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Overview

u Revision on cardiac physiology

u Chronic adaptation in the  ultramar

u Acute cardi
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Respond to Body Requirements
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Chronic Adaptation
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lll. High
(>50% MVC)

Il. Moderate

l. Low
(<20% MVC) ( 20-50% MVC)

Bobsledding/Luge*t, Field
events (throwing),
Gymnastics*t, Martial arts®,
Sailing, Sport climbing,
Water skiing™f, Weight
lifting™t, Windsurfing™t

Archery, Auto racing™t,
Diving*t, Equestrian*t,
Motorcycling*t

Billiards, Bowling, Cricket,
Curling, Golf, Riflery

A. Low
(<40% Max O,)

Bedy building*t, Downbhill
skiing*t, Skateboarding*t,
Snowboarding*t, Wrestling*

American football*, Field
events (jumping), Figure
skating®, Rodeoing*T,
Rugby*, Running (sprint),
Surfing*t, Synchronized
swimmingt

Baseball/Softball*, Fencing,
Table tennis, Volleyball

B. Moderate
(40-70% Max O,)

Basketball*, Ice hockey™,
Cross-country skiing
(skating technique),
Lacrosse®, Running (middle
distance), Swimming, Team
handball

Badminton, Cross-country
skiing (classic technique),
Field hockey™, Orienteering,
Race walking,
Racquetball/Squash,
Running (long distance),
Soccer*, Tennis

C. High
(>70% Max O,)

Increasing Dynamic Component e——-



CHRONIC

Increased Preload

Eccentric

Cardiac Reserve



LV Structural and Functional Data in Male and Female Ultramarathoners

Whole Cohort Male Female

{n = 165)

LVIDd (cm)
LVIDd/BSA®®
IVSd (cm)
Vsd/BSADS
PWTd (cm)
PWTd/BSA"-5
LYV mass (g)
LV mass,/BSAT-E
LAD {cm)
LAD,/BSA"-®
AoRt (cm)
AoRt/BSA%-E
LVEDV (mil)
LVEDV/BSAL®
LVESV (mil)
LVESV/BSAL®
EF (%)

E/A

5" (cmy's)

E' (cm/s)

E/E

5.2 £ 0.4(4.2-6.2)
3.8+ 0.3(3.2-4.5)
1.1+ 0.2(0.6-1.4)
0.8 + 0.1(0.5-1.0)
0.9 + 0.1(0.6-1.2)
0.7 = 0.1(0.5-0.9)
180 =+ 46 (89-300)
70 = 13 (39-105)
3.6 = 0.4 (2.5-4.7)
2.7+ 0.3(1.9-3.5)
2.8+ 04(1.7-3.8)
2.0+ 0.3(1.3-2.9)
131 + 28 (70-222)
52 + 10 (26-90)
46 + 19 (18-87)
18 = T (8-38)
65 = 10 (49-82)

1.44 + 0.37(0.72-2.84)

9+ 2(6-14)
11 + 2 (6-18)

7.16 + 1.95 (3.80-16.71)

Data are mean * SD (range).

Athletes (n)

=y
L

i

Athletes (n)

30 !

35

LVd index (mm/in?)

40

| Cu off for abnommal dimension according to ASE guidelines |

Athletes (n)

207

-
g

—h
il

ke

os for the General
pulation

6 cm, f<5.4 cm)

<225¢9,f<1620Q)
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LV mass index (g/m?) < 155 m|’ f<104 mI)

| Cut off for abnomal dimenision according o ASE guidelines |

AoRt = aortic reot dimansion; BSA = body surface area; E' = 0 60 80 100
velocities; EF = ejection fraction; IVSd = interventricular septal : 2
= left ventricular end-diastolic volumea; LVESY = left ventriculs LVEDV index {mi:'lrm )
PWTd = posterior wall thickness at end-diastole; 5" = peak sg|

| ut off for abromnal dimansion according to ASE guidelines |

Oxborough et al 2012

George et al 2011




ORIGINAL ARTICLE

Predominance of normal left ventricular geometry
in the male “athlete’s heart’

Victor Utomi," David Oxborough,’ Euan Ashley,? Rachel Lord," Sarah Fletcher,’
Mike Stembridge,* Rob Shave,* Martin D Hoffman,” Greg Whyte," John Somauroo, -
Sanjay Sharma,’ Keith George'
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Parameter

LARES strai

Tl (%)

RACON strain (%)

RABOSS strain (%)

HDHS (n = 18)
(mean +<7

46

Unpublished data
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The Right Ventricle of the Endurance Athlete: The
Relationship between Morphology and Deformation

David Oxborough, MSc, Sanjay Sharma, MD, Robert Shave, PhD, Greg Whyte, PhD, Karen Birch, PhD,
ham. PhD.and Keith George, PhD, Leeds, London, Cardiff, Uxbridge, Liverpool,

Nigel Artis, MD, Alan M. Batter
gh, United Kingdom
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Parameter ET RT CT

RVOTPLAX (mm) 31 + 4 [23:37] 29 + 4 [22:35] 30 + 4 [23:38]

RVOTPLAX (mm/[m 2]°5) 21 + 3 [17:26] 20 + 3 [16:24] 21 + 2 [17:25]

RVOTL (mm) 32 + 5 [24:40] 31 + 5 [22:42] 32 + 3[23:36]

RVOTL (mm/[m 2]°5) 22 + 3 [18:27] 21 + 3 [16:25] 22 + 3 [17:27]
RVOT2 (mm) Parameter RT
RVOT2 (mm/[m 2]°5) RVFAC (%) 50 + 10 [40:62] 50 £ 10 [42:601
RVD1 (mm) TAPSE 24 + 3 [21:29] 2l
RVDL (mm/[m 2]05) RVOT VTI 18 +3MME~
RVD2 (mm) RVSV (ml) 99 + 33 [42:149]
RVD2 (mm/[m 2]°5) - ; 32 + 11 [22:51]
RVD3 (mm) 15 + 2 [13:18] 14 + 2 [11:17]

7 £0.3[1.1:2.3] 1.8 +0.3[1.4:2.2] 1.7 £0.3[1.3:2.3]
RVD3 (mm/[m 2]°) 15 + 2 [13:19] 16 + 3 [14:19] 14 + 3 [9:17]

RV diastolic area (cm 4

AR 1.7 +£0.3[1.2:2.4] 1.7 + 0.4 [0.5:2.8] 1.7 + 0.4 [1.0:2.5]

RV diastolic area (cm ?/m 2) RVAS 12 + 2 [10:17] 12 + 1 [9:14] 12 + 2 [9:14]

ST EEEE 15:0.4[0.9:2.4] 1.3 +0.4[0.7:2.4] 1.4 +0.3[0.7:2.0]

RV systolic area (cm ?) 14 + 2 [10:18]A 13 + 3 [8:18] 11 + 3 [7:18]

RV Systolic area (cm 2/m 2) 9+2[7:13]A 8 + 2 [5:13] 7 +2[5:13]

RV wall thickness (mm) 4 +1[3:5)A 4 +1 [3:5] 3+1[2:4]

RV wall QGRS 2.8+ 0.4 [2.1:3.2]1A  23+0.4[1.1:3.1] 2.1+£0.5][1:3]

Unpublished Data




Cardiac Adaptation in the
Ultramathoner

u Chamber enlargement
u Predominantly right ventricle and atria
u To a lesser degree the left ventricle




Cardiac Adaptation 0 The
Electrocardiogram

The Seattle Criteria increase the specificity of durance Athletes
esc dassification of ECG 2t praparticipation ECG screening among elite athletes o Kamn. o viss.

Fees . L ~a,b
Group 1 (training-related) nd David L. Prior, PhD, MBBS*

Sinus bradycardia Maria Brosnan, " Andre La Gerche,"? Jon Kalman,® Wilson Lo, Kieran Fallon,’

First degree AV block Andrew Maclsaac,” David Prior'-?

Incomplete RBBB _ _ . Ince
idurance

mix=d di=cipline a d

Early repolarisation

Isolated QRS voltage criteria f normal heart following further investigations

i
i
Ee
o
20

Right axis deviation / left posterior - 20
hemiblock
0

Right ventricular hypertrophy HR<60 1°AVE iRBBE ERP  LVH
Ventricular pre-excitation B

35
Complete LBEBB or RBBB

Long-QT or short-QT interval

I Elite Endurance
30 B Elite Non-Endurance
@ 251 ] Competitive mixed discipline
Brugada-like early repolarization 3 20-
o=

LVH = left ventricular hypertrophy; LEBB = left bundle branch block; REBB 3';" 15+

= right bundle branch block. ®
ESC guidelines 8 Corrado et al 2009 oL LN L —y =1

i
Group2 TWIV1-V3 Infdat TWI RVH




ECG data from Western States 2013

ABNORMAL ATHLETE CRITERIA (Seattle)

T Wave Inversion >1mm (2 or more adjacent (V2  -V6/II
and AVF, | and AVL))

ST Depression

Pathologic Q Waves

Intraventricular Conduction Delay or complete LBBB

Left Axis Deviation

Left Atrial Enlargement

Right Ventricular Hypertrophy

Right Atrial Enlargment

Ventricular Pre -Excitation

Long QT Interval

Short QT Interval

Brugada type 1 ECG Pattern

Premature Ventricular Extra -systoles (more than 2 per
strip)

Ventricular Arrhythmias

TOTAL

Numbers of Veteran
Athletes (%)
(WS100 n = 48)

Number of Young
Athletes (%)
(Brosnan et al 2013 n
=1078)

25 (2.3)

2(0.2)
2(0.2)
1(0.1)

6 (0.6)
5 (0.5)
5 (0.5)
6 (0.6)
1(0.1)
0 (0)
0 (0)
0 (0)
1(0.1)

0 (0)
48 (4.5)

Unpublished Data







24 Hours Later
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DAY 1 24 Hours Later




What Is the Echocardiographic
Diagnosis?

Individual Case : RV Longitudinal Strain

100
Duration (%)




What is the Echocardiographic
Diagnosis?




Dilatation and Dysfunction of the Right Ventricle

Immediately After Ultraendurance Exercise
Exploratory Insights From Conventional Two-Dimensional and Speckle

Tracking Echocardiography

David Oxborough, MSc; Robert Shave, PhD:; Darren Warburton, PhD: Karen Williams, MSc;
Adele Oxborough, BSc; Sarah Charlesworth, PhD; Heather Foulds, MSc; Martin D. Hoffman, MD;
Karen Birch, PhD; Keith George, PhD

(Circ Cardiovasc Imaging. 2011:4:253-263.)

RV Strain
Parameter :
RV end-dias BRSO
RV end-syst :
RVFAC, %

RV outflow,
RV inflow, m

Strain (%)
B oA
= L=

o
S




Dilatation and Dysfunction of the Right Ventricle

Immediately After Ultraendurance Exercise
Exploratory Insights From Conventional Two-Dimensional and Speckle

Tracking Echocardiography

David Oxborough, MSc; Robert Shave, PhD; Darren Warburton, PhD: Karen Williams, MSc;
Adele Oxborough, BSc; Sarah Charlesworth, PhD; Heather Foulds, MSc; Martin D. Hoffman, MD;
Karen Birch, PhD; Keith George, PhD

(Circ Cardiovasc Imaging. 2011:4:253-263.)

Table 4.  Major Significant Bivariate Correlations

Bivariate
Correlation

Parameter r P
RV =:long SRe’ 0.560 0.024
RV «:circ SRe’ 0.482 0.050

LVEI:RVFAC —0.457 0.034
= —0.466 0.042

Finishing time:RV inflow —0.637 0.008
Finishing time:RV diastolic area —0.604 0.017
No. ultramarathons:RV inflow —0.577 0.002
No. ultramarathons:RV diastol : —0.529 0.035
Training status:LV —0.541 0.030




Exercise-induced right ventricular dysfunction
and structural remodelling in endurance athletes

André La Gerche'?*, Andrew T. Burns3, Don ). Mooney3, Warrick ). Inder!,
Andrew ). Taylor?, Jan Bogaert®, Andrew l. Maclsaac?, Hein Heidbiichel?

and David L. Prior!3

Right ventricular measures
RVEF (%) 51.0 £ 36 464 + 6.5 500+ 3.8
RVFAC (%) 515+ 60 443 + 11.2 458 + 6.6
TAPSE (mm) 249 + 39 240 + 45 265 + 4.1
RV strain (%) —27.2 + 34 —237 +3.7 —256+ 3.0
RVSRs (s ) —142 + 024 —1.26 +0.23 —-129+0.19

Wentricular interaction
RV end-systolic diameter (mm) 202 +£52 238 + 6.1 215+ 51
LV end-systolic diameter (mm) 377+ 38 352 4+ 32 375+ 36
RVLV end-systolic diameter ratio 054+ 014 069 +0.19 058 +0.13
Eccentricity index 104 + 013 1.10 + 0.15 1.01 +0.10




RV global SRs (s™")
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Marathon (3h)
— Endurance triathlon (5.5h)
- Alpine cycling (8h)
— Ultra triathlon (11h)

P=0.050

Baseline Post-race Delayed

Baseline Post-race

Baseline Post-race Delayed

La Gerche et al 2011



Baseline

End-diastolic
Volume

End-systolic
Volume

Post-race

+ImL
P=0.015




Tomas G. Neilan', Danita M. Yoerg- ~ ‘3&
David Lawlor?, Michael H. Pir- ﬂ‘@g .
- § N 0°




Right Heart Post -Ultramarathon

RV Area (cm?) LV Area (cm?)

- Baseline

.. Acute RV
Afterload

-»- Baseline

. Acute RV
Afterload
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Longitudinal Strain (%)

Unpublished Data



OMCR 2014(4 pages)
doi:10.1093/omcr/omu026

& OMCR

Acute response and chronic stimulus for cardiac structural
and functional adaptation in a professional boxer

David Oxborough'-*, Keith George', Victor Utomi', Rachel Lord', James Morton', Nigel Jones?
and John Somauroo'-3
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RV:LV

RA Volume
RVDarea
RVD1
RVOT2
RVOT1
RVOTplax

% Change from Baseline

LA Volume

Relative Wall Thickness
Average Wall Thickness
LVEDiameter
LVEDVolume

Longitudinal Strain

Mid Circumferential Strain
Mid Radial Strain

Basal Circ Strain

Basal Radial Strain

% Change from Baseline

Post Systolic Index (%)
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RV Strain
TVE'
TVS'
TAPSE
RVFAC

El Diastole
-o- LV E'average
-o- LV S'average
- LVEF

Longitudinal PSI
RV PSI

Mid Circ PSI
Mid Radial PSI
Basal Circ PSI
Basal Radial PSI
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LV Circumferential Strain LV Longitudinal Strain
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Duration (%)
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LV Radial Strain LV Torsion

Radial Strain (%)
Torsion (deg)

100 ” : ¥

Durati %
uration (%) Duration (%)
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2013/03/18-18:32:21 SR

SAX-MY

106.0

-106.0
%

| Post Syslt;lic Index (Radial) |

£ 50.0
-50.0

%

o
1

=

-710.6

Radial Strain




2013/03/25-09:50:59 SR

SAX-MV 580
-58.0
%

EF<10% <

| Post Systolic Index (Radial) |

e
A3

50.0

-50.0
%

-38.6

Strain

L 1 1 1 1 1l | 1 1 1




A Depression in Left Ventricular Diastolic Filling
following Prolonged Strenuous Exercise is Associated
with Changes in Left Atrial Mechanics

David Oxborough, MSc, Greg Whyte, PhD, Mathew Wilson, MPhil, Rory O"Hanlon, MRCPI, Karen Birch, PhD,
Robert Shave, PhD, Gillian Smith, MSe, Richard Godfrey, PhD, Sanjay Prasad, MRCP,
and Keith George, PhD, Leeds, Liverpool, Walsall, and London, United Kingdom

Journal of the American Society of Echocardiography
Volume 23 Number 9

Table 2 LA functional data

6 hours

Parameter

Aact (TS-onset) (ms)

Aact (TS-peak) (ms)

Ae (%)

ASRs (L/s)

ASRe (L/s)

ASRa (L/s)

LAES (mL)
beprreft (ML)

LAED (mlL)

Reservoir volume (mL)

Conduit volume (mL)

Before exercise

33.5(25.6 to 41.4)
108.8 (97.9 to 119.7)
53.1 (42.8 to 63.2)
2.79 (2.35 to 3.25)

_4.37 (-5.12 to —3.63)

2.95(-3.56 to —2.33)
65 (43 to 79)
47 (32 to 64)
37 (26 to 48)
28 (16 to 37)
74 (50 to 112)

!E.E!-E alyme (mL) 10(5 to 17)

Immediately after exercise

53.5 (42.4 to 64.6)"
118.3 (106.3 to 130.2)
442 (37.1 to 51.1)"
2.62 (2.15 to 3.09)
3.24(-3.84 to —2.64)"
_3.24(-4.02 to —2.54)"
57 (43 to 76)"
49 (37 to 65)
35 (27 to 46)"
23 (10 to 47)"

after exercise

51.1 (41.5 to 60.8)"
114.2 (104.7 to 123.6)
51.7 (43.1 to 60.4)"

2,77 (2.24 10 3.3
—3.90 (—4.66 to —3.14)
—2.88 (—3.66 to —2.10)

7 (45 to 85)*
49 (35 0 B
38 (28 to 48)*
29 (14 to 47)*

66 (36 to 103)* 66 (35 to 103)
14 (4 to 29)* 11 (4 10 25



Increased RV Size
and Reduced
Function (fatigue)

Reduced LA Filling
and Function

STIMULUS
Prolonged Strenuous
Exercise

Elevated Pulmonary
Vascular Resistance

increased RV Wall
Stress

Dependent on
Duration

Septal Displacement

Reduced LV
Circumferential /
Torsion / Radial

Reduced LV Filling




2009/06/25-11:54:38 Longitudinal Strain SL
|2CH, single wall| 48.0

Frame = 35

-48.0
%

FR= 71 fps
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Cardiac Biomarkers

m Recent Studies Examining Post-Exercise ¢Tn Levels

Activity Number of Troponin Isoform ¢Tn Diagnostic
First Author (Ref. #) Distance Participants Measured Threshold Prevalence of Positive ¢Tn Observed

Walking

Eljsvogels et al. (48) 30-50 km (4 consecutive days) 103 =0.01 ug/ml
=0.2 ug/ml

Running
Lippl et al. (45) 17 0.03 ng/mi 0%

Jassal et al. (49) 61 (HM) “Detectable” HM: 30.6% Immediately after race; 45.9% at 1 h after
68 (FM) FM: 35.7% immediately after race; 52.8% at 1 h after

Mingels et al. (36) 85 =99th percentile 86%
=99th percentile 45%

Fortescue et al. (37) =0.01 ng/ml 68%
Mousavi et al. (38) =0.01 ng/ml 100%
Middleton et al. (2) =0.01 ug/ml 100%
Scott et al. (50) =0.01 ug/ml 20%
Glannitsis et al. (51) =99th percentile 50%
Cycling
Serrano-Ostariz et al. (52) =0.04
Triathlon
La Gerche et al. (53) >=0.16 ng/ml




