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Juggling the day job with special clinical and research 

interests!



The Athletic Heart

• Horse is bred for performance
– Selective adaptation > speed and stamina

– Physiological adaptations

• Efficient cardiovascular system is paramount
– Major determinant of VO2 max

– Equine: > 200ml O2 per kg per minute  (100 l/minute)

• Heart has evolved at expense of other systems?
– selected for horses with good CVS 



The Athletic Heart

• Structural, electrical and functional modelling that 

accompanies exercise training

– Cardiac enlargement and bradycardia

• Positive Impact: on performance

– Conductive oxygen delivery (CO =HR x SV)

– Max HR ‘immovable’

– stroke volume: increases with training

• Cardiac capacity vs cardiac function

• Intimately related



Clinical Consequences of the Athletic Heart

• Prodigious blood flow>> high 

lung blood pressures

– >>>>>>EIPH!

• Development of valve 

regurgitation

– >>>largely inconsequential

• Development of arrhythmias

– >>>>POOR PERFORMANCE

– >>>>>SUDDEN DEATH

From: Cardiovascular Physiology Concepts, 

Klabunde



Racing and The Equine Athlete



Equine Athletic (TB) Heart: Aim

– to maximise our understanding of the structure and function of 

the equine athletic heart, in health and disease

• Our ongoing hypotheses: 

– The TB heart adapts in response to exercise and training with changes in heart muscle 

deformation and ventricular volume

– These changes may increase the risk of cardiac related disease

• Sudden Cardiac Death

• Atrial Fibrillation

• Exercise Induced Pulmonary Haemorrhage

– What tools can we use?



ECG

MRI

CT

ECHOCARD.

XRay

EP/Mapping

?



The future of equine imaging?…I wish ;) !



Echocardiography in the horse: basic cardiac 

structure…2DE vs 3DE



Some work we have done: 3DE assessment of LV, RV 

and LA volumes…

• Using software tools 

available for assessing 

volumes

• Assumptions of the 

algorithms?

• Can we believe the 

software?

• Lack of a ‘gold standard’



Echocardiography: assessing cardiac function

• Subjective assessment

• Using altered chamber dimensions 

• Using haemodynamics/ blood flow 

(PW Doppler)

• STRAIN: Using tissue 

motion/deformation

– Tissue Doppler Imaging (TDI)

– Speckle Tracking Echocardiography 

(STE)



Work assessing function of the Thoroughbred left 

ventricle: rotation and twist



Composite graph: function of the Thoroughbred left 

ventricle



Assessing function using speckle tracking in the equine 

left atrium:  do the software assumptions hold true?



A deeper dive into the fibre structure of the Equine 

Athletic Heart?

• Myocardial fibre pattern underpins 

electrical and mechanical function

• Fibre disarray associated with cardiac 

disease

– e.g. atrial fibrillation

– ventricular arrhythmias

• Can we use advanced imaging tools to 

evaluate the equine myocardium?

Human cardiac fibre pattern: Crozier 

et al 2016, Annals Biomed. Eng.

Pashakhanloo et al 2016



Ex vivo imaging of the equine heart

• MSc project: left atrium

– Iodine contrast CT @ Preclinical imaging Adriana 

Tavares

– DT-MRI  @ EI/QMRI Lucy Kershaw 

• Re-developing atrial and ventricular MRI 

protocol/sequences

– Lucy Kershaw

– Collaboration: Liryc, Bordeaux

• Develop alongside electrophysiology 

studies
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