiar-
rhythmic medications are selected based on 
the presence and severity of underlying car-
diac disease, comorbidities such as hepatic or 
renal disease, administration frequency rela-
tive to owner compliance, and the cost and risk 
of adverse effects. Oral antiarrhythmic medica-
tions that are useful for managing chronic AF 
include diltiazem, digoxin, amiodarone, and 
β-adrenergic blockers (e.g., atenolol). Although 
rate control is the main objective in the pres-
ence of chronic AF and concurrent cardio-
vascular disease, conversion to sinus rhythm 
occasionally occurs. Antiarrhythmic agents are 
selected to slow atrial activity and prolong AV 
nodal conduction, resulting in a reduction in 
ventricular rate. Digoxin has mild positive ino-
tropic effects that may be beneficial for dogs 
with concurrent systolic dysfunction. Because 
of its parasympathomimetic effects, digoxin 
can result in vagally mediated GI disturbance 
and may not be as effective in patients with 
heart failure and increased sympathetic tone. 
An important adverse effect of digoxin is proar-
rhythmia. Because digoxin has a narrow ther-
apeutic window, a low dose is recommended 
(especially in patients with azotemia), and 
blood levels should be monitored on a routine 
basis. Administration of quinidine, amiodarone, 
or verapamil concurrently with digoxin can 
elevate serum digoxin levels, increasing the 
likelihood of toxicity. Hypokalemia sensitizes 
the myocardium to digoxin and increases the 
risk of toxic effects. Serum potassium values 
should be monitored closely, particularly in 
patients receiving diuretic therapy. In contrast 
to digoxin, diltiazem—a nondihydropyridine 
calcium channel blocker—has negative inotro-
pic effects resulting from a decrease in cal-
cium-induced contraction. Standard diltiazem 
tablets are administered three times a day, 
whereas extended-release preparations are 
administered twice a day, potentially improv-
ing owner compliance. In dogs and humans, 
coadministration of digoxin and diltiazem 
provides better heart rate control than digoxin 
alone, and this combination is often used for 
initial therapy of AF.25,36 
 Amiodarone is also considered effective ini-
tial therapy for managing AF in humans and 
dogs.17,37 Amiodarone, which is categorized as 

a Vaughan-Williams class III antiarrhythmic, is 
unique for its additional class I and ancillary class 
II and IV effects. Because it has a long half-life, 
amiodarone is typically administered at a load-
ing dose for several days to facilitate reaching 
therapeutic levels. Conversion to sinus rhythm 
occurred in 35% of dogs and adequate heart rate 
control was achieved in 76% of dogs in a retro-
spective report of 17 dogs given amiodarone.17 
Adverse effects in dogs are typically noncardiac 
in nature and include corneal deposits, neutro-
penia, thrombocytopenia, agglutination (posi-
tive Coombs test result), GI disturbance, and 
(most commonly) elevations in hepatic enzyme 
activity.17,38–41 Preexisting abnormal elevations 
in hepatic enzyme activity may be exacerbated 
by amiodarone, but elevations may resolve in 
weeks to months following a decrease in dose 
or discontinuation of the drug.17 A complete 
blood cell count, a serum biochemistry panel, 
and thyroid function test results should be eval-
uated before amiodarone is administered and 
routinely throughout therapy. 
 If adequate heart rate control is not achieved 
with a combination of digoxin and diltiazem or 
amiodarone, switching to the alternative ther-
apy can be tried. If heart rate control continues 
to remain insufficient, additional therapy with 
a β blocker may be of benefit. The simultane-
ous administration of β blockers and calcium 
channel blockers should be approached with 
caution to avoid excessive bradycardia, AV 
block, decreased contractility, and hypotension. 
β Blocker administration is contraindicated in 
dogs with unstable heart failure because of 
negative inotropic effects. However, β blockers 
may be valuable in patients with stable heart 
failure, especially in the presence of increased 
sympathetic tone. β Blockers act by impeding 
sympathetic nervous system and RAAS acti-
vation, resulting in antiarrhythmic and antifi-
brillatory effects. Commonly used β blockers 
include atenolol and carvedilol. In addition 
to its β-blocking effects, carvedilol has anti-
oxidant and α-blocking–mediated vasodilatory 
effects that are of potential benefit when treat-
ing dogs with heart failure. 
 Oral quinidine and procainamide are class IA 
sodium channel blockers that are infrequently 
used to treat supraventricular arrhythmias in 
dogs.30,42 Although earlier reports of their use 
indicated that they may be effective at restor-
ing sinus rhythm and controlling ventricular 
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rate, their applications are limited by impor-
tant adverse effects, including GI disturbance, 
proarrhythmia, the need for frequent adminis-
tration, and numerous drug interactions. 
 Potential disadvantages of administering 
antiarrhythmic medications for rhythm or rate 
control include the probable requirement for 
long-term drug administration and the poten-
tial for adverse effects and drug interactions. 
The benefits of administration should outweigh 
the risk of adverse effects. Proarrhythmia is 
correlated with prolongation of the QT inter-
val, which predisposes patients (especially 
those with bradycardia, hypomagnesemia, 
and hypokalemia) to torsades de pointes 
and sudden death. Amiodarone, sotalol, and 
quinidine contribute to QT interval prolonga-
tion, although sudden death is considered less 
likely with amiodarone in human patients.37 

Cardioversion
For dogs that can tolerate anesthesia, bipha-
sic transthoracic electrical cardioversion may 
be valuable for immediate conversion to sinus 
rhythm. With this technique, a shock is delivered 
at a specific time in the cardiac cycle, synchro-
nized with the QRS complex, beginning with a 
low amount of energy (35 to 50 J) and increas-
ing incrementally by 50 J up to a total of 200 J as 
required for successful conversion.43 More than 
one shock is often necessary for conversion. 
The antiarrhythmic medication amiodarone 
can be administered to facilitate electrical car-
dioversion and is typically required to maintain 
sinus rhythm after successful cardioversion.43 
Maintaining sinus rhythm after cardioversion 
can be a formidable challenge, especially in the 
presence of atrial enlargement.44 

Long-Term Management
Comprehensive management is necessary for 
dogs with concurrent cardiovascular disease 
and heart failure. Therapeutic support may 
consist of diuretic therapy, angiotensin-con-
verting enzyme inhibitors, positive inotropes, 
and other medications as deemed appropri-
ate. The patient’s activity level may improve 
with therapy, although excessive activity is 
typically discouraged. Dogs with underlying 
cardiovascular disease should be fed a moder-
ately sodium-restricted diet, and high-sodium 
foods should be avoided. Ideally, follow-up 
evaluations are performed at least every 3 to 

4 months to monitor drug therapy and cardio-
vascular disease progression.

Future Directions 
Advances in nonpharmacologic therapy of AF in 
human patients have resulted from a desire to 
avoid problems associated with the efficacy and 
adverse effects of antiarrhythmic medication. 
Nonpharmacologic alternatives consist of sur-
gery and catheter-based procedures to interrupt 
electrical activity or ablate ectopic foci, as well 
as pacemaker or defibrillator implantation.45,46 
Many of these procedures have been evalu-
ated in canine studies but are not yet clinically 
available in veterinary medicine.47,48 Novel anti-
arrhythmic medications with broad spectra of 
activity and minimal adverse effects continue to 
be introduced.49 Evaluation of cardiac biomark-
ers in human patients with AF (e.g., N-terminal 
probrain natriuretic peptide [NTproBNP] con-
centrations) helps guide therapy, and values are 
positively correlated with prognosis.50 In a study 
evaluating NTproBNP concentrations in 30 dogs 
with either dilated cardiomyopathy or chronic 
degenerative valve disease,51 dogs with AF 
tended to have higher serum NTproBNP con-
centrations than dogs in sinus rhythm, which 
may eventually help guide therapy. 

Prognosis
Prognosis depends on the presence and sever-
ity of the underlying disease process. Survival is 
thought to be shorter for male dogs and for large- 
and giant-breed dogs with underlying structural 
cardiac disease.5,19 Reported survival times are 
significantly shorter in dogs with AF and con-
current dilated cardiomyopathy, and mortality 
exceeds 50% in the first 2 weeks following diag-
nosis of AF in Doberman pinschers.52 The devel-
opment of AF is often associated with clinical 
deterioration and shorter survival. 

Conclusion
Despite the relative frequency of diagnosis, AF 
continues to present therapeutic challenges. Dogs 
identified as having AF should be evaluated for 
underlying cardiovascular disease, hemodynamic 
instability, and the presence of comorbidities that 
would influence therapeutic decisions. Additional 
studies are required to better understand the 
mechanisms of AF initiation and maintenance, 
evaluate potential medical and surgical treatment 
options, and perfect therapeutic strategies. 

The goals of therapy 
are to resolve clini-
cal signs of heart 
failure and improve 
quality of life.

QuickNotes



 
Canine Atrial Fibrillation

CompendiumVet.com  |  November 2009  |  Compendium: Continuing Education for Veterinarians®    E9

FREE

CE

References
1. Guglielmini C, Chetboul V, Pietra M, et al. Influence of left atrial 
enlargement and body weight on the development of atrial fibrilla-
tion: retrospective study on 205 dogs. Vet J 2000;160(3):235-241.
2. Patterson DF, Detweiler DK, Hubben K, et al. Spontaneous 
abnormal cardiac arrhythmias and conduction disturbances in 
the dog. A clinical and pathologic study of 3,000 dogs. Am J 
Vet Res 1961;22:355-369.
3. Tidholm A, Svensson H, Sylven C. Survival and prognos-
tic factors in 189 dogs with dilated cardiomyopathy. JAAHA 
1997;33(4):364-368.
4. Moe GK, Rheinboldt WC, Abildskov JA. A computer model 
of atrial fibrillation. Am Heart J 1964;67:200-220.
5. Westling J, Westling W, Pyle RL. Epidemiology of atrial fibril-
lation in the dog. Intern J Appl Res Vet Med 2008;6(3):151-154.
6. Rensma PL, Allessie MA, Lammers WJ, et al. Length of ex-
citation wave and susceptibility to reentrant atrial arrhythmias 
in normal conscious dogs. Circ Res 1988;62(2):395-410.
7.  Sharifov OF, Fedorov VV, Beloshapko GG, et al. Roles of 
adrenergic and cholinergic stimulation in spontaneous atrial 
fibrillation in dogs. J Am Coll Cardiol 2004;43(3):483-490.
8. Chen J, Wasmund SL, Hamdan MH. Back to the future: the 
role of the autonomic nervous system in atrial fibrillation. Pac-
ing Clin Electrophysiol 2006;29(4):413-421.
9. Coumel P. Paroxysmal atrial fibrillation: a disorder of auto-
nomic tone? Eur Heart J 1994;15(Suppl A):9-16.
10. Saffitz JE, Schuessler RB. Altered atrial structure be-
gets atrial fibrillation, but how? J Cardiovasc Electrophysiol 
2004;15(10):1175-1176.
11. Umana E, Solares CA, Alpert MA. Tachycardia-induced 
cardiomyopathy. Am J Med 2003;114(1):51-55.
12. Dilaveris P, Giannopoulos G, Synetos A, et al. The role of 
renin angiotensin system blockade in the treatment of atrial 
fibrillation. Curr Drug Targets Cardiovasc Haematol Disord 
2005;5(5):387-403.
13. Madrid AH, Bueno MG, Rebollo JM, et al. Use of irbesartan 
to maintain sinus rhythm in patients with long-lasting persis-
tent atrial fibrillation: a prospective and randomized study. Cir-
culation 2002;106(3):331-336.
14. Brundel BJJM, Melnyk P, Rivard L, et al. The pathology of 
atrial fibrillation in dogs. J Vet Cardiol 2005;7(2):121-129.
15. Bolton GR, Ettinger S. Paroxysmal atrial fibrillation in the 
dog. JAVMA 1971;158(1):64-76.
16. Manohar M, Smetzer DL. Atrial fibrillation. Compend Con-
tin Educ Pract Vet 1992;14(10):1327-1333.
17. Saunders AB, Miller MW, Gordon SG, et al. Oral amio-
darone therapy in dogs with atrial fibrillation. J Vet Intern Med 
2006;20(4):921-926.
18. Tidholm A, Haggstrom J, Borgarelli M, et al. Canine idiopath-
ic dilated cardiomyopathy. Part I: aetiology, clinical character-
istics, epidemiology and pathology. Vet J 2001;162(2):92-107.
19. Menaut P, Belanger MC, Beauchamp G, et al. Atrial fibril-
lation in dogs with and without structural or functional car-
diac disease: a retrospective study of 109 cases. J Vet Cardiol 
2005;7(2):75-83.
20. Tidholm A, Jonsson L. Dilated cardiomyopathy in the Newfound-
land: a study of 37 cases (1983-1994). JAAHA 1996;32(6):465-470.
21. Meurs KM, Miller MW, Wright NA. Clinical features of di-
lated cardiomyopathy in Great Danes and results of a pedigree 
analysis: 17 cases (1990-2000). JAVMA 2001;218(5):729-732.
22. Vollmar AC. The prevalence of cardiomyopathy in the Irish wolf-
hound: a clinical study of 500 dogs. JAAHA 2000;36(2):125-132.
23. Bonagura JD, Ware WA. Atrial fibrillation in the dog: clini-
cal findings in 81 cases. JAAHA 1986;22:111-120.
24. Glaus TM, Hassig M, Keene BW. Accuracy of heart rate obtained 
by auscultation in atrial fibrillation. JAAHA 2003;39(3):237-239.
25. Gelzer ARM, Kraus MS, Rishniw M, et al. Combination 
therapy with digoxin and diltiazem controls ventricular rate 
in chronic atrial fibrillation in dogs better than digoxin or dilti-
azem monotherapy: a randomized crossover study in 18 dogs. 
J Vet Intern Med 2009;23(3):499-508.
26. Gelzer ARM, Kraus M. Management of atrial fibrillation. 
Vet Clin North Am 2004;34:1127-1144. 

27. Loh KC. Amiodarone-induced thyroid disorders: a clinical 
review. Postgrad Med J 2000;76(893):133-140.
28. Crijns HJ. Rate versus rhythm control in patients with atrial fi-
brillation: what the trials really say. Drugs 2005;65(12):1651-1667.
29. Johnson JT. Conversion of atrial fibrillation in two dogs us-
ing verapamil and supportive therapy. JAAHA 1985;21:429-434.
30. Pyle RL. Conversion of atrial fibrillation with quinidine sul-
fate in a dog. JAVMA 1967;151(5):582-589.
31. Crystal MA, Rush JE. ECG of the month. JAVMA 1991;199(1): 
48-50.
32. Hogan DF, Sisson DD, McVey AS. ECG of the month. JAVMA 
1998;213(5):610-611.
33. Bonagura JD. Atrial arrhythmias. In: Current Veterinary 
Therapy X. Philadelphia: WB Saunders; 1989:271-278.
34. Oyama MA, Prosek R. Acute conversion of atrial fibrillation 
in two dogs by intravenous amiodarone administration. J Vet 
Intern Med 2006;20(5):1224-1227.
35. Moise NS, Pariaut R, Gelzer ARM, et al. Cardioversion with 
lidocaine of vagally associated atrial fibrillation in two dogs. J 
Vet Cardiol 2005;7(2):143-148.
36. Heist EK, Ruskin JN. Atrial fibrillation and congestive heart 
failure: risk factors, mechanisms, and treatment. Prog Cardio-
vasc Dis 2006;48(4):256-269.
37. Connolly SJ. Evidence-based analysis of amiodarone ef-
ficacy and safety. Circulation 1999;100(19):2025-2034.
38. Calvert CA, Sammarco C, Pickus C. Positive Coombs’ test 
results in two dogs treated with amiodarone. JAVMA 2000; 
216(12):1933-1936.
39. Bicer S, Fuller GA, Wilkie DA, et al. Amiodarone-induced 
keratopathy in healthy dogs. Vet Ophthalmol 2002;5(1):35-38.
40. Bicer S, Nakayama T, Hamlin RL. Effects of chronic oral 
amiodarone on left ventricular function, ECGs, serum chemis-
tries, and exercise tolerance in healthy dogs. J Vet Intern Med 
2002;16(3):247-254.
41. Jacobs G, Calvert C, Kraus M. Hepatopathy in 4 dogs treat-
ed with amiodarone. J Vet Intern Med 2000;14(1):96-99.
42. Atkins CE, Kanter R, Wright K, et al. Orthodromic recip-
rocating tachycardia and heart failure in a dog with a con-
cealed posteroseptal accessory pathway. J Vet Intern Med 
1995;9(1):43-49.
43. Bright JM, Martin JM, Mama K. A retrospective evaluation 
of transthoracic biphasic electrical cardioversion for atrial fi-
brillation in dogs. J Vet Cardiol 2005;7(2):85-96.
44. Bright JM, zumBrunnen J. Chronicity of atrial fibrillation 
affects duration of sinus rhythm and transthoracic cardiover-
sion of dogs with naturally occurring atrial fibrillation. J Vet 
Intern Med 2008;22(1):114-119.
45. Cox JL, Boineau JP, Schuessler RB, et al. Five-year experi-
ence with the maze procedure for atrial fibrillation. Ann Thorac 
Surg 1993;56(4):814-823.
46. Daoud EG. Implantable atrial fibrillation devices. The 
next shock in device therapy. J Cardiovasc Electrophysiol 
2000;11(11):1206-1207.
47. Park AM, Chou CC, Drury PC, et al. Thoracic vein abla-
tion terminates chronic atrial fibrillation in dogs. Am J Physiol 
Heart Circ Physiol 2004;286(6):H2072-H2077.
48. Razavi M, Zhang S, Yang D, et al. Effects of pulmonary 
vein ablation on regional atrial vagal innervation and vulner-
ability to atrial fibrillation in dogs. J Cardiovasc Electrophysiol 
2005;16(8):879-884.
49. Patton KK, Page RL. Pharmacological therapy of atrial fi-
brillation. Expert Opin Investig Drugs 2007;16(2):169-179.
50. Rienstra M, Van Gelder IC, Van den Berg MP, et al. Natri-
uretic peptides in patients with atrial fibrillation and advanced 
chronic heart failure: determinants and prognostic value of 
(NT-)ANP and (NT-pro)BNP. Europace 2006;8(7):482-487.
51. Shipley EA, Saunders AB, Gordon SG, et al. NT-proBNP 
in dogs with atrial fibrillation [abstract]. J Vet Intern Med 
2008;22(3):758-759.
52. Calvert CA, Pickus CW, Jacobs GJ, et al. Signalment, sur-
vival, and prognostic factors in Doberman pinschers with end-
stage cardiomyopathy. J Vet Intern Med 2007;11(6):323-326.



 
Canine Atrial Fibrillation

E10    Compendium: Continuing Education for Veterinarians®  |  November 2009  |  CompendiumVet.com

FREE

CE

1. Which is not used to control AF in 
dogs? 

 a. oral diltiazem
 b.  oral amlodipine
 c. IV procainamide 
 d. transthoracic biphasic electrical 

cardioversion

2. Which is not an identifying  
characteristic of AF on an 
electrocardiogram?

 a. irregular rhythm
 b. no P waves
 c. fibrillatory “f” waves
 d. tall P waves resulting from atrial 

enlargement

3. Which statement regarding antiar-
rhythmic therapy in AF is false?

 a. The combination of digoxin and 
diltiazem may control the heart rate 
better than digoxin alone.

 b. Digoxin has parasympathomimetic 
effects.

 c. Lidocaine can be used for managing 
chronic AF.

 d. Sotalol and amiodarone can cause 
prolongation of the QT interval, 
resulting in proarrhythmia.

4. Which antiarrhythmic medication: 
adverse effect pairing is incorrect? 

 a. amiodarone: elevations in hepatic 
enzyme activity

 b. atenolol: thyroid dysfunction
 c. digoxin: GI disturbance and 

proarrhythmia
 d. diltiazem: AV block

5. Which drug can reach toxic lev-
els in dogs with renal failure or 
hypokalemia?

 a.  procainamide
 b.  atenolol
 c.  digoxin
 d. carvedilol

6. Treatment goals for dogs with AF 
include

 a. conversion to sinus rhythm. 
 b. reduction in ventricular rate.
 c. improvement in cardiac output and 

clinical signs.
 d. all of the above

7. Which of the following is not a poten-
tial mechanism for developing or sus-
taining AF?

 a. genetically altered sarcomeric proteins

 b. atrial enlargement and increased 
wall stress

 c. multiple wavelets of electrical activ-
ity interacting within the atria

 d. structural and electrical remodeling 
of the atria 

8. Which breed(s) is/are more commonly 
reported to have AF?

 a. Irish wolfhound
 b. Great Dane
 c. Doberman pinscher
 d.  all of the above

9. Which antiarrhythmic medication or 
class is not correctly matched with its 
inotropic effect on the ventricles? 

 a. β blockers: negative inotropy
 b. procainamide: no effect
 c. calcium channel blockers: positive 

inotropy 
 d. digoxin: positive inotropy 

10. Which common cardiovascular disease(s) 
is/are diagnosed concurrently with AF?

 a. dilated cardiomyopathy
 b. chronic degenerative valve disease
 c. patent ductus arteriosus
 d. all of the above
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