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Cardiovascular

Cardiac Plasticity: Remodeling -

Classic concept of LV remodeling......

Schematic Representation of

: LV Hypertrophy showing :
AO rt_ IC i EH and CH Variants AO rti C_
Regurgitation Stenosis

\Volume Pressure

Stress Stress

T— . - o

Volume Challenge Pressure Challenge
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Cardiac Remodeling: Physiology

Endurance Activities Strength Activities

Sustained T CO RepetitiveT SBP
* 4 to 5 times rest « Systolic BP > 300 mmHg
*cTTTHR& TSV  Skeletal Mus. Contraction

« Vasodilation « Vasoconstriction



Cardiovascular

Cardiac Remodeling: Physiology Sy

MISCELLANEOUS

Morphology of the “Athlete’s Heart” Assessed
by Echocardiography in 947 Elite Athletes
JOEL MORGANROTH, M.D., BARRY J. MARON, M.D., WALTER L. HENRY, M.D., Rep'esentlng 27 sm'ts*

and STEPHEN E. EPSTEIN, M.D., Bethesda, Maryland

Comparative Left Ventricular Dimensions in Trained Athletes

Panlo Spirito, M0, Antonio Pelliccia, M0, Michael A Proschan, PhD, Maristella Granata, MD,
Antonio Spataro, MD, Pietro Bellone, MD, Giovanni Caselli, MD, Alessandro Biffi, MD,
Carlo Vecchio, MD. and Barry J. Maron, MD
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TABLE I Age, Gender, Body Surface Area, and Cardiac Dimensions in 847 Athletes Representing 27 Sports

Male  Female  Toial Overall Age LVIDg Wwall TthkﬂE;g
Sport (No.) {No.) {No.)  Group (%) {yr) BSA (mm) (mm)

Rowing 2 g 1 211443 204201 560138 13413
Soccer ! 248443  195:01 55043 10008
Rollerskating X 197229 174202 450444 90110
Canaeing . 201239  192x01 545134 105416
Swimming : 195£32 182402 530148 84413
Volleyball . 206143 209t02 537137 9410
Endurance cycling . 0335 184102 SHULbLY W0521.2
Pentathion k . 195£40 1.77£01 524248 93210
Long-distance track . 267:45 177:02 533236 103211
Tennis ! 030 176£00 501435 91210
Fencing 24134 186402 518253 9313
Sprint track 2 : 251428 18002 493141 91210
Alpine skiing ) 215425 189:02 521136 90+07
Cross-country skiing . 45+44 178101 546441 96109
Equestrian 281+70 178401  505+35 9008
Team handball 25429 187£02 519145 85109
Yachting 27.1+48 189102 513444 91109
Roller hackey 227430 192401 535138 97108
Water polo 245429  203+01 547434 107 06
Taekwondo 216430  176£02 506+40 87413
Wrestling/judo 2461434 194403 526456 103+08
Bobsledding 263435 209:01 551421 97105
Sprint cycling 20319 192102 543145 10109
Boxing 26143 186403  525%40 9811

1 | 1 ' 8 Diving 235432 171402 496433 87112
SWIMMERS RUNNERS WRESTLERS NORMALS Field weight events 24436 227402 556+43 100406
Weightiitting 246421 187402  §33+40 105407
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Figure 1. Echocardiographically measured left ventricular (LV) in- : =
ternal dimensions at end diastole in college athletes. Numbers BSA = body surace area; LVIDG = lott ventricular internal dastofic dimension
represent mean values = SEM. Data of swimmers and runners are S = - - : - - -
statishcnlly different from those of wrestlers and normal sub:ects Rescarch (CNR), Project No. $.4.3. Jjudged to be free of systemic or cardiovascular disease,
(P < 0.001).

802 THE AMERICAN JOURNAL OF CARDIOLOGY* VOLUME 74 OCTOBER 15, 19%4




Historical Data: Limitations

Observation: Basketball Players are Tall



Historical Data: Limitations

Observation: Basketball Players are Tall

Explanatlon ’?

Basketball makes
people grow tall

Tall people self-
select for basketball



Historical Data: Causality?

Does exercise cause heart enlargement or do people
born with “big hearts” simply self select for sport?

MASSACHUSETTS
GENERAL HOSPITAL

HEART CENTER



The Harvard Athlete Initiative (HAI) asﬁ

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

-9 B ; s
-1'\///"‘ ) l

Esther Lofgren - USA

& Andrew Campbell - USA




Cardiovascular

HAI: Sport Specificity of EICR e

Strength Athletes Endurance Athletes

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

*

Pre-Study

Study Period
Period Ay TEro

(90 days)

(48 days)

June  July August September  October November
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HAI: Sport Specific of EICR

A Left Ventricular Mass

’
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ROWING ADAPTATION #1:
“‘LV DILATION”
Four chamber dilation
Large EDV potentiates Large SV

0 T T T T T 1
-10 0 10 20 30 40 50

A LV Mass (g/m?)

“Start Big / Pump Big”

pre po S pre po d E o A L\:'oMass (iolmz) “ *
Endurance Strength

AIVS + PWT (

_.’.:w.

J Appl Physiol 2008,104:1121

14

Thickness

0 T T T T T J
-10 0 10 20 30 40 50

A LV Mass (g/mz)




Cardiac Remodeling: Physiology

JCURNAL OF THE ANERICAK COLLEGE OF CARDIOLOGY
©20% QY THE AMERICAN HEART ASSOCIATION, INC. AND
THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER INC.

AHA/ACC SCIENTIFIC STATEMENT

Eligibility and Disqualification
Recommendations for Competitive Athletes
With Cardiovascular Abnormalities:

Task Force 1: Classification of Sports:
Dynamic, Static, and Impact

A Scientific Statement From the American Heart Associstion and American College of Cardiology

Benjamin D. Levine, MD, FAHA, Aaron L. Baggish, MD, FACC*

Martin S. Maron, MD, FACC*

FACC, Chair* Richard J. Kovacs, MD, FAHA,FACC*  Jere H. Mitchell, MD, FACC*
Mark S. Link, MD, FACC*

The *classification of sports® section has been a part
of each iteration of the recommendations for partici-
pation in sports and provides a framework by which
athletes with heart disease can be prescribed or pro-
seribed specific sports for participation (1-3). For the
36th Bethesda Conference, an earlier version of the
Figure was d that ¢! ized sports by

endurance component, reflected by the relative in-
tensity of dynamic exercise (regular contraction of
large muscle groups) or percentage of maxinal aero-
bic power (Voumx) (3). The rationale for a classifica-
tion scheme applicable to the competitive athlete
with cardiac disease is based on the well-described

d of each different type of exercise

their strength component, expressed as the relative

(static versus dynamic) (3,4), a well as the apparent

intensity of static muscle
of a maximal voluntary contraction), and their

*0m bedal of Se Amsdicmn Hut Asodason and

cardiac ion of athletes who compete in these
sports (5), which reflects the chronic load on the

T ageof Castio peorre

Astythesia: Comasinuo of the Gl on Clisica Castiolgy, Casmel] on
Cantioviscnls Diwe i the Vousg, Councl on Cadiovascslar ant
Saoke Nurdeg, Coundl on Puntiona] Gescesis and Tasdeional
ok, e the Asserican Collge of Cantiolgy

The Ameican Hoat Asscriation and e Amedom Collge of Cani
clgy make every offcrt to awid amy acsaal of potentdl cmfics of
end B sy ake & 4 wak o @ onsile whiedp o 4
purscnal profsiom, of bukne inswest of a menber of Se writig
paml. Spacifially, all musmbs of the witeg o ae mguned to
complb and sbesit 3 Dickoure Qustonsain showiey al sach 1o
Lakmadipn that might be pumvied as 1l of prensdl eseliins of
iwnd. The Pramble and ades Tk Rorcw mpoes for Sase pao.
cvotings e avalatie onlise at www oslie e g (F Am Coll Castidl
2015XX000.000; 000-0; 000-000; OMD-G00; CO-0; DO0-00%
000-000; 000-000; C00-000; OAD-000; OD.C0; COO-CD; 00000
000-000; a8 000-co0).

This smument was approved by e Amedom Heat Aol
Schumcn Advisory and Coordimting Comminus on Jase 24, 215, and
the Amodiom Hat AssoriaSon Brocstve Comsizos on ol 2,208,
and by Se Amedcan Colloge of Cadidogy Bud of Trstas ant
Rracutve Comitne oa Jum 3 205,

2 llow e Lo RO B AL, Kiowacs B, Lisk MS, Maarcm M6, M chell
i cabaal of e Asasican Hoat Asociariba Flcs o stiogaply and
by s Commant e of e el o C il Ca iy, Cousmeslon

S0m Ca stk and S0k
Narsioy, el o Puncsional Gospsmics and et bl Bidiogy, and
B Asmaricin Callge of Canticiogy. Flghiliy and digualifiaion we

Tk Foxe & e, wnd
P .
of Caticiogy. ] A CollCastil 2015 Ceee o0

This e b b copublishad i Cieulativn.
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350) o o sl (o pr oo b com).
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Pressure Load

Il. High (>30%)

Il. Moderate (10-20%)

ow (<10%)
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Bobsledding/Luge
Field events (throwing)
Gymnastics*t

Marital arts

Rock climbing

Sailing

Water skiing*t

Weight lifting*¢
Windsurfing*t

Archery

Auto racing*t
Diving*t
Equestrian*t
Motorcycling*t

Bowling
Cricket
Curling
Golf
Riflery
Yoga

Body building*t
Downhill skiing
Skateboarding *+
Snow boarding*t
Wrestling*

American football*

Field events (jumping)
Figure skating
Rodeoing*t

Rugby

Running (sprint)

Surfing

Synchronized swimmingt
“Ultra™ racing

Baseball/Softball
Fencing

Table tennis
Volleyball

Boxing
Canoeing
Kayaking
Cycling*t
Decathlon
Rowing
Speed skating
Triathlon*¢

Basketball*

Ice hockey*
Cross-country skiing
(skating technique)
Lacrosse*

Running (middle distance)
Swimming

Team handball

Tennis

Badminton
Cross-country skiing
(classic technique)
Field hockey*
Orienteering

Race walking
Racquetball/Squash
Running (long dist
Soccer*

A. Low (<50%)

B. Moderate (50-75%

C. High (>75%)

—>

Volume Load

Levine, Baggish, et al. JACC 2015




Cardiovascular

Endurance Sport Physiology Foommanee

Boxing
Canoeing
Kayaking
Cycling*t
Decathlon

w
(=)

Basketball*

ce hockey*
Cross-country skiing
(skating technique)
Lacrosse*

Running (middle distance)
Swimming

Team handball

Tennis

N
o

N
o

-
o,

LV Challenges:
1.) Filling

Orenteering _ 2.) Ejecting

by 3.) Energetics

Badminton
Cross-country skiing
(classic technique)
Field hockey*

Cardiac Output, I/min
-
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T
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v
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1 3 e 5

Beck et al. J Appl Physiol. 2006 VO2, ml/min




Cardiovascular

Endurance Sport Physiology S

Boxing
Canoeing
Kayaking

Cycling*t
Decathlon 3 1 5 6

Rowing Physiology (75% VO, )

-8- Heart Rate

beats/min.

Basketball* .

Ice hockey* — - - 10
Cross-country skiing
(skating technique)
Lacrosse*

Running (middle distance)
Swimming

Team handhal Heart Rate ~ Work “Tightly Coupled”....All Endurance Sports

Tennis

Time (m)

Badminton Running Physiology (75% VO,y)
Cross-country skiing
(classic technique) ;
Field hockey* r

Orienleenn; : . 2 142
Race walking ;

Racquetball/Squash 2 —-e— Heart Rate

beats/min

k)
T
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~
Y
S
v
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Time (m)




Cardiovascular

Endurance Sport Physiology S

Boxing
Canoeing
Kayaking
Cycling*t
Decathlon

Rowing Physiology (75% VO,,,)

-~ HeartRate =@= Cardiac Oufput

beats/min.
liters / min.

Basketball*

ce hockey*

Cross-country skiing
(skating technique)
Lacrosse*

Running (middle distance)
Swimming

Team handball

Tennis

Badminton
Cross-country skiing
(classic technique)
Field hockey*
Orlenteering

Race walking

Racquetball/Squash -8~ Cardiac Output

-~ Heart Rate

beats / min.
liters / min

k)
T
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~
Y
S
v
3
o
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S
v
O
"
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Time (m)




Cardiovascular

Endurance Sport Physiology S

Boxing
Canoeing
Kayaking
Cycling*t
Decathlon

Rowing Physiology (75% VO,,,)

=== Cardiac Output

liters / min.

Basketball*

ce hockey*

Cross-country skiing
(skating technique)
Lacrosse*

Running (middle distance)
Swimming

Team handball

Tennis

Badminton
Cross-country skiing
(classic technique)
Field hockey*
Orlenteering

Race walking

Racquetball/Squash -8~ Cardiac Output

liters / min.

k)
T
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~
Y
S
v
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Time (m)




Endurance Sport Physiology

AAANLLAANA |0 (e
AV VRVAVA VAN bava

10 Sec. BP DBP =60
Tracings Rowing requires high CO in the
face of pressure

‘ "l'l'l'l'ﬂl'l

& v /VVUVUVUVUVVYVUV MAP=110




Endurance Remodeling Variants @:ﬁgﬂ%

Endurance Exercise-Induced Cardiac Remodeling:
Not All Sports Are Created Equal

Meagan M. Wasfy, MD, Rary B. Weiner, MD, Francis Wang, MD, Brant Berkstresser, MS, ATC,
Gregory D. Lewis, MD, James R. Deluca, BA, Adolph M. Hutter, MD, Michael H. Picard, MD,
and Azron L. Baggish, MD, Bogon and Cambridge, Masachustts
Background: The term endurance sport (ES) is broadly used to chamcierize any exercise that requires main- NOfmal

o high cans
isometic (pressure) cd

= ROWING ADAPTATION #2:
A. L “IV WALL THICKENING”

1204

S Eccentric LV Hypertrophy

. | Balance Chamber Dilation & Wall Thickening
“Pump Big at Minimal Cost”

Left Ventricular Mass D. Relative Wall Thickness Eccentric Eccentric

" p<0.001 Remodeling Hypertrophy
p0001 »
0.4+

0.34

Runners Wasfy et al. JASE 2015



Endurance: LV Filling

Having a Big Heart at Rest ¢ Big Heart During Exercise

FUNDAMENTAL CHALLENGE

Filling NOT Pumping

No Matter How Big You Are,
If you can’t fill, you can’t pump ' l \
i i e a0 i @ & @ L )

Heart Rate 60 Heart Rate 160
SEP = 300 ms / DFP = 700 ms SEP =200 ms / DFP = 175 ms



Endurance: LV Filling

Cardiovascular

Performance

Program ﬁ

LV Hypertrophy & Diastolic Function

A Left Ventricular Mass

pre post pre post
Endurance Strength

A Lateral E’
(cm/s)

J Appl Physiol 2008;104:1121

10

20 30 40 50
A LV Mass (g/m?)




Endurance: LV Filling

The Impact of Endurance Exercise Training on
Left Ventricular Torsion

Cardiovascular

Performance

Program ﬁ

Rory B. Weiner, MD,* Adolph M. Hutter, Jr., MD;* l

et el ROWING ADAPTATION #3:
Michzel H. Picard, MD,* Azron L. Baggish, MD* o

Baoston, Massachusetts

OBJECTIV

Systolic Rotatior
systolic left

“ENHANCED LV RELAXATION”

Fiber Speed (Intrinsic Myocyte)

Elastic Recoil
conrti] | “Strokers Become Suckers”

METHODS
training on L

the EET study

|
Post EET

RESULTS Rotational Transition Zone | increased LV end-
diastolic volu 1013 = 11.4 g/m”
vs. 1157 = 1 lic apical rotation
(B9 = 42° vs. lated into a highly
significant incry 0.002). The impact
of EET on LV ry diastolic UTR
(—1106 * 41, g that occurred by
the end of i .

CONCLUS] / LV twist mechanics
that LVT and UTR

exercise-induced

ican College of

Figure 4. The Percentage of Untwisting by the End of the IVRT

There was a significant increase in the percentage (%) of
untwisting that occurred by the end of the isovolumic relaxation
time (IVRT) (31.2 = 12.0% vs. 39.9 = 14.9%, p = 0.04). This per-
centage increased in 13 of 15 subjects. EET = endurance exer-
cise training.




Endurance: Myocardial Energetics

Big Hearts = Inefficient Hearts....?

ROWING ADAPTATION #4.
“PRESERVED ENERGETICS”
More work, same energy

Substrate Switching tabolic Effciency (MME)

C-11 Aceta

L Al ' - Wasfy et a. JACC Imaging 2018




Cardiovascular

Endurance: Remodeling Time Line? e

Nothing Happens Overnight.... Discrete Steps?

Uesixiontay S auctarandiRuncton LV End-Diastolic Volume Index LV Wall Thickness

Exercise-Induced Left Ventricular Remodeling Among ) p=0.021 )
Competitive Athletes 110 ' =048 | p =0.002
A Phasic Phenomenon ] p=0004 p=0.004 ‘

P

e

Baseline LV Morph ' ' LV Hypertrophy

o ROWING ADAPTATION #5:
-0 “STEPWISE PROCESS”
wow~ [l Dilation before Thickening

& Lengthening

Vascular Volume Expansion Key

Bold font indicates p<0.05 for 4 from previous stage

7 C e mg,m Bath Deirmining e tne comse ol T e I —
sents m: step in further defini l.btm L\ndulruponsc 1 Normal
-
5, 2015.
Genenal ¥ bsplal \.m (LBW, JRD., L1, MMW, GD.I, AMH, MHP, * ®

vices, C: A (RB.W., EW. ). and Cardiff School of rs;m. nnlﬂMcqu)olemmly. 4 P<0001 P<0001

D, ©

g

1

58, 55 Fruit St, Boston,

Baseline CMmP Baseline AAP CMP




Endurance:

Differences in Cardiac Parameters among
Elite Rowers and Subelite Rowers

AARON L. BAGGISH', KIBAR YARED', RORY B. WEINER', FRANCIS WANG®, ROBERT DEMES’,
MICHAEL H. PICARD', FREDRICK HAGERMAN', and MALISSA 1. WOOD'

! Division of Cardiolbogy, Massachusesis General Hospisal, Boson, MA: “Harvard University Health Services, Cambridge, MA:
*United Suates Army Research Insttute for Emironmental Medicine, Natick, MA: and *Department of Biomedical Sciences,

Ohio University, Athens, OH

ABSTRACT
BAGGISH A L, KX YARED, R B WEINER, F. WANG, R. DEMES, M. H. PICARD, F. HAGERMAN, aad M. J. WOOD.
Diffrences in Cardiac Parascters amony Elie Rowess and Subeline Rowers Mad Sci. Spows Exerc Vol 42, No 6,pp 1215-1220 2000
Thee & sigafioes indvidial iy @ Se cadia aliptision Bat cous i ropome 1 Cuvcie Maisag Fats socis! wid

Remodeling vs. Skill Level

Cardiovascular

Performance

Program ﬁ

Demographics and Clinical Parameters ER (n = 20)

SR (n = 20)

25FEI3 T
197 + 5* 1
98 + 5* 1
23 +01*%1
56 + 71
124 £ 10
62 + 9t
4/20
8/20
0/20
8/20

Age (yr)

Height (cm)

Weight (kg)

BSA

Resting pulse (beats-min~")

Systolic blood pressure (mm Hg)

Diastolic blood pressure (mm Hg)

Family hypertension history

Prescription medication use
Cardiovascular medication
Noncardiovascular medicatiop

20 £2
186 + 61
82+ 10
21+0.2
60 + 5t
118 £ 11
58 + 9t
5/20
5/20
0/20
5/20

B vaabilny mman
e undedyng cadic passces s
cediae Ducte dnd ftion diflr sy
amank (C). Methods. Cara: pasend
Dippler, and speckiat sndking cdo]
evidencad by f¢ sgafag difivexd
with C Waen compaed with SR, ER o
P Q02), LV s (150 £ 11 vs 134 4
w B9 LSeai'm | P<0000) FY
3% £ TH v 3% £ 6%, P = 0.008)
BeRVA'=66214wd3 =13
pecific aspeens of crdac saucoure of
Key Words: EXERCISE-INDUCED
FUNCTION, DIASTOLIC FUNCTION|

xexise tining lasds o adeptiveg

structure and fimcton. Lefl vent]

tophy and dilaton (6,26) ng
dilaton ©,35), and lefl atrial enl.
demonstrated in tramed athletes. Recen
in cardiac function have ako been nepo
examinstion of the extmsive prior
(27,30,31,36) and recent longitucdinal s
omstrate significant miermdividual v

| and fi | resp ©

contributary factors including g (32),

ROWING ADAPTATION #6:
COMPETITION LEVEL MATTERS
Genetics (Baseline & Plasticity)

Chronic Training Stimulus Dose

What You See Depends on Who You Study

11 £ 41
9+ 2t
2+1
5+ 2t

SR (n=20)

62 + 13t
106+ 0.7

type (21,39), ethnicity (5), and gene ¥

Adies Be cosepoatesce: Aame L Bggih, MD, Masaclusess
General Hospinil, Yawkey Buiding Swie SB, 55 Frut St, Bama,
MA 02114; Bl abaggshliparse s ooy

Subeszed Be pubbogioa My 108

Acorpant for pubicasion Octobes 2009,

019551310206 12150
MEDICINE & SCIENCEIN SPORTS & EXERCISE
Copyright © 10 by S Aserices College of Spoess Medicine

DOL 0.1 49 MSS 00013318l 51604

FAY |
171 £20% 1
T4+12*
332 £ 45" t
47+ 4"t
363"t

W)
LVEDV (mL)
LVESV (mL)
LV mass ()
RVIDG (mm)
RV diastolic area (cm?)

has been demomstrated m elite, subelite, and recreational
athletes, we are unaware of any prior studies that provide 2
direct comperson of smglesport athletes at different
competitive levels. We hypothesized that elite competitive
rowers (ER) would have significent cardisc differences,
including v ler chamber d mass, and
disstolic function, when d with rowers parti T

=t 2 lower competiton level. To st s hypothesis, we
conducted 2 comparstive amalysis of ER, subelite competi-
tive rowers (SR), and sedentary controls. The primary ob-
Jective of this study was to determme which structural and

RV systolic area (cm?) 183"

10.5 £ 0.6t
140 £ 20t
60 « 81
267 + 31t
42 +5¢
28 + 4t
15+ 3t




Key CV Controversies

50 FAR 50 GOOD.....

BUT, Can you get too much of a good thing??
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Athlete’s Heart: The Beginnings...

Cardiovascular

Performance

Program ﬁ

VoL. CXLI, No. 10.] BOSTON MEDICAL AND SURGICAL JOURNAL. 229

@riginal Wrticles,

THE EFFECTS OF TRAINING.
A Stupy or THR Hanvano Usivemsry Crews.
Y ECOKNE A, DARLING, M.D., CAMURIDOK.
(Comaluded from No. 9, p, 0.
Ciroulutory syatem. — Periodic exuminations of the

gressive enlurgement afecting both sides of the heurt
during May and reaching its maximum erly in June.
After this there was a considerable shrinkage, espo-
cially of the left side, both the left border il the
upex  best receding towands the median line nntil
their positions were not very different from thuse of
early Muy.  The vight side of the heart alvo showed
shrinkage but to a less degroe than the left.  The

ition of the upper horder vuried considerably in

'lf'zrl aml pulve were mude, spocial attention buing
gven to the size of the heart, W the ocourrence of
Abuorual soundy el to the mte wil elaracter of the
Pulse,  Examinations wero abso made after several
me-rows wikd buth rices.

Fuspection of precordia, ete.— All of the wen
showed 4 prominenes of the precordinl region und o
ore diffuse pulkntion than normal.  The apex beat
When visible was usaally locatod in the fifth intercos-
UE Space, just inside the mammillury line.  After the
Hmerows amd reces the apex beat was visibly dis-
Placed to the Teft, winl in many instunces w marked
Precordial and epigustric pulsation was notd.  There
Was ulso in most cuses visible pulsation in the per-
ipheral urteries, most marked in the subcluvians and

Girotids,  “I'he color wus uui{unnlvﬁ o, there i

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

1
the different ex tioas, oy g apparently
partly on the fuluess of the stomueh amd partly on
the depeh of vespimation.  The rolative rise wl fall
of the apex beat could not be followed s closely us
its laterul movement, owing to the rilw,

The period of greutest enlargement corresponded
to the period of the most arduous work, lute in Muy
and early in June, when the finsl seloction of men
wits Deing mude, wid when consequently every wan
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weakened. A "broken-winded " athlete is probably one with a

dilated, flabby heart.

Mtermummillary line; the right and left borders were
easured from the median line, the former at the level
of the nipples, the lattor at the upex. The upper
border was messured from u line draws through the
Apex parallel to the intermummillary line, By aver-
Mring these varions measurements it was casy to con-
Mtruct o chart representing the uverage heart of the
Syuad and also to estimate the average varintion,

The following Table (V1) and Chart (V1) give the
Mensurements nid varistions of the uverage heart of
the entire squad.  They show that there wus s pro-

—Eugene Darling 1899

perfected awl the more aceurate wlaptution of each
man’s rigging to his peculiarities, all tended 1o lessen
the steain on the Ddividual varsman aml by enabling
lim to do his work with loss muscular effort propor-
tionately diminished the labor d ded of the heurt.

How much of the enlargement wax due to hyper-
trophy and how much to dilatation is dificult to suy.
Probably there were both hypertrophy amd dilatation.
The accompunying change ﬁl the hoart sounds in cer-
tai ciuses 0 be deser bed later would indicate that
there was considerable dilutation ut first, but that sul-
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The impact of endurance exercise training on left ventricular
systolic mechanics

Aaron L. Baggish." Kibar Yared," Francis Wang.* Rory B. Weiner,' Adolph M. Hutter Jr.}
Michael H. Picard,' and Malissa J. Wood'

'Division of Cardiclogy, Massachusetts General Hospital, Boston, Massachusetts; and *University Health Services
Harvard University, Cambridpe, Massachusetts

Submitiad 15 April 2008; sccepled i Sinal form 7 July 2008
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Am J Physiol Heart Circ Physiol 295: H1109-H1116, 2008.
First published July 11, 2008; doi:10.1152/ajpheart.00395.2008.

The impact of endurance exercise training on left ventricular LV SyStOI IC Stra' n C hanges W|th
systolic mechanics Rowi ng Trainin g (n = O)

Aaron L. Baggish,! Kibar Yared,'! Francis Wang,”> Rory B. Weiner,! Adolph M. Hutter Jr.,!
Michael H. Picard,! and Malissa J. Wood!

| P

I ———

(<-2)  (-2to2) (2 to4) (4to6) (>6)
(<-2)  (-2t02) (2 to4) (4to6) (>6) (<-2)  (2to2) (2 to4) (4to6) (>6)

Longitudinal ~ #20-25% Radial ~ #50-60% Circumferential ~ v20-25%

Normal to Supranormal Strain....Focal Septal Dysfunction Fatigue??



Cardiovascular

Cardiomyopathy e

The Ventricular Interdependence of Physiologic Remodeling

-2

Change in LV
septal circumferential -4
strain (%)

0 200 400 600 800

Change in RV end-diastolic area (mmz)

Am J Physiol Heart Circ Physiol 2008;295:1109
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Table 3. Location and extent of LGE in veteran athletes

4 \ Participant Age, Percentage of Total Perfusion
o X yr LGE Mass, g LGE Pattern Defect Interpretation Location
\ A 67 CAD Yes Probable dual infarction Septal and lateral wall
- . 2 50 Non-CAD No Probable myocarditis Epicardial lateral wall
p 66 : Non-CAD No Nonspecific Basal and midinsertion point
60 k Non-CAD No Nonspecific Inferior insertion point mid and apical
» 50 Non-CAD No Nonspecific Insertion point inferior mid/apical

Non-CAD No Nonspecific Inferior insertion point
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Exercise-induced right ventricular dysfunction
and structural remodelling in endurance athletes

André La Gerche'?*, Andrew T. Burns3, Don J. Mooney3, Warrick }. Inder?,
Andrew ). Taylor4, Jan Bogaert5, Andrew l. Maclsaac3, Hein Heidbiichel?,
and David L. Prior"3

Table | Baseline demographic and functional measures according to the endurance event completed

Number of athletes

Race distance (km)
Race completion time

Overall Marathon run Endurance triathlon® Alpine cycling Ultra triathlon*

40 7 " 9 13
422 1.9/9021.1 207 38/180/422

2h59min +30min  5h24 mn+ 25 min BhS5min+42min 10h52min+ 1h
16 min

Amblent temperature (“C) 16-20 18-31 24-34 17-28

Age (years)

Male (%)

BMI (kg/m?)

% of predicted VOymax
Training (years)

Training (hWweek)

B+3 347 #+9 1 +8
8 91 78 100

N3+16 240 4 21 239421 235413

142+8 141 + 20 154+ 20 148 + 18

13+8 6+5 12+ 14 149

"+6 14+3 13+4 145



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

| |
Ca rd IOl I lyo pathy André La Gerche'?*, Andrew T. Burns?, Don ]. Mooney?, Warrick J. Inder?,
Andrew ). Taylor4, Jan Bogaert®, Andrew Il. Maclsaac3?, Hein Heidbiichel?,

and David L. Prior"3

P Preliminary data suggests that a small minority
of chronic endurance athletes may develop a

fibrotic cardiomyopathy...a phenotype of
uncertain clinical relevance that deserves our

attention and further outcomes-based study
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Chronic Extreme A Theoretical
Cascade

Training / Recovery
Mismatch “The Perfect

S torm i

Host Susceptibility
(Genetics)

Secondary Process
(Drugs, Infection, Disease)

»
-
-
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Key Cardiac Adaptations in Rowers:

1.) Bi-ventricular growth (Ecc.-LVH)
2.) Enhanced filling capacity (High HR)
3.) Preserved energetics

4.) Phasic remodeling process

5.) Competition level-specific phenotype

6.) Fatigable... Injury prone with overuse??



Acknowledgements

MGH
G. William Dec, MD
Jason Elinoff, MD
Laurie Farrell, RN
Adolph Hutter, MD
Jonathan Kim, MD
Greg Lewis, MD
Jane Marshall, RDCS
Carlene McClanahan, RDCS
Deb Mcdonald
Ellie Morris, RDCS
Jennifer Neary, RDCS
Michael Picard, MD
Anthony Rosenzweig, MD
Thomas Wang, MD
Meagan Wasfy, MD
Rory Weiner, MD
Arthur Weyman, MD
Malissa Wood, MD

Cardiovascular
Performance
Program ﬁ

Harvard University

Brant Berkstresser
Arthur Boland, MD
Charles Butts
William Manning
Timothy Murphy
Elizabeth O’ Leary
Harry Parker
Bob Scalise
Francis Wang, MD

Research Support

American Heart Association

American Society of
Echocardiography

American College of Sports Medicine
CIMIT



Cardiovascular

Performance

Th a n k YO u .l Program ﬁ




