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Summary 47 

Heart rate and rhythm can readily be monitored during exercise. Although there is 48 

considerable variation depending on the athletic discipline, exercise can be considered to 49 

be one of the most physiologically demanding times for the cardiovascular system. 50 

Assessment of heart rate during exercise typically provides information regarding fitness, 51 

the intensity of exercise and on some occasions may provide an early indication of disease. 52 

Cardiac causes of poor performance occur relatively infrequently in comparison with 53 

disorders of the musculoskeletal and respiratory systems. Nevertheless, exercise induces 54 

cardiac hypertrophy, which predisposes athletes to valvular regurgitation and arrhythmias. 55 

Consequently cardiac murmurs and arrhythmias are frequently present in equine athletes 56 

where upon the clinical significance can be difficult to determine. Undertaking an exercise 57 

test to identify exercise-induced arrhythmias is important in the assessment of poor athletic 58 

performance and the risk of sudden cardiac death during exercise. This paper describes the 59 

assessment of heart rate and rhythm during exercise. Most research has been undertaken 60 

on racehorses but where data is available for other disciplines this has been included. 61 

Considerations regarding the choice, type and design of exercise test were detailed in the 62 

first paper in this series.  63 

 64 

Introduction – the athletic heart 65 

The horse is considered a supreme athlete when compared to other species, due its superior 66 

aerobic capacity. The maximal oxygen capacity (V̇O2max) reached by the Thoroughbred 67 

racehorse during intense exercise is more than twice that of most elite human athletes 68 

(Jones and Lindsted 1993), with maximal values reported to be over 200 ml/kg/min (Evans 69 
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2007; Poole et al. 2011). This enhanced aerobic capacity is related to the superior 70 

cardiovascular capacity of this species. Cardiac output (�̇�) is the major determinant of 71 

V̇O2max (Poole 2004; Poole et al. 2011) and is in turn influenced by both heart rate (HR) 72 

and stroke volume (SV). Horses can experience almost a ten-fold increase in HR from rest 73 

to strenuous exercise, with maximal values of HR in the region of 210 to 240 bpm (Vincent 74 

et al. 2006). Training does not alter the horse’s maximal HR (HRmax). However, the speed 75 

at which HRmax is reached does increase with training (Courouce 1999; Kobayashi et al. 76 

1999; Vermeulen and Evans, 2006). Stroke volume is related to heart size and horses have 77 

large hearts when compared with other species, with values for heart mass of approximately 78 

0.9% of body mass in untrained horses (Poole 2004). Heart size and thus SV also increase 79 

further with training (Young 1999; Buhl et al. 2005).  80 

 81 

It has long been proposed that heart size is associated with athletic performance. Indeed, 82 

historically several of the greatest equine athletes have been reported to have 83 

extraordinarily large hearts, including Phar Lap, Secretariat, Mill Reef and Eclipse (Poole 84 

2004).  More recently, scientific evidence has confirmed associations of left ventricular 85 

size with both V̇O2max and race performance (Young et al. 2002; Buhl et al. 2005; Young 86 

et al. 2005). 87 

 88 

In both human and equine athletes, long-term athletic training is associated with structural 89 

and functional adaptations to the cardiovascular system. The cardiac remodeling that 90 

occurs with exercise results in eccentric hypertrophy, whereby there is an increase in the 91 

size of the cardiac chambers that is matched by an increase in the wall thickness (Young 92 
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1999; Cheng 2009). This “benign” physiological remodeling is often termed the ‘athletic 93 

heart’ (Maron and Pelliccia 2006). Differentiating athletic eccentric hypertrophy from 94 

pathological left ventricular remodeling arising from cardiac diseases is challenging in all 95 

species. In human medicine, advanced imaging techniques such as tissue doppler imaging 96 

and 2D speckle tracking show promise in distinguishing these conditions and might 97 

ultimately have value in horses where work is ongoing (Decloedt et al. 2014).  There is 98 

increasing evidence of cardiac damage in athletes undertaking extreme exercise and this 99 

may explain why elite human athletes (Maron 2003; La Gerche 2013), athletic dogs 100 

(Bharati et al. 1997) and horses (Kiryu et al. 1999; Young 2013) may be more susceptible 101 

to arrhythmias and sudden cardiac death (SCD).  102 

 103 

Equipment for measuring heart rate during exercise  104 

The gold standard method for measuring heart rate during exercise is through the use of an 105 

electrocardiogram (ECG), which permits visualisation of the QRS complexes and enables 106 

calculation of the HR by assessment of RR intervals. A number of heart rate monitors 107 

(HRM)   are also commercially available, which record inter-beat intervals and provide the 108 

reader with a calculated HR value. Most devices calculate an average over a 5 second 109 

interval of RR collection which can result in errors. Some models allow RR intervals to be 110 

exported which allows for more detailed analysis. HRMs are cheaper and very user friendly 111 

compared to ECG. Furthermore, modern HRMs can be linked to global positioning systems 112 

(GPS), so that speed can be measured concurrently. Most systems have been developed for 113 

human use, where they are commonly used to monitor training, and are adapted for use in 114 

horses. Compared with other indications of exercise intensity HR is easy to monitor, 115 
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relatively cheap and can be used in a variety of settings (Achten and Jeukendrup 2003). 116 

However, not all systems have been validated for use in the horse and although some 117 

studies have shown high correlation coefficients compared with ECG recordings, other 118 

studies have shown measurement related errors (Evans and Rose 1986; Sloet van 119 

Oldruitenborgh-Oosterbaan et al. 1988; Parker et al. 2010). Errors may be related to 120 

movement, loss of contact of the electrodes, or due to the high amplitude and variable T 121 

wave configuration in the equine ECG. 122 

 123 

The HRM electrodes are usually placed such that the one electrode is positioned on the left 124 

side of the thorax, under the saddle, and the other electrode is fixed under the girth, over 125 

the left side of the heart or on the sternum. The coat should be wetted or electrode gel 126 

applied to ensure good electrical contact with the skin. In some cases it may be necessary 127 

to clip the area first if the coat is long. Data is transmitted to a watch (usually worn by the 128 

rider, or fixed to the horse). With most systems the information can be stored and 129 

downloaded on to a computer for later analysis.  130 

 131 

Heart rate responses to exercise 132 

Typically heart rate is monitored throughout the exercise session, including the warm-up 133 

and recovery periods. Typical heart rates at different levels of exercise are shown in table 134 

1 and heart rates during competition in the different disciplines are shown in table 2. 135 

 136 

An anticipatory response to exercise, leading to an increase in heart rate is seen in the 137 

equine athlete as in man (Fregin and Thomas 1983). In racehorses high heart rates have 138 
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been observed in the starting stalls and pre-exercise in horses undergoing clinical exercise 139 

testing on the trainer’s own gallops (Krzywanek et al. 1970; Allen and Franklin 2010). Pre-140 

exercise and submaximal HR elevations caused by excitement may interfere with the HR 141 

interpretation in the clinical setting. 142 

 143 

In general there is a linear increase in HR with increasing speed up to HRmax. This is the 144 

highest value of the HR that can be attained by an individual during an incremental exercise 145 

test and is observed as a plateau in the HR despite further increases in exercise intensity. 146 

Peak heart rate is the highest heart rate obtained during an exercise test, and this term is 147 

used when it is unknown whether HRmax was achieved (figure 1). HRmax varies greatly 148 

between individuals and may be influenced by factors such as age, sex and breed (Vincent 149 

et al. 2006). When assessing HR and GPS data from racehorses a lag can often be seen 150 

whereby the peak HR is achieved after the peak speed (figure 1). 151 

 152 

Heart rate recovery decreases in a bi-exponential manner (Rugh 1992) (figure 1). Recovery 153 

is usually very rapid in the first minute after cessation of exercise, followed by a slower 154 

decline towards resting levels.  155 

 156 

Effect of training/ fitness and athletic capacity on HR responses to exercise 157 

In human athletes numerous investigations have revealed an increase in SV as a result of 158 

training. This results in a corresponding decrease in HR at rest and during exercise 159 

(Warburton et al. 2008). Several studies have also demonstrated that the heart rate response 160 

to exercise may be influenced by fitness in racehorses (Couroucé 1999; Kobayashi et al. 161 



7 

 

1999; Vermeulen and Evans 2006). Although HRmax itself does not change with training, 162 

the speed at which a specific heart rate is reached does increase with training. In horses 163 

performing intense exercise V200 (velocity at a HR of 200bpm) and VHRmax (velocity at 164 

maximal HR) may be used; whilst for horses performing less strenuous exercise parameters 165 

such as V180, V170 or V140 (velocity at HR’s of 180, 170, 140) may be more appropriate. In 166 

racehorses and eventers when the discipline demands that exercise is undertaken close to 167 

aerobic capacity, V200 and VHRmax are the most useful indicators of fitness and 168 

performance. However, for horses engaged in less aerobically demanding sports such as 169 

show jumping and dressage these HR’s are not attained, therefore V 180, 170 and 140 are 170 

recommended. The disadvantage of these parameters is that these values are far more 171 

susceptible to psychological influences on the HR. Repeated measures of any of these VHR 172 

parameters in the same horse can be used to demonstrate an increase in fitness during a 173 

training program (Vermeulen and Evans 2006).  174 

 175 

Individuals with the greatest athletic capacity will reach HRmax at the greatest speeds and a 176 

correlation has been shown between VHRmax and race earnings (Gramkow and Evans 2006) 177 

although other studies have not found VHRmax to change with either fitness or to be a reliable 178 

indicator of performance potential in racehorses (Fonseca et al. 2010). It is possible that 179 

there may be confounding effects of track condition, rider / driver and distance exercised 180 

which mask the effect of training and athletic ability on the measured HR parameters and 181 

hence it is recommended that these variables also be accounted for in field studies. 182 

 183 
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In human athletes, heart rate recovery is routinely monitored to assess fitness, with faster 184 

recovery rates occurring in highly trained individuals (Hagberg et al. 1980; Borreson and 185 

Lambert 2007). Although it seems intuitive that the same would be true for the horse, the 186 

evidence is conflicting. Seeherman and Morris (1991) found no evidence that HR recovery 187 

changes with increasing fitness. However, other studies in racehorses have found that post 188 

exercise HR recovery is improved with training (Foreman et al. 1990; Hada et al. 2006).   189 

 190 

Clinical significance of abnormal heart rate responses to exercise 191 

Identification of an abnormal heart rate response during an exercise test is a non-specific 192 

finding. Abnormalities should be considered as a ‘warning sign’ that warrants further 193 

investigation and is not diagnostic of cardiac disease per se. Abnormal heart rate responses 194 

to exercise have been noted with arrhythmias, in particular atrial fibrillation (Deegen and 195 

Buntenkotter 1976; Verheyen et al. 2013). When valvular dysfunction or structural cardiac 196 

disease results in cardiac decompensation, affected horses show an increased HR during 197 

exercise because of failure to maintain forward stroke volume, before clinical signs of heart 198 

failure become evident at rest.  However, abnormal heart rate responses to exercise are not 199 

solely related to cardiac disorders and more often are associated with a variety of factors, 200 

including: excitement, lack of fitness, respiratory disease, lameness, pain, anaemia, 201 

environmental factors, dehydration, high body condition score or a physiologically inferior 202 

horse (Littlejohn et al. 1977; King et al. 1994; Naylor et al. 1993; Couroucé 1999).  203 

 204 

There are typically four situations when the heart rate response might be considered 205 

abnormal.  206 
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1. Abnormally high submaximal heart rates: 207 

In addition to anticipation of exercise, elevated submaximal heart rates may be due 208 

to inappropriate fitness, dehydration, hot conditions, lameness, pain, respiratory or 209 

cardiovascular disease. 210 

2. Abnormally high peak or maximal heart rate: 211 

The most common condition causing supra physiological heart rates (>250bpm) is 212 

atrial fibrillation (paroxysmal or sustained). 213 

3. Abnormally low maximal heart rate: 214 

In human athletes failure of the heart rate to increase appropriately is presumed to 215 

be due to ischemic dysfunction of the sinoatrial node (Cooper and Storer 2001). 216 

Low maximal heart rates are not well reported in horses and care should be taken 217 

to ensure that the exercise was sufficiently strenuous for HRmax to be reached. 218 

4. Abnormally high or prolonged heart rate in recovery: 219 

Lack of fitness may result in prolonged HR recovery. Poorly performing horses 220 

have also been reported to show higher post exercise heart rates than good 221 

performers, with a prolonged slow phase of recovery (Cardinet et al. 1963; 222 

Bitschnau et al. 2010; Madsen et al. 2014). Dehydration appears to be the most 223 

likely cause of prolonged HR recovery in endurance horses (Naylor et al. 1993). In 224 

human patients, HR recovery is used as a prognostic indicator for cardiovascular 225 

disease (Cole et al. 1999; Smith et al. 2005) and in horses, prolonged HR recovery 226 

is associated with atrial fibrillation (figure 2).  227 

 228 
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It is also necessary to consider whether other factors, such as anxiety and excitement are 229 

influencing the heart rate particularly if an unfamiliar place or unfamiliar exercise is used. 230 

For example, lunging can elicit high HR in otherwise normal horses if they are unfamiliar 231 

with being lunged. Furthermore in any situation that an unexpectedly high or low heart rate 232 

was obtained it is also important to consider whether the equipment was functioning 233 

correctly.  234 

 235 

Cardiac arrhythmias  236 

In addition to HR measurements, electrocardiography (ECG) is also commonly performed 237 

during exercise in order to assess electrical activity of the heart and diagnose arrhythmias 238 

that occur during or immediately after exercise.  239 

 240 

There are several indications for undertaking an ECG during exercise:  241 

(i) to evaluate whether an arrhythmia detected at rest goes away with exercise  242 

(ii) in conjunction with echocardiography in horses with valvular regurgitation. For 243 

example, horses with aortic regurgitation may develop dilation of the left ventricle. This 244 

results in an increased myocardial oxygen demand when there is concurrent reduced 245 

coronary perfusion due to reduced diastolic pressures. This can lead to ventricular 246 

ischaemia and hence ventricular ectopy during exercise and the predisposition to exercise 247 

associated collapse and/or SCD. The exercising ECG provides important information about 248 

the safety for continued ridden exercise. Similarly, advanced atrioventricular valvular 249 

regurgitation which results in atrial enlargement can predispose the horse to atrial ectopy.  250 
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(iii) in horses with sustained atrial fibrillation to ensure that the heart rate response to 251 

exercise is appropriate and that horses do not also have concurrent ventricular arrhythmias 252 

which may jeopardize rider safety, especially where cardioversion is not pursued (Reef et 253 

al. 2014)  254 

(iv) as part of a complete investigation of poor performance of unknown origin. 255 

 256 

Equipment for recording ECG during exercise 257 

Exercising ECG may be readily performed using portable devices. Electrode placement 258 

may vary between clinicians and different devices. In the horse precise location is of 259 

limited importance provided that the positive electrode is below and slightly caudal to the 260 

heart and the negative above and slightly cranial. Ideally the lead position allows some 261 

room for the girth to slip back and isn’t interfered with by rider’s hands or legs. If the 262 

electrodes are placed in a visible position the examiner will be able to see if they have been 263 

dislodged. 264 

 265 

The authors use a modified base-apex electrode placement during exercise in order to 266 

reduce movement artifact.  The negative right arm (usually red) electrode and earth 267 

electrode (usually black) are placed on the left proximal scapula. The positive left leg 268 

(usually green) electrode and left arm (usually yellow) are placed at the cardiac apex (on 269 

thorax level with olecranon) (figure 3).  This gives identical traces in lead I and II. However 270 

if it is possible to separate the left arm and left leg electrodes so they are 10 to 15cm apart 271 

this allows two subtly different leads to be recorded which helps recognition of artifact by 272 

reducing the risk of both electrodes being simultaneously knocked by the riders leg. During 273 
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lunging the absence of a rider results in less interference and the right arm electrode could 274 

be placed on the right scapula. Whichever positioning is used it is imperative that the 275 

electrodes are placed prior to exercise, as if the coat is moist with sweat they will not 276 

adhere.  277 

 278 

Interpretation of exercise ECG recordings  279 

Electrocardiography in horses provides information on heart rhythm and not on myocardial 280 

function. It is important to note that equine ECG measurements are not indicators of heart 281 

size and should not be used for performance prediction. In the horse, depolarization is 282 

different to that in humans because of the widespread distribution of the Purkinje network, 283 

therefore QRS duration does not accurately reflect cardiac size (Muylle and Oyaert 1977; 284 

Verheyen et al. 2010).  285 

 286 

The electrode configuration described above typically gives a bifid P wave and large QRS 287 

complexes. T waves are very labile and change in size and polarity with alterations in HR 288 

and sympathetic tone. Consequently analysis of their changes during exercise has no 289 

clinical value. 290 

 291 

During exercise the intervals between PR and QT shorten but there is little change in the 292 

duration of the QRS complex (figure 4). An increase in T wave amplitude is seen and as 293 

heart rates progressively increase the P waves disappear into the preceding T waves 294 

(figures 5 and 6). Slight changes in the amplitude of the QRS can occur due to respiration. 295 

 296 
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ECG computer analysis will permit detection of the variation in RR intervals. When HR is 297 

very high during intense exercise, definition of a premature complex requires 298 

understanding of RR variability (Physick-Sheard and McGurrin 2010). Generally at high 299 

heart rates there is only slight variation in RR intervals and the authors typically use a 300 

setting on automated software of 8% during exercise. 301 

 302 

Identifying arrhythmias on the ECG 303 

Firstly it is important to review the ECG trace to ensure that it is of diagnostic quality. 304 

Although computer programs are readily available, it will always be necessary to review 305 

the entire trace manually. It is then important to determine the appropriateness of the heart 306 

rate and to determine whether the rhythm is regular or irregular. 307 

 308 

Normal irregular cardiac rhythms  309 

Classification of arrhythmias is usually based upon the origin of the complex. When the 310 

complex originates from the sinus node and passes through the normal conduction pathway 311 

it is considered to be normal sinus rhythm. However these sinus rhythms can be influenced, 312 

particularly by parasympathetic tone, causing alterations of conduction. Generally 313 

speaking the following arrhythmias are physiological and are a reflection of a high vagal 314 

tone in an individual horse when they will not be associated with clinical signs. They are 315 

most commonly seen before and immediately after exercise. When physiological 316 

arrhythmias are detected at rest they will disappear during exercise as sympathetic tone 317 

increases. Rarely these arrhythmias can also result from disease in the heart or of the 318 
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conduction system where upon they will be associated with dramatic clinical signs and 319 

profound bradycardia.  320 

 321 

Irregularly irregular rhythms 322 

 323 

• Sinus arrhythmia 324 

A phasic increase and decrease in the PP interval is seen (figures 7 and 8).In contrast to 325 

other species, sinus arrhythmia is not associated with ventilation in horses. It is most 326 

commonly seen in the immediate recovery period after moderate or strenuous exercise 327 

particularly if the horse is brought back to halt or walk very quickly. In this context the 328 

rhythm probably reflects non-linear return of parasympathetic influence 329 

 330 

Regularly irregular rhythms 331 

 332 

• Sinus block 333 

The normal sinus impulse is blocked at the sinus node resulting in a regular pause that is 334 

twice the preceding PP interval (figure 9). 335 

 336 

• Second degree AV block 337 

The ECG shows an isolated P wave that is not associated with a QRS complex because the 338 

impulse is blocked at the AV node (figures 10 and 11). 339 

 340 

 341 
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Abnormal irregular cardiac rhythms 342 

Although occasional premature complexes at rest and at certain times during exercise or 343 

recovery may be considered clinically acceptable, the following complexes or rhythms do 344 

not originate from the sinus node and therefore from an electrophysiologic perspective are 345 

abnormal. These arrhythmias may be of clinical significance because they can cause poor 346 

performance or may predispose to collapse and/or SCD.  347 

 348 

• Atrial fibrillation  349 

Atrial fibrillation can be sustained or paroxysmal. The ECG shows irregularly irregular RR 350 

intervals, the absence of P waves and presence of F waves. As the name suggests sustained 351 

atrial fibrillation is present continuously and therefore can be detected on clinical 352 

examination and confirmed on a resting ECG (figure 12). Whereas the onset of paroxysmal 353 

atrial fibrillation (PAF) is typically during or immediately after strenuous exercise (figure 354 

13) and generally most horses revert spontaneously back to sinus rhythm within 24-48 355 

hours. However horses have spontaneously reverted as long as one week after the onset of 356 

PAF. 357 

 358 

• Supraventricular premature complex (SVPC) 359 

A SVPC (also known as atrial premature complex) is an early beat originating from the 360 

atrial myocardium.  As the premature complex does not originate from the sinus node a 361 

difference in P wave morphology can sometimes be detected. If the complex is very 362 

premature the P wave may remain hidden in the preceding QRS or T wave. Furthermore 363 
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because of strong vagal influence on the AV node in the horse, it is also not unusual for the 364 

premature P waves to be blocked at the AV node. 365 

 366 

 Typically the morphology of the QRS complex is the same as that of sinus beats (figures 367 

14 and 15), which is useful when trying to differentiate between SVPCs and VPCs. 368 

However, there are times when subtle alterations in the QRS or T may be seen with a SVPC 369 

and these should not be confused with VPCs. If the P wave of the premature complex 370 

coincides with the preceding QRS or T wave, this may cause a slight change in the 371 

configuration of the QRS or T. Also for very closely coupled beats the QRS of the 372 

premature beat can on occasion be taller than the sinus complexes (Broux et al. 2013), 373 

however they retain the same basic morphology, which generally aids in differentiation 374 

with VPCs.  375 

 376 

SVPCs are associated with what is classically termed a non-compensatory pause. This 377 

occurs when the premature complex depolarizes the sinus node, following which it is reset 378 

and then resumes at its previous rate. The non-compensatory pause is less useful in horses 379 

for differentiating SPVCs and VPCs because on many occasions the sinus node resumes at 380 

a slower rate.  381 

 382 

Supraventricular (atrial) tachycardia is defined as a run of 4 or more SVPCs. 383 

 384 

• Ventricular premature complex (VPC) 385 
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A VPC is an early beat which originates from the ventricular myocardium or conducting 386 

system and the QRS morphology typically differs from that of sinus beats (higher 387 

amplitude/longer duration/abnormal morphology) (figure 16). The origin of the VPC 388 

dictates the morphology of the QRS complex. When the premature complex originates in 389 

the ventricular myocardium the QRS morphology appears most wide and bizarre.  A 390 

junctional premature complex is a premature beat arising in the atrioventricular junction or 391 

His-Purkinje system.  If the premature complex originates high in the Purkinje network it 392 

will be conducted using the normal pathway, and may not appear wide and bizarre, 393 

however typically there is a small change in the R or S wave of the QRS complex. 394 

  395 

VPCs are usually followed by a compensatory pause, which is often the easiest thing to 396 

spot on the ECG. As the electrical impulse cannot pass retrograde up the AV node the sinus 397 

node is isolated from the VPC and consequently its rate of firing is unchanged. As a result 398 

a P wave occurring at the normal rate may be visible within the premature QRS or diastolic 399 

interval. This P wave is not conducted because the ventricle is refractory (from the VPC) 400 

when the impulse arrives at the AV node. Consequently the next sinus impulse should 401 

occur at exactly double the normal RR interval. 402 

 403 

However, the presence of a compensatory pause is not truly diagnostic for VPCs. A SVPC 404 

may also result in a compensatory pause if it depresses the sinus node instead of resetting 405 

it. Furthermore in horses, interpolated VPCs can occur. This occurs when the VPC is so 406 

closely coupled that the next sinus impulse can be conducted because the ventricles are no 407 

longer refractory. In this situation a VPC with no compensatory pause will occur. Therefore 408 
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it is advised that more weight is placed on identification of abnormal QRS morphology 409 

(Conover 2002) when trying to differentiate between SVPCs and VPCs.  410 

 411 

VPCs can occur as isolated beats, couplets or triplets (figure 17). Four or more consecutive 412 

VPCs are termed ventricular tachycardia (figure 18).  413 

 414 

From an electrophysiological perspective the T wave represents a vulnerable period for 415 

myocardial cells during which time ventricular fibrillation can more easily be triggered. 416 

Consequently when VPCs are superimposed on the preceding T wave (R on T 417 

phenomenon) the rhythm is considered highly unstable because there is a high risk of 418 

ventricular fibrillation developing which may lead to SCD.   419 

 420 

Clinical significance of arrhythmias occurring during exercise and the immediate 421 

recovery period. 422 

Arrhythmias have been reported in both normal horses and poorly performing horses 423 

during exercise. Although for some arrhythmias, such as atrial fibrillation, the contribution 424 

to poor athletic performance is well understood, for others the clinical significance remains 425 

unclear. Interpretation of exercise-induced arrhythmias can therefore pose a significant 426 

dilemma to the veterinary surgeon. A recent joint ACVIM / ECEIM Consensus statement 427 

(Reef et al. 2014) has been released to guide veterinarians in the interpretation of exercising 428 

arrhythmias.  429 

 430 
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Strenuous exercise causes substantial increases in catecholamines, electrolyte disturbances, 431 

hypoxaemia, hypercapnia, lactic acidosis, hyperthermia and autonomic disturbances all of 432 

which can potentially contribute to cardiac arrhythmias. In both human and equine athletes, 433 

the immediate post exercise period appears to be the most vulnerable time for the genesis 434 

of cardiac arrhythmias and SCD. At this time there is a rapid decrease in heart rate due to 435 

parasympathetic reactivation and sympathetic withdrawal. Abnormal regulation of 436 

electrolytes and cardiac sympathovagal balance may increase the incidence of arrhythmias 437 

during this time period (Paterson 1996; Beckerman et al. 2005; Physick-Sheard and 438 

McGurrin 2010). In contrast to human athletes, most racehorses develop hypoxaemia and 439 

hypercapnia during strenuous exercise. The extent to which this hypoxaemia and 440 

hypercapnia are involved in arrhythmogenesis is unknown. With many forms of upper and 441 

lower respiratory disease, hypoxaemia and hypercapnia is further exacerbated, but the 442 

precise role of respiratory disease in cardiac arrhythmias is uncertain. Furthermore, 443 

hypoxaemia and hypercapnia are more evident in trained horses and horses with a higher 444 

V̇O2max, it is therefore also unclear whether elite equine athletes with higher V̇O2max and 445 

larger hearts are the most at risk of developing arrhythmias. 446 

 447 

Questions have certainly been raised in human athletes as to whether the athletic heart 448 

becomes more arrhythmogenic. In human athletes, arrhythmias are common and there is 449 

some research to suggest that certain arrhythmias are more common amongst trained 450 

athletes than their sedentary counterparts (Baggish and Wood 2011). There is also 451 

increasing evidence of cardiac damage and fibrosis in athletes undertaking extreme 452 

exercise and this may explain why elite human athletes may be more susceptible to 453 
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arrhythmias and SCD (La Gerche 2013). It is likely that a similar situation occurs in the 454 

equine athlete (Kiryu et al. 1999; Ryan et al. 2005, Lindholm et al. 2008; Young 2013).  455 

 456 

Prevalence of arrhythmias during and after exercise 457 

 458 

During exercise 459 

Supraventricular premature contractions are the most common arrhythmias detected during 460 

exercise. They are more commonly observed during the warm up phase (Ryan et al. 2005) 461 

but have been reported to occur in 10 – 50% of TB and SB racehorses during strenuous 462 

exercise – either in training, racing or on the treadmill (Ryan et al. 2005; Jose-Cunnileras 463 

et al. 2006; Lindholm et al. 2008; Buhl et al. 2013). Isolated VPCs have also been reported, 464 

albeit less commonly, in 3 - 4.5% racehorses during strenuous exercise (Ryan et al. 2005; 465 

Jose-Cunnileras et al. 2006; Lindholm et al. 2008; Buhl et al. 2013).  466 

 467 

In sport horses exercise ECGs are more difficult to interpret as speeds often vary, therefore 468 

the HR is more variable and strict definition of prematurity is more difficult. Isolated 469 

premature beats have been reported in both dressage horses and show jumpers 470 

(Barbesgaard et al. 2010; Buhl et al. 2010). 471 

 472 

After exercise 473 

Arrhythmias have been more commonly identified during the immediate post exercise 474 

period than during the exercise period itself. In one study of healthy Thoroughbred 475 

racehorses during training 15% had second degree AV block and at least 28% had sinus 476 



21 

 

arrhythmia in the post exercise period. Approximately 8% had VPCs or SVPCs in the post 477 

exercise period, and couplets, triplets and paroxysms were observed (Ryan et al. 2005). 478 

Similarly, following strenuous treadmill exercise 31% of horses had VPCs and 15% had 479 

SVPCs in the immediate recovery period. On average one SVPC (but up to 4) and 3 VPCs 480 

(but up to 30) were seen (Jose-Cunnileras et al. 2006). In studies of Standardbreds, rhythm 481 

disturbances were frequently noted immediately after racing, with 46-54% exhibiting one 482 

or more SVPCs (Lindholm et al. 2008; Buhl et al., 2013) and 19-28% showing one or more 483 

VPCs (Lindholm et al. 2008, Buhl et al. 2013; Physick-Sheard and McGurrin 2010). In a 484 

recent study by Physick-Sheard and McGurrin (2010) complex ventricular arrhythmias 485 

were observed in 16% of horses. In about a third of horses, post exercise arrhythmias were 486 

associated with a sudden reduction in HR, suggesting autonomic instability and increases 487 

in vagal tone were contributing factors (Physick-Sheard and McGurrin 2010). The 488 

prevalence of atrial fibrillation (detected post-race) is reported to be 0.03% in 489 

Thoroughbred racehorses and 0.14% in Standardbred racehorses (Ohmura et al. 2003; 490 

Slack et al. 2014). Sinus arrhythmia, sinus block, second degree AV block, SVPCs and 491 

VPCs were also observed in sports horses during the recovery period. 492 

 493 

Effect of arrhythmias on athletic performance 494 

A reduction in cardiac output is the primary mechanism through which a cardiac 495 

arrhythmia might affect athletic performance. Atrial fibrillation (persistant or paroxysmal) 496 

is the most important arrhythmia affecting performance in athletic horses. In both cases, 497 

poor performance may arise because of the reduced cardiac output that occurs due to 498 

incomplete ventricular filling. The high heart rates that often occur during atrial fibrillation 499 
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further reduce the time for ventricular filling compounding the problem. Horses may be 500 

able to successfully complete exercise at low intensities but are affected at faster speeds. 501 

In cases where AF arises during strenuous exercise, horses may become uncoordinated and 502 

“wobbly”. This is likely due to the sudden decrease in �̇� and reduced O2 supply to the 503 

exercising muscles and/ or central nervous system.  504 

 505 

The effect of supraventricular and ventricular premature complexes on performance is less 506 

clear. Previously it was suggested that arrhythmias occurring during maximal strenuous 507 

exercise or immediately after exercise were of clinical importance and a potential cause of 508 

reduced performance (Martin et al. 2000). However, others have argued that it is unlikely 509 

that isolated ventricular or supraventricular premature complexes would have a 510 

considerable detrimental effect on cardiac output and hence performance and the 511 

prevalence of SVPCs and VPCs in apparently healthy horses further reinforces this. One 512 

study reported that the presence of premature depolarisations did not appear to be 513 

associated with decrements in athletic performance during a strenuous treadmill exercise 514 

test or decrements in race performance (Jose-Cunnileras et al. 2006). Similarly, it has been 515 

reported that winning time was not associated with the probability of arrhythmias during 516 

the post-exercise period in racing Standardbreds (Physick-Sheard and McGurrin 2010). 517 

Whether post-exercise arrhythmias are an indicator of increased abnormalities such as 518 

hypoxia or electrolyte disturbances which were present during the exercise period remain 519 

to be investigated.  520 

Risk of collapse / Sudden cardiac death 521 
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Ultimately the risk of SCD in the horse during exercise is low; in Thoroughbred racehorses, 522 

rates of between 1-3 horse sudden deaths per 10,000 race starts are reported of which 523 

approximately 50% can be speculated to have an arrhythmogenic cause (Boden et al. 2006; 524 

Lyle et al. 2011). Irrespective of the relatively low frequency, when SCD occurs during 525 

high-profile competitions there may be intense media interest and a negative effect on 526 

public perception of horse sports. Sudden cardiac death during competition is thought to 527 

be most common in racehorses, but has also been reported in other disciplines including 528 

eventing and elite show jumping. Sudden cardiac death can occur during or immediately 529 

after strenuous exercise, but it is the immediate post exercise period that is considered to 530 

be a particularly high risk for both human and equine athletes (Physick-Sheard and 531 

McGurrin 2010). It has been proposed that the concerning exercise-induced arrhythmias 532 

may be lessened or avoided by a sustained and gradual warm down after exercise, which 533 

may help to moderate autonomic changes, rather than abruptly decreasing to walk 534 

(Physick-Sheard and McGurrin 2010). 535 

 536 

Ventricular arrhythmias are assumed to be the primary cause of SCD in horses (Kiryu 537 

1999). However, evidence is lacking as longitudinal studies are difficult to perform and 538 

post-mortem examinations are often unrewarding (Physick-Sheard and McGurrin 2010). 539 

In human athletes sudden cardiac arrest during exercise is most commonly associated with 540 

hypertrophic cardiac myopathy, a relatively common genetic disease, with an incidence of 541 

1 in 500 in the general population (Maron 2003). Sudden death in these individuals is most 542 

likely a consequence of an electrically unstable and unpredictable myocardial substrate 543 

with reentrant ventricular tachyarrhythmias (Maron 2003). 544 
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Horses with SVPCs do not appear to be at increased risk of collapse or SCD. However, it 545 

is thought that frequent SVPCs during or after exercise are a risk factor for atrial fibrillation 546 

(Hiraga and Kubo 1999). In rare cases horses with atrial fibrillation may collapse or die 547 

during exercise. This has been reported in horses with both sustained (Deem and Fregin 548 

1982; Lyle et al. 2010) and paroxysmal AF (Franklin and Allen 2013) and may be related 549 

to ventricular ectopy or aberrant conduction resulting in sudden changes in cardiovascular 550 

haemodynamics (Piercy and Marr 2010). Verheyen et al. (2012) recently reported that 551 

ventricular ectopy occurs frequently in horses with AF. Of 43 horses examined, 69% 552 

showed ventricular arrhythmias and 30% had R on T phenomenon. Hence an exercising 553 

ECG is warranted in all cases that do not undergo cardioversion in order to determine 554 

whether it is safe to continue ridden exercise (Reef et al. 2014). 555 

 556 

Conclusions 557 

The athletic heart undergoes significant remodeling in response to training. Whilst this 558 

cardiac hypertrophy is an important factor for increasing oxygen delivery during exercise, 559 

it also predisposes the equine athlete to valvular regurgitation and development of exercise-560 

induced arrhythmias. Although in most cases valvular regurgitation will not significantly 561 

affect performance, exercising arrhythmias may result in reduced performance and in some 562 

cases may predispose the equine athlete to an increased risk of SCD. Isolated premature 563 

complexes have been identified in apparently healthy horses and currently there are no 564 

fixed guidelines on what prevalence of premature complexes constitute an increased risk 565 

of collapse/ SCD. Therefore clinical judgement becomes important particularly in 566 

interpretation of VPCs. In general, ‘judge them according to the company they keep’ is 567 



25 

 

good advice. For example a few isolated VPCs in the immediate post exercise period of a 568 

racehorse after a strenuous exercise test may be judged as not of clinical significance. 569 

However the same number of VPCs during walk and trot in a pleasure horse with an aortic 570 

regurgitation may be considered highly significant. Further research is warranted to 571 

confirm the repeatability of exercising arrhythmias and their relationship with horse / rider 572 

safety and SCD. 573 

 574 

 575 

 576 

 577 

 578 

 579 

 580 

 581 

 582 

 583 

 584 

 585 

 586 

 587 

 588 

 589 

 590 

 591 

 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 

 600 

 601 

 602 

 603 

 604 

 605 

 606 

 607 



26 

 

References: 608 

 609 

Achten, J. and Jeukendrup, A.E. (2003) Heart rate monitoring: applications and limitations. 610 

Sports Med. 33, 517-538. 611 

 612 

Allen, K.J. and Franklin, S.H. (2010) Assessment of the exercise tests used during 613 

overground endoscopy in UK thoroughbred racehorses and how these may affect the 614 

diagnosis of dynamic upper respiratory tract obstructions. Equine vet. J. suppl., 38, 587-615 

591. 616 

  617 

Art, T., Amory, H., Desmecht, D. and Lekeux, P. (1990) Effect of show jumping on heart 618 

rate, blood lactate and other plasma biochemical values. Equine Vet J Suppl. 9, 78-82. 619 

 620 

Baggish, A.L. and Wood, M.J. (2011) Athlete's heart and cardiovascular care of the athlete: 621 

scientific and clinical update. Circulation 123, 2723-2735. 622 

 623 

Barbesgaard, L., Buhl, R. and Meldgaard, C. (2010) Prevalence of exercise-associated 624 

arrhythmias in normal performing dressage horses. Equine vet J. Suppl. 38, 202-207. 625 

 626 

Beckerman J., Wu T., Jones, S. and Froelicher VF. (2005) Exercise test-induced 627 

arrhythmias. Prog. cardiovascular diseases. 47, 285-305. 628 

 629 

Bharati, S., Cantor, G.H., Leach, J.B. 3rd, Schmidt, K.E. and Blake, J. (1997) The 630 

conduction system in sudden death in Alaskan sled dogs during the Iditarod race and/or 631 

during training. Pacing Clin Electrophysiol. 20, 654-63. 632 

 633 

Bitschnau, C., Wiestner, T., Trachsel, D.S., Auer, J.A. and Weishaupt, M.A. (2010) 634 

Performance parameters and post exercise heart rate recovery in Warmblood sports horses 635 

of different performance levels. Equine vet. J. Suppl. 38, 17-22. 636 

Boden, L.A., Anderson, G.A., Charles, J.A., Morgan, K.L., Morton, J.M., Parkin, T.D., 637 

Slocombe, R.F. and Clarke, A.F. (2006) Risk of fatality and causes of death of 638 

Thoroughbred horses associated with racing in Victoria, Australia: 1989-2004. Equine Vet 639 

J. 38, 312-318. 640 

Borresen, J. and Lambert, M.I. (2007) Changes in heart rate recovery in response to acute 641 

changes in training load. Eur. J. Appl. Physiol. 101, 503-511. 642 

 643 

Broux, B., Decloedt, A., Verheyen, T., Pardon, B., van der Vekens, N., De Clercq, D. and 644 

van Loon, G. (2013) Supraventricular premature beat associated QRS morphology varies 645 

with RR coupling interval: preliminary results.  Proceedings 6th congress of the European 646 

college of equine internal medicine. p50. 647 

 648 

Buhl, R., Ersbøll, A.K., Eriksen, L. and Koch, J. (2005) Changes over time in 649 

echocardiographic measurements in young Standardbred racehorses undergoing training 650 

and racing and association with racing performance. J Am Vet Med Assoc. 226, 1881-1887. 651 

http://www.ncbi.nlm.nih.gov/pubmed/9259812
http://www.ncbi.nlm.nih.gov/pubmed/9259812
http://www.ncbi.nlm.nih.gov/pubmed/21670241
http://www.ncbi.nlm.nih.gov/pubmed/21670241
http://www.ncbi.nlm.nih.gov/pubmed/9080492
http://www.ncbi.nlm.nih.gov/pubmed/9080492
http://www.ncbi.nlm.nih.gov/pubmed/9080492
http://www.ncbi.nlm.nih.gov/pubmed/16866197
http://www.ncbi.nlm.nih.gov/pubmed/16866197
http://www.ncbi.nlm.nih.gov/pubmed/17687564
http://www.ncbi.nlm.nih.gov/pubmed/17687564
http://www.ncbi.nlm.nih.gov/pubmed/15934256
http://www.ncbi.nlm.nih.gov/pubmed/15934256
http://www.ncbi.nlm.nih.gov/pubmed/15934256


27 

 

 652 

Buhl, R., Meldgaard, C. and Barbesgaard, L. (2010) Cardiac arrhythmias in clinically 653 

healthy showjumping horses. Equine vet J. Suppl. 38, 196-201. 654 

 655 

Buhl, R., Petersen, EE., Lindholm, M, Bak, L. and Nostell, K.(2013) Cardiac arrhythmias 656 

in Standardbreds during and after racing – possible association between heart size, valvular 657 

regurgitations and arrhythmias. J Equine Vet Science 33, 590-596. 658 

 659 

Cardinet,G.J., Fowler, M.E. and Tyler W.S. (1963) Heart rates and respiratory rates for 660 

evaluating performance in horses during endurance trail ride competition. J Am Vet Med 661 

Assoc. 143, 1303-1309. 662 

Cheng, To. (2009) Hypertrophic cardiomyopathy vs athlete’s heart. Editorial. Int. J.  663 

Cardiol. 131, 151-155. 664 

 665 

Cole, CR, Blackstone EH, Pashkow FJ, Snader CE and Lauer MS (1999) Heart rate 666 

recovery immediately after exercise as a predictor of mortality. N Engl J Med. 341, 1351-667 

57.  668 

 669 

Conover, M.B. (2002) Arrhythmia recognition. In: Understanding electrocardiography. 8th 670 

Ed. Mosby. p23 671 

 672 

Cooper C.B. and Storer T.W. (2001) Response Variables In: Exercise testing and 673 

interpretation: A practical approach. Eds: C.B. Cooper and T.W. Storer. Cambridge 674 

University Press. p 93-148. 675 

 676 

Couroucé (1999) Field exercise testing for assessing fitness in French Standardbred 677 

trotters. Vet J. 157, 112-122. 678 

 679 

Deegen, E and  Buntenkötter (1976). Behaviour of the heart rate of horses with auricular 680 

fibrillation during exercise and after treatment. Equine Vet J. 8, 26-29. 681 

 682 

Deem, D.A. and Fregin, G.F. (1982) Atrial fibrillation in horses: a review of 106 clinical 683 

cases, with consideration of prevalence, clinical signs, and prognosis. J. Am. Vet. Med. 684 

Assoc. 180, 261-265. 685 

 686 

Decloedt A, Ven S, Van der Vekens, N, De Clercq D and van Loon G. (2014) 687 

Differentiating pathological from physiological left ventricular hypertrophy by quantifying 688 

myocardial function. Equine Vet J. Suppl 46,  21. 689 

 690 

Evans, D.L. and Rose, R.J. (1986) Method of investigation of the accuracy of four digitally-691 

displaying heart rate meters suitable for use in the exercising horse. Equine Vet J. 18, 129-692 

132. 693 

 694 

Evans, DL (2007) Physiology of equine performance and associated tests of function. 695 

Equine Vet J 39, 373-383. 696 

 697 

http://www.ncbi.nlm.nih.gov/pubmed?term=Deem%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=7056674
http://www.ncbi.nlm.nih.gov/pubmed?term=Fregin%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=7056674
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deem+AND+Fregin
http://www.ncbi.nlm.nih.gov/pubmed/?term=Deem+AND+Fregin
http://www.ncbi.nlm.nih.gov/pubmed/3698951
http://www.ncbi.nlm.nih.gov/pubmed/3698951


28 

 

Fonseca, RG., Kenny, DA, Hill EW and Katz LM (2010) The association of various speed 698 

indices to training responses in Thoroughbred flat racehorses measured with a global 699 

positioning and heart rate monitoring system. Equine Vet J. Suppl. 38, 51 -57. 700 

 701 

Foreman, J.H., Bayly, W.M., Grant, B.D. and Gollnick, P.D. (1990) Standardized exercise 702 

test and daily heart rate responses of thoroughbreds undergoing conventional race training 703 

and detraining. Am J Vet Res. 51, 914-920. 704 

 705 

Franklin, S.H. and Allen, K.J. (2013)  Paroxysmal atrial fibrillation in exercising horses 706 

Proceedings 6th congress of the European college of equine internal medicine.p68. 707 

 708 

Fregin, G.F. and Thomas, D.P. (1983). Cardiovascular response to exercise in the horse. A 709 

review. In: Snow DH, Persson SGB and Rose RJ (eds) Equine Exercise Physiology. 710 

Cambridge: Granta Editions, pp. 76–90.  711 

 712 

Gramkow, H.L. and Evans, D.L. (2006) Correlation of race earnings with velocity at 713 

maximal heart rate during a field exercise test in Thoroughbred racehorses. Equine Vet J 714 

Suppl 36, 118-122. 715 

 716 

Hada, T., Ohmura, H., Mukai, K., Eto, D., Takahashi, T. and Hiraga, A. (2006) Utilisation 717 

of the time constant calculated from heart rate recovery after exercise for evaluation of 718 

autonomic activity in horses. Equine Vet J Suppl. 36, 141-145. 719 

 720 

Hagberg, J.M., Hickson, R.C., Ehsani, A.A. and Holloszy, J.O. (1980) Faster adjustment 721 

to and recovery from submaximal exercise in the trained state. J Appl Physiol Respir 722 

Environ Exerc Physiol. 48, 218-224. 723 

 724 

Hiraga and Kubo (1999) Two cases of paroxysmal atrial fibrillation during exercise in 725 

horses. Equine Vet Educ 11, 6-10. 726 

 727 

Jones, J.H. and Lindstedt, S.L. (1993) Limits to maximal performance. Ann Rev Physiol.  728 

55, 547-569. 729 

 730 

Jose-Cunnileras, E., Young, LE., Newton, JR. and Marlin, DJ (2006) Cardiac arrhythmias 731 

during and after treadmill exercise in poorly performing Thoroughbred racehorses. Equine 732 

Vet J Suppl 36, 163-170 733 

 734 

King, CM, Evans, DL and Rose RJ. (1994) Cardiorespiratory and metabolic responses to 735 

exercise in horses with various abnormalities of the upper respiratory tract. Equine Vet J. 736 

26, 220-225. 737 

 738 

Kiryu, K., Machida, N., Kashida, Y., Yoshihara, T., Amada, A. and Yamamoto, T. (1999) 739 

Pathologic and Electrocardiographic Findings in Sudden Cardiac Death in Racehorses. J 740 

Vet Med Sci 61, 921-928. 741 

http://www.ncbi.nlm.nih.gov/pubmed/2368948
http://www.ncbi.nlm.nih.gov/pubmed/2368948
http://www.ncbi.nlm.nih.gov/pubmed/2368948
http://www.ncbi.nlm.nih.gov/pubmed/17402409
http://www.ncbi.nlm.nih.gov/pubmed/17402409
http://www.ncbi.nlm.nih.gov/pubmed/17402409
http://www.ncbi.nlm.nih.gov/pubmed/7364606
http://www.ncbi.nlm.nih.gov/pubmed/7364606
http://www.ncbi.nlm.nih.gov/pubmed/8466184


29 

 

Kobayashi, M., Kuribara, K. and Amada, A. (1999) Application of V200 values for 742 

evaluation of training effects in the young thoroughbred under field conditions. Equine Vet 743 

J Suppl. 30, 159-162. 744 

 745 

Kryzywanek, J., Wittke,G. And Bayer A. (1970) The heart rates of thoroughbred horses 746 

during a race. Equine vet J. 2, 115-117. 747 

 748 

La Gerche A. (2013) Assessing fitness and health: exercise testing in humans. 6th 749 

Proceedings 6th congress of the European college of equine internal medicine. p71-75 750 

Lindholm, M., Peterson, E.E., Johansson, L.B., Schuback-Nostell, K. and Buhl, R. (2008) 751 

Prevalence of arrhythmias during and immediately after racing in Standardbred trotters: Is 752 

there an association between arrhythmias and valvular regurgitation or myocardial 753 

hypertrophy? Congress of the British Equine Veterinary Association p138 754 

Littlejohn, A., Kruger, J.M. and Bowles, F. (1977) Exercise studies in horses: 2. The 755 

cardiac response to exercise in normal horses and in horses with chronic obstructive 756 

pulmonary disease. Equine Vet J. 9, 75-83. 757 

 758 

Lyle, C.H., Blissitt, K.J., Kennedy, R.N., McGorum, B.C., Newton, J.R., Parkin, T.D.H., 759 

Stirk, A. and Boden, L.A. (2010) Risk factors for race-associated sudden death in 760 

Thoroughbred racehorses in the UK (2000-2007). Equine vet. J. 44, 459-465. 761 

Lyle, C.H., Uzal, F.A., McGorum, B.C., Aida, H., Blissitt, K.J., Case, J.T., Charles, J.T., 762 

Gardner, I., Horadagoda, N., Kusano, K., Lam, K., Pack, J.D., Parkin, T.D., Slocombe, 763 

R.F., Stewart, B.D. and Boden, L.A. (2011) Sudden death in racing Thoroughbred horses: 764 

an international multicentre study of post mortem findings. Equine Vet J.43, 324-331 765 

 766 

Madsden, M.F., Kanters, J.K.  and Buhl, R. (2014) Heart rate recovery time in exercise 767 

testing of endurance horses. Equine Vet J. Suppl. 46, 7. 768 

Marlin, D.J., Harris, P.A., Schroter, R.C., Harris, R.C., Roberts, C.A., Scott, C.M., Orne, 769 

C.E., Dunnett, M., Dyson, S.J., Barrelet, F., Williams, B., Marr, C.M. and Casas, I. (1995) 770 

Physiological, metabolic and biochemical responses of horses competing in the speed and 771 

endurance phase of a CCI***** 3-day-event. Equine vet J suppl. 20, 37-46. 772 

Marlin, D.J. and Allen, J.C. (1999) Cardiovascular demands of competition on low-goal 773 

(non-elite) polo ponies. Equine vet. J. 31, 378-382. 774 

Maron B.J. and Pelliccia A. (2006) The heart of trained athletes. Cardiac remodeling and 775 

the risks of sports, including sudden death. Circulation 114, 1633-1644. 776 

Maron, BJ (2003) Sudden death in young athletes. N Engl. J Med. 349, 1064-75. 777 

Martin, B.B., Jr., Reef, V.B., Parente, E.J. and Sage, A.D. (2000) Causes of poor 778 

performance of horses during training, racing, or showing: 348 cases (1992-1996). J Am 779 

Vet Med Assoc 216, 554-558. 780 

 781 

http://www.ncbi.nlm.nih.gov/pubmed/10659242
http://www.ncbi.nlm.nih.gov/pubmed/10659242
http://www.ncbi.nlm.nih.gov/pubmed/862607
http://www.ncbi.nlm.nih.gov/pubmed/862607
http://www.ncbi.nlm.nih.gov/pubmed/862607
http://www.ncbi.nlm.nih.gov/pubmed/21492210
http://www.ncbi.nlm.nih.gov/pubmed/21492210


30 

 

Mukai, K., Takahashi, T., Eto, D., Ohmura, H., Tsubone, H. and Hiraga, A. (2007) Heart 782 

rates and blood lactate responses in thoroughbred horses during a race. J Equine Sci 18, 783 

153-160. 784 

Muylle E and Oyaert W (1977) Equine electrocardiography: The genesis of the different 785 

configurations of the QRS complex. Zentralbl Veterinarmed A. 24, 762-771 786 

Naylor, J.R., Bayly, W.M., Gollnick, P.D., Brengelmann, G.L. and Hodgson, D.R. (1993) 787 

Effects of dehydration on thermoregulatory responses of horses during low-intensity 788 

exercise. J Appl Physiol. 75, 994-1001. 789 

 790 

Ohmura, H., Hiraga, A., Takahashi, T, Kai, M. and Jones, J.H. (2003) Risk factors for atrial 791 

fibrillation during racing in slow-finishing horses. J. Am. Vet. Med. Ass. 223, 84-88. 792 

Parker M, Goodwin D, Eager R, Redhead E, Marlin D. (2010) Comparisson of Polar heart 793 

rate interval data with simultaneously recorded ECG signals in horses. Comparative 794 

Exercise Physiology 6, 137-142. 795 

 796 

Paterson, D.J. (1996) Antiarrhythmic mechanisms during exercise. J. Appl. Physiol. 80, 797 

1853-1862. 798 

 799 

Physick-Sheard, P.W. and McGurrin, M.K.J. (2010) Ventricular arrhythmias during race 800 

recovery in Standardbred racehorses and associations with autonomic activity. J Vet Int 801 

Med. 24, 1158-1166. 802 

 803 

Piercy R.J. and Marr C.M. (2010) Collapse and syncope. In: Cardiology of the Horse 2nd 804 

Ed. Eds: C.M.Marr and I.M. Bowen. Saunders Elsevier. 227-238.  805 

 806 

Poole, DC (2004) Current concepts of oxygen transport during exercise. Equine and 807 

Comparative Exercise Physiology 1(1); 5–22 808 

Poole, DC and Erickson, HH  (2011) Highly athletic terrestrial mammals: Horses and dogs. 809 

Comp Physiol 1, 1-37. 810 

 811 

Reef , VB, Bonagura, J., Buhl, R., McGurrin , MKJ, Schwarzwald, CC van Loon, G., and 812 

Young, LE. (2014) Recommendations for management of equine athletes with 813 

cardiovascular abnormalities. J Vet Intern Med 28, 749-761. 814 

 815 

Rugh, K.S., Jiang, B., Hatfield, D.G., Garner, H.E. and Hahn, A.W. (1992) Mathematical 816 

modelling of post-exercise heart rate recovery in ponies. Biomed Sci Instrum. 28,151-156. 817 

 818 

Ryan N, Marr CM and McGladdery AJ (2005) Survey of cardiac arrhythmias during 819 

submaximal and maximal exercise in Thoroughbred racehorses. Equine Vet J. 37, 265-268. 820 

 821 

Seeherman, H.J. and Morris, E.A. (1991) Comparison of yearling, two-year-old and adult 822 

Thoroughbreds using a standardised exercise test. Equine Vet J. 23, 175-184. 823 

 824 

http://www.ncbi.nlm.nih.gov/pubmed/8226506
http://www.ncbi.nlm.nih.gov/pubmed/8226506
http://www.ncbi.nlm.nih.gov/pubmed/1643220
http://www.ncbi.nlm.nih.gov/pubmed/1643220
http://www.ncbi.nlm.nih.gov/pubmed/1909234
http://www.ncbi.nlm.nih.gov/pubmed/1909234


31 

 

Serrano, M.G., Evans, D.L. and Hodgson, J.L. (2002) Heart rate and blood lactate 825 

responses during exercise in preparation for eventing competition. Equine vet. J Suppl. 34, 826 

135-139. 827 

 828 

Slack, J., Boston, R.C., Soma, L.R. and Reef, V.B. (2014) Occurrence of cardiac arrythmias 829 

in Standardbred racehorses. Equine Vet. J. in press, DOI: 10.1111/evj.12299 830 

 831 

Sloet van Oldruitenborgh-Oosterbaan MM, van den Hoven R, Breukink HJ. (1988) The 832 

accuracy of three different heart rate meters used for studies in the exercising horse. 833 

Journal of Veterinary Medicine A 35, 665-672. 834 

 835 

Smith, LL., Kukielka M and Billman, GE.(2005) Heart rate recovery after exercise: a 836 

predictor of ventricular fibrillation susceptibility after myocardial infarction. Am J Physiol. 837 

288, 1763-1769. 838 

 839 

Vermeulen, A.D. and Evans, D.L. (2006) Measurements of fitness in Thoroughbred 840 

racehorses using field studies of heart rate and velocity with a global positioning system. 841 

Equine vet J Suppl 36. 113-117 842 

 843 

Verheyen, T., Decloedt, A., De Clerq, D., Duprez, P., Sys, S.U. and van Loon, G. (2010) 844 

Electrocardiography in horses – part 1: how to make a good recording. Vlaams 845 

Diergeneeskundig Tijdschrift. 79, 331-336. 846 

 847 

Verheyen, T., Decloedt A., Van der Vekens, N., Sys, S., De Clercq, D. and van Loon, G. 848 

(2013) Ventricular response during lungeing exercise in horses with lone atrial fibrillation. 849 

Equine vet J. 45, 309-314. 850 

Vincent, T.L., Newton, J.R., Deaton, C.M., Franklin, S.H., Biddick, T., McKeever, K.H., 851 

McDonough, P., Young, L.E., Hodgson, D.R. and Marlin, D.J. (2006) Retrospective study 852 

of predictive variables for maximal heart rate (HRmax) in horses undergoing strenuous 853 

treadmill exercise. Equine Vet J. Suppl. 36, 146-152. 854 

Warburton, D.E.R., Sheel, A.W. and McKenzie, D.C. (2008) Cardiorespiratory adaptations 855 

to training. In: The Olympic textbook of medicine in sport. Volume XIV of the encyclopaedia 856 

of sports medicine. Ed: MP Schwellnus. Wiley-Blackwell. p93-110. 857 

White, S.L., Williamson, L.H., Maykuth, P.L., Cole, S.P., Andrews, F.M. and Geiser, D.R. 858 

(1995) Heart rate response and plasma lactate concentrations of horses competing in the 859 

cross-country phase of combined training events. Equine Vet J Suppl. 20, 47-51. 860 

Young, L.E. (1999) Cardiac responses to training in 2-year-old thoroughbreds: an 861 

echocardiographic study. Equine Vet J Suppl. 30, 195-198. 862 

Young, L.E., Marlin, D.J., Deaton, C., Brown-Feltner, H., Roberts, C.A. and Wood, J.L. 863 

(2002) Heart size estimated by echocardiography correlates with maximal oxygen uptake. 864 

Equine Vet J Suppl. 34, 467-71. 865 

http://www.ncbi.nlm.nih.gov/pubmed/8933084
http://www.ncbi.nlm.nih.gov/pubmed/8933084
http://www.ncbi.nlm.nih.gov/pubmed/10659251
http://www.ncbi.nlm.nih.gov/pubmed/10659251
http://www.ncbi.nlm.nih.gov/pubmed/12405735


32 

 

Young, L.E., Rogers, K. and Wood, J.L. (2005) Left ventricular size and systolic function 866 

in Thoroughbred racehorses and their relationships to race performance. J Appl Physiol 99, 867 

1278-1285.  868 

Young, L. (2013) Cardiac remodeling in horses: echocardiographic and clinical 869 

perspectives. Proceedings 6th congress of the European college of equine internal medicine 870 

p 61-63. 871 

 872 

Young, L. and van Loon, G.  (2013) ECG in horses: Technique and Interpretation. 873 

Proceedings 6th congress of the European college of equine internal medicine- Specialist 874 

day on cardiology p3-22 875 

 876 

 877 

 878 

 879 

 880 

 881 

 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 

 896 

 897 

 898 

 899 

 900 

 901 

 902 

 903 

 904 

 905 

 906 

 907 

 908 

 909 

 910 

http://www.ncbi.nlm.nih.gov/pubmed/15920096
http://www.ncbi.nlm.nih.gov/pubmed/15920096


33 

 

Table 1: Typical heart rates at different exercise levels  911 

 912 

Speed Heart rate (bpm) 

Walk 60-80 

Trot 80-120 

Canter 120-180 

Gallop >180 

Max 210-240 

 913 

 914 

 915 

 916 

 917 

 918 

 919 

Table 2: Expected peak heart rates achieved during competition for various disciplines.  920 

 921 

Discipline Expected approximate peak heart rate (bpm) 

Thoroughbred racing Flat: 240  

National Hunt: 225-230 

Standardbred racing 230 

Eventing –cross 

country phase 

170-200 

Show jumping Up to 180-190 

Polo Up to 215-225 

Dressage Up to 140-170 

References: Krzywanek et al. 1970; Art et al. 1990; Marlin et al. 1995; White et al. 1995; 

Marlin and Allen 1999; Serrano et al. 2002; Mukai et al. 2007;  Barbesgaard et al. 2010; 

Buhl et al. 2010; Physick-Sheard and McGurrin 2010. 

 922 

 923 

 924 

 925 

 926 

 927 

 928 

 929 

 930 

 931 
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 932 
 933 

Figure 1: Typical heart rate graph from a Thoroughbred racehorse doing a single gallop 934 

interval. The red line shows the heart rate (bpm) and the green shows the speed (mph). An 935 

anticipatory HR increase can be seen before the gallop, when the HR reaches values of 936 

100 to 130 whilst the horse is still at walk. The peak heart rate achieved is approximately 937 

220bpm and is achieved after the horse reached peak speed. The graph also shows the 938 

initial rapid heart rate recovery.  939 

 940 

 941 

 942 

 943 
 944 

Figure 2: A National Hunt racehorse undergoing clinical exercise testing in the field. The 945 

blue line shows speed (mph) and the horse performed two intervals on an inclined gallop. 946 

The HR (red line) shows a normal response to the first interval. During the second interval 947 

the heart rate becomes abnormally elevated during exercise (peak HR 259 bpm) and shows 948 

a characteristic erratic and elevated heart rate during recovery. ECG confirmed 949 

paroxysmal atrial fibrillation. 950 

 951 

 952 
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 953 
 954 

 955 

Figure 3 a and b: Placement of electrodes for lunged and ridden exercise. In the ridden 956 

horse it can be difficult to separate the yellow and green electrodes because of the rider’s 957 

leg movement and hence a compromise is often needed. In figure b, both yellow and green 958 

electrodes have been placed more ventrally to avoid being disturbed by the rider. 959 

 960 

 961 

 962 

 963 

 964 
 965 

Figure 4: Normal ECG during low level exercise 966 

 967 

 968 

 969 
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 970 
 971 

Figure 5: Normal ECG during strenuous exercise. The heart rate is 225bpm. The RR 972 

interval is regular. P waves are hidden in the preceding T wave. 973 

 974 

 975 
 976 

Figure 6: ECG recording in the immediate recovery period. The heart rate is now 977 

slowing and P waves become increasingly visible on the edge of the T waves 978 

 979 

 980 

 981 
 982 

 983 

Figure 7: Resting ECG showing sinus arrhythmia 984 

 985 

 986 
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 987 
 988 

Figure 8: ECG obtained in the immediate post exercise period showing transient sinus 989 

arrhythmia. A phasic increase and decrease in RR interval is seen. 990 

 991 

 992 

 993 
 994 

Figure 9: Resting ECG obtained showing a sinus block 995 

 996 

 997 

 998 

 999 
 1000 

Figure 10: Resting ECG showing second degree AV block 1001 

 1002 

 1003 

 1004 
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 1005 
 1006 

Figure 11: ECG obtained in the immediate post exercise period showing 2nd degree AV 1007 

block. There are 3 consecutive non-conducted P waves. 1008 

 1009 

 1010 

 1011 
 1012 

Figure 12: ECG obtained at rest in a horse with sustained atrial fibrillation. 1013 

 1014 

 1015 

 1016 

 1017 

 1018 

 1019 

 1020 

 1021 

 1022 

Figure 13: ECG from a collapsing horse which had paroxysmal atrial fibrillation during 1023 

exercise. The RR interval is irregular, no p waves are visible and f waves can be seen in 1024 

the longer RR intervals. 1025 

 1026 

 1027 
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 1028 
 1029 

 1030 
 1031 

Figure 14: A supraventricular premature complex. The QRS is of similar morphology as 1032 

the normal complexes. As supraventricular premature complexes are similar to the 1033 

normal QRS they are more easily missed. The two ECG traces above are identical but the 1034 

second image also has the computer generated ECG analysis marks. The red line 1035 

highlights the premature complex. Equipment with this facility aids recognition of 1036 

supraventricular complexes.  1037 

 1038 

 1039 

 1040 

 1041 

 1042 



40 

 

 1043 
 1044 

Figure 15: ECG trace of the recovery period showing two supraventricular premature 1045 

complexes (indicated by red line). Although on the first premature complex the P waves is 1046 

not identified the QRS morphology is the same indicating that these are most likely 1047 

supraventricular rather than ventricular in origin. 1048 

 1049 

 1050 

 1051 
 1052 

Figure 16: An isolated ventricular premature complex is seen. This complex is premature 1053 

and of different morphology to other QRS complexes 1054 

 1055 

 1056 
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 1057 
 1058 

Figure 17: A post exercise ECG showing two obvious VPCs (red arrows) and two less 1059 

obvious VPCs (blue arrows)  1060 

 1061 

 1062 
 1063 

Figure 18: Two runs of ventricular tachycardia were observed in the early recovery 1064 

period. This rhythm is at risk of deteriorating into ventricular fibrillation 1065 

 1066 

 1067 


