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Overview

 Revision on cardiac physiology

 Chronic adaptation in the ultramarathoner

 Acute cardiac 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) 

†Statistically 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Unpublished data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

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

RVOT PLAX (mm/[m2]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/[m2]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/[m2]0.5) 19 ± 3 [17:20] 17 ± 2 [16:18] 18 ± 2 [17:20]

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

RVD1 (mm/[m2]0.5) 31 ± 4 [26:42]† 28 ± 4 [20:33] 27 ± 3 [22:33]

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

RVD2 (mm/[m2]0.5) 21 ± 2 [20:22] 20 ± 3 [19:21] 20 ± 2 [19:21]

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

RVD3 (mm/[m2]0.5) 61 ± 5 [58:64] 56 ± 7 [54:59] 56 ± 7 [53:60]

RV diastolic area (cm2) 27 ± 4 [23:35]† 24 ± 5 [17:36] 22 ± 4 [15:29]

RV diastolic area (cm2/m2) 19 ± 3 [16:26]† 16 ± 4 [11:24] 15 ± 3 [10:20]

RV systolic area (cm2) 14 ± 2 [10:18]† 13 ± 3 [8:18] 11 ± 3 [7:18]

RV Systolic area (cm2/m2) 9 ± 2 [7:13]† 8 ± 2 [5:13] 7 ± 2 [5:13]

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

RV wall thickness

(mm/[m2]0.5)

2.8 ± 0.4 [2.1:3.2]† 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/[m2]1.5) 34 ± 15 [26:63] 29 ± 10 [21:49] 32 ± 11 [22:51]

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

RVS’ ([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]

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

RVE’ ([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]

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

RVA’ ([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

 Chamber enlargement 

 Predominantly right ventricle and atria

 To a lesser degree the left ventricle

Enables higher stroke volumes 

during exercise

More efficient cardiac function

NORMAL FUNCTION



Cardiac Adaptation – The 

Electrocardiogram

ESC guidelines – Corrado et al 2009

Using this criteria 4% of athletes had ‘abnormal ECG’ 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 – 24 hours 

apart



What is the Echocardiographic 

Diagnosis? Echocardiograms – 48 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

 Increase in right heart size and reduction in function.

 Transient and persistent

 Correlations with biomarkers

 Appears to be impacting on the LV

 Related to duration and possibly intensity

Unpublished Data





The Left Ventricle

 Reduction in Diastolic Filling

 Reduction in Systolic function (at higher exercise volumes)

 Strain imaging

 Torsion















RV involvement is 

significant



0

10

20

30

40

50

60

70

80

90

100

J Point

Elevation V1

Partial RBBB T Wave

Inversion V1

T Wave

Inversion

Anterior

Leads

Right Axis

Deviation

Long QT RVH Isolated

Criteria for

LVH

Early

Repolarisati

on

PRE 27 27 47 13 6 0 13 20 33

POST 60 40 80 13 6 6 6 47 53

%

PRE POST

Data in Review



Cardiac Biomarkers



Summary

 Big hearts functioning well 

 Completing an ultramarathon leads to some acute changes in 

structure and function – particularly the right ventricle

 Cardiac biomarker release appears to be a physiological 

phenomenon

 This acute event is likely to act as a stimulus for PHYSIOLOGICAL 

cardiac adaptation

DOES REPEATED EXPOSURE AND INSUFFICIENT RECOVERY TIME LEAD TO 

PATHOLOGICAL CARDIAC ADAPTATION?









DATA IS SPARSE

HETEROGENEOUS PRESENTATION

?GENETIC PREDISPOSTION

DEFINITELY FURTHER WORK IS REQUIRED





Atrial Arrhythmias

 Elevated risk of AF in endurance athletes (Furlanello 2008; Sorokin 

2009; Abdulla 2009)

 LA size, ANS balance, competitive stress ??





• Small sample size

• ‘tried’ to match groups for cardiac risk 

factors

• Not peer reviewed

DOES NOT SUGGEST MARATHON RUNNING CAUSES

CORONARY ARTERY DISEASE



“running too fast, too far, and for too many 

years may speed up one’s progress towards 

the finish line of life”



The Lancet



“running too fast, too far, and for too many 

years may speed up one’s progress towards 

the finish line of life”

“One possible explanation for the U-shaped curve observed by Lavie

and colleagues is that the authors adjust for body mass index, 

hypertension and hypercholesterolaemia. Running has been shown to 

lower those risk factors in a dose-dependent fashion with no sign of 

negative returns until at least 50 miles/ week. Arguably, adjusting for 

all these factors is akin to adjusting for low-density lipoprotein (LDL) 

values in a study analysing the survival benefit of taking statins to treat 
hypercholesterolaemia. Put simply, this editorial represents a selective 

interpretation of the available data, at the best.” – Thomas Weber



Summary

 Cardiac structure adapts to running ultramarathons in order to improve 
efficiency and ability to generate and cope with higher stroke volumes.

 Cardiac function is generally normal at rest with a high reserve during exercise.  

 There is some minimal evidence of detrimental impact on the myocardium 
demonstrated by fibrosis – this is in a very small number and may well be no 
different to control subjects.

 There is a higher incidence of atrial fibrillation in ultramarthoners.

 Data on increased mortality and increased prevalence of CAD is unfounded.



The Future

 Further establish normal ECG findings in ultramarathoners.

 Establish the mechanisms underpinning acute adaptation.

 Specifically assess ECG findings

 Establish dose relationship

 Further our understanding of the long term impact of ultramarathons

Thank you for listening


