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Abstract

Background: Atrial fibrillation (AF) impacts performance and horse and jockey safety.

Understanding the outcomes of AF identified postrace will better inform regulatory

policy.

Hypothesis/Objectives: To investigate the outcomes after episodes of AF identified

postrace and determine whether affected horses are at increased risk of additional

episodes compared to the general racing population.

Animals: Total of 4684 Thoroughbred racehorses.

Methods: Race records for Thoroughbred horses racing in Hong Kong from 2007 to

2017 were reviewed. Horses that performed below expectation were examined by

cardiac auscultation and ECG. Incidence and recurrence of AF were compared

between horses with and without a history of AF and between horses with paroxys-

mal and persistent episodes using Fisher's exact test.

Results: There were 96 135 race starts during the study. Atrial fibrillation was identi-

fied in 4.9% of horses, with an overall incidence of 2.7 episodes per 1000 starts. The

incidence of AF in horses after any previous episode (12.8 per 1000 starts) was

higher than for horses with no previous episode (2.4 per 1000 starts; odds ratio [OR],

5.3; 95% confidence interval [CI], 3.8-7.6). Recurrence was seen in 64% of horses

previously treated for persistent AF, which was higher than recurrence in horses with

paroxysmal AF (23%; OR, 5.9; 95% CI, 1.6-21.2). Median duration between episodes

was 343 days (range, 34-1065).

Conclusions and Clinical Importance: Thoroughbreds are at increased risk of recur-

rent AF after both paroxysmal and persistent episodes, but the duration of time

between episodes varies widely. These findings support a substantial burden of AF

among individual Thoroughbred racehorses.
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1 | INTRODUCTION

In athletic horses, atrial fibrillation (AF) is an important cause of poor

and erratic performance. Occasionally, cardiac arrhythmias, including

AF, result in collapse or sudden cardiac death (SCD), as a result of

which riders often are injured.1-5 Cardiac arrhythmias of supraventric-

ular and ventricular origin frequently are identified by ECG during and

immediately after exercise.6-9 Atrial fibrillation is the most commonly

recognized arrhythmia in poorly performing horses, with an estimated

prevalence among racehorses of 0.11% to 0.29%.10-13 In racehorses,

AF usually is paroxysmal, converting to sinus rhythm within 72 hours

without specific treatment.11,14 Detectable structural heart disease

usually is absent, and the condition previously has been referred to as

lone AF.4,15,16 However, underlying microstructural myocardial lesions

and electrical remodeling that cannot be readily detected by clinical

examination are suspected to contribute to the development of AF in

horses with recurrent episodes.17 Recently, electro-anatomical map-

ping has identified pulmonary vein firing initiating AF in a horse.18

Atrial fibrillation is not entirely benign and such individuals might also

be susceptible to arrhythmias originating in the ventricular myocar-

dium.19 Although rarely documented in horses, ectopy arising from

both the atrial and ventricular myocardium in the same individual

can precede development of ventricular fibrillation and SCD.3 The

role of exercise-induced myocardial remodeling in the promotion of

AF is supported by experimental studies in rodents.20-22 In human

athletes, the risk for AF is related to cumulative volume of exercise

training.23,24 Although not yet evaluated in horses, it is evident that

cardiac remodeling in athletes is not entirely benign and could paral-

lel pathological heart disease, increasing risk for arrhythmias and

SCD.23,25

Persistent AF can be converted to sinus rhythm using either

transvenous electrocardioversion or pharmacologic intervention, most

commonly using quinidine sulfate, and generally carries an excellent

prognosis for future athleticism.4,16 After conversion to sinus rhythm,

AF recurrence in horses with AF of recent onset is approximately 15%

to 40%.16,17,26-28 A longer duration of AF,26 which induces structural,

mechanical, and electrical cardiac remodeling,27,29-32 is associated

with increased risk of AF recurrence. Other factors influencing recur-

rence of AF include the burden of atrial premature depolarizations,17

mitral regurgitation,27 and left atrial size.28

Because of concerns for the health and welfare of horses and

jockeys, and the impact of erratic performance on betting markets,

many jurisdictions impose sanctions on horses after episodes of

AF. The Hong Kong Jockey Club (HKJC) provides a unique opportu-

nity to investigate the epidemiology of AF because it manages a large

population of horses with detailed veterinary records. The proportion

of horses in the field examined postrace typically is 22% (Weir J., per-

sonal communication, 2020), which is a substantial cohort for the

evaluation of postrace AF. Our objectives were to: (a) describe the

incidence, recurrence, and outcome of postrace AF and (b) describe

the ECG characteristics of AF in the postrace period. Our hypothesis

was that horses diagnosed with postrace AF are at increased risk for

future episodes compared to horses without a history of AF.

2 | MATERIALS AND METHODS

2.1 | Animals

A retrospective, longitudinal cohort study of Thoroughbreds racing in Hong

Kong from 31 July 2007 until 31 July 2017 was performed. All horses reg-

istered to race within the study period were collated from the HKJC racing

database, which comprised a study population of 4684 horses (Figure 1). A

start was defined as a registration of an individual horse to start in a specific

race. There were 96 135 race starts during this study period (Figure 1). The

HKJC clinical records were searched for all starts at which an episode

of AF was diagnosed on postrace veterinary inspection. Episodes were

defined as presumed AF, characterized by an irregularly irregular rhythm on

cardiac auscultation, occurring within 60 minutes after a race, and were

used to determine the incidence of postrace AF.

2.2 | Postrace veterinary inspection

A diagnosis of presumed AF was made at postrace inspection of horses

that were examined by veterinarians after a race. Such inspections were

performed mainly at the request of race day stewards when horses deliv-

ered a disappointing racing performance, an indication of an abnormality

was noted during or after racing, or based on a jockey's postrace report.33

Veterinary inspections were performed within 30 minutes of the race and

consisted of cardiac and respiratory auscultation, lameness examination

and palpation of musculoskeletal structures, and upper airway endoscopy.

Electrocardiography also was performed within 60 minutes in many, but

not all, cases using either the Televet 100 or Schiller MS-3 ECG V 2.05

ECG units. Echocardiography was not performed.

2.3 | Veterinary records

Electrocardiographs and electrocardiographic reports pertaining to the epi-

sode of AF were collated from the veterinary records and evaluated. Veteri-

nary records also were used to determine whether the episode was

paroxysmal (converting spontaneously to sinus rhythm within 72 hours) or

persistent (lasting beyond 72 hours). After consultation with the trainer,

conversion to sinus rhythm was attempted in horses with persistent AF by

nasogastric administration of quinidine sulfate.26 Sinus rhythm was docu-

mented by a veterinarian before a horse was allowed to continue in training

or present for any race or trial. Veterinary records were used to determine

whether an episode of AF occurred at any veterinary inspection before or

after the episode of postrace AF to determine the rate of recurrence.

2.4 | Electrocardiographic classification

Electrocardiographs were visually inspected by a certified specialist in

equine medicine (L.C. Nath) and a certified specialist in equine sports

medicine (S. Franklin) to achieve consensus classification of the

arrhythmia. The number of leads recorded was 1 to 3. Previously
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published criteria5,34 were used determine the rhythm abnormality

and to develop a novel method of classification of AF that included a

description of QRS morphology. The morphology of the QRS com-

plexes was not further interpreted as being supraventricular with

aberrant conduction or ventricular in origin. Arrhythmias were classi-

fied as sinus rhythm with ectopy or AF. Atrial fibrillation was further

subclassified as AF uniform (all complexes showed similar QRS confor-

mation), AF nonuniform (QRS complexes differed in conformation

with a single monomorphic change), or AF multiform (AF with QRS

complexes of ≥3 different morphologies).

2.5 | Statistical analysis

2.5.1 | Defining variables

The incidence of AF was defined as the proportion of episodes per

start in horses that had been exposed (diagnosed with) any previous,

1 previous or 2 previous episodes compared to horses that had never

been exposed (diagnosed with) a previous episode. Incidence of AF

per horse was defined as the proportion of horses in the registered

population that had any diagnosis of postrace AF (single episode,

2 episodes or 3 episodes). The overall incidence of AF included all

horses in the study period. Only episodes of AF diagnosed at postrace

inspection within the study period were included in the estimation of

incidence. Horses that were identified as having arrhythmia during

the study period then were searched across their entire careers in

Hong Kong for additional episodes of arrhythmia. For all horses, the

earliest identified episode was regarded as the first episode and there-

fore the first episode occurred before the study period for some

horses. For these horses, the second or third recurrent episode

occurred during the study. Recurrence was defined as the proportion

of horses that continued training after a previously diagnosed episode

of AF and had a subsequent episode. Recurrence in horses that were

exposed to 2 previous episodes was compared to horses with 1 previ-

ous episode. Recurrence in horses that were exposed to a previous

F IGURE 1 Detail of cohort included in study. Total population N = 4684 horses presenting to 96 135 starts. There were 280 episodes of
atrial fibrillation (AF) in 230 horses. Incidence data were generated only from 260 postrace episodes occurring during the study period. All
280 episodes were included for analysis of recurrence. +, entry to study. -, exit from study. White, episodes used to calculate incidence
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persistent episode was compared to horses with a previous paroxys-

mal episode. Episodes of AF occurring outside the study period or at

times other than postrace were included for estimation of recurrence.

Therefore, for analysis of recurrence, horses with episodes of AF

occurring at rest, or after training or racing, during, before, or after the

study period were included. Horses that were retired immediately

after the first episode were excluded from further analysis of

recurrence and outcome (Figure 1). Career duration was defined as

the number of days and starts between the first diagnosed episode of

arrhythmia and either the last start in the racing index35 or last date of

diagnosis of AF. Horses that were not retired as of 22nd June 2020

were excluded from analysis of career duration. Only horses that pres-

ented for a race start or official trial after the first episode of AF were

included in analysis of career duration. Career duration was compared

between horses having a single episode or 2 or 3 episodes over their

careers. The HKJC racing index35 of horses with any episode of post-

race AF was reviewed to determine the number of wins after the first

episode of AF and to determine the rating of each horse at the time

of the first episode of arrhythmia and any subsequent start. A change

in career rating was calculated by averaging the rating of the horse at

each start of their career after the first episode of AF and deducting

that rating from the rating at the time of the first episode. Therefore,

a negative value for rating change reflects a decline in performance

and a positive rating change reflects an improvement in performance.

2.5.2 | Statistical analysis

Incidence within each group was estimated with a 95% confidence

interval (CI) using a 1 sample binomial test (Clopper-Pearson) and

reported as rate per 1000 starts and per 100 horses registered to race

in the study period. The proportion of horses in each group that had

recurrence of AF was estimated with a 95% CI using a binomial test

(Clopper-Pearson). Estimates of incidence and recurrence in each

group were entered into a contingency table and compared using

Fisher's exact test from which odds ratios (ORs) were derived.36

Career duration after the first episode of AF was assessed using the

Kaplan-Meier method. Comparison of career duration was performed

by applying a log-rank (Mantel-Cox) test. For horses that continued

training after the first episode, the difference in rating change

between horses that had 1 episode compared to horses that had 2 or

3 episodes was nonnormally distributed and was compared using the

Kolmogorov-Smirnov test. The difference in heart rate for each ECG

classification of AF was compared by 1-way analysis of variance

(ANOVA) with Tukey's post hoc multiple comparisons. Commercially

available software (IBM SPSS Statistics version 25 and GraphPad

Prism 8) was used for the analyses. For all analyses, significance was

set at P ≤ .05.

3 | RESULTS

3.1 | Animals

The search of the HKJC clinical records according to the inclusion

criteria yielded 280 episodes of postrace AF in 230 horses (Figure 1).

Of these 230 horses, 224 were geldings and 6 were intact males,

reflecting the racing population of Hong Kong, which includes very

few female horses. Mean age was 5.1 ± 1.4 years.

3.2 | Incidence

The overall incidence of postrace AF was 2.7 per 1000 starts (95% CI,

2.0-3.0; Table 1). The incidence of AF in horses after any previous epi-

sode (12.8 per 1000 starts) was higher than for horses with no previ-

ous episode (2.4 per 1000 starts; OR, 5.3; 95% CI, 3.8-7.6; P < .001;

Table 1). The overall incidence of AF in horses registered to race dur-

ing the study period was 4.9 (95% CI, 4.3-5.6) per 100 horses

(Table 1).

3.3 | Recurrence

Overall, AF recurred after 50/199 (25%) episodes in 184 horses that

continued racing after any episode (Table 2). In the 15 horses that

TABLE 1 Incidence per start for 260
episodes of postrace atrial fibrillation (AF)
in 230 horses during the 10 year study
period

Type of previous episode (n AF/n
starts)

Incidence per 1000 starts
(95% CI)

Odds ratio
(95% CI)

P
value

Entire cohort (260/96135) 2.7

No previous (223/93242) 2.4 (2-3) 1.0 (Ref)

Any previous (37/2893) 12.8 (9-18) 5.3 (3.8-7.6) <.001

One previous (36/2744) 13.1 (9-18) 5.5 (3.8-7.9) <.001

Two previous (1/149) 6.7 (0-37) 2.8 (0.4-20.2) .3

(n AF horses/n racing population) Incidence per 100 horses

(95% CI)

Entire cohort (230/4684) 4.9 (4.3-5.6)

Single episode (185/4684) 3.9 (3.4-4.6)

Two episodes (40/4684) 0.85 (0.6-1.1)

Three episodes (5/4684) 0.1 (0.0-0.2)

1114 NATH ET AL.



continued racing after 2 previous episodes, recurrence occurred in

5 (33.3%), which was not significantly different from horses with

1 previous episode (45 of 184 horses, 24.5%; P = .53). Eleven horses

returned to training after an episode of persistent AF. The proportion

of horses with recurrence after a previous episode of persistent AF (7

of 11, 64%) was higher than for horses with a previous paroxysmal

episode (42 of 184, 23%; OR, 5.9; 95% CI, 1.6-21.2; P = .006; Table 2).

The duration of 4 AF episodes was unknown. For the 45 horses that

had 2 episodes, the median number of days and starts respectively

between the first and second episode was 347 (range, 34-1065) days

and 8.5 (range, 0-62) starts. For the 5 horses that had 3 episodes,

there was a median of 229 (range, 93-388) days, and 0 (range, 0-4)

starts between the second and third episode.

3.4 | Outcomes

After 2 episodes of postrace AF, 15 horses were embargoed and not

allowed to start in any race for 6 months. Five horses were compulso-

rily retired after 3 episodes. Median career duration after the first

episode is presented in Figure 2 and Table 3. Career duration was not

significantly different between groups when measured by either days

(P = .72) or number of starts after first episode (P = .12). One horse died

suddenly 735 days after a paroxysmal episode of AF, giving an

incidence of sudden death in horses with a previous episode of AF of

0.35 per 1000 starts. The median rating of all horses at the time of the

first episode of AF was 62 (range, 20-128). For horses that were not

immediately retired after the first episode, the median change in rating

was −1.5 (range, −62 to +37). The decline in performance as measured

by the rating change was not significantly different between horses

that did not have a recurrent episode (median, −2; range, −26 to +30)

compared to horses that had ≥2 episodes (median, −1; range, −119 to

+37; P = .70). Of 182 horses that presented for a race start after an

episode of postrace AF, 117 (64%) won at least 1 race. The median

number of races won was 2 (range, 1-10) races.

3.5 | Electrocardiography

An ECG documenting an arrhythmia was present in the record

for 125/280 (44.6%) events in 108/230 (47.0%) horses.

The median duration of the recorded ECG was 67 seconds (range,

8-1120 seconds). Sinus rhythm with ectopy of narrow QRS confor-

mation was observed in 5 events (4%; Figure 3A). Atrial fibrillation

with QRS conformation of uniform morphology was observed in

40 events (32%; Figure 3B). Atrial fibrillation with nonuniform QRS

conformation was observed in 32 events (26%; Figure 3C). Atrial

fibrillation with multiform QRS conformation was observed in

48 events (38%) including 3 events with suspected R-on-T

phenomenon (Figure 3D). An ECG was recorded in 18 recurrent

episodes for which an ECG documenting the previous episode also

was present. In 10/18 recurrent episodes, the ECG classification

was the same as the previous episode, and in the remaining

8 episodes the ECG classification was different between episodes.

The mean ± SD heart rate observed on post-race ECG was 144

± 26 beats per minute (bpm). The mean ± SD heart rate for horses

with AF and multiform QRS morphology was 156 ± 23 bpm which

was significantly higher than in horses with AF of uniform morphol-

ogy 131 ± 23 bpm (P < .001) and horses with sinus rhythm with

ectopy 113 ± 19 bpm (P = .001; Figure 4). The mean ± SD heart

rate of horses with AF of nonuniform morphology was 146

± 24 bpm which was significantly higher than in horses with AF of

uniform morphology (P = .03) and horses that had sinus rhythm

with ectopy (P = .02).

TABLE 2 Recurrence of atrial
fibrillation in 184 horses that continued
in race training after the first episode.
Recurrence after previous paroxysmal AF
which occurred in the first or second
episode is compared to previous
persistent episodes. Horses with 1
previous episode are compared to horses
with 2 previous episodes. PE, previous
episode. The duration of 4 episodes was
unknown

Type of previous
episode

n horses
recurrence/
n horses with PE

Recurrence per
horse (95% CI)

Odds ratio
(95% CI) P value

Following any episode 50/199 25.1 (19.2-31.8)

One previous 45/184 24.5 (18.4-31.3) 1.0 (Ref )

Two previous 5/15 33.3 (11.8-61.6) 1.5 (0.5-4.7) .53

Paroxysmal 42/184 22.8 (17.0-29.6) 1.0 (Ref)

Persistent 7 /11 63.6 (30.8-89.1) 5.9 (1.6-21.2) .006
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4 | DISCUSSION

We identified several important findings on the recurrence of

postrace AF in racehorses after both paroxysmal and persistent

episodes. First, we determined that recurrence of AF is more

common after an episode of persistent AF than after paroxysmal

AF. Second, although the rate of recurrence was high, the number

of recurrent episodes did not impact career longevity or overall

career performance. Finally, variation in QRS conformation was

observed in most AF episodes and was associated with high heart

rates, which could be suggestive of potential deterioration to an

unstable rhythm.

In our study, a diagnosis of presumed AF was made based on car-

diac auscultation of an irregularly irregular rhythm in the immediate

postrace period. Approximately half of all events subsequently were

documented using ECG. Heart rhythm irregularities are reliably identi-

fied by auscultation, but ECG is required to definitively determine the

nature of the arrhyhmia.37 In our study, the potential for mis-

identification of AF based on auscultation alone existed, because condi-

tions considered to be normal findings after strenuous exercise in

horses, such as sinus arrhythmia or second-degree atrioventricular block,

may be confused with AF or ectopy.4 In a small proportion (4%) of

events with a documented ECG, the ECG findings of sinus rhythm with

TABLE 3 Career duration for n = 182 retired horses presenting to
an official start or trial after the first episode of atrial fibrillation. A log
rank (Mantel Cox) test for survival confirmed there was no difference
between groups in either median number of days (P = .72) or number
of starts (P = .12) after the first episode

Number of career
episodes

Career duration after first episode

Days median
(range)

Starts median
(range)

One (n = 138) 550 (46-2352) 14 (1-87)

Two (n = 39) 612 (34-1967) 13 (0-62)

Three (n = 5) 536 (172-854) 7 (4-19)

F IGURE 3 Paper speed 25 mm/s. Gain 5 mm/mv. A, Sinus rhythm with premature QRS complexes of ectopic origin observed postrace. Paper
speed 25 mm/s. Gain 5 mm/mv. B, Atrial fibrillation with uniform QRS conformation observed postrace. C, Atrial fibrillation with a nonuniform
QRS conformation (single morphometric change) observed postrace. D, Atrial fibrillation with multiform QRS conformation (multiple
morphometric changes) and R-on-T phenomenon observed postrace
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ectopy differed from the auscultatory diagnosis of presumed AF. Sinus

rhythm with ectopy was observed in a previous study of arrhythmias

occurring after racing.11 In our study, a delay occurred between auscul-

tation and ECG recording, which might account for the different diagno-

ses based on these 2 methods. A previous study in horses identified an

association between atrial premature beats postconversion and AF

recurrence,17 and ectopy is important in triggering AF.38 Episodes of

sinus rhythm with ectopy were retained in our study because they could

reflect an intermediate step in resolution of paroxysmal AF.

The overall frequency of postrace AF in Hong Kong (2.7 per 1000

starts) was higher than observed in previous studies conducted in the

United Kingdom and Japan (0.2-0.3 per 1000 starts),12,13 but similar

to a study of Standardbreds in the United States (1.4 per 1000

starts).10 The reported incidence of AF in our study should be consid-

ered a conservative estimate, because only horses performing below

expectation were examined. Approximately 22% of horses in the field

typically are examined after each race, and this method yielded a high

incidence of AF. The true incidence of postrace AF might be higher

than reported considering that a large proportion of horses that had

performed to expectation were not examined, and some episodes of

AF could have developed in the postrace period, thus not influencing

race performance.10,11 A previous study of Standardbred racehorses

found an incidence of any arrhythmia in the immediate postrace

period of 27.8%.9 Because exercise-associated arrhythmias typically

are short-lived,35 the incidence of arrhythmia will be closely related to

the timing between cessation of exercise and examination. In our

study, some episodes of arrhythmia, that could have impacted the

performance of the horse, might not have been detected because

they resolved before veterinary examination. Given that arrhythmias

also are observed after good race performances,10,11 the clinical rele-

vance of arrhythmias that occur in the postrace period and their

relationship to poor performance require further investigation.

Although only a small number of horses in this study continued to

race after treatment for persistent AF, their recurrence rate was higher

than that of horses with a paroxysmal episode. A recent study of a

mixed population of horses, including both racing and performance

horses, observed recurrence in 39% of horses 1 year after conversion

to sinus rhythm.27 Our study included only Thoroughbred racehorses,

and suggests that recurrence of AF is likely to be higher in this group

than previous estimates.2,16,26 Factors that influence risk for recurrence

after persistent AF include mitral regurgitation,27 increased left atrial

size,28 impaired left atrial function,27 shorter AF cycle length,28 and

prevalence of atrial premature depolarizations17 after conversion. Echo-

cardiography and follow-up ECG were not consistently performed in

horses in our study. Therefore, the relationship between previously

identified risk factors and recurrence of AF in this population could not

be assessed. Additionally, the possibility of structural heart disease in

some of the horses in our study cannot be excluded.

Recurrence of AF after paroxysmal episodes supports the concept

that cardiac remodeling that promotes AF may be associated even with

episodes of relatively short duration. Recurrence after paroxysmal epi-

sodes observed in our study is not dissimilar to findings in other studies

largely comprised of racehorses with persistent AF.2,16,26 Atrial fibrilla-

tion rapidly induces atrial electrical and contractile remodeling, resulting

in decreased atrial effective refractory period and impaired atrial con-

tractility.31 The timeframe for return to normal function is proportional

to the duration of AF, with a restoration of normal electrical and con-

tractile function of <24 and 72 hours respectively after short duration

AF,31,39 and 10 days and 1 to 2 months after AF of 6 months' dura-

tion.40 Progression of paroxysmal AF to persistent AF is commonly rec-

ognized in humans.41 The impact of naturally occurring paroxysmal AF

episodes on atrial remodeling in horses is yet to be investigated.

Undetected, silent episodes of paroxysmal AF may occur frequently in

training and racing, and the cumulative effect of such episodes may pro-

mote a higher burden of AF and AF of longer duration, which is more

likely to limit performance and be detected clinically.

All horses in our study were regularly starting in Thoroughbred

races. Previous studies in horses have shown that training induces car-

diac remodeling, resulting in increased cardiac chamber size and a mod-

est increase in myocardial wall thickness.42 Atrioventricular regurgitation

occurs concurrently.43 It is proposed that human athletes undertaking

higher volumes and intensity of exercise are predisposed to development

of AF.23,24,44 In rodents, myocardial inflammation and fibrosis after exer-

cise training is considered to be a substrate for arrhythmia. 20-22 Several

studies have reported inflammatory and fibrotic changes in the myocar-

dium of racehorses involving the atria, conduction system and ventri-

cles3,45-49 Age is a risk factor for AF in racehorses,10,12 supporting the

effect of volume of training and cardiac remodeling in the promotion of

AF in this species. Although exercise likely promotes the onset of AF in

horses, individual factors, such as atrial size and microstructural changes

affecting electromechanical function, also are important in sustaining

AF.27,28 In humans, the pulmonary veins are important AF triggers, and
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recent evidence supports that such also is the case in horses.18 Also in

humans, lean body mass has been shown as the strongest anthropomet-

ric predictor of AF.50 This observation is consistent with studies in

horses, in which increased body mass is associated with risk of AF.51,52

Research in Standardbred racehorses has supported a genetic basis for

AF based on epidemiology and pedigree analysis.51,53,54 Additional stud-

ies are needed to determine the role of genetics in AF in Thoroughbreds.

In our study of racehorses, arrhythmia recurrence did not impact

career duration or performance, other than for horses that had 3 epi-

sodes and were compulsorily retired. An episode of AF was an impor-

tant determinant in the decision to retire a horse, and many were

retired immediately after the diagnosis. Horses with intermittent epi-

sodes of AF can perform successfully between episodes.14 Overall, a

slight decline in rating, a proxy measure for performance, occurred

from the time of the first episode of AF until retirement. However,

most horses won at least 1 race after an episode of AF, and many

horses experienced improvement in overall rating. Similar to other

studies,27,55 it was observed that the time between episodes of AF

was highly variable, and sometimes the recurrent episode was several

years after the first episode. This finding suggests that individual

horses remain vulnerable to repeated episodes of AF for a prolonged

period, possibly because of clinically undetectable changes in myocar-

dial substrate. In our study, 1 horse died 735 days after an episode of

paroxysmal AF with multiform QRS morphology. The incidence of

sudden death in Thoroughbred horses is 1 to 3 deaths per 10 000

starts, with approximately 50% of these estimated to be caused by

fatal cardiac arrhythmia.47 This finding is similar to the rate of sudden

death observed in our study. Additional investigation is needed to

determine the association between postrace AF and SCD.

Paroxysmal AF was the most commonly diagnosed arrhythmia in

the postrace period in our study, a finding that concurs with those of

previous studies.10-13,56 The potential for AF to deteriorate into an

unstable ventricular rhythm, particularly in the setting of high sympa-

thetic tone, is evidenced by reports of collapse and cardiac arrest.2,3 As

has previously been reported in horses with AF,19,34,57,58 changes in con-

formation of QRS complexes frequently occur with strenuous exercise

and increased sympathetic tone, and these complexes potentially may be

dangerous. Atrial premature depolarizations also can be associated with

changes in QRS morphology.59 At high heart rates, the P wave typically

is buried in the preceding QRS, making differentiation between supra-

ventricular and ventricular complexes challenging.34,60,61 In exercising

horses and at high heart rates, there is potential for errors in interpreta-

tion of the origin of abnormal QRS complexes based on morphology and

timing alone.60,61 Recent studies have suggested that descriptive termi-

nology be used to report ECG findings in studies of exercising horses

with arrhythmias.60,61 Our study describes a method of AF classification

to distinguish between cases of AF with uniform and nonuniform QRS

morphology. In the setting of AF, both aberrant ventricular conduction

of a supraventricular impulse or concurrent ventricular ectopy are possi-

ble underlying mechanisms for the abnormal QRS complexes. A clear

association between the presence of QRS complexes of nonuniform and

multiform morphology and increased heart rate in the postexercise

recovery period was observed. However, ECG recordings generally were

of short duration and made in 1 lead only. Therefore, it was not possible

to determine whether the changes in conformation reflected ventricular

ectopy or supraventricular conduction with aberrancy. In humans with

AF, at high heart rates, impaired intraventricular conduction promotes

aberrancy because of refractoriness of the right bundle branch.62

Although it is appreciated that increases in heart rate associated with

enhanced sympathetic tone can promote aberrant conduction,

increased sympathetic tone also promotes ventricular dysrhythmias.63

In humans, ectopy occurring alongside AF can indicate underlying reen-

trant or aberrant pathways such as atrioventricular node reentry and

ventricular preexcitation,64 the latter of which also has been recognized

in horses.65,66 A substantial proportion of horses in our study had AF

and QRS conformation with ≥3 different morphologies, which could

reflect more widespread cardiac pathology and increased concern for

deterioration into an unstable rhythm.4,34 More sophisticated ECG

recording is needed to better identify and understand the origin of QRS

complexes with abnormal morphology in horses.

In addition to not all horses having ECG confirmation of AF, a

further limitation of our study was its retrospective nature. Many

horses were retired immediately after the first episode of AF, dictating

that potential for recurrence and impact of AF on performance could

not be evaluated. Very few horses continued to race after 2 episodes

of AF, which limited statistical power in detecting differences in recur-

rence among horses with multiple episodes of AF. The Hong Kong

racing population differs from other jurisdictions because it has a pre-

dominantly male population and all horses are imported. Before

import, horses are subject to veterinary examination to ensure sound-

ness. Approximately half of all horses imported to Hong Kong have

raced previously overseas and must have a rating of ≥68 before

import.67 The unique features of this population may have impacted

the high incidence and recurrence of AF observed in our study.

We identified a high rate of recurrence in Thoroughbred race-

horses after both paroxysmal and persistent episodes of AF. This sub-

stantial AF burden could arise from underlying microstructural

myocardial lesions and electrical remodeling. Although horses can

have long and successful careers after AF, the arrhythmia should not

be considered benign, and the suitability of horses to continue their

racing careers should be assessed on an individual basis.
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