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Initial study

• 24 hour ECG at rest

• ECG at standardized training session

- velocities monitored by GPS

• Assessment of arrhythmias and HRV

• Assessment of cardiac dimensions 

and valvular insufficiency

Endurance competitions

• Continuous recording before during 

and after rides

• Estimate of HRV before and after ride

• Prevalence of arrhythmias

• Evaluation of regional myocardial 

function by Tissue Doppler Imaging + 

speckle tracking before and after ride

• Sampling before during and after 

rides

• Cardiac markers cTnI, ANP, CK_MB 

• Electrolyte disturbances
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Athlete’s heart and sudden cardiac death are not concepts reserved for human sports medicine. High-

performance horses are also at risk of dying from cardiac failure in relation to exercise – however, the

underlying patho-physiological mechanisms are unknown. Similar to the condition in humans

cardiovascular changes such as fibrosis and hypertrophy have been hypothesized to cause local

myocardial ischemia – leading to fatal arrhythmias.

Endurance horses represent a group of racehorses racing over distances up to 160 km. In human

endurance athletes prolonged exercise has been associated with a transient decrease in cardiac

function and release of cardiac markers suggestive of myocardial disruption – a phenomenon known

as “Exercise-induced cardiac fatigue”.

It is not known whether endurance horses are affected by cardiac fatigue following an endurance

race. However, these long races put an extreme physical stress on the horses and often only a

minority complete the races. Consequently, this has lead to concerns about the welfare of the

participating horses. This Ph.D. project seeks to increase knowledge in this field and provide a

foundation to assess animal welfare.

Objectives and time schedule

Spring/Summer 2011 Summer 2012 Winter 2012

Initial study Endurance rides 

in Denmark

Endurance rides 

abroad

To develop a standardized system 

for ECG recording in endurance 

horses at rest and during exercise

To validate analysis of equine ECG 

recordings

To characterize the electro-

physiology in the heart of 

endurance horses with respect to 

arrhythmias, heart rate variability 

(HRV) and cardiac vectors

To study the impact on the heart of 

endurance horses at international 

endurance competitions under 

extreme climate conditions with 

high temperatures and the 

preceding stress of travelling

To investigate the effect of high 

level endurance competition 

(distances > 80 km) on the equine 

heart in terms of occurrence of 

arrhythmias, effect on HRV, 

echocardiographic changes and 

release of myocardial markers
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Figure 1 Suggested mechanisms of arrhythmias in relation 

to “Athlete’s heart” 

Facts on endurance riding

• Distances up to 160 km

• Compulsory veterinary checkpoints

• Max allowed HR in VetGate 64 bpm

• Completion rates 34-64%

• Winning speeds up to 26 km/h

*Nagy et al. 2010, Equine Veterinary Journal, 42, Suppl. 38, 637-643

Facts on the equine heart

• Normal equine heart rates:

- rest = 28-40 bpm

- max. = 240 bpm

• Weight up to 6 kg (1% of BW)

• Max stroke volume 1700 ml

• Max cardiac output ~ 300 L/min

*Marr and  Bowen, Cardiology of the Horse, 2nd ed. 2010, Saunders Elsevier 
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