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Abstract 19 

Atrial fibrillation (AF) is suspected by an irregularly irregular rhythm during 20 

auscultation at rest and should be confirmed by electrocardiography. Heart rate monitoring is 21 

potentially interesting for AF detection by horse owners based on the disproportionally high 22 

heart rate during exercise or increased heart rate variability. Echocardiography and laboratory 23 

analysis are useful to identify underlying cardiac disease. Horses with severe cardiac disease 24 

should not undergo cardioversion due to the risk of recurrence. Cardioversion is recommended 25 

especially in horses performing high intensity exercise or showing average maximal heart rates 26 

higher than 220 beats per minute or abnormal ventricular complexes during exercise or stress. 27 

Pharmacological cardioversion can be performed using quinidine sulphate administered orally, 28 

with an overall mean reported success rate around 80%. Other therapeutic drugs have been 29 

described such as flecainide, amiodarone or novel atrial specific compounds. Transvenous 30 

electrical cardioversion (TVEC) is performed by delivering a shock between two cardioversion 31 

catheters positioned in the left pulmonary artery and right atrium, with a success rate of >95%. 32 

After cardioversion, most horses return to their previous level of performance. However, the 33 

recurrence rate after pharmacological or electrical cardioversion is up to 39%. Recurrence has 34 

been shown to be related to previous unsuccessful treatment attempts, valvular regurgitation 35 

and the presence of atrial premature depolarisations or low atrial contractile function after 36 

cardioversion. Large atrial size and long AF duration have also been suggested as risk factors. 37 

Different approaches for preventing recurrence have been described such as the administration 38 

of sotalol, however, large clinical studies are not available. 39 

 40 
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Introduction 42 

Although atrial fibrillation (AF) is the most common arrhythmia affecting athletic 43 

performance in horses, clinical signs can also be subtle or absent. Clinical signs are usually 44 

not present at rest in horses without underlying heart disease. In horses with underlying 45 

structural cardiac disease such as severe valvular regurgitation, the onset of AF can induce 46 

sudden signs of heart failure. During exercise, horses with AF may show epistaxis, poor 47 

performance, weakness or even collapse, depending on the aerobic demands and ventricular 48 

rate response. In horses performing at less strenuous exercise levels, AF is often detected as a 49 

coincidental finding.  50 

Treatment of AF most commonly consists of cardioversion to sinus rhythm. Different 51 

therapeutic options have been described over the past decades. Traditionally, AF is treated by 52 

pharmacological cardioversion using quinidine (Morris and Fregin, 1982; Reef et al., 1988). 53 

Other drugs such as amiodarone, flecainide and novel atrial specific anti-arrhythmic drugs 54 

show lower success rates or have only been used in research settings (De Clercq et al., 2007; 55 

Haugaard et al., 2015a; Takahashi et al., 2018; Fenner et al., 2020). AF can also be treated by 56 

transvenous electrical cardioversion (TVEC) (McGurrin et al., 2008). After medical or 57 

electrical cardioversion, AF may recur in up to 39% of horses within one year after treatment, 58 

which is probably related to presence of triggers, cardiac remodelling and AF duration (Deem 59 

and Fregin, 1982; Reef et al., 1988; McGurrin et al., 2008; Decloedt et al., 2015).  60 

 61 

Diagnosis of atrial fibrillation 62 

 63 

Auscultation 64 

 65 



Auscultation reveals an irregularly irregular rhythm with absence of the fourth heart sound 66 

due to the lack of active atrial contraction. The first heart sound may be louder due to the 67 

incomplete presystolic mitral valve closure resulting from the impaired atrial mechanical 68 

function (Decloedt et al., 2013a). The cardiac rhythm could be confused with the presence of 69 

second degree atrioventricular block, however, prolonged careful auscultation should reveal 70 

the presence of unexpected early beats (Gelzer et al., 2000). Cardiac auscultation immediately 71 

after exercise may be more difficult to interpret as the irregular rhythm is less pronounced at 72 

higher heart rates and should be differentiated from physiological post-exercise sinus 73 

arrhythmia. In the absence of overt underlying cardiac disease, horses with AF maintain a 74 

normal heart rate at rest. Horses with underlying structural heart disease may also have a 75 

characteristic cardiac murmur or elevated heart rate. 76 

 77 

Electrocardiography and echocardiography 78 

 79 

The diagnosis must be confirmed by an electrocardiogram (ECG). The surface ECG typically 80 

shows an irregularly irregular rhythm with normal QRS morphology, the absence of P waves 81 

and the presence of coarse or fine undulations of the isoelectric line (fibrillation ‘f’ waves, 82 

Fig. 1A) (McGurrin, 2015). The heart rate at rest is normal in horses in which no underlying 83 

cardiac abnormalities are detected using routine diagnostic tests. However, the cardiac 84 

frequency increases disproportionally during exercise or stress. An exercising ECG is 85 

recommended to determine the heart rate during exercise and to detect the presence of 86 

abnormal QRS complexes or R-on-T-like phenomenon due to aberrant conduction and/or 87 

ventricular premature depolarisations (Fig. 1B) (Buhl et al., 2018; Verheyen et al., 2013). 88 

Echocardiography should be performed to diagnose potential underlying structural heart 89 

disease and to measure the cardiac dimensions.  90 



The rate of the fibrillatory waves (AFR) and atrial fibrillation cycle length (AFCL) are a 91 

measure of atrial refractoriness and both change when acute AF becomes chronic due to atrial 92 

electrical remodelling (van Loon et al., 2002; De Clercq et al., 2008b; Hesselkilde et al., 93 

2019). The AFCL can be determined from an intracardiac electrogram recorded in the right 94 

atrium or by tissue Doppler echocardiography of the atrial wall (De Clercq et al., 2014; 95 

Decloedt et al., 2014). The AFR is inversely proportional to the AFCL and can be assessed 96 

from the surface ECG by computer assisted calculation (Hesselkilde et al., 2017). 97 

Laboratory analysis 98 

Additional tests may include laboratory tests including blood biochemistry and electrolytes 99 

and fractional excretion of potassium, as AF has been associated with alterations in electrolyte 100 

status (Young and van Loon, 2014). Underlying cardiac disease may be detected using 101 

markers for myocardial injury and atrial enlargement such as cardiac troponin I, cardiac 102 

troponin T or natriuretic peptides (Trachsel et al., 2013; Van Der Vekens et al., 2015; Van 103 

Der Vekens et al., 2016).  104 

Additional diagnostic tools 105 

A smartphone-based ECG device can be used to aid the diagnosis of AF in horses at rest, 106 

although false positive results are possible as P waves are often more difficult to identify on a 107 

smartphone-acquired ECG trace (Vezzosi et al., 2018; Kraus et al., 2019). During exercise, a 108 

heart rate monitor might be useful to detect the disproportionally high heart rates, which can 109 

be found in horses with AF (Verheyen et al., 2013; Buhl et al., 2018). Additionally, heart rate 110 

variability analysis can be used to distinguish AF from sinus rhythm at rest and during light 111 

exercise (Broux et al., 2017a; Broux et al., 2018). Horses with AF show a significantly higher 112 

RMSSD value (root mean squared successive differences in RR interval), calculated both 113 

from automatically analysed ECGs and from equine heart rate monitor data (Broux et al., 114 



2017a; Broux et al., 2018). Finally, an implantable loop recorder may be useful in horses with 115 

a suspicion of paroxysmal AF (Buhl et al., 2020). Such a device, which is implanted 116 

subcutaneously, continuously analyses the ECG and registers arrhythmias. 117 

 118 

Therapeutic aims 119 

Treatment of AF in horses is usually aimed at cardioversion of the abnormal rhythm to sinus 120 

rhythm (SR). Cardioversion is recommended especially in competition horses and horses 121 

performing at high intensity such as racehorses, since these horses usually return to their 122 

previous athletic level after treatment. For rider or driver safety, treatment is recommended in 123 

horses without reduced performance if they show average maximal heart rates higher than 220 124 

bpm during their regular exercise, abnormal QRS complexes or R-on-T-like phenomenon 125 

(Reef et al., 2014). Treatment may not be required in horses without clinical signs, performing 126 

low intensity exercise and not presenting abnormal ventricular responses. This is a source of 127 

ongoing debate as some authors have suggested that AF without underlying cardiac disease 128 

does not appear to present an immediate risk (Physick-Sheard, 2013). A recent consensus 129 

statement regarding recommendations for management of equine athletes with cardiovascular 130 

abnormalities considered the disproportionate tachycardia, QRS broadening and R-on-T-like 131 

phenomenon as potential risk factors (Reef et al., 2014). Some horses with AF have presented 132 

collapse or even sudden death as a result of stress and/or exercise (Fig. 1C) (Lyle et al., 2010; 133 

Young and van Loon, 2014; van Loon, 2019). Therefore, these horses should only be ridden 134 

or driven by informed adults.  135 

Treatment is not recommended in horses with severe underlying heart disease or congestive 136 

heart failure, as the risk for recurrence is very high in these patients (Deem and Fregin, 1982; 137 

Morris and Fregin, 1982). For these horses, treatment includes medical treatment with the aim 138 

of reducing the ventricular response rate and reducing the volume overload and cardiac 139 



afterload in order to improve the clinical signs and quality of life in horses with heart failure. 140 

Therapeutic options include diuretics such as furosemide, angiotensin-converting enzyme 141 

inhibitors such as benazepril or positive inotropes such as digoxin, which also slows the 142 

ventricular response rate (Redpath and Bowen, 2019). However, there is weak scientific 143 

evidence for the beneficial effects of these therapies in horses without pulmonary or 144 

peripheral oedema. 145 

Cardioversion should not be performed within the first days after onset of AF, as the 146 

arrhythmia might be paroxysmal (Ohmura et al., 2003). The correction of any underlying 147 

fluid, electrolyte or acid-base abnormalities should be performed, as this may already be 148 

sufficient to restore SR (Young and van Loon, 2014). After the first days, treatment should 149 

not be delayed since the electrical, contractile and structural remodelling during AF makes the 150 

arrhythmia more stable and more difficult to treat, especially when pharmacological 151 

cardioversion is attempted (Hesselkilde et al., 2019). Atrial remodelling may also influence 152 

the risk of recurrence. 153 

Pharmacological cardioversion  154 

Quinidine 155 

Quinidine sulphate (QS) is traditionally used for pharmacological cardioversion of AF 156 

(Deegen, 1971; Morris and Fregin, 1982; Reef et al., 1988; Stadler et al., 1994) but the drug 157 

becomes difficult to obtain in many countries. QS is a class 1A antiarrhythmic drug, which 158 

mainly blocks the sodium channels and to lesser extent various potassium channels. As a 159 

result, the action potential duration is prolonged and the myocardial fibrillation threshold is 160 

increased. The mean reported overall success rate of QS treatment in horses with AF over the 161 

past 25 years is 80% (Table 1) (Reef et al., 1995; Takahashi et al., 2018).  162 



The standard protocol consists of administration of 22 mg/kg QS diluted in water via a 163 

nasogastric tube every two hours until cardioversion or side-effects occur, or a total of five 164 

doses have been administered per day. QS should not be administered directly into the mouth 165 

due to its irritating effect on the mucosae. An indwelling nasogastric tube can be placed to 166 

avoid repetitive intubation. Alternatively, intravenous administration of quinidine gluconate 167 

(QG) has been described for pharmacological cardioversion of acute onset AF (Muir et al., 168 

1990), but the drug is no longer available. Slow intravenous administration of 1-1.5 mg/kg 169 

quinidine gluconate is repeated every 10 minutes until cardioversion or side-effects occur or a 170 

total dose of 12 mg/kg is reached. This is less effective in case of sustained chronic AF 171 

compared to oral quinidine.  172 

Due to the anticholinergic effects of QS, atrioventricular nodal conduction increases, which 173 

results in an increased ventricular response rate during treatment (Reef et al., 1995). Some 174 

horses suddenly develop supraventricular or ventricular tachycardia, which may require 175 

cessation of the therapy (Table 2). QS can also induce hypotension through a negative 176 

inotropic effect and alpha-adrenergic blockade. Like most other anti-arrhythmic compounds, 177 

QS has pro-arrhythmic properties and could induce potentially dangerous ventricular 178 

arrhythmias. Therefore, the horse should remain in its stall in a quiet environment under 179 

continuous (telemetric) ECG surveillance during treatment. The heart rate and rhythm should 180 

be monitored and QRS duration and QT interval should be measured repeatedly to assess 181 

QRS or QT prolongation. An indwelling intravenous catheter should be placed to provide 182 

emergency intravenous access if necessary. The aim is to maintain the plasma quinidine 183 

concentration at therapeutic levels (2-5 mg/mL) in order for cardioversion to occur. Steady 184 

plasma concentrations can be maintained by treatment at 6-hour intervals but large individual 185 

variations in pharmacokinetics are found (Bouckaert et al., 1994). Drug monitoring is 186 

generally not performed as most laboratories do not offer rapid measurement of QS 187 



concentration. Therefore, for practical reasons the dosing interval is mostly adjusted based on 188 

the clinical signs.  189 

In case of toxic side-effects, the interval between doses is usually prolonged to intervals of 190 

three to four or more hours (Young and van Loon, 2014). Common side-effects of QS 191 

treatment include nasal oedema, depression and mild tachycardia (<120 bpm). Non-cardiac 192 

important adverse effects include colic, diarrhoea, weakness, ataxia and laminitis (Deem and 193 

Fregin, 1982; Reef et al., 1995). Cardiac adverse effects include hypotension, QRS and QT 194 

prolongation, supraventricular and ventricular tachycardia (VT), Torsade de pointes, collapse, 195 

and sudden death (Morris and Fregin, 1982; Reef et al., 1988; Takahashi et al., 2018). 196 

Cardioversion is less likely when adverse effects occur (Reef et al., 1995). The treatment 197 

protocol should be terminated when serious side-effects occur or when QRS prolongation 198 

exceeds 25% due to the risk of dangerous ventricular arrhythmias. Adverse cardiac effects 199 

should be treated if necessary (Table 2).  200 

The treatment protocol is ended when cardioversion occurs, however, this may sometimes be 201 

difficult to confirm. As the atrial fibrillatory rate gradually decreases, atrial tachycardia (AT) 202 

often occurs as an intermediate rhythm before cardioversion (Fig. 2A). Sometimes 2:1 atrio-203 

to-ventricular conduction occurs, which may resemble sinus rhythm if one P wave is hidden 204 

in the T wave at heart rates around 60-80 bpm. This should not be confused with 205 

cardioversion to SR, as termination of QS treatment in this case will lead to an increase of the 206 

atrial fibrillatory rate and return of AF within 24 hours. 207 

QS treatment combined with oral digoxin has been suggested to slow down the AV nodal 208 

conduction if cardioversion is not achieved after the first day of treatment (Reef et al., 1995). 209 

However, digoxin has a narrow therapeutic range. As both drugs are protein-bound in the 210 

plasma, digoxin plasma concentrations can show large individual variation and this may 211 



increase the risk of life-threatening arrhythmias (Parraga et al., 1995; Redpath and Bowen, 212 

2019). A more pragmatic approach is to perform a second QS treatment attempt with a few 213 

days interval.  214 

Flecainide 215 

Flecainide is a potent sodium channel blocker. The drug has been used to treat acute 216 

experimental AF (Ohmura et al., 2000; Haugaard et al., 2015b; Hesselkilde et al., 2017; 217 

Carstensen et al., 2018a) and some cases with naturally-occurring AF (Risberg and McGuirk, 218 

2006; Birettoni et al., 2007) although it is less effective than quinidine. In a recent case series 219 

of 107 Thoroughbred racehorses with acute AF, the rate of cardioversion for flecainide was 220 

41% (12/29) compared to 91% (71/78) for QS treatment (Takahashi et al., 2018). In addition, 221 

flecainide has been associated with dangerous ventricular arrhythmias and sudden deaths have 222 

been reported repeatedly after intravenous and oral flecainide treatment in experimental as 223 

well as naturally-occurring AF cases (van Loon et al., 2004; Dembek et al., 2014; Carstensen 224 

et al., 2018a).  225 

Other drugs 226 

Amiodarone is a multichannel blocker affecting sodium, calcium and several potassium 227 

channels as well as having a beta-blocking effect (Trachsel et al., 2004). This drug has been 228 

described for cardioversion of horses with chronic AF using different intravenous treatment 229 

protocols (De Clercq et al., 2006, 2007). The overall success rate for cardioversion was 58% 230 

(7/12). Successful cardioversion of atrial fibrillation or tachycardia using amiodarone has also 231 

been described in case reports (Pereira et al., 2017; Whelchel et al., 2017). However, the 232 

treatment may be associated with adverse effects such as temporary hindlimb weakness and 233 

diarrhoea (De Clercq et al., 2007). 234 



As both efficacy and toxicity of antiarrhythmic drugs are dose dependent, a narrow 235 

therapeutic window between desired effect and unwanted side effects exists. Another 236 

treatment strategy was therefore introduced recently using a combination of two 237 

antiarrhythmic drugs at lower doses aiming at a synergistic antiarrhythmic effect. The 238 

combination of the potassium channel blocker dofetilide and the sodium channel blocker 239 

ranolazine has been used for cardioversion of acute experimentally induced AF in horses 240 

(Carstensen et al., 2018b). Dofetilide facilitates cardioversion by reducing the atrial 241 

fibrillatory rate, while ranolazine administration alone did not result in consistent reduction of 242 

the atrial fibrillatory rate (Carstensen et al., 2019). In regards of antiarrhythmic action, 243 

however, ranolazine did show some potential even when administered alone (Carstensen et 244 

al., 2018b). By combining both compounds, increased antiarrhythmic effects can be obtained.  245 

Development of drugs with high atrial specificity (and at the same time low ventricular 246 

specificity) seems to yield opportunities for safe and effective novel treatment options. 247 

Recently novel compounds targeting atrial specific repolarizing potassium currents were 248 

evaluated in horses with experimentally induced chronic AF. Especially atrial specific 249 

blockers of outward potassium currents such as IKACh and ISK,Ca have been tested in horses 250 

(Haugaard et al., 2015a; Fenner et al., 2020) with promising results that need to be tested 251 

further and potentially applied on clinical cases in the future. 252 

An alternative approach to AF treatment could be to provide rate control instead of rhythm 253 

control. By lowering the ventricular response rate, horses with AF could potentially become 254 

more safe to ride or drive. Sotalol and digoxin have been suggested as drugs for rate control, 255 

but there is little scientific evidence available (Reef et al., 1995; Decloedt et al., 2018). 256 

Diltiazem has also been suggested as a potential drug for rate control during quinidine 257 

treatment (Schwarzwald et al., 2007a). 258 



Electrical cardioversion  259 

External (transcutaneous) transthoracic cardioversion is difficult in horses due to their large 260 

size and transthoracic impedance, although this has been successfully applied in a foal with 261 

AF (Potter et al., 2017). Internal or transvenous electrical cardioversion (TVEC) has been 262 

developed as an alternative therapeutic option for AF cardioversion in horses to avoid the 263 

side-effects and risks associated with pharmacological cardioversion (McGurrin et al., 2003; 264 

De Clercq et al., 2008a). The procedure has a very high success rate (>95%), even in horses 265 

with a prior unsuccessful pharmacological treatment attempt (Table 1). TVEC has also been 266 

successful in horses with focal or macroreentrant atrial tachycardia (Van Steenkiste et al., 267 

2019a). However, TVEC requires an experienced team, specialised equipment and delivery of 268 

the electrical shock under general anaesthesia. 269 

For TVEC, a biphasic shock is delivered with one cardioversion catheter positioned in the left 270 

pulmonary artery and a second cardioversion catheter inserted into the right atrium (McGurrin 271 

et al., 2005a; McGurrin et al., 2005b; De Clercq et al., 2008a). Additionally, a temporary 272 

pacing catheter is inserted in the right ventricle for ventricular pacing in case of temporary 273 

complete atrioventricular block after shock delivery (van Loon et al., 2005; Schauvliege et al., 274 

2009). All catheters are inserted through introducer sheaths (8.5F or 9F) in the caudal third of 275 

the right jugular vein in the standing horse. Sedation by alpha-2 adrenergic agonists can be 276 

applied during insertion and positioning of the catheters if needed (Marly-Voquer et al., 277 

2016). Positioning of the catheters can be performed using ultrasound alone or ultrasound 278 

combined with intracardiac electrogram recordings, pressure profiles and/or radiography 279 

(McGurrin et al., 2005a; De Clercq et al., 2008a; Preiss et al., 2011; van Loon et al., 2020). 280 

The tip of the first cardioversion catheter should be positioned straight in the left pulmonary 281 

artery, without retroflexion of the catheter as this is likely to cause treatment failure. This can 282 

be visualised from the right parasternal right ventricular outflow tract view (Fig. 3A) and from 283 



a left parasternal view optimised for the dorsal cardiac area (Fig. 3B) (Vandecasteele et al., 284 

2019). The second cardioversion catheter is positioned in the right ventricular apex, and 285 

pulled back into the right atrium during anaesthesia.  286 

General anaesthesia can be induced and maintained using a standard protocol for elective 287 

interventions, e.g. induction using ketamine and midazolam or diazepam and maintenance 288 

with isoflurane in oxygen, as the presence of AF and the shock delivery are not associated 289 

with major adverse impact on cardiovascular function (Bellei et al., 2007; Schauvliege et al., 290 

2009). Catheter displacement during induction can be minimised by using a sling. Under 291 

general anaesthesia in left lateral recumbency, the catheters are positioned in the correct 292 

locations. The pulmonary artery cardioversion catheter is withdrawn until the shock coil is 293 

located in the proximal part of the left pulmonary artery. The right atrial cardioversion 294 

catheter is withdrawn until the catheter tip is at the level of the tricuspid valve so that the 295 

shock coil is in the right atrium (Fig. 3C). Temporary pacing via the right ventricular pacing 296 

catheter is tested. Next, the cardioversion catheters and a surface ECG are connected to the 297 

biphasic defibrillator. It is essential to use the synchronous mode in which the QRS 298 

complexes are automatically detected and shock delivery is synchronised with the QRS 299 

complex, since shock delivery on a T wave is likely to result in ventricular fibrillation. Shock 300 

delivery is usually started at 150J and increased in steps of 50J up to a maximal energy of 301 

360J, until cardioversion occurs (Fig. 2B) (De Clercq et al., 2008a; McGurrin et al., 2008). 302 

ECG monitoring devices are equipped with high voltage protection circuits to avoid damage 303 

to the electronic components in the device. 304 

If cardioversion is unsuccessful at the maximal energy level, the catheters are repositioned 305 

and shocks are repeated. Antiarrhythmic drugs can facilitate cardioversion. Amiodarone can 306 

be administered during anaesthesia if necessary. This lowers the threshold for cardioversion in 307 

human patients with chronic AF (Capucci et al., 2000) and has been successful in horses 308 



(personal data). Amiodarone is administered intravenously at 5 mg/kg body weight over 30 309 

minutes, under continuous monitoring of arterial blood pressure as hypotension might occur. 310 

Cardioversion can then be attempted again after administration of half the dose and, if 311 

necessary, after administration of the full dose. After successful cardioversion, the catheters 312 

are not withdrawn until the horse is in sinus rhythm for 10 minutes. This allows for evaluation 313 

of atrial ectopy.  314 

There is ongoing debate whether medical or electrical cardioversion should be advised. 315 

Ultimately, the treatment choice should be based on shared decision making during which the 316 

owner is informed about the pros and cons of the different options. QS has an overall success 317 

rate of about 80%, although this is higher in racehorses with short duration AF (Table 1). 318 

TVEC success rate is around 95%, including horses which had a previous unsuccessful 319 

pharmacological treatment attempt or long-standing AF. The risk for adverse reactions and 320 

sudden death should also be discussed. QS is associated with a range of cardiac and non-321 

cardiac side effects reported in about 45% of treated horses, with approximately 1% mortality 322 

(Table 1). TVEC has not been associated with any specific side effects although 0.9% peri-323 

operative mortality has been reported for all elective procedures under general anaesthesia 324 

(Dugdale and Taylor, 2016). Finally, the costs of QS treatment are lower as no specialised 325 

equipment or highly experienced team are required. On the other hand, close monitoring 326 

during QS treatment is necessary and therefore the costs may be higher if cardioversion does 327 

not occur after the first doses. In racehorses with short duration AF, QS may be a reasonable 328 

treatment choice as many of these horses will cardiovert easily (Reef et al., 2014). However, 329 

QS may not be the best treatment option for horses with a longer AF duration. 330 

New treatment perspectives 331 



Using electroanatomical mapping, successful radiofrequency ablation therapy for focal and 332 

macroreentrant AT has recently been performed in adult horses (Van Steenkiste et al., 2019b; 333 

Van Steenkiste et al., 2020a; Van Steenkiste et al., 2020b). Since this therapy not only 334 

terminates the arrhythmia but also deals with the underlying causal mechanism, the risk for 335 

recurrence is minimised. For horses with AF, electroanatomical mapping and ablation therapy 336 

could potentially be useful in those horses with focal or macroreentrant AT as the underlying 337 

mechanism. 338 

Follow-up after cardioversion 339 

Following successful cardioversion, monitoring of the horse using ECG and 340 

echocardiography is recommended. A 24 hour ECG recording can be used to detect the 341 

presence of atrial premature depolarisations or short runs of atrial tachycardia, as these are 342 

negative prognostic indicators. The presence of 25 or more atrial premature depolarisations 343 

during a 24 hour recording at five days after cardioversion was significantly associated with 344 

AF recurrence (Vernemmen et al., 2019). The presence of ventricular premature 345 

depolarisations should also be checked, especially in horses with ventricular aberrancy before 346 

cardioversion (Reef et al., 2014). The reverse remodelling of atrial contractile function can be 347 

followed up by echocardiography (Schwarzwald et al., 2007b; Decloedt et al., 2013b).  348 

Prognosis 349 

Return to training 350 

The majority of horses can return to their previous level of performance after successful 351 

cardioversion of AF (Reef et al., 2014). Ideally, complete recovery of atrial contractile 352 

function is recommended before returning to training since incomplete recovery could 353 

potentially lead to an increased recurrence risk (Young and van Loon, 2014). Complete 354 

reverse remodelling in horses with short duration AF probably occurs within a few days, 355 



while recovery can take up to six weeks in horses with chronic AF (Marr et al., 1995; 356 

Schwarzwald et al., 2007b; Decloedt et al., 2013b).  357 

 358 

Recurrence 359 

AF recurrence is found in 15-39% of horses after successful cardioversion (Deem and Fregin, 360 

1982; Morris and Fregin, 1982; Reef et al., 1988; Decloedt et al., 2015; Vernemmen et al., 361 

2019). The large differences in reported recurrence rate between studies can be explained by 362 

the differences in follow-up period and study population, including horses of different breeds 363 

and sport disciplines, and AF duration. Due to the relatively high recurrence rate, monitoring 364 

of the heart rhythm is recommended. This can be done by auscultation or ideally using ECG 365 

recording. Owners may follow up the heart rhythm themselves by palpation of the apex beat. 366 

Heart rate monitors can also be useful. AF recurrence results in high heart rate variability 367 

parameters such as RMSSD, and markedly increased ventricular rates during a similar type of 368 

exercise (Verheyen et al., 2013; Broux et al., 2018; Buhl et al., 2018).  369 

 370 

Factors influencing recurrence 371 

 372 

Several risk factors for recurrence have been identified, such as longer AF duration, larger 373 

atrial size and atrial electrophysiological remodelling (Reef et al., 1988; De Clercq et al., 374 

2014). In a retrospective multicentre study including 133 AF episodes converted both 375 

pharmacologically and electrically, recurrence was independent of treatment modality and 376 

associated with previous unsuccessful treatment attempt, mitral regurgitation, previous AF 377 

episodes and impaired left atrial function at 24 hours after cardioversion (left atrial fractional 378 

area change ≤9.6%) (Decloedt et al., 2015). A recent study including mainly Warmbloods 379 

also identified mitral regurgitation and low left atrial fractional area change at 24 hours after 380 



TVEC as risk factors for recurrence (Vernemmen et al., 2019). In addition, ≥25 atrial 381 

premature depolarisations on a 24 hour ECG recording at five days after cardioversion and 382 

lower body weight were significantly associated with AF recurrence. In addition, atrial 383 

structural changes such as fibrosis probably increase the risk for recurrence in people 384 

(Marrouche et al., 2014), although this has not yet been demonstrated in horses.  385 

 386 

Different approaches have been described to prevent AF recurrence, although their efficacy 387 

has not yet been confirmed in a clinical study. Oral sotalol treatment (2-3 mg/kg twice daily) 388 

has been suggested as a potential strategy to reduce the risk for recurrence associated with 389 

atrial premature depolarisations (Broux et al., 2017b). Other anti-arrhythmic drugs from 390 

human medicine which could potentially be useful are propafenone, amiodarone and 391 

phenytoin (Dicken et al., 2012; Decloedt et al., 2015) but so far almost no clinical data are 392 

available. Anti-arrhythmic drugs are usually administered during the first four to six weeks 393 

after cardioversion as the risk for recurrence is highest during this period (Decloedt et al., 394 

2015). The administration of dexamethasone, ACE-inhibitors or vitamin C supplementation 395 

have been mentioned but their effects remain unproven. In racehorses, administration of 396 

furosemide, sodium bicarbonate or thyroid hormones should be avoided. Potassium chloride 397 

supplementation could be used in horses administered furosemide or with low fractional 398 

urinary excretion of potassium. Finally, prolonged rest might be advised in horses which are 399 

deemed prone to recurrence. 400 

Conclusions 401 

The diagnosis of atrial fibrillation can be suspected based on auscultation and is confirmed by 402 

ECG. Horses with loss of performance, horses performing intense exercise or horses presenting 403 

an abnormal ventricular response, even in the absence of clinical signs, should be treated by 404 



pharmacological or electrical cardioversion, but the recurrence rate is considerable. New 405 

treatment options such as ablation might decrease the recurrence rate. 406 
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Table 1: Comparison of quinidine sulphate (QS) or transvenous electrical cardioversion (TVEC) treatment of atrial fibrillation (AF) in horses. Only 780 

case series or research articles reporting AF treatment in at least 10 horses within the past 25 years (since 1995) were included for optimal 781 

comparison of both techniques. Studies in which the inclusion criteria included successful cardioversion were omitted. 782 

 783 

Treatment method Study population  

(number, breed, AF duration) 

Success 

rate 

Side effects Sudden 

death 

Reference 

QS (n=33) 

QS + digoxin (n=33) 

66 treatment attempts in 41 horses (21 

STB, 11 TB, 6 WB, 1 draft horse, 2 

Appaloosas) 

AF duration 1 week – 2 years 

89%  

(59/66 

attempts) 

Side effects in 76% (31/41) horses 

(tachycardia, hypotension, colic, 

diarrhoea, upper respiratory tract 

stridor) 

No Reef et al., 

1995 

QS IV (n=25) 

QS IV repeated 2x or 

3x, + quinapril/ 

propafenone (n=21) 

46 Warmbloods 

AF duration not reported for treated 

horses. 

65% 

(30/46) 

NA No Gehlen and 

Stadler, 2002 

QS (n=10) 

QS + digoxin (n=2) 

12 horses (6 Warmbloods, 3 trotters, 2 

polo ponies, 1 Arabian) 

AF duration not reported for treated 

horses. 

67% 

(8/12) 

Mild side effects in all horses 

(tachycardia, depression, nasal 

oedema, mild GI disturbance), 

severe neurological signs in 1 

horse 

No Guglielmini 

et al., 2003 

QS (n=7) 

QS pre-treated with 

amiodarone (n=7) 

14 Warmbloods 

AF duration not reported. 

50% 

(7/14) 

All horses mild complications 

(depression, anorexia), death in 

one horse  

1 Imhasly et 

al., 2008 

QS IV 28 Warmbloods 

AF duration not reported. 

58%  

(15/26) 

NA No Gehlen et al., 

2008 

QS (n=15) 

QS + amiodarone 

(n=2) 

17 horses, breed distribution and AF 

duration not reported for treated horses 

(trotters and WB) 

94% 

(16/17) 

NA No Stancari et 

al., 2013 



QS (n=41) 

QS + digoxin (n=18) 

59 horses (29 WB, 20 TB, 1 Anglo-

Arabian) 

8 horses known duration <3 months 

80% 

(47/59) 

NA No Lotstra et al., 

2015 

QS (n=13) 

TVEC (n=2) 

QS+TVEC (n=1) - 

failed 

17 horses, breed distribution and AF 

duration not reported for treated 

horses. Total study population 9 

STB, 5 TB, 4 WB, 3 draft 

horses, 4 other breeds; AF duration ≤ 

2 weeks in 12/25 horses. 

QS 93% 

(13/14) 

 

TVEC 

67% (2/3)  

NA No Navas de 

Solis et al., 

2016 

QS (n=78) 

 

 

 

QS after unsuccessful 

flecainide (n=17) 

78 Thoroughbreds 

Median AF duration 8 days (1-195 

days) 

 

17 Thoroughbreds 

Median AF duration 4 days (4-94 

days) 

91% 

(71/78) 

 

 

82% 

(14/17) 

8 horses severe complication 

(tachycardia, depression, colic, 

ventricular fibrillation) 

 

1 horse ventricular fibrillation 

1 

 

 

 

1 

Takahashi et 

al., 2018 

TVEC (n=50) 50 AF episodes in 46 horses 98%  

(49/50) 

No side effects reported No McGurrin et 

al., 2005a  

TVEC (n=14) 14 attempts in 11 horses (3 

experimental, 8 patients, no breed 

distribution reported), AF duration > 2 

weeks 

88% 

(7/8) 

Polymorphic ventricular ectopic 

activity in 1 horse after shock on 

T wave. 

No McGurrin et 

al., 2005b  

TVEC (n=72) 72 AF episodes in 63 horses (54 STB, 

6 WB, 2 TB, 1 Clydesdale) 

Median AF duration 4 weeks (1-104 

weeks) 

99% 

(71/72) 

Mild side effects in 8 horses 

(tachycardia, muscle swelling or 

lameness related with 

postanaesthetic myopathy)  

No Bellei et al., 

2007; 

McGurrin et 

al., 2008 2 

TVEC (n=16) 16 horses (7 STB, 5 WB, 1 TB, 1 TB 

cross) 

94% 

(15/16) 

NA No Jesty et al., 

2009 



Median AF duration 3 weeks (6 days – 

8 months) 

TVEC (n=31) 31 AF episodes in 29 horses 

Median AF duration 3 months (2 days 

– 2 years), 9 recurrent AF episodes 

94% 

(29/31) 

NA No Decloedt et 

al., 2014 

QS (n=3) 

TVEC (n=25)  

28 horses (breed distribution and AF 

duration not reported for treated 

horses, predominantly WB) 

QS 67% 

(2/3) 

TVEC 

89% 

(25/28) 

NA No De Clercq et 

al., 2014 

TVEC (n=13) 

TVEC + sotalol 

(n=28) 

41 horses (35 Warmbloods, 4 trotters, 

1 Paint, 1 Appaloosa) 

Median AF duration 1 month (1 week 

– 3 years), 3 horses previous 

unsuccessful QS treatment attempt 

93% 

(38/41) 

Local transient sweating due to 

sotalol administration 

No Decloedt et 

al., 2018 

TVEC (n=37) 

QS (n=3) 

40 AF episodes in 37 horses, breed 

distribution and AF duration not 

reported for treated horses 

(predominantly WB) 

TVEC 

100% 

(37/37) 

QS 67% 

(2/3) 

One horse developed ventricular 

fibrillation during QS treatment 

1 (QS) Mitchell et 

al., 2018 

QS1 

 

80% 

(284/355) 

Side effects reported in 45% 

(65/145) 

1% 

(4/355) 

 

TVEC1 

 

96% 

(271/283) 

Side effects reported in 7% 

(9/136) 

0% 

(0/283) 3 

 

 784 
1 Total number of reported cases, some horses may have been included in multiple studies. 2 Both studies report cases at the same institution over 785 

the same time period. 3 Although no mortality has been reported, general anaesthesia for elective procedures is associated with a peri-operative 786 

mortality of 0.9% (Dugdale and Taylor, 2016). NA, not available; STB, Standardbred; TB, Thoroughbred; WB, Warmblood.787 



Table 2: Cardiac and non-cardiac adverse effects of quinidine sulphate (QS) treatment and  788 

treatment options (Reef et al., 1995; Young and van Loon, 2014; Takahashi et al., 2018) 789 

Adverse effect  Recommended treatment 

All cardiac adverse and non-

cardiac (serious) effects e.g. 

colic, diarrhoea, weakness, 

ataxia, laminitis, arrhythmias 

Prolong the interval between doses to 3 or 4 hours or end 

treatment protocol 

Sodium bicarbonate administration (1 mEq/kg 

bicarbonate IV) to lower the free QS plasma 

concentrations by increasing protein binding 

Supraventricular tachycardia 

(> 120 bpm) 

Low dose detomidine (5-7.5 μg/kg IV) or other alpha2-

adrenergic agonist IV: decreases heart rate immediately. 

Contra-indication: hypotension. 

Digoxin (2.2 μg/kg IV or 11 μg/kg PO twice daily) – 

caution: slow onset of action, stabilises AF, increases free 

QS plasma levels.  

Propranolol (0.03 mg/kg IV) 

Ventricular tachycardia Magnesium sulphate (4 mg/kg IV every 2 minutes up to a 

total of 50 mg/kg) 

Lidocaine (0.25-0.5 mg/kg IV every 5 minutes up to a 

total dose of 2-4 mg/kg) 

Hypotension IV administration of crystalloids and phenylephrine (0.1-

0.2 μg/kg/min up to 0.01 mg/kg) 

790 



Figure legends  791 

 792 

Fig. 1. Base-apex surface electrocardiogram (ECG) recordings in horses with atrial fibrillation, 793 

in which the negative electrode is positioned at the right side of the withers and the positive 794 

electrode at the level of the apex beat area. (A) Recording at rest, showing an irregularly 795 

irregular ventricular response rate with normal QRS morphology, absence of P waves and 796 

presence of fine and coarse fibrillation ‘f’ waves.  797 

 798 

(B) Recording during lunging exercise at canter, showing a disproportionally high heart rate 799 

followed by R-on-T-like phenomenon (indicated by black arrow).  800 

 801 

(C) Recording during lunging exercise at canter, showing a disproportionally high heart rate 802 

followed by sudden collapse of the horse which lasted approximately 10 seconds. The horse 803 

did recover.  804 

 805 



 806 

Fig. 2. Base-apex surface electrocardiogram (ECG) recording during cardioversion from atrial 807 

fibrillation to sinus rhythm, in which the negative electrode is positioned at the right side of the 808 

withers and the positive electrode at the level of the apex beat area. (A) Pharmacological 809 

cardioversion of a horse with atrial fibrillation (Fig. 1A) using quinidine sulphate administered 810 

orally, showing the presence of an intermediate, atrial tachycardia-like rhythm, before 811 

cardioversion.  812 

 813 

(B) Transvenous electrical cardioversion using one biphasic shock of 150J, synchronised to the 814 

R-wave, instantaneously restores sinus rhythm. ECG recorded using the Lifepak defibrillator 815 

with standard filter settings (low-pass bandwidth filter). 816 

 817 

 818 

 819 

 820 

 821 

 822 

 823 

 824 



Fig. 3. Ultrasound guidance of the cardioversion catheters during transvenous electrical 825 

cardioversion with a total imaging depth of 30 cm. (A) Right parasternal right ventricular 826 

outflow tract view, showing the correct position of the cardioversion catheter in the left 827 

pulmonary artery. RA, right atrium; RV, right ventricle; PV, pulmonic valve; rPA, right 828 

pulmonary artery; lPA, left pulmonary artery.  829 

 830 

(B) Left parasternal long axis view of the pulmonary artery at the level of the bifurcation, 831 

showing the correct position of the cardioversion catheter in the left pulmonary artery. LAA, 832 

left atrial appendage; IV, pulmonary vein ostium IV.  833 

 834 

(C) Right parasternal long axis four chamber view, showing the correct position of the 835 

cardioversion catheter in the right atrium. TV, tricuspid valve. 836 

 837 


