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The Athlete’s Heart

We have seen that a great increase in size and strength 
is demanded of the heart and it may easily happen that it 

is called upon for more work than it is able to do and 
that instead of establishing a compensatory hypertrophy 
it becomes diluted and weakened. A "broken-winded " 

athlete is probably one with a dilated, flabby heart. 
                                          -Eugene Darling 1899

“The left hemi thorax was mostly consumed 
by the heart. By estimation, these ski-men 
had hearts that were more than twice the 

size of that found in ordinary man. I hesitate 
to speculate about the long-term 

significance of such an observation.” 
                                           -Henschen 1899
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Arch Int Med 1958;122:340



Annals of Int Med 1975;82:521
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100+ Years of Cross-Sectional Studies Showing Cardiac Enlargement in Athletes
BUT…..

Cross-Sectional Studies Cannot Establish Causality

Average Height 6’7”

But why, can we make any causal conclusions from this photo??

Tall height is genetic, affords an a 
competitive advantage and thus 

tall people self-select for 
basketball

Basketball MAKES people grow tallX✓
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Does exercise cause heart enlargement or do people 
born with “big hearts” simply self select for sport?
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Stroke work ~ Wall tension ~
transmural pressure x radius 

wall thickness

The heart remodels to normalize stroke work & meet 
metabolic demands
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Classic concept of LV remodeling……

aortic stenosis

Volume Challenge

pressure challenge
Chamber 
Dilation 

Wall 
Thickening 

LV hypertrophy showing EH and CH 
variants

aortic regurgitation
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Endurance Activities

Sustained ↑ CO
4 to 5 times rest
↑ ↑ ↑ HR & ↑ SV 

Vasodilation

Strength Activities

Repetitive↑ BP 
Systolic BP > 300 mmHg
Skeletal Mus. Contraction

Vasoconstriction

Pressure challengeVolume Challenge

The Athlete’s Heart



Athletic Trajectory in the US:
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Acute Training Intensification       
Extended 
Training 

Experience
Baseline

June August OctoberSeptember NovemberJuly

Pre-Study
Period

(48 days)

Study Period 
(90 days)  

Baseline 
Conditioning

Study Exercise
Exposure

#1 - ECG, Blood, 
Echo, IHGT, Tono. 

CPET, MRI, PET

A platform for longitudinal, repeated measures studies 
of CV adaptation to exercise.

M
ultiyear C

ycles

Alum
ni Follow

-up

#2 - ECG, Blood, 
Echo, IHGT, Tono. 

CPET, MRI, PET

December

Jeremy Lin - NBA

Ryan Fitzpatrick - NFL

Esther Lofgren - USA

Andrew Campbell - USA

THE HARVARD ATHLETE
INITIATIVE 2005-2022
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Strength Athletes Endurance Athletes

June August OctoberSeptember NovemberJuly

Pre-Study
Period

(48 days)

Study Period 
(90 days)  

Do these hearts change and if 
so, do they do so differently?

hypothesis
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Correlation: ∆ LV Mass vs. ∆ LVEDV

Correlation: ∆ LV Mass vs. ∆ IVS+PWT
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J Appl Physiol 2008;104:1121
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Baggish et al. JACC 2017
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Baggish et al. JACC 2017

“Grey Zone”

Maron,	et	al.	Circulation	1995;91:1596-1601

LV walls of 13-15 mm
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The Athlete’s Heart

>15 mm ♂
>12 mm ♀

Marked Asymmetry

Size not helpful
Uni-ventricular Dilation

Abnormal Diastology

Size not helpful
Uni-ventricular Dilation
Abnormal Morphology

Absence of Dynamic Phys.
Adjacent wall thinning

Systolic Dysfunction



The Athlete’s Heart

Imaging / Patient Discordance
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Increasing Dynamic Component
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Normal Morphology

Eccentric LV Remodeling & 
RV Dilation

Eccentric LVH & 
RV Dilation

Concentric LVH
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RV Dil.
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The RV & Pulmonary Circulation Are 
Optimally Designed for Rest and 
Low Intensity Physical Activity:

Low Resistance (PVR)
High Compliance

Low RV Afterload (Work)

The RV & Pulmonary Circulation Are 
Sub-Optimally Designed for 

High Intensity Physical Activity:

Minimal PVR Decline
Marked Decline in Vascular Compliance

High RV Afterload (Work)

Disproportion Susceptibility to the “Good” & “Bad”
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N=627 Athletes

N=510 Athletes

9% 3%
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RV:LV ~ 1:1

The Vast Majority of Endurance Athletes Have Benign Physiologic Remodeling
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RV Exercise Physiology

RV Exercise-Induced Remodeling

RV Fatigue & Injury (?)
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This is the minority, not the majority
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Chronic Extreme 
Volume & Intensity

Training / Recovery
Mismatch

Host Susceptibility
(Genetics)

Secondary Process
(Drugs, Infection, Disease)

+

+

+

“The Rare Perfect Storm”

A Theoretical 
Pathogenic 

Cascade

Don’t go looking for scar, but be ready to evaluate complex arrhythmias…
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Group B

Group A
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Summary Thoughts

1.) Exercise-induced cardiac remodeling (EICR) refers to the causal relationship between cardiac 
enlargement and habitual high volume / high intensity exercise training.

2.) Left ventricular remodeling involves a sport physiology specific combination of dilation and wall 
thickening in response to pressure and volume stress

3.) Marked remodeling can overlap with forms of mild cardiomyopathy and strategies integrating 
patient & family history and cardiac imaging can be used to resolve “gray zone” cases

4.) The right ventricle is uniquely responsive to EICR in endurance athletes and largely benign RV 
insertion point and septal scars may be found in the minority…clinical relevance?

5.) A very unique form of VT, occasionally be seen in endurance athletes, occurs due to RV 
epicardial scarring and requires a specific catheter-based treatment approach 



Thank You


