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Imaging the Athlete’s Heart — From Basics to Advanced -
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Imaging the Athlete’s Heart

— From Basics to Advanced —
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Cardiovascular Medicine

What is athlete’s heart?

Hemodynamic overload due to long-term training
typically involves both left and right ventricles,
inducing changes in cardiac structure globally

described as “athlete’s heart”

Pluim BM, et al. Circulation 2000;101:336-44

Pelliccia A, Maron BJ, et al. New Engl J Med 1991;324:295-301
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- Athlete’s heart

Comparison with pathologic overload

Pressure Volume
Overload Overload

RY
dysfunction

Cardiac remodeling:
Healthy state vs. Disease

Hemodynamic Stress of Sport
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Aaron Baggish, ASE 2015
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Imaging the Athlete’s Heart — From Basics to Advanced -

LV chamber dilation
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Left Ventricular End-Diastolic Dimension (mm)

Pelliccia A, Maron BJ, et al. N Engl J Med. 1991;324:295-301

Increased LA diameter

BMALE
™ s 20% (240mm)

No. Athletes
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Left Atrial Transverse Dimension (M)
Pelliccia A, Maron BJ, et al. N Engl J Med. 1991;324:295-301
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- Athlete’s heart

Increased LV wall thickness

2% (213 mm)
e ——

§ 6 7 8 9 10 11 12 13 4 15 18
Max. LV Wall Thickness (mm)
Pelliccia A, Maron BJ, et al. N Engl J Med. 1991;324:295-301

Athlete’s heart vs. HCM

“Gray zone” of LV

wall thickness
(13<15 mm)
Table 1 Distinguishing athlete’s heart from HCM
A'r:‘;';':‘s Data feature Athlete's heart HCM Value
Increased wall thickness Yes Yes No
Atrial remodeling Yes Yes No
Systolic function Normal Normal No
Mechanical function i Normal Abnormal | Yes
Diastolic physiology Normal Abnormal | Yes
«€— Unusual patterns of LV
< LV cavity <45 mm Data from Paterick TE, Jan MF, Paterick ZR, Umland MM, Kramer C,
LV cavity >55 mm — Lake P, et al. Cardiac evaluation of collegiate student athletes: a
<«— Leftatrial enlargement — medical and legal perspective. Am J Med 2012;125:742-752.
<«— Bizarre ECG patterns —_—
<«— Abnormal LV filling
<«— Female gender
| Thickness with deconditioning ~——>»
<— Fanmily history of HCM
e Am J Med 2012;125:742-52
lax. VO, >45 mllkglwn > X
>110% predicted Braunwald Heart Disease 9th
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Imaging the Athlete’s Heart — From Basics to Advanced -

Exercise-induced cardiac remodeling
(EICR)

EICR enhances the cardiovascular
system’s ability to meet ....

| the demands of exercising skeletal muscle |

The ‘Morganroth hypothesis’

No athlete

Strength
athlete

Endurance
athlete

Eur Heart J Cardiovasc Img 2015;16:353
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- Athlete’s heart

EICR according to type of training

Endurance training Strength training

* Repetitive SBP elevation
— Systolic BP >200 mmHg
gﬁ — Skeletal m. contraction

- Increased LV afterload

+ Sustained CO increase -
+ 4-5 times rest
* HR increase (+++)
+ SV increase (+)
+ Vasodilation

RN

H
H

Mitchell et al. J Am Coll Cardiol 2005;45:1364-7

Pelliccia A, Maron BJ, et al. N Engl J Med. 1991;324:295-301
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Imaging the Athlete’s Heart — From Basics to Advanced -

Sport-specific nature of EICR

Normal “Pre-training”
Cardiac Structure and Function

Left
Ventricle

Endurance Strength
Training Training

—

RV Dilation Eccentric Concentric LV
+/- Mid RVH LV Hypertrophy
Com—
e

Characteristic Adaptations Characteristic Adaptations
- Mild to Moderate Eccentric LVH and RV dilation - Mild concentric LVH but No RV remodeling
- Biatrial enlargement - Normal to mildly enlarged left atrial size
- Normal to slightly reduced resting LVEF - Normal to hyperdynamic resting LVEF
- Normal or enhanced Early LV Diastolic Function - Normal to slightly reduced early LV diastolic function
- Normal or enhanced LV twisting / untwisting - Compensatory increase in late LV diastolc function

Weiner RB, Baggish AL. Prog Cardiovasc Dis 2012;54:380

Comparative Left Ventricular Dimensions in Trained Athletes

=
o

JOEL MORGANROTH, M.D, BARRY J. MARON. M D. WALTER L. HENRY,
sed STEPHEN E. EPSTEIN, M.D., Bethesda, Manyand
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Annals of Int Med 1975;82:521
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- Athlete’s heart

Deformation imaging in athletes

* LV at rest:
* Increased function: IRichand V, Am J Cardiol 2007
« Similar as normal persons: Nottin S, J Physiol 2008 & Fujimoto N,

Circulation 2010

* LV during exercise:

* RV at rest
* Decreased function when dilated RV: Teske AJ, Eur Heart J 2009

* Heterogenous results: La Gerche A, Heart 2012

Deformation Imaging in Young
Athletes

Athletes Normal control Palte

(n=162) (n1=42)
Age (years) 24 2543 <0.001
Female gender (%) 82 (51%) 23 (55%) 0.730
Body surface area (m?) 1.8402 17402 <0.001
Systolic blood pressure (mmHg) 118+13 11612 0.383
Diastolic blood pressure (mmHg) 65+12 70+10 0.013
Heart rate (/min) 65+12 71411 <0.001
LV end-diastolic volume (mL) 124434 109+25 0.015
LV end-systolic volume (mL) 45416 42413 0.244
LV ejection fraction (%) 6446 6245 0.047
LV mass (gm) 135446 111429 <0.001
LV longitudinal strain, apical 4 chamber (%) 219.942.7 20,0425 0.741
apical 3 chamber (%) -19.042.8 205432 0.004
apical 2 chamber (%) 205427 213825 0.074
global value (%) -19.8+2.4 -20.742.4 0.030

Park JH, Kim KH, JY Cho, et al. 2016 ESC abstract
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Imaging the Athlete’s Heart — From Basics to Advanced -

Athletes vs. Sedentary controls

* Trained athletes have cardiac remodeling not
only in the increased size and volume
of cardiac chambers, but also in the increase
of LV thickness.

* Also RV shows increased dimension,
however, the thickness remains unchanged
unlike LV.

Athletes vs. Sedentary controls

* Despite of these cardiac remodeling, diastolic
function was normal in both groups and even
enhanced (hypernormal) in the athlete group.

* Considering the normal cardiac function of
this population, it is suggested that cardiac
remodeling in athletes would be a
physiologic change.
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- Athlete’s heart
Remodeling Patterns in Young

_Athletes

sy
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Cpncelntric Concentric
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3 Normal Eccentric
Geometry Hypertrophy
<0.95 (P >95 ()
<115 >115 )
Left Ventricular Mass Index (gm/m’) Zud_

Remodeling proportion

100%
80%
B Remodeling
60%
B Normal geometry
40%
20%
0%
Young Athletes
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Imaging the Athlete’s Heart — From Basics to Advanced -

Remodeling according to the

(%)

sports

ROWING
WATER POLO
SOCCER
GYMNASTICS
BASKETBALL
SWIMMING
TRACK AND FIELDS
BADMINTON
TENNIS
TABLE TENNIS
TAEWONDO

Less possibility for remodeling in athletes playing archery, base ball, fencing,
golf, shooting, volley ball

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

1. High
(>50% MVC)

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

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

Il. Moderate

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

Baseball/Softball*, Fencing,
Table tennis, Volleyball

I. Low

Increasing Static COMPONENT m—-
(<20% MVC) ( 20-50% MVC)

A. Low B. Moderate C. High
(<40% Max O,) (40-70% Max O,) (>70% Max O,)

Increasing Dynamic Component s——

Mitchell et al. J Am Coll Cardiol 2005;45:1364-7
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- Athlete’s heart

Take Home Message [
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Take Home Message
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* Eccentric vs, concentric remodelling
* Endurance training vs. Strength training 9| Zia}
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* Strain method
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