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ABSTRACT: Treating horses with atrial fibrillation is most successful when using quinidine
sulfate delivered by nasogastric intubation at 2-hour intervals. The therapeutic window for
quinidine is narrow. Monitoring plasma quinidine and digoxin levels is highly recommended
but not always possible. Successful conversion is possible using 6-hour treatment intervals
when 24 hours of steady-state quinidine levels have not resulted in cardioversion. A lack of
underlying heart disease is associated with improved success of conversion and prognosis. 

Atrial fibrillation is the most frequently reported cardiac arrhythmia in
horses.1–21 When maximal performance is affected by this arrhythmia,
conversion to normal sinus rhythm carries a good prognosis if there is

no significant underlying cardiac disease.2,4,5,9,11,21–25 A return to performance at
or above the previous level is common in such cases. 

Treatment of atrial fibrillation, although frequently successful, requires thor-
ough pretreatment evaluation and judicious use of therapeutic medications.
Because the therapeutic window of commonly administered medications is nar-
row, careful patient monitoring is necessary.1,26

TREATMENT
Determining a treatment approach for a horse with atrial fibrillation should

be based on the proposed activity of the horse. Horses with benign fibrillation
that compete below maximal capacity or breeding animals may not require car-
dioversion. Some horses with acute onset of atrial fibrillation may spontaneously
convert to sinus rhythm in 24 to 48 hours.27 Horses with congestive heart failure
(CHF) and atrial fibrillation should not receive quinidine sulfate but should be
treated for CHF with positive inotropic agents, diuretics, and other medications
necessary for stabilization.1,27 It may be best to rest horses with suspected acute
myocarditis for 1 to 2 months before treating an arrhythmia, and steroidal ther-
apy for such horses may also be warranted.28 Treatment toxicity and adverse reac-
tions must be considered before treating any horse for atrial fibrillation. Sudden
death is one such documented adverse reaction.2 Therefore, owners should be
fully apprised of the risks associated with treatment. However, the long-term
prognosis appears to be better for horses that are converted to sinus rhythm.8

*A companion article entitled “Evaluation of Atrial Fibrillation in Horses” appeared in the
September 2002 (Vol. 24, No. 9) issue of Compendium.
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n Treatment of atrial fibrillation
often produces successful
conversion to sinus rhythm
when underlying cardiac
abnormalities are not present.

n Pretherapeutic evaluation 
and close monitoring of the
therapeutic course maximize
the likelihood of successful
cardioversion and minimize
clinical signs of toxicity
associated with medications.

n Successful conversion to sinus
rhythm and rate of reversion to
atrial fibrillation are inversely
related to the duration of the
arrhythmia and underlying heart
disease.

n Most successfully converted
horses with no underlying
cardiac pathology may be
expected to return to their
previous level of competition.
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Quinidine
Only a few medications are commonly used to treat

horses that have atrial fibrillation. The most com-
monly used drug for conversion to sinus rhythm is
quinidine.1,3,10,26,29–31

Quinidine is a class I antiarrhythmic effective for treat-
ing atrial fibrillation by its vagolytic action and by
increasing the fibrillation threshold of the atrial
myocardium, concealed conduction through the atrio-
ventricular (AV) node, and effective refractory period of
the atrial myocardium. This α-adrenergic antagonist can
significantly decrease vascular tone and mean arterial
pressures. It has a negative inotropic effect on the
myocardium and a positive chronotropic effect that can
lead to supraventricular tachycardia.1–3,8,10,26,29,31,32

Quinidine sulfate is generally regarded as the most
effective treatment for converting horses to sinus
rhythm. Lower plasma peak concentrations and longer
duration of effect may be factors in this observation.1

Oral and IV forms of quinidine exhibit half-lives of
approximately 6.5 hours and tissue and plasma equilib-
rium approximately 30 minutes after administration. 

Plasma quinidine levels peak at approximately 131
minutes, with a range of 60 to 240 minutes after admin-
istering a single oral dose. The elimination half-life is
approximately 6.65 hours, with a range of 3.3 to 12.55
hours. Quinidine is highly protein bound in plasma, and
binding is pH dependent, with protein binding increas-
ing as pH increases. The primary organ that eliminates
quinidine is the liver. Biotransformation of quinidine
occurs by hydroxylation. Approximately 17% of quini-
dine is eliminated unchanged in humans. Urine elimina-
tion is also pH dependent, and there is greater urinary
elimination with higher urine pH.1,3,10,26,32,33

Acute supraventricular tachycardia (heart rates >200
bpm) requires emergency treatment. Sodium bicarbon-
ate is administered IV at 1 mEq/kg to increase the per-
centage of quinidine bound to protein.1,27,32 IV digoxin
(0.0022 mg/kg) should also be administered for its neg-
ative chronotropic and positive inotropic effects.
Digoxin decreases AV nodal conduction and ventricular
response rate.1,27,32 However, digoxin administration
leads to higher plasma quinidine levels. 

Persistent ventricular arrhythmias may be treated with
IV lidocaine at 20 to 50 µg/kg/min. Activated charcoal
may be administered to prevent continued absorption of
orally administered quinidine. Hypokalemia and pro-
longed QT intervals may predispose patients to devel-
oping torsades de pointes,1 which may be treated with
IV magnesium sulfate at 1 to 2.5 g/450 kg/min without
exceeding a total dose of 25 g.1,27,32 If the horse’s pulse
becomes weak during treatment and severe hypotension
occurs, phenylephrine at 0.1 to 0.2 µg/kg/min may be

indicated. Some horses exhibiting quinidine toxicity
have been successfully converted to sinus rhythm after
the therapy was discontinued.1

Although quinidine sulfate is an oral preparation, it
should be administered only by nasogastric intubation
because oral administration may cause significant oral
ulceration.27 Treatment with quinidine sulfate is usually
preceded by a test dose of 11 mg/kg to detect idiosyn-
cratic adverse reactions, such as urticaria or other aller-
gic responses, laminitis, and gastrointestinal upset.1,3,10

Some hospitals use the first treatment of 22 mg/kg as a
test dose.29 After administering a test dose, quinidine
sulfate should be given at a dose of 22 mg/kg by naso-
gastric tube every 2 hours until a total dose of 88 to
132 mg/kg is reached over a 24-hour period (a total of
four to six doses). 

Quinidine gluconate is an IV preparation. Its use is
generally advocated for acute atrial fibrillation of less
than 2 weeks’ duration.27 Quinidine gluconate has been
used as a slow IV push at a dose of 6.2 mg/kg or as an
IV bolus at a dose of 0.5 to 1.5 mg/kg administered
every 10 to 15 minutes.33 A total dose of quinidine glu-
conate beyond 10 to 12 mg/kg appears to cause signifi-
cant decreases in mean arterial pressures.3,26,32–36

Plasma quinidine monitoring is advisable because of
the narrow therapeutic range of quinidine. The thera-
peutic concentration of quinidine is approximately 2 to
3 µg/ml in humans37 and apparently similar (approxi-
mately 2 to 5 µg/ml) in horses.1 Conversion to sinus
rhythm appears to be less likely with plasma levels
greater than 5 µg/ml, and occurrence of quinidine toxi-
city becomes more common with plasma levels greater
than 5 or 6 µg/ml.1 If digoxin is used with quinidine,
plasma levels are generally higher because of competi-
tive protein binding by these two drugs.

Before initiating quinidine therapy, placement of an
IV catheter is recommended in case rapid venous access
is required for treating severe arrhythmia or hypoten-
sion associated with treatment. During treatment, con-
tinuous electrocardiographic (ECG) monitoring using a
radiotelemetry unit is recommended. If such equip-
ment is not readily available, ECGs should at least be
obtained before each treatment and preferably at fre-
quent intervals between treatments. Horses should
remain in stall confinement during treatment; and
emergency drugs for treating arrhythmias, hypotension,
and toxicity should be readily available.27 If blood levels
of quinidine can be monitored and controlled, quini-
dine can be administered every 2 hours for 3 days. If
plasma quinidine levels cannot be measured, treatment
intervals should be decreased to every 6 hours (after
using the 2-hour–interval protocol for the first 24
hours) to minimize the likelihood of quinidine toxicity.
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Treatment should be discontinued if there are any signs
of toxicity. 

Complications of quinidine toxicity may include
hypotension, cardiovascular collapse, depression,
ataxia, weakness, colic, nasal mucosal congestion, con-
vulsions, acute laminitis, dyspnea, sudden death,
widening or increased amplitude of the QRS com-
plex, increased ventricular rate, and T wave rever-
sal.1,3,10,26,29,32,34 Acute supraventricular tachycardia
associated with toxicity may lead to heart rates of 220
to 300 bpm and acute death. Clinical signs of toxicity
or high plasma levels of quinidine require considera-
tion of the safety of continued treatment. If only mild
signs of quinidine toxicity are present or plasma levels
of quinidine are over 5 µg/ml, therapy may be suc-
cessfully continued using 6-hour treatment intervals.1

Quinidine therapy should be immediately discontin-
ued if the heart rate exceeds 200 bpm or the horse has
an acute collapse, hypotension, colic, severe diarrhea,
or neurologic signs. Continuous radiotelemetry
should be conducted or an ECG obtained before each
oral dose of quinidine to evaluate for initial signs of
quinidine toxicity, which is indicated by an increase in
the QRS complex amplitude or widening of the QRS
complex by approximately 25% of the pretreatment
QRS duration.1,29,32

Treatment with quinidine is generally contraindi-
cated if there is evidence of significant heart disease. A
sustained heart rate faster than 60 bpm or fractional
shortening of less than 25% may indicate underlying
heart disease and require other specific therapy. The use
of quinidine in horses with CHF is contraindicated.8

Digoxin
Digoxin has been successfully used to facilitate conver-

sion to sinus rhythm. Indications for its use may include
presenting findings of sustained tachycardia greater than
60 bpm and fractional shortening of less than 25%. 

Digoxin is generally administered at 0.0022 mg/kg
IV or 0.011 mg/kg PO bid. The therapeutic range for
digoxin is 0.5 to 2 ng/ml. The half-life of digoxin is
between 16 and 23 hours.32

Digoxin produces increased vagal tone and decreased
AV nodal conduction and heart rate. It also increases
the effective refractory period at the AV junction and is
a positive inotrope. 

The use of digoxin with quinidine appears to be
beneficial in producing successful conversion of horses
with atrial fibrillation when sustained steady-state
plasma concentration of quinidine for 24 hours has
not resulted in conversion. In one study, combined
therapy of digoxin and quinidine sulfate was successful
in converting 85% of horses treated on day 2 after 24

hours of unsuccessful therapy using quinidine sulfate
alone.1,3,32

When significant underlying heart disease exists,
digoxin and other medications are often required to
support cardiac function. Quinidine should not be
administered to these horses. 

Digoxin toxicity may cause anorexia, nausea, saliva-
tion, diarrhea, colic, neurologic signs, rashes, and
depression. Cardiac toxicity caused by digoxin includes
premature beats, excessive slowing of AV conduction,
AV block, AV dissociation, sinus bradycardia, sagging
ST segments, PQ lengthening, and P wave widening.32

Digoxin should not be administered for longer than 2
days without monitoring its blood levels.

Procainamide
Another medication suggested for cardioversion is

procainamide, which can be administered at 25 to 35
mg/kg PO tid. An IV form of procainamide is adminis-
tered at 1 mg/kg up to a maximum of 20 mg/kg. Pro-
cainamide appears to be less effective because of
reduced vagolytic activity relative to quinidine.10,23

Flecainide
Therapy using the class Ic antiarrhythmic agent fle-

cainide has reportedly converted atrial fibrillation to
sinus rhythm safely at a dose of 1 to 2 mg/kg infused at
a rate of 0.2 mg/kg/min.37 Toxic side effects of treat-
ment were significantly reduced compared with those
associated with quinidine administration. However,
doses that reached 3 mg/kg were associated with ECG
and behavioral changes suggestive of toxicity. The
horses used for this investigation received atrial fibrilla-
tion induction by a cardiac stimulator. Such experi-
mental induction is associated with paroxysmal atrial
fibrillation of various durations, and it is unclear if fle-
cainide would prove to be as efficacious in treating nat-
urally occurring atrial fibrillation in horses. 

Biphasic Electrical Cardioversion
Low-energy biphasic electrical cardioversion is asso-

ciated with greater first-shock efficacy than monopha-
sic shock treatment of ventricular fibrillation and atrial
cardioversion in humans and swine. Biphasic technol-
ogy adjusts for transthoracic impedance, providing the
same delivery of current through the heart at lower
energy levels. It is associated with less myocardial dys-
function, fewer abnormalities on the ECG, and
reduced burning of skin. 

A report outlined successful conversion using this
method in one of two horses.38 The horse that was suc-
cessfully converted received IV quinidine to facilitate
cardioversion. The plasma levels at the time of conver-
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sion were below the therapeutic range reported for
horses. Although the success of treatment in the second
horse was interesting, both horses required general
anesthesia for electrical cardioversion, quinidine
appeared to be required to assist with conversion, and
preanesthetic electrolyte supplementation was report-
edly necessary. Based on this one successfully treated
patient, biphasic electrical cardioversion has been sug-
gested as an alternative to quinidine, but its use
requires equipment not commonly available in most
equine hospitals. These factors make biphasic electrical
cardioversion somewhat impractical and unlikely to be
significantly used in the immediate future, despite the
apparently reduced risk of quinidine toxicity.

PROGNOSIS FOR CONVERSION 
TO SINUS RHYTHM

The prognosis for conversion to sinus rhythm
appears to be influenced by the duration of the arrhyth-
mia. Horses that are presented with a history of atrial
fibrillation of less than 4 months generally have an
excellent prognosis for conversion, a low rate of recur-
rence, and few side effects associated with treatment.
Horses with a history of atrial fibrillation of more than
4 months have more side effects associated with treat-
ment and a decreased likelihood of conversion.8 Recur-
rence of atrial fibrillation may be suggestive of underly-
ing cardiac disease. With underlying cardiac pathology,
the rate of conversion decreases and the recurrence of
atrial fibrillation after successful conversion appears to
increase. Horses with cardiac murmurs of grade III/VI
or worse have lower rates of conversion to sinus
rhythm. A presenting heart rate of less than 60 bpm
implies a better prognosis for conversion.8

PROGNOSIS FOR SURVIVAL AND 
RETURN TO PERFORMANCE

Horses with atrial fibrillation that are not converted
may have an overall poorer prognosis. If conversion is
not attempted or achieved, owners should be apprised
of the potential for sudden collapse if their horses are
used beyond their athletic capability. 

Horses successfully converted to sinus rhythm may
return to light exercise 3 days after conversion.28 Full
training is resumed 7 to 10 days after conversion.28

Horses without underlying cardiac disease often return
to the same level or an improved level of performance
and require no additional treatment after conversion.
Those found to have underlying cardiac abnormalities
have a poorer prognosis for survival and returning to
the same level of performance. Horses that do not have
significant underlying cardiac disease but do perform in
events that require submaximal exercise of short dura-

tion or that are breeding may be capable of performing
successfully without conversion to sinus rhythm.8
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1. Treatment of atrial fibrillation most commonly
involves which protocol?
a. premedicating all horses with digoxin before treat-

ing with procainamide at 1 mg/kg IV
b. treatment with quinidine sulfate at 22 mg/kg by

nasogastric intubation every 2 hours until a total

dose of 88 to 132 mg/kg has been reached in a 24-
hour period

c. treatment with IV xylazine before every 2-hour
intubation to administer 22 mg/kg of quinidine
gluconate

d. administering a quinidine gluconate bolus at 6.2
mg/kg rapidly with a 2-g bolus of magnesium sulfate 

e. treatment is not generally indicated because atrial
fibrillation is typically nonresponsive to any therapy

2. Plasma quinidine monitoring is generally indicated for
which reason?
a. horses tend to convert at levels of 2 to 5 µg/ml
b. horses tend to exhibit more toxic side effects of

quinidine when plasma levels are greater than 
5 µg/ml

c. plasma levels of quinidine may be elevated when a
horse is concurrently receiving digoxin

d. all of the above
e. none of the above

3. Treatment of acute ventricular tachycardia in horses
receiving quinidine should include
a. digoxin, sodium bicarbonate, and activated char-

coal.
b. immediate euthanasia.
c. systemic antimicrobials.
d. ketamine anesthesia and atropine.
e. epinephrine.

4. Digoxin may be administered to horses with atrial fib-
rillation for which reason?
a. sustained tachycardia of more than 100 bpm before

treatment
b. poor fractional shortening (less than 25%) before

treatment
c. signs of supraventricular tachycardia associated

with quinidine treatment
d. failure to convert in the first 24 hours of quinidine

treatment using a 2-hour treatment interval protocol
e. all of the above

5. Which ECG finding is an early indication of quini-
dine toxicity?
a. bifid P waves
b. reduced amplitude of the QRS complex
c. widening of the QRS complex by 25%
d. second-degree AV block
e. ventricular premature complexes

6. Which treatment is most likely to be effective for
pharmacologic cardioversion of atrial fibrillation to
sinus rhythm?
a. lidocaine hydrochloride
b. magnesium sulfate
c. sodium bicarbonate
d. flecainide
e. phenylephrine hydrochloride
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7. Which of the following indicates a decreased likeli-
hood of conversion to sinus rhythm?
a. atrial fibrillation for more than 4 months
b. presenting heart rate of fewer than 60 bpm
c. cardiac murmur of grade II/IV
d. lack of underlying cardiac disease
e. none of the above

8. Which of the following is considered to be a specific
indication for digoxin administration with quinidine
for conversion of atrial fibrillation to sinus rhythm?
a. ventricular premature complexes
b. fractional shortening less than 25%
c. a presenting heart rate of fewer than 60 bpm
d. systemic hypotension
e. widening of the QRS complex

9. Which of the following is not an effect of digoxin on
the heart?
a. increased vagal tone
b. increased effective refractory period
c. decreased AV nodal conduction
d. positive inotropic effect
e. supraventricular tachycardia

10. Which statement regarding the prognosis for return to
performance is correct?
a. Horses that are converted to sinus rhythm and have

no underlying cardiac disease are more likely to
return to the same level of performance.

b. Horses that are successfully converted and have no
underlying cardiac disease are likely to require
retreatment.

c. Horses with underlying cardiac disease most often
return to the same level of performance.

d. Horses without underlying cardiac disease have a
poor prognosis for life despite their often successful
conversion.

e. Horses that have had atrial fibrillation have a short-
ened lifespan regardless of whether they are success-
fully converted.
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