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The Athletic Heart

* Horse is bred for performance

— Selective adaptation > speed and stamina
— Physiological adaptations

 Efficient cardiovascular system is paramount

— Major determinant of VO, max
— Equine: > 200ml O, per kg per minute (100 I/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
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* Prodigious blood flow>> high
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lung blood pressures
_ >>>>>> E I P H ! Systemic Circulation
From: Cardiovascular Physiology Concepts,
* Development of valve Klabunde

regurgitation
— >>>|argely inconsequential
* Development of arrhythmias

— >>>>POOR PERFORMANCE
— >>>>>SUDDEN DEATH




Racing and The Equine Athlete
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Making horseracing safer

As with all elite sports and all activities involving horses, there is an element of risk. It is the responsibility of the BHA and everyone
involved in the sport to ensure that we do everything possible to minimise that risk and to ensure that no injury or fatality occurs which
could reasonably have been prevented.

As a consequence of British racing's investment in safety, welfare and health, the number of horses that have died on racecourses has
decreased by 1/3 in the last 20 years, to 0.20% of runners.

Despite British racing’s excellent safety record, we always strive to improve, constantly investing in welfare research and education. This
section outlines some of the steps the sport has taken in recent years to make horseracing even safer.

CASE STUDY: How horses see colour

In 2017 the British Horseracing Authority (BHA) and Racing Foundation commissioned research into equine
vision. The research was undertaken by the University of Exeter with the aim of improving obstacle visibility for
the equine athlete, therefore enhancing the welfare and safety of horses and jockeys through reducing the risk of

falls and injuries.

The research showed that horses have reduced colour vision compared to humans. and only differentiate objects
in a palette of blues and yellows. It showed that the orange currently used on fences and hurdles was confirmed
as having decreased visibility and contrast for horses against a range of natural and obstacle backgrounds, while
vellow, blue, and white are more conspicuous against fences and their surroundings (foreground/background)

than orange, especially yellow fluorescent colours

As a result of the research, a recommendation was approved by the sport’s Racecourse Committee that a phased trial should be carried out using
fluorescent white markings at obstacles. This has been determined to maximise visibility under a wide range of conditions for both humans and horses.

Racing at Stratford Upon Avon on 14th March 2022 marked the start of a new era over jumps in Britain as obstacles began turning white as part of a
welfare-driven project to develop new ways to help make hurdle and fence design safer. The transformation has now seen an estimated 368 fences and

2.132 hurdle panels across 40 racecourses change markings from the traditional orange to white.

Orange To White | Equine Vision rD_




Equine Athletic (TB) Heart: Aim

— to maximise our understanding of the structure and function of
the equine athletic heart, in health and disease

e 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?






The future of equine imaging?...l 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

FEASIBILITY AND REPEATABILITY OF THREE-DIMENSIONAL

ECHOCARDIOGRAPHIC ANALYSIS OF EQUINE LEFT Real-Time 3-D Echocardiography - a novel method of

available for assessing
volumes

« Assumptions of the
algorithms?

« Can we believe the
software?

« Lack of a ‘gold standard’

VENTRICULAR VOLUME

Right Ventricular Volume Quantification in the Horse
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Real-time three-dimensional echocardiography for left
atrial volume assessment in Thoroughbred racehorses:
Observer variability and comparison with two-dimensional
echocardiography

e s s s s e Francesca C. F. Worsman! © | Zack J. Miller® | Darren J. Shaw!® | Karen J. Blissitt? |
'“"‘“"“B"“E*S“""“w””m’“"”‘ John A. Keen'!
The Royal (Dick) School of Veterinary Abstract

Studies, University of Edinburgh, Roslin,
Midlothian, UK

2Companion Care Vets Gloucester,
Gloucester, Gloucestershire, UK

Correspondence

F.C.F. Worsman, The Royal (Dick) School of
Weterinary Studies, University of Edinburgh,
Roslin, Midlathian, UK.

Email: fworsmangexseed.ed.ac.uk

Funding

The primary author's residency and the
study funded by the Horserace Betting Levy
Board

Background: Left atrial size predicts cardiac morbidity and mortality in humans and
dogs. Real-time three-dimensional echocardiography (3DE) may be reliable for as-
sessing left atrial volume (LAV) in horses.

Objectives: To determine intra- and interobserver variability estimates of 3DE-LAV
and compare it to that of 2DE-LAV estimates.

Study design: Method comparison.

Methods: 3DE datasets were obtained from 40 horses, then graded for quality, cre-
ating a final study population of 22 horses. The 3DE and 2DE maximum LAV (LAV__)
and minimum LAV (LAV, ;) were measured, and left atrial emptying volume (LA EV)
and left atrial ejection fraction (LA EF) were calculated, from the same 3D dataset
on four occasions using (a) a semi-automatic surface recognition algorithm and (b)
a modified Simpson’s method of discs. 3DE LAV measurements were repeated by a
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Echocardiography: assessing cardiac function

e 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
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Composite graph: function of the Thoroughbred left
ventricle
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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 .. P B

et al 2016, Annals Biomed. Eng.

disease
— e.g. atrial fibrillation
— ventricular arrhythmias

« Can we use advanced imaging tools to
evaluate the equine myocardium?

Pashakhanloo et al 2016



Ex vivo Imaging of the equine heart

 MSc project: left atrium

— lodine 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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