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Abstract

Atrial fibrillation (AF) is a rarely reported arrhythmia in otherwise healthy newborn
foals, with a single case of cardioversion using procainamide administration described
in the literature. Two neonatal Thoroughbred colts were presented to an equine hos-
pital because of an irregularly irregular tachyarrhythmia and poor latching when try-
ing to nurse. History, physical examination, and initial diagnostic testing including
ECG and echocardiography confirmed AF without structural heart disease. The 1st
foal converted into normal sinus rhythm after treatment with IV metoprolol and quin-
idine. The 2nd foal converted to normal sinus rhythm after a single IV dose of meto-
prolol, intended for rate control. Demeanor and nursing behavior improved markedly
after conversion. The 2 foals had normal heart rates and sinus rhythm that persisted
for 6 weeks until euthanasia in the 1st foal and for 2 years in the 2nd foal. Rate con-
trol and cardioversion should be considered as a treatment for persistent lone AF in
neonatal foals.
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obtained after plasma administration were normal. No other treat-

ments were administered before presentation. The foal was intended

A 15-hour-old, 52 kg, Thoroughbred colt was presented for evaluation
of tachycardia and arrhythmia. Gestational age was unknown, but the
foal appeared to be to term and had an uneventful birth under direct
observation. The multiparous 11-year-old dam had not experienced
any complications during gestation. The foal was observed standing
and nursing within 2 hours. An irregular tachyarrhythmia (180 beats
per minute [bpm]) was noted on routine physical examination a few
hours after birth. The foal was otherwise alert and active. The colt
received 2 L of Rhodococcus equi hyperimmune plasma IV within

6 hours of birth. Complete blood count and IgG concentrations

Abbreviations: AF, atrial fibrillation; APCs, atrial premature complexes; TTEC, transthoracic
electrical cardioversion; TVEC, transvenous electrical cardioversion; VPCs, ventricular
premature complexes.

to be a racehorse.

On presentation, the foal was agitated, but responsive. The colt
had a heart rate >200 bpm and an irregularly irregular heart rhythm.
Peripheral pulse quality was irregular with normal strength. No mur-
murs, jugular distension or pulsation were noted. The colt had a good
sucking reflex, but sustained latching was not established. The remain-
der of the physical examination was unremarkable.

Initial diagnostic evaluation included ECG, echocardiogram, serum
cardiac troponin | concentration, stall-side biochemistry analysis, arte-
rial blood gas, and anaerobic and aerobic blood cultures. Stall-side bio-
chemistry analysis identified no major abnormalities apart from mild
hypokalemia (2.5 mmol/L; normal, 2.7-4.9 mmol/L), hyperglycemia
(131 mg/dL; normal, 72-114 mg/dL), increased serum creatinine
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concentration (2.1 mg/dL; normal, 0.6-1.8 mg/dL), and hyperlactate-
mia (3.2 mmol/L; normal, <2 mmol/L). Arterial blood gas was per-
formed with the foal in lateral recumbency and showed hypoxemia
(PaO,, 56.6 mm Hg; normal, >80 mm Hg) with the remainder of the
arterial blood gas results within normal limits.

The ECG confirmed atrial fibrillation (AF) with a ventricular rate of
190-230 bpm and occasional wide QRS complexes (Figures 1 and 2). A
2-dimensional, color Doppler and M-mode echocardiographic evaluation
identified normal cardiac chambers and major vessels (Tables S1 and S2).
Global systolic function was adequate but mild dyskinesis of the left ven-
tricle was observed, most likely secondary to the arrhythmia. Overall, no
structural heart defects were identified that would cause the AF or pre-
clude normal life expectancy or athletic future. Serum cardiac troponin |
concentration was 2.67 ng/mL (Siemens Stratus CS, Tarrytown, New
York, USA; normal, 0-0.07 ng/mL in adult horses). An IV catheter was
placed and telemetry was performed for continuous monitoring of the
colt's heart rate and rhythm. Initial treatment was directed at rate control.
Metoprolol 0.02 mg/kg (Almaject, Morristown, New Jersey) was adminis-
tered IV without any effect on heart rate. Two more 0.01 mg/kg doses
were given for a total dose of 0.04 mg/kg over 10 minutes. The heart
rate subsequently decreased to 130 bpm. Three hours later, the heart
rate approached 180-200 bpm and a 2nd dose of 0.04 mg/kg metoprolol
was administered, decreasing heart rate to 130-150 bpm.

FIGURE 1

Supportive care consisted of antibiotics (5 mg/kg ceftiofur
sodium IV g12h; Naxcel, Zoetis, Parsippany, New Jersey) to prevent
secondary infections. The foal was assisted to stand and nurse every
3 hours and supplemented as needed. Because latching was not
always established, mare's milk was fed via an indwelling nasoesopha-
geal tube every 3 hours at 10% of body weight per day. Potassium
phosphate was added to milk feedings to correct mild hypokalemia.
The umbilicus was swabbed with tincture of iodine. Because the low
PaO, likely was associated with lateral recumbency and restraint, sup-
plemental oxygen was not administered.

By 21 hours of age, the AF had not spontaneously resolved and
continued rate control or cardioversion was considered necessary. A
comprehensive echocardiogram had similar findings as the day before,
but a patent foramen ovale with abnormal shunting from left to right
also was discovered. Serum potassium concentration had returned to
normal. Overall, the foal was considered a good candidate for cardio-
version using quinidine gluconate.

Quinidine cardioversion was performed with the foal loose in the
stall with its dam, free to nurse and move around, and monitored by
continuous telemetric ECG. The foal was given 0.04 mg/kg metoprolol
IV for heart rate control before starting the quinidine gluconate. Quini-
dine gluconate (Lilly USA LLC, Indianapolis, Indiana) then was adminis-

tered IV every 10 minutes at 1-2 mg/kg for a total of 12.5 mg/kg given

50 mm/sec; 20 mm/mV

Foal 1, Admission ECG: Atrial fibrillation with normal QRS complexes and an average heart ventricular rate of 212 bpm. Lead Il is

in a base apex configuration. Lead | is a nontraditional lead and Lead Ill is calculated from Leads | and Il. For all ECGs, the electrodes are placed
around the girth area with the left leg electrode on the sternum, the left arm electrode on left side of the thorax slightly dorsal to level of the
cardiac apex, the right arm electrode over the right thorax approximately 6 cm below the dorsal midline, and the right leg electrode over the left

thorax approximately 6 cm below the dorsal midline.
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50 mm/sec; 20 mm/mV

Foal 1, Day 1, before rate control: Atrial fibrillation with single tall, slightly wide QRS complex (arrow) (100 ms vs 88 ms) with

elevated ST segment. Average ventricular rate of 190 bpm. Lead Il is in a base apex configuration. Lead | is a nontraditional lead and Lead Il is
calculated from Leads | and Il. For all ECGs, the electrodes are placed around the girth area with the left leg electrode on the sternum, the left arm
electrode on left side of the thorax slightly dorsal to level of the cardiac apex, the right arm electrode over the right thorax approximately 6 cm
below the dorsal midline, and the right leg electrode over the left thorax approximately 6 cm below the dorsal midline.

over 85 minutes. The foal converted to sinus rhythm 6 minutes after
the final dose. The treatment period was uneventful (Figure 3), and the
foal behaved normally with no apparent adverse effects. The heart rate
range during conversion was 140-210 bpm (averaged over 30 RR inter-
vals) with occasional wide QRS complexes or ventricular premature
contractions (VPCs) seen. Intermittent periods of more organized atrial
activity were observed, consistent with atrial flutter and tachycardia
leading up to conversion. After cardioversion, the heart rate was
115-152 bpm.

The foal was able to latch and nurse appropriately on Day 2. Ultra-
sonography of the umbilicus on Day 4 identified external omphalitis.
Blood cultures yielded no growth. Serum biochemistry with serum
electrolyte concentrations was normal on Day 4. The foal was moni-
tored by continuous ECG for 4 days. Frequent atrial premature com-
plexes (APCs; O to >100 per hour) were present in the 1st 24 hours
after cardioversion (Figure 4), and consequently sotalol (Apotex Corp,
Toronto, Ontario) was administered (2 mg/kg PO q12h). The foal's
heart rate was 98-120 bpm while on sotalol. Serum cardiac troponin |
concentration decreased to 0.67 ng/mL at 24 hours after cardiover-
sion and was normal (0.08 ng/mL) on the day of discharge (Day 5).
Shunting across the foramen ovale also had ceased by the time of
hospital discharge, making an atrial septal defect less likely. Only rare

APCs were observed by 48 hours after conversion (1-2 per hour on

average). The foal was discharged on Day 5 of hospitalization. Medical
treatment at discharge included ceftiofur sodium (5 mg/kg SC q12h
for 5 days) and sotalol (2 mg/kg PO q12h for 5 days). Careful cardiac
auscultation was strongly recommended at any time the foal was
going to be examined before training, before sale or for other health
reasons. The colt was thriving until presented to the hospital 3 weeks
after discharge for Rhodococcal pneumonia. A Holter monitor was
placed during hospitalization and a mean heart rate of 77 bpm and a
normal sinus rhythm were observed. Two months later, the foal was
euthanized for severe left hindlimb lameness. Necropsy examination
identified Rhodococcal pneumonia, lymphadenitis, physitis, osteomye-
litis, and arthritis. No heart lesions were noted.

2 | CASE2

A 24-hour-old, 47 kg, Thoroughbred colt was presented for evaluation
of suspected neonatal encephalopathy. The colt was full term and had
an uneventful birth but was not observed to stand and nurse without
assistance. The multiparous 10-year-old dam had not experienced any
complications during the gestational period but did have retained fetal
membranes. No treatment had been administered before presenta-

tion. The colt was intended to be a racehorse.
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FIGURE 3

50 mm/sec; 20 mm/mV

NSR

Foal 1, Day 2, at time of conversion to normal sinus rhythm (NSR). Before conversion to NSR, intermittent flutter or p waves

preceding some of the QRS complexes are noted. The atrial rhythm remained irregular with a rate of 220-254 bpm immediately before
cardioversion (red arrows). Lead Il is in a base apex configuration. Lead | is a nontraditional lead and Lead Ill is calculated from Leads | and Il. For
all ECGs, the electrodes are placed around the girth area with the left leg electrode on the sternum, the left arm electrode on left side of the
thorax slightly dorsal to level of the cardiac apex, the right arm electrode over the right thorax approximately 6 cm below the dorsal midline, and
the right leg electrode over the left thorax approximately 6 cm below the dorsal midline.

On presentation, the foal was markedly agitated, but able to stand
and walk with assistance. An irregularly irregular tachyarrhythmia was
noted with a heart rate of 220 bpm. No murmurs were heard, and jug-
ular distension was not identified. Peripheral pulse quality was irregu-
lar with normal strength. Mild bilateral forelimb contracture was
noted. The colt had a strong sucking reflex but sustained latching was
not observed. The remainder of the physical examination was within
normal limits.

A CBC indicated mild neutrophilia (12.1 x 10°/uL; reference
interval, 5.0-12.0 x 10%/pL). A serum biochemistry panel showed
increased serum creatinine concentration (3.7 mg/dL; reference inter-
val, 0.6-1.8 mg/dL) and hypoproteinemia (4.0 g/dL; reference interval,
4.6-6.9 g/dL).

decreased (2 mg/dL; reference interval, >800 mg/dL), confirming fail-

Immunoglobulin G concentration was markedly
ure of transfer of passive immunity. Fibrinogen concentration was
normal.

An ECG confirmed AF with a wide QRS complex. Serum cardiac
troponin | concentration was 1.66 ng/mL (Siemens Stratus CS, Tarry-
town, New York, USA). An IV catheter was placed and telemetry was
performed for continuous ECG monitoring. Intravenous metoprolol
(0.04 mg/kg) was administered as a single bolus for heart rate control.

The heart rate subsequently decreased to 150 bpm followed shortly

by conversion to sinus rhythm. No adverse effects were noted. The
foal's heart rate ranged from 87 to 140 bpm depending on activity
level. Twenty-four hours after previous measurement, serum cardiac
troponin | concentration had decreased to 0.60 ng/mL.

To prevent secondary infections, antibiotic treatment (5 mg/kg
ceftiofur sodium IV g12h) was initiated. Two liters of HiGamm equine
plasma (Lake Immunogenics, Ontario, New York, USA) were adminis-
tered uneventfully. Recheck
(805 mg/dL).

After cardioversion, repeat auscultation identified bilateral sys-

IgG concentration was adequate

tolic murmurs (Grade 3 over the pulmonary region and Grade 2 over
the tricuspid region). Two-dimensional, color Doppler and M-mode
echocardiographic evaluation indicated no evidence of structural
heart disease, and left ventricular systolic function was deemed ade-
quate (Tables S1 and S2). The murmur was considered physiologic
although it is possible a closing patent ductus arteriosus was present
but missed on echocardiographic examination.

Continuous ECG monitoring for the next 48 hours identified mul-
tiform VPCs (total of 34) and APCs (maximum of 22 per hour) that
progressively decreased in frequency over time. The foal remained in
sinus rhythm throughout the remainder of its hospitalization, and the

murmur disappeared. The foal was discharged on Day 4 of
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Foal 1, Day 3 post conversion ECG: Several APCs are evident (arrows) among the normal sinus rhythm. Lead Il is in a base apex

configuration. Lead | is a nontraditional lead and Lead Ill is calculated from Leads | and Il. For all ECGs, the electrodes are placed around the girth
area with the left leg electrode on the sternum, the left arm electrode on left side of the thorax slightly dorsal to level of the cardiac apex, the
right arm electrode over the right thorax approximately 6 cm below the dorsal midline, and the right leg electrode over the left thorax

approximately 6 cm below the dorsal midline.

hospitalization without medications and with no audible murmur. At
2 years of age, the colt is reportedly thriving with a normal cardiac

rhythm and in race training, but has not yet raced.

3 | DISCUSSION
We report 2 Thoroughbred foals presented at 15 and 24 hours of age
with lone rapid AF and clinical signs of poor cardiac output.

Atrial fibrillation in the neonatal period is very rarely reported in
equine and human neonates.>? Paroxysmal AF has been described in
foals during the adaptive period from intra-uterine to extra-uterine
life, occurring within the 1st 3 minutes after parturition and persisting
up until 200 hours of age.® Excessive vagal tone, hypoxia and atrial
stretch have been proposed as contributing factors.* Lone AF requir-
ing cardioversion also has been described in a 3-month-old Thorough-
bred filly.> In human neonates, infectious or inflammatory heart
disease, cardiomyopathy, tumor, endocardial fibroelastosis, atrial lym-
phangiectasia, and idiopathic AF have been reported.2%”

An arrhythmia induced by transition from intrauterine to extrauter-
ine life (transitional arrhythmia) or myocardial injury or both were con-
sidered the most likely causes of AF in both foals of our report.

Structural abnormalities were ruled out by echocardiographic

examination. Sepsis was considered unlikely given the clinical course,
clinicopathologic data and blood culture results. The rapid decrease in
serum cardiac troponin | concentration supported myocardial injury
either because of the rapid tachyarrhythmia or other single (non-sus-
tained) myocardial insult. The increase in serum cardiac troponin con-
centration shortly after birth with subsequent decrease may be normal
for this age group because normal results for cardiac troponin | in neo-
natal foals have not been established for the troponin assay used in our
study. Vitamin E and selenium deficiency could be a possible contribu-
tor to the myocardial injury, and it is unknown if the foals were supple-
mented at birth. Respiratory obstruction provoking a decrease in
intrapleural pressure, sudden increase in venous return and secondary
atrial stretch can cause a shortening of the refractory period in the atria,
thereby predisposing to arrhythmias.® Although a transient respiratory
obstruction could have gone unnoticed, the respiratory rate and effort
were normal in both colts at the time of presentation. An accessory
pathway with antidromic conduction was ruled out given the absence
of pre-excitation on the ECG after conversion.

In addition to the AF, occasional wide QRS complexes were noted in
both foals before cardioversion. Differential diagnoses included VPCs and
aberrant ventricular conduction secondary to changes in QRS cycle length
that occur with AF or a combination thereof.” Aberrancies can occur in

the absence of changes in cycle length or in conjunction with shortening
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FIGURE 5

S0 mm/sec; 20 mm/mV

NSR

A J

Foal 2, Day 1, at time of conversion to normal sinus rhythm (NSR). Lead Il is in a base apex configuration. Lead | is a nontraditional

lead and Lead lll is calculated from Leads | and Il. The atrial activity (red arrows) has become more organized before conversion with an atrial rate
of 160 bpm just before conversion. For all ECGs, the electrodes are placed around the girth area with the left leg electrode on the sternum, the
left arm electrode on left side of the thorax slightly dorsal to level of the cardiac apex, the right arm electrode over the right thorax approximately
6 cm below the dorsal midline, and the right leg electrode over the left thorax approximately 6 cm below the dorsal midline.

or prolongation of the cycle length, such as Ashman's phenomena.’® Ven-
tricular premature contractions may have occurred secondary to the same
mechanisms inducing AF or secondary to the rapid heart rate. With either
VPCs or aberrancy, the goal is to treat the underlying cause, which in
these cases meant rate control and cardioversion of the AF.

Rate control was considered the most urgent cardiospecific treat-
ment in both foals. Although AF itself is not considered a life-
threatening arrhythmia at normal rates, rapid AF results in inadequate
time for left ventricular filling and myocardial perfusion. Left
untreated, it may lead to poor cardiac output with end organ effects
and associated clinical signs. Choices for rate control include beta
blockers, calcium channel blockers and digoxin and are discussed in
Supporting Information.

Foal 2 spontaneously converted to normal sinus rhythm after a single
0.04 mg/kg IV bolus of metoprolol (Figure 5). Although metoprolol gener-
ally is not considered an antiarrhythmic drug, it does have mild class |
effects and has been shown to prolong the atrial effective refractory
period and slow the fibrillatory rate in a pig AF model.** The decision to
convert Foal 1 on Day 2 of life rather than wait longer for potential spon-
taneous conversion was made because of persistence of clinical signs of
poor cardiac output, continued poor latching and the need to administer
the metoprolol every 3-4 hours. Optimal PO dosing of metoprolol has

not been described. Orally administered sotalol was considered at this

time but was considered likely to have only a weak beta blocker effect.
Normal sinus rhythm ultimately would be necessary for a good prognosis
as a racehorse. Cardioversion is recommended in adult horses with AF
persisting over 48 hours, because spontaneous conversion is considered
less likely after this time. Progressive atrial remodeling also occurs with
longer durations of AF, making the prognoses for conversion and for
maintaining sinus rhythm worse the longer the AF persists. Ventricular
arrhythmias, tachycardiomyopathy and heart failure, or sudden death are
also potential outcomes of untreated rapid AF.*2

Both pharmacologic and nonpharmacologic options were consid-
ered for cardioversion. Quinidine, a class IA antiarrhythmic, is an
effective treatment for AF of short duration and without heart disease
(lone AF).*® Intravenous quinidine salts are considered the most effec-
tive treatment of recent onset AF. It is preferred, when available, over
PO quinidine for its rapid titration and elimination, making adverse
effects from overdosing less likely.

Synchronized biphasic transthoracic electrical cardioversion
(TTEC) also was considered for Foal 1. Successful TTEC of AF previ-
ously has been described in a 3-month-old Thoroughbred foal and in
a 393 kg adult Arabian gelding.>** Foals may be good candidates for
conversion by TTEC because of their relatively small myocardial
mass and transthoracic impedance. Because of the need for general

anesthesia and additional personnel as well as clinician experience
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using quinidine gluconate in recent onset AF, pharmacologic cardio-
version was chosen as the 1st-line treatment after rate control in
Foal 1.

Frequent APCs after cardioversion can lead to recurrence of
AF.>1%17 Consequently, sotalol (a class Ill antiarrhythmic) was admin-
istered in attempt to decrease the frequency of APCs in Foal 1. The
number of APCs had markedly decreased several hours after the initial
dose. Whether this decrease was due to the medication or time after
cardioversion is uncertain.

Our report describes cardioversion using quinidine or metoprolol
or both in 2 colts with AF. Medical cardioversion may be a valid
option with sustained lone AF in neonatal foals. The current lack of
readily available quinidine gluconate will necessarily influence future

choices for pharmacologic cardioversion.
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SUPPORTING INFORMATION
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ing Information section at the end of this article.
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