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Overview

u Revision on cardiac physiology

u Chronic adaptation in the ultramarathoner

u Acute c ardiac response to running an ultramarathon
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Chronic Adaptation



Isotonic Exercise

CHRONIC

Eccentric Hypertrophy

Dilatation and increased wall thickness

Increased Preload

Improved Relaxation / Untwist

Right VentricleLeft Ventricle Left Atrium Right Atrium and IVC

Lower EF at Rest 

Maintained Stroke Volume

Improves with Exercise

Cardiac Reserve



Normal Ranges for the General 

Population

- LVDd (m < 6 cm, f < 5.4 cm)

- LV mass (m < 225 g, f < 162 g)

- LV EDV (m < 155 ml, f < 104 ml)

Oxborough et al 2012George et al 2011







 

Figure 6. Standard structural volumes of the LA and RA 

*Statistically significant between HDHS versus controls (P< .05) 

#Statistically significant between LDHS versus controls (P< .05) 

ÀStatistically significant between HDHS versus LDHS (P< .05) 
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Unpublished data

Oxborough et 

al 2012

Speckle tracking echocardiography of LA and RA strain between HDHS, LDHS and 

controls

Parameter HDHS (n = 18)

(mean ±SD)

LDHS (n = 18)

(mean ±SD)

Controls (n = 20)

(mean ±SD)

LARES strain (%) 36 ± 7 34 ± 7 32 ± 6

LACON strain (%) 26 ± 6 24 ± 7 22 ± 6

LABOSS strain (%) 11 ± 3 13 ± 5 11 ± 4

RARES strain (%) 33 ± 9 37 ± 10 32 ± 8

RACON strain (%) 22 ± 8 22 ± 8 24 ± 9

RABOSS strain (%) 12 ± 6 13 ± 8 10 ± 5







Parameter ET RT CT

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

RVOTPLAX (mm/[m 2]0.5) 21 ± 3 [17:26] 20 ± 3 [16:24] 21 ± 2 [17:25]

RVOT1 (mm) 32 ± 5 [24:40] 31 ± 5 [22:42] 32 ± 3 [23:36]

RVOT1 (mm/[m 2]0.5) 22 ± 3 [18:27] 21 ± 3 [16:25] 22 ± 3 [17:27]

RVOT2 (mm) 27 ± 5 [22:39] 25 ± 3 [20:32] 26 ± 3 [20:31]

RVOT2 (mm/[m 2]0.5) 19 ± 3 [17:20] 17 ± 2 [16:18] 18 ± 2 [17:20]

RVD1 (mm) 45 ± 5 [39:57]ÀĀ 40 ± 5 [32:51] 39 ± 4 [31:45]

RVD1 (mm/[m 2]0.5) 31 ± 4 [26:42]À 28 ± 4 [20:33] 27 ± 3 [22:33]

RVD2 (mm) 30 ± 3 [25:35] 30 ± 4 [24:38] 29 ± 3 [20:32]

RVD2 (mm/[m 2]0.5) 21 ± 2 [20:22] 20 ± 3 [19:21] 20 ± 2 [19:21]

RVD3 (mm) 88 ± 9 [72:106]À 84 ± 10 [69:102] 81 ± 10 [64:98]

RVD3 (mm/[m 2]0.5) 61 ± 5 [58:64] 56 ± 7 [54:59] 56 ± 7 [53:60]

RV diastolic area (cm 2) 27 ± 4 [23:35]À 24 ± 5 [17:36] 22 ± 4 [15:29]

RV diastolic area (cm 2/m 2) 19 ± 3 [16:26]À 16 ± 4 [11:24] 15 ± 3 [10:20]

RV systolic area (cm 2) 14 ± 2 [10:18]À 13 ± 3 [8:18] 11 ± 3 [7:18]

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

RV wall thickness (mm) 4 ± 1 [3:5]À 4 ± 1 [3:5] 3 ± 1 [2:4]

RV wall thickness

(mm/[m 2]0.5)

2.8 ± 0.4 [2.1:3.2]À 2.3 ± 0.4 [1.1:3.1] 2.1 ± 0.5 [1:3]

Unpublished Data

Parameter ET RT CT

RVFAC (%) 50 ± 10 [40:62] 50 ± 10 [42:60] 50 ± 10 [40:58]

TAPSE 24 ± 3 [21:29] 24 ± 3 [22:26] 25 ± 2 [23:26]

RVOT VTI 18 ± 3 [15:24] 20 ± 2 [19:21] 15 ± 3 [10:20]

RVSV (ml) 104 ± 53 [78:164] 92 ± 33 [62:144] 99 ± 33 [42:149]

RVSV (ml/[m 2]1.5) 34 ± 15 [26:63] 29 ± 10 [21:49] 32 ± 11 [22:51]

RVSõ cm/s 15 ± 1 [13:17] 15 ± 2 [13:18] 14 ± 2 [11:17]

RVSõ ([cm/s]/cm)1.7 ± 0.3 [1.1:2.3] 1.8 ± 0.3 [1.4:2.2] 1.7 ± 0.3 [1.3:2.3]

RVEõ cm/s 15 ± 2 [13:19] 16 ± 3 [14:19] 14 ± 3 [9:17]

RVEõ ([cm/s]/cm)1.7 ± 0.3 [1.2:2.4] 1.7 ± 0.4 [0.5:2.8] 1.7 ± 0.4 [1.0:2.5]

RVAõ cm/s 12 ± 2 [10:17] 12 ± 1 [9:14] 12 ± 2 [9:14]

RVAõ ([cm/s]/cm)1.5 ± 0.4 [0.9:2.4] 1.3 ± 0.4 [0.7:2.4] 1.4 ± 0.3 [0.7:2.0]



Cardiac Adaptation in the 

Ultramathoner

u Chamber enlargement 

u Predominantly right ventricle and atria

u To a lesser degree the left ventricle

Enables higher stroke volumes 

during exercise

More efficient cardiac function

NORMAL FUNCTION



Cardiac Adaptation ðThe 

Electrocardiogram

ESC guidelines ðCorrado et al 2009

Using this criteria 4% of athletes had ôabnormal ECGõ but had a 

normal heart following further investigations



ECG data from Western States 2013

ABNORMAL ATHLETE CRITERIA (Seattle) Numbers of Veteran 

Athletes (%)

(WS100 n = 48)

Number of Young 

Athletes (%)

(Brosnan et al 2013 n 

= 1078)

T Wave Inversion >1mm (2 or more adjacent (V2 -V6 / II 

and AVF, I and AVL))

1 (2) 25 (2.3)

ST Depression 0 (0) 2 (0.2)

Pathologic Q Waves 0 (0) 2 (0.2)

Intraventricular Conduction Delay or complete LBBB 1 (2) 1 (0.1)

Left Axis Deviation 3 (6) 6 (0.6)

Left Atrial Enlargement 1 (2) 5 (0.5)

Right Ventricular Hypertrophy 1 (2) 5 (0.5)

Right Atrial Enlargment 0 (0) 6 (0.6)

Ventricular Pre -Excitation 0 (0) 1 (0.1)

Long QT Interval 0 (0) 0 (0)

Short QT Interval 0 (0) 0 (0)

Brugada type 1 ECG Pattern 0 (0) 0 (0)

Premature Ventricular Extra -systoles (more than 2 per 

strip)

1 (2) 1 (0.1)

Ventricular Arrhythmias 0 (0) 0 (0)

TOTAL 8 (17) 48 (4.5)

Unpublished Data



ACUTE CARDIAC RESPONSE TO AN 

ULTRAMARATHON



What is the Echocardiographic 

Diagnosis?
DAY 1 24 Hours Later



What is the Echocardiographic 

Diagnosis?

DAY 1 24 Hours Later



What is the Echocardiographic 

Diagnosis?

Echocardiograms ð24 hours 

apart



What is the Echocardiographic 

Diagnosis? Echocardiograms ð48 hours 

apart

Elevation in RV afterload

?Pulmonary 

Embolism

? Acute RV 

Obstruction

? RV volume 

overload









La Gerche et al 2011



La Gerche et al 2011





Right Heart Post -Ultramarathon

u Increase in right heart size and reduction in function.

u Transient and persistent

u Correlations with biomarkers

u Appears to be impacting on the LV

u Related to duration and possibly intensity

Unpublished Data





The Left Ventricle

u Reduction in Diastolic Filling

u Reduction in Systolic function (at higher exercise volumes)

u Strain imaging

u Torsion















RV involvement is 

significant
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Cardiac Biomarkers


