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The Athlete in CV Practice

* 32 y.0. male professional marathoner

*Fatigue >> acute pleuritic chest pain

Evaluation concludes viral myopericarditis

*Rx: NSAIDs and activity restriction

The Athlete in CV Practice

* 3 months later, back to training, Emails his doc:

“Doc: all is well. Feeling good. Think the NSAIDs did the
trick. Hoping to PR at my next race.”

* MD with prompt reply:

“Racing again sounds fine. However, | would prefer you
take your medication orally, not PR.”




Sports Cardiology: Then @ S

The Old Schema
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The New Schema
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Sports Cardiology: Now iy
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Sports Cardiology 2020 o

Where have we come from?
&
Where do we need to go?

n eon

Eligibility for Young Athletes:
Paternalism Is Over

Care for Masters Athletes:
From Opinion to Data

Cardiovascular

No |A Data....What to do? g

16th BETHESDA CONFERENCE: CARDIOVASCULAR ABNORMALITIES
IN THE ATHLETE: RECOMMENDATIONS REGARDING ELIGIBILITY
FOR COMPETITION

Jere H. Mitchell, MD, FACC, Co-Chairman, Barry J. Maron, MD, FACC, Co-Chairman,
Stephen E. Epstein, MD, FACC, Co-Chairman

Introduction

BARRY 1. MARON, MD. FACC, STEPHEN E. EPSTEIN, MD, FACC,
JERE H. MITCHELL, MD. FACC

The focus of the 161 Beihesda Conference is the aiblete  Iated with the purcly recreational athiete in mind; they also
do ot pertain to_ panicipation in <urdiac rehabilitation
programs
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Bethesda Updates: Key Points @ ffﬁ

AHA/ACC SCIENTIFIC STATEMENT
Eligibility and Disqualification

Recommendations for Competitive Athletes \ 15 "TGSk Force” documents
With Cardiovascular Abnormalities:

Preamble, Principles, and

General Considerations ) Top[cs & Diseases

he American e

e Tl > Disqualification & Restriction (not mgmt.)

- Cachar

Geared to “‘competitive athletes”
(HS, College, Professional)

Not a single !
Class 1A » “Limited Control” populations
Recommendation to »Newly added — Class 2a & 2b Recs
be had!!! d »“It may be reasonable to play...

Conflicting Views:

HHHIHD HEH

i by e i Colg. of Gk Do f Tosees kel a1t 8 S 18 O e

Bethesda Updates: Key Points @ ﬁma“ﬁ
Program

Class |l Recommendations: Clinical Progress

412 Total, Class lla (n=39) & Class llb (n=47)
Full participation: Asxs R-AOCA with "-" testing (lla)
Full participation: Post-ICD implantation (IIb)
Full participation: LVNC with normal LVFx (IIb)
Full participation: Revascularized CAD, norm LVFx, no Isch/Elect. (IIb)
Full participation: Cardiac transplant recipients with normal LVFx (lla)

Full participation: Asxs LOTS following optimal rx. (IIb)

THESE RECOMMENDATIONS NECESSITATE A PROCESS
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Class 2 Recs....What to do? e

Paternalism Autonomy

ision Making Control Spectrum

Shared Decision Making
Paternalism: yuJ § Autonomy:
Docs know best ‘ Docs don 't always know
Clearance is our job ) ) Patients are individuals
The process is simple Lo, Medical vs. Non-medical

Why make it complex? i Because it is complex

Class 2 Recs....What to do? ‘ @m

Program

So what do you mean consideration? ..... Shared Decision Making

Shared Decision Making for Athletes with
Cardiovascular Disease: Practical Considerations

| onfirmation of Diagnestic Accuracy |

Aaron L. Baggish, MD, FACC, FACSM; Michas| J. Ackerman, MD, PhD?; Margot Putukian, MD, FACSM®;
‘and Rachel Lampert, MD®

The Impact of SDM for Competitive
Athletes with CVD is Completely N
Untested and thus the Pros and Cons
Remain 100% Speculative....This Needs =
to Studied and Vetted to Ensure That ]
Benefits Outweigh Risk |

o g e compams et Implementation of the Decision |

. JL
" e et sort by recommmedations s
21 gty e o e e s Gt s o pe
e o Longitudinal Follow-Up
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COVID-19 Cardiac S

American

by avemcan wEDICAL sockT Heart ion.

. FoR SPORTS MEDICINE

Aaron Baggish Jonathan Drezner Stephanie Kliethermes Manesh Patel (Duke)
Nathanial Moulson Kimberly Harmon (AMSSM CRN, U of Wisc.) Mariell Jessup (AHA)
Bradley Petek

Members of the ORCCA Study Group:

Steering Committee:

Irfan M. Asif, MD, Aaron L. Baggish. MD, James Borchers, MD, Jonathan A. Drezner, MD,
Katherine M. Edenfield, MD. Michael S. Emery. MD. MS. Kyle Goerl. MD. Brian Hainline_
MD. Kimberly G. Harmon. MD, Jonathan H. Kim. MD. MSc. Stephanie Kliethermes. PhD,
William E. Kraus, MD. Rachel Lampert, MD, Matthew Leiszler, MD, Benjamin D. Levine, MD.
Matthew W. Martinez, MD_ Nathaniel Moulson, MD, Francis G. O'Connor, MD. MPH, Manesh
R. Patel. MD. Bradley J. Petek. MD. Dermot Phelan MD. Lawrence D Rink MD. Herman A
Taylor, MD, MPH.
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COVID-19 Cardiac S

‘ 42 Colleges/Universities » 23 States » 14 Athletic Conferences ‘ CerU[thOI’], AP”[ 2021

Total Athletes Tested for SARS-CoV-2
(n=19,378)

SARS-CoV-2 Positive Athletes 17.5%
(n=3384)

No cardiac evaluation per school
preference (n=74)

Planned Cardiac Evaluation

(n=3310) 17.1%

Incomplete Evaluation

+  Athlete quit/cut (n=10)
Testing not started (n=98)
Missing data from
incomplete school
submission (n=184)

Final Cohort with Cardiac Evaluation 15.6%
(n=3018) 15.6% 2879




Cardiovascular

COVID-19 Cardiac o

: l

Ratleres with Abnormel Cardiac Testing
N e .
= e 1:22 Athletes
95.5% (95% C1- 94.7, %6.2) 4.5%(95%C1- 2.8 5.3)
r L 1
Cardiac Abnormality Cardiac Abmormality
Possbly Related to SARS-CoV-2 Unrelated to SARS-CoV-2
(n=183) [n=56)
p——— pres——— o v wo— prom—r —
Unrelated to Cardiac Pathology Normal CMR Abrormal (MR In=14]
i il =7 PR
Supplomantary Table 4 Abrermal EQG (n=10) i i
Abnormal cTn (n=8) Abnormal €Tn [n=1} Symptoms (1) v
Abngrmal TTE (n=5) Abnormal TTE [n=5) by
Abnormal ECG and TTE (n=2) Symet x| Cardiac m'mlAhnﬂrmalﬂ'g n= ﬂf
Testing® (n=8)
s
S
MS‘:‘:TV'I Pathalogy. Nor-specific Cardiac Abnormality Cardiac Pathology Related to SARS-Cov-2 [n=21)
Peural Effusion [n=1) MR nat Pecfarmed Defiritive SARS-CoV-2 Candiag Injury =11}
e, e e et
e e
(Table 2)
Circulation, April 2021
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CV Care: Masters Athletes iﬁ;ﬁl:?";}g

Men and women >35 years of

age who exercise vigorously >5

hours weekly with emphasis on
"goals”..




Too Much Exercise?? @Eﬁlﬂ:‘:}

THE WALL STREET JOURNAL. |

——— S S T 1 e
SPORTS | November 27, 2012, 8:02 p.m. ET

One Running Shoe in the Grave

New Studies on Older Endurance Athletes Suggest the Fittest Reap Few Health Benefits

Running can take a toll on the heart that essentially
eliminates the benefits of exercise. “Running too far,
too fast and for too many years may speed one’s
progress toward the finish line of life," concludes an
editorial to be published next month in the British
journal Heart.

Cardiovascular

Current Controversies g

Run for your life ... ata
comfortable speed and not too far =
James H O'Keefe,"? Carl J Lavie™*

Re-Eval Old Epi Phidippides CMP

5 - '
L o
H i I
H . | L
i : =k A || j
! I I I
3
@ 70w e mo e o
Lowowowowow

Provenance and peer review Commissioned;
. internally peer reviewed.
fon? I st e osne] PUENOT NOtE A video presentation on this topic is
i el n o o wind i O e avilable on the intemet: You Tube, TEDx Talk, James

0'Keefe, Run for your life. .. at a comfortable pace and
Cardiac Damage gk

Heart 0;0:1-4. doi:10.1136/heartjnl-2012-302886




The central controversy @Eﬁf’:ﬁ:}

But, for the most part, where there is lots of
smoke there’s usually at least a little fire....

Does too much exercise over too much time hurt
your heart (and affect morbidity and mortality)
and if so, what does this pathology look like?

2 1 MASSACHUSETTS
(s GENERAL HOSPITAL

HEART CENTER

The central controversy

Why are we talking about this topic now?

Anecdotal Observations )
Emerging Epidemiologic of Physically Fit Athletes Observational data
Data with a focus on the Dying, Perhaps due to describing CV pathology

high ends of fitness Sport-induced CV among f'ithlet'es and
Disease athletic patients

A syndrome of cardiovascular
abnormalities (perhaps caused by)
chronic exposure to high volume
exercise
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Exercise Dose - Response g

Dose-Response Curves
B High

A High . ,

CV Risk Factors
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Weight Loss

Cardiovascular

Too Much Exercise?? e

Increased life expectancy of world class
male athletes

SEPPO SARNA, TIMO SAHI, MARKKU KOSKENVUO,
and JAAKKO KAPRIO




Too Much Exercise??

Hospital Care in Later Life Among

Urho M. Kujala, MD; Seppo Sarna, PhD; Jaakko Kaprio, MD; Markku Koskenvuo, MD

Former World-Class Finnish Athletes
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O Controls @ Endurance Sports A Mixed Sports V' Power Sports

pared Wi Conlrls*

Disease Category Endurance Sports  Mixed Spnﬂs.

Table 5~Pate Rafios (RRS) Adjusiedfor Age Group and Cezupatonel Group and Their95% Confidence
Itervls fo Hospiel Days per Year for Diferent Disease Gatergories Among Fomer Athetes Com f . <o ; 10

Rmr Sports

Dissases of th circuatory ystem 055(053050  080(086:08)

10707

Ischemic heart disease
Neaplasms

02(0210%)
05 (048054)

050(04605)
035 050041

13412940

Diseses ofthe respiatory system 041(036:044)  036(0.340.38)

0810508 | o

Diseases of the musculoskellalsystem

and camectve fissue 144135155 134 (1.27-1.41)

Ischemic Heart Disease Neoplasms Respiratory Diseases
30 30 i ‘
25 25 b i
/
20 20 /
5 15
H
5 05 05
§ 00 =" 00 9—%
T Ty R TR A
‘; 20-44 45-59 60-74 75-04 2044 4550 6074 7504 20-44 4550 60-74 75-04
§ 07 Diseases . Digestve System Diseases . AllHosplalizations
3 o8 06
g o5 B i
* v
04 04
)| o AR w
o e 02
& & 01
00 00

205195215

T R S L
20-44 4559 60-74 75-94 20-44 4559 60-T4 75-94

Age Group, y

20 44 45 59 907‘ 75 94

Clsaases of tha digestive system 03004605 0T {0EM0TY)
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Too Much Exercise??

MARATHON RUNNING AND TMMUNITY TO
ATHER: .OSIS

Thomas J. Bassler

Depariment of Pathology
Centinela Hospital
Inglewood, Califarnia 90307

Atherosclerosis (ASCVD) is a specific term limited to the lipid-related
arterial lesion that accounts for half of the adult deaths in the urban centers
of sdvanced countrics.- Many focton, the so-called “benefs” of civilization,
have been associated with this increased incidence ese include:
refined tobacco use,! lack of exercise? and a ieh i The wrmen en e
suspect because it lacks food “fiber.” * unsaturated fats,' ascorbic acid,* and
tocopherols.*

Immunity to atherosclerosis has been reported in the Masai warriors Who
herd cattle on foot * and the Tarahumara Indians who take part in ceremonial
runs* These populations are primitive. They lack the refined foods found in
our uban diet Thelr tobacco s coame 413 in dhort wpply It bat & hanh
smoke that is difficult to inhale. They cover a great deal of ground on foot
Touinely, averaging 20 Kilomeiers and burning 1.200 keals cach day.

farathon runners (42-km men) have much in common with these primitive
populations.* They avoid inhaling tobacco smoke. They cover a great deal of
ground on foot, often in the Tange of 50 to 100 kilometers a week; and their
diet contains conspicuous amounts of unsaturated fats, food fiber, and the
vitamins C and E. At autopsy, their coronary arteries have been described as
“enlarged” and “widely patent”*° Mann observed this same enlargement in
the coronary atterics of Masai warriors and asibued it to their high degree
of ftness. ! Marathon running is “addictive.’ % Few of the 42-km men have
Saconginacd hei & Thus, in marathoning, we have a “low-risk” life-style
with high adherence, " Ao, the marathon Foces, the
record of who the 42-km men are, and
Tace. Therefre, the American Medieal Joggers Association (AMJA) considers
these runners to be the ideal population to study the cffects of their multi-
factoral life-style in the prevention of a high-incidence multifactoral discase,
atherosclerosis.

g

METHODS

Reports of deaths in marathon runners are reviewed, world-wide. An excess

of 200 reports have been reccived during the past 10 years. Many are dupli-
cates. Maost were below the 42-km threshold.
REsULTS

To date, there have been no reports of fatal ASCVD, histologically proven,
among 42-km men.

579

Q{0007
|

#2001 fot &l comparisons wih sonirols, - TAMA 1996276216220 -

Hospital days per person-years of exposure in 4 age groups of endurance athlstes, mixed sports athletes,
power sports alhletes, and conirols for all reasons and for selected diagnosiio categories. Haspitalization
data from January 1, 1970, through December 31, 1330, for Finnish elie athletes from 1920 to 1965 and
controls. For overall statistical diffarences between groups, see Table 5.
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1GURE 3. Marathoner: Coronary artery with characteristic widely patent jumen
a0t minimal ASCYD. (& B stain o 103

Same vessel as shown in Ficune 3, at h.\‘hcl’m‘.mﬁ:-lmn Mild inflam-

matory reaction 1o lipids in plague. (H & E stain:

584




Cardiovascular

Too Much Exercise?? e

The NEW ENGLAND JOULNAL of MEDICINE Vs N Nonischemic
I Nonsurvivors ventricular  Unknown,
(blue shades) tachycardia,
Survivors 7%
(red shades) |
J

ORIGINAL ARTICLE

Cardiac Arrest during Long-Distance
Running Races

p—

ars 1
B 1pW-A.Le) weite Do o rares anmually. Repores of race.relared cardiae arress have generated concem 3%
‘boucche safery of chis astvio.

wenons Cardiomyopathy,
3%

i
e

andh s Emaraton races i the United Scars fram Jauary 1, 2000, 0 May 31, 200 Hyponatremia,
We dearmne th clinical charsezrircs o th arets by ncaviowing sarvors 7%

e

No autopsy, Presumed

76 dysiyth  PHCM,

or ) memn [25D] ape, 42213 year; 51 mia, 10%
et 154 s 05000 s 5 s e 1 ke =

oy 'm

majocy - The n-
ke higherdu (101 per 100,000; 9% €1,
e I I 072w 138 (0.27:95% C1, 017 00.45) and
oo, (090 per 100,000; 9% Cl, 0.67 5o 1.18) chan among woman (0.16; 95% CL, 0.07 o Figure 2. Causes of Cardiac Arrest among Nonsurvivors and Survivors.
0.31). Male mararon nummers, th gheserisk group, had an ncreased incidence N
Gcate G000, 2004 071 pr 100,000 BT, 051 HCM denotes hypertrophic cardiomyopathy; HCM+ denotes HCM and

e e e o s 08 et om0 o 0 0 additional diagnoses, including coronary artery disease (in 2 persons),
(052, Among the 1 cises wih complee ol s, mmmm%ﬁ:ﬁr& myocarditis (in 2), and bicuspid aortic-valve and coronary anomaly (in 1).
i : PHCM denotes possible hypertrophic cardiomyopathy. PHCM+ denotes

P PHCM and additional diagnoses, including coronary artery disease

‘Marathons and half mararhoms are associared with a low overall risk of cardiac ar- (in 1 person), accessory atrioventricular nodal bypass tract (in 1), hyper-

e - thermia (in 1), and bicuspid aorticvalve and coronary anomaly (in 1). One

l'i’;?m ‘parccipans; the incidence rare in this group increased during the past nonsurvivor with hyponatremia was also found to have myxomatous valvu-
lar disease of the tricuspid, mitral, and aortic valves. Data include arrhyth-
mogenic right ventricular cardiemyopathy (in 1 person). Because of round-

it D353 WEOR AR 1% 20 ing, percentages do not add up to 100.
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ORIGINAL RESEARCH ARTICLE Open Access Prevalence of Traditional Cardiac
Risk Factors Among Masters Athletes

Cardiovascular Risk and Disease Among @

Masters Endurance Athletes: Insights from o
the Boston MASTER (Masters Athletes

Survey To Evaluate Risk) Initiative

Kayle Shapero' 2, James Deluca®, Miranda Contursi? Meagan Wasfy?, Rory B. Weiner, Gregory D. Lewis’,
‘Adolph Hutter” and Aaron L. Baggish’”

Y s

40% Health Care Dissatisfaction Rate:
“Dismissed or Mistreated” due to Status as an Athlete

N men

Il women

Total=s01
Fig. 3 a Prevalence of traditional cardiovascular risk factors and b distiibution of risk factor burden and disease prevalence. a Significant family
) history of atherosclerosis and priotkurient tobacco expasure were the mst comman CV risk factors armong male and female Mas. Men had
« significantly higher rates of hyperension and dydipidemia, as compared to wormen. b Graphical representation of the survey population stratifed
by rik ctor and dsease burden. OTthis papulation, 64 % reported at kst ane cadiovascular fik factor whike the oveallprevalence of estabiiched
OV disease was 9%, CAD corcnary artery disease

Shapero et al Sports Medicine - Open (2016) 2:29




Key CV Controversies

1.) Do endurance sports cause arrhythmia?

2.) Do endurance sports cause cardiomyopathy?

3.) Do endurance sports cause aortopathy?

4.) Do endurance sports cause coronary disease?

2 1 MASSACHUSETTS
(s GENERAL HOSPITAL

HEART CENTER

Referred by: 031680 BAGGISH Confirmed By: PROCESS DO NOT READ
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Arrhythmia: AFib

1st Reference Subjects

Aizer Am J Card 2009

Claessen Heart 2011

Andersen EHJ 2013

Risk of arrhythmias in 52 755 long-distance
cross-country skiers: a cohort study

Kasper Andersen!*, Bahman Farahmand?3, Anders Ahlbom?, Claes Held?,
Sverker Ljunghall!, Karl Michaélsson, and Johan Sundstrom’

Retrospective design

Sweden -- Vasaloppet (90K)
>50,000 participants

1989-99 >> Dec. 2005
Incidence of arrhythmia events

Race time / # of races > Arrhyth.

AF the dominant rhythm issue

Author

Karjalainen BMJ 1998 Runners (n=100)
Mont EHJ 2002 Endurance (n=70)
Elosua Int J Card 2006 Endurance (n=51)
Heidbuchel Int J Card 2006 Endurance (n=53)
Molina Europace 2008 Runnners (n=39)
Baldesberger EHJ 2008 Cyclist (n=67)

Mont Europace 2008 Endurance (n=48)

PHS Database (n=16,
Non-sel. Flutter RFA (n=58)

Nordic Skiers (n=52,755)

Cardiovascular
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Primary Finding

5.5 (1.3-24.4)
71% with lone AF
2.87 (1.39-7.05)
1.81 (1.10-2.98)

8.8 (1.26-61.3)

10% AF in athletes
7.31 (2.33-22.9)

921) 1.20 with = 7 days/week ex.*

“Sportsmen” 50% of Lone Afl pop.

1.29 (1.04-1.61)*
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Finishing time group

o

om

000 00

Mumber of races

Cumulative sk
opo oo ofz  om

4 [
Time &t risk (yeans)

26056
P04
a185
B845

]
S4a5
e110
B753
2
=5

E— )
Figure | Cumultive incidence of any arrhythmia by finishing
time group in per cent of winning time and number of completed
races during the period 198998,




Arrhythmia: A-Fib.

Antonio Pelliccia, MD,* Bar
Filippo M. Quattsini, MD,*
Franco Culasso, Pui

Rorme, Italy; and Minneapolis, Minncsota

Prevalence and Clinical Significance of
Left Atrial Remodeling in Competitive Athletes

y J. Maron, MD, Fernando M. Di Paolo, MD," Alessandro Biffi, MD,*
ataldo Pisicchio, MD," Alessandra Roselli, MD,* Stefano Caselli, MD,*

Pelliceia et al
Left Atrial Remodeling in Cof

20

No. Athletes

Left Atrial Dimension

Rx: A-fib

wl Treatment strategies, at present, are
4‘ extrapolations / expert experience. More outcome
‘ driven primary data are needed.

o o L TN .

NABUBB272W29031323334 35367040 NLOBUBEKTHEN
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MECHANISMs of ATHLETIC AF

- LA Dilation / Remodeling
The strongest association between endurance
sport and pathology lies with atrial
fibrillation....the data are clear that our aging
wl patients who engage (n these sports are at
increased risk....sport or lifestyle choices?

HEART CENTER
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But wait a minute...We've got this Afib thing figured out!

Rate control vs. Rhythm Maintenance

The New England
Journal of Medicine

©

A COMPARISON OF RATE CONTROL AND RHYTHM CONTROL IN PATIENTS
WITH ATRIAL FIBRILLATION

Clotting vs. Bleeding

Arrhythmia/Electrophysiology

Selecting Patients With Atrial Fibrillation for Anticoagulation
Stroke Risk Stratification in Patients Taking Aspirin

TABLE 3. Validation of Stratification Schemes for Primary Prevention of Stroke
In 2014 Participants Prescribed Aspirin

Strokes Per 100 Patient-Years, Sratfied by Risk

Scheme Low
AR 09 (0.3-23; 0=235)
SPAF 11 (0.7-18; 1=668)

Woderale tigh
17(14-250=780) 352745 n=0%8)
27(1840;0=48) 36 (2747, n=884)

“Were these scores made for people
like me?”

Anti-arrhythmics vs. Catheters

Th NEW ENGLAND
JOURNAL o MEDICINE

Radiofrequency Ablation as Initial Therapy in Paroxysmal
Atrial Fibrillation

tiles are alsn shown for the :u‘méu ameguv En o'gr zlflr lation.

“I'm cured but not ﬂxed Why7




Key CV Controversies @Eﬁ:’ﬁ:‘:}

1.) Do endurance sports cause arrhythmia?
2.) Do endurance sports cause cardiomyopathy?
3.) Do endurance sports cause aortopathy?

4.) Do endurance sports cause coronary disease?

2 1 MASSACHUSETTS
(s GENERAL HOSPITAL

HEART CENTER

Cardiomyopathy

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 Cardivlogy, Marsachusetts General Hospital, Boston, Massachusetts; and *Unfversity Health Services,
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The impact of endurance exercise training on left ventricular

S}"Stﬂl ic mechanics Am J Physiol Heart Circ Physiol 2008

LV Systolic Strain Changes with Rowing Training (n=20)

(<-2) (2t02) (2tod) (4to6) (>6)
(<2) (2t02) (2t04) (4to6) (>6) (<-2) (2t02) (2t04) (4t06) (>6)

Longitudinal ~ ©20-25% Radial ~ 450-60% Circumferential ~ W20-25%

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

Cardiovascular
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The Ventricular Interdependence of Physiologic Remodeling

Change in LV
septal circumferential
strain (%)

1 ) T 1
200 400 600 800

Change in RV end-diastolic area (mm?)

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

Participant Age, Percentage of Total Perfusion
N ¥ LGE Mass, g LGE Pattern Defect Interpretation Location

67 CAD Probable dual infarction Septal and lateral wall
Non-CAD M Probable myocarditis Epicardial lateral wall
Non-CAD Nonspecific Basal and midinsertion point
Non-CAD ) Nonspecific Inferior insertion point mid and apical
Non-CAD Nonspecific Insertion point inferior midvapical
Non-CAD Nonspecific Inferior insertion point

Cardiovascular

Cardiomyopathy R

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

André La Gerche'?*, Andrew T. Burns3, Don . Mooney?, Warrick ). Inder?,
Andrew . Taylor?, Jan Bogaert®, Andrew I. Maclsaac?, Hein Heidbiichel?,
and David L. Prior'?

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

Mumber of athietes

Race distance (km)
Race completion time

Overall Marathon run Endurance triathlon®  Alpine cycling Ultra triathlon®

40 7 1 9 11
422 1950211 w07 1B1B0412

2h59min + W min 5 h 24 min £ 25 min Bh5min +42min 10h52mint 1h
16 min

Anblent temperature (°C) 16-20 18-31 M- 17-28

Age (years)

Ml (%)

BMI kgim?)

% of predicted VOymax
Training (years)

Training (hweek)

T+8 ®+3 347 4413 W +8 00t4
%0 % 91 78 100

1E+15 NItk M0+ 21 1395+ 15 +13 0306
146 +18 14248 1+ 10 154+ 70 148 + 18 03

10+9 13+8 645 12414 149 077
163451 1446 1413 1344 45 <0.0001




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

.
Cardiom yopa th % A Ls Gereht, A . Burs’, D . Mooney, Waride . der,
Andrew J. Taylor4, Jan Bogaert®, Andrew |. Maclsaac?, Hein Heidbiichel?,

and David L. Prior'?
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Chronic Extreme A Theoretical
Sl Volume & Intensity Pathnaenic
Preliminary data suggests that some athletes may
develop a patchy fibrosis (?cardiomyopathy)...a
:| phenotype of uncertain clinical relevance that deserves

this point:
NO CLEAR CLINICAL RELEVANCE

Secondary Process
(Drugs, Infection, Disease)
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Key CV Controversies i

1.) Do endurance sports cause arrhythmia?
2.) Do endurance sports cause cardiomyopathy:
3.) Do endurance sports cause aortopathy?

4.) Do endurance sports cause coronary disease?

i) MAS
5 GENE
HEART CENTER
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Males (n=1300) Fe s (N=1017)
24.8+6.1 (11 1o 59) 22.66 (910 53)

in Highly Trained
Antosi Plicia MD: Femando M. D Pol, ) ﬁ o739
.

Cataldo Pisicchio, MD; Emanuele Guerra, M|
‘Background—Few aat are vailile that address the img
distrbution, determinants, and clinicsl sgnificance o 2
pergntile

e Transvesse soric dimensions were

of ollow-up, in the ahscnce ofsystemic discase. Aortic
P=0.11) in female athctes. Maltiple regression and co

exprssion of s pathologica condition, mandating close 3132 33 34 35 36 37 36 39 40 41 42 43 &4
oot Dimensinn (mm)

Key Words: sora & comptiive st

vor the st 2 docades, soveral stdics have

largemnt of the aotic ool may bo expectd (o occur in
response o the hemodymamic overiad ssocitsd with he
bt festyle. At present, howover, Few dat ae available
in regard 10 the impact o exereise iraining o0 ortc root

ai or whather calargement of th aorta oceurs a5 3 20 25 30 a5 40 45 50
physilogical adapation o chronke xercie.

Clinical Perspective on p 706

Aortic Root Dimension (mm)]

Figure 3. Correlation between aortic root dimension and height,
as assessed by linear regression analysis in the population of
2317 athletes. The correlation is expressed by the following )
equation: height=2.12 aortic root dimension+110.3 (R=0.674; 19233 34 36 36 97 36 30 40 41 42 43 44
R%=0.455: P<0.01). oot Dimens inn (mmy

root dimension in 2317 athletes.
A, Males (n—1300); 1.3% showed enlarged aortic root =40 mm.
B, Females (n=1017); 0.9% showed enlarged aortic root

DO ILIGCIRCULATIONAIEA 0 01078 =34 mm.

T S T P Gt 1 GO o 1oy Bt
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Table 3. Results of Base Case and Subgroup Analyses of Aoriic Root
in Athletes Compared With Controls at the Aortic Valve Annulus
Meta-Regression Analysis: Adjusted

No.of  Difference at Aortic Valve Annulus, mm
Study-Level Factor Subjects (95% CI)

Base case analysis

Background—The aorta is exp t the aorta is larger in athletes

is not clear. We performed & Participant type hethere athletes demonstrate
increased aortic root dimensy  Athlete 2104 1.6(0.2103.0)*

Methods and Results—We se]  Control 493 Reference gust 12, 2012, for English-
language studies reporting t| gender ndently extracted athlete and
study characteristics. A mult] e 230 41(04t07.8) on analyses. We identified 71
studies reporting aortic root Mixed/NA 1316 _26(-731021) s met our criteria by reporting
aortic root dimensions at the 580). Athletes were compared

. . ] Female 451 Reference .
directly with controls (n=72 ) root diameter measured at the
Study location

sinuses of Valsalva was 3.2 n| whereas aortic root size at the

aortic valve annulus was 1.6] V™S 28 1540010
Conclusions—Elite athleteshay] U 316 Reference es of Valsalva and aortic valve

annulus, but this difference i Subgroup analysis etes should know that marked
aortic root dilatation likely re] Training type ion to exercise. (Circulation.
2013;127:791-798.) Endurance athletes 799 22 (0.4t0 4.0

Strength athletes 425 1.6(-0.41t03.5)

Control subjects 463 Reference

Cl indicates confidence interval; NA, not available.

*P<0.05.
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JAMA Cardology | Orginal Investigation ] ic Parameter
Assaciation of Ascending Aortic Dilatation and Long-term Endurance
Exercise Among Older Masters-Level Athletes

Mean (SD)
Male Female

Rowers Runners Rowers Runners
n=114) (n=153) n=114) (n=61)
Author Auo i erview 3 63(6) 59(6) 62 (7) 59(6)
ight, i ) 7002) 86 (2) 65(3)
‘simias o the well-establshed process of ventriclar emodeing. . 87(13) 74(8) 67(10) 57(8)
25(3) 24(2) 23 1@

PORTANG

omxcve
v fomala s it about 2 decacs of exercca eprsire EaTpresmyYam Bl

Systolic 125 (15) 132 (15) 119(13) 122(14)
e Diastolic 7509 78(9) 7@ 75 (10)
e Medical history, No. (%)
Coronary artery disease 6(5) 6(4) 1) 12)
Hypertansion 24(21) 19(12) 7(6) 5(8)
Hyperlipidemia 26(23) 120 19.(17) 8(13)
Diabetes mellitus i@ 2 1 2@
Smoking (current or former) 18(16) 19012 2603) 16 26)
Atrial fibrillation 10(9) 2 18 0
Medications
No medications 50 (44) 104 (68) 107 A1
Antihypertensiv medication 18(17) 9(8) ) 23)
Statin 25(22) um 1@ 12
i 8(7) 76 6(5) 0

Atblotic history
e, Cumulative years training 26(11) 24(11) 20(8) 2(9)
T, Annual training volume, h 244 (96) 243 (38) 239(96) 27(77)

No. of marathons* 69 201 7(13) 33(54)
i min NA 196 (23) NA 22021

lect. parameters

Left ventricular volume index, 66 (14) 5013) 55(12) 64(11)
end-diastole, mL/m?

Left ventricular mass index, g/m* 7501 78012) 68 (9) Ban
Lateral &', cm/s 7923) 94(22) 8502.0) 9.0 (1.9
[meieinl) Medial @', cmjs. 65(2.0) 72(16) 7.0(16) 73(15)

A oot 010 i 00054
bt o ey .30,




Aortopathy

JAMA Cardiology | Original Investigation Figure 1. Distribution of Aortic Sizes by Sport and by Sex
Assoclation of Ascending Aortic Dilatation and Long-term Endurance
Exercise Among Older Masters-Level Athletes 8] smus o visaainmen Ascanding 20tz e

e M s D D5, Crogony L, D Fory B Wi, D, i et D, Ao Esgg M0
[ ———

STAY TUNED....

On-going longitudinal surveillance will help us
determine progression & clinical outcomes
To date, this appears to be a benign “adaptive”

response to that should not be considered =5

*40mm:

a L allil,. .

] % “
AartcSize, mm Aoric Size, mm

fing edge, are shown for men and women, with
gz et st dser )i
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Key CV Controversies iy

1.) Do endurance sports cause arrhythmia?
2.) Do endurance sports cause cardiomyopathy?
3.) Do endurance sports cause aortopathy?

4.) Do endurance sports cause coronary disease?
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CV Risk Facftors with Exercise

The Effects of Aerobic Exercise
on Plasma Catecholamines and Blood Pressure

in Patients With Mild Essential Hypertension
Normo - Hyper-
adrenergic  adienorgic

861 YWY

Change in Systolic Blood Fressure, mm H

n=18

Effect of Exercise on Total
and Intra-abdominal Body Fat
in Postmenopausal Women

A Randomized Controlled Trial

Figure 2. Percentage Change in Total Bod:
Fat at 12 Months by Tertile of Duration and
Change In Fitness Level

Kealiweek

od

Exorcioors (Torthesy

© Controis © Low-Actve

€002 YWY

Crangein ot Bady Fat, %

CAD: Observational Data

Running: the risk of coronary events!

Prevalence and prognostic relevance of coronary atherosclerosis

in marathon runners

Table I Distribution of coronary artery calecification (CAC) me

Participants of the Heinz Miod orf Recall Study

(B:1) (group

g (CAC + 1)

(mean + 5D)
CAC

(N knedani3)
zrero CAC (%)
CAC =75

percentie (%)
CAC Oto <10
CAC 10 © <100
CAC 100 1o <400
CAC =400

38187

184

M2 148

486
29.6
114
833

a1
Bk
rrkii]
1354

2315
.15
1196

Comparars in aordnuous or birary measunes adusted for ratching fctors (sge for group Mgy

Samia Mora, MD, MH;
Paul

s - | —
s, T —.:
oo
-
Traaonatsks [E—— 1

Body Mass Index

[ronm—
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EFFECTS OF THE AMOUNT AND INTENSITY OF EXERCISE

ON PLASMA LIPOPROTEINS

2002 WraN

Changa in Concer
Small LDL Cholest:

Physical Activity and Reduced Risk of

vascular Events

S5 N ook, wing, Seb;
M Ridker, MD, MPH; 1-Min Lee, MBBS, Scl

£00Z uonenos9

10.1%

075

Homocywaine PRI

20 £ W

% Reduction in Events
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108 M (>50y.)
At least 5 ma

Evernt-ines survival

Figure | Kaplan—Meier etimates of event-free survival by
etent of comnary artery caldficstion (CACYL No marsthon
rumers with CAC <100 esperienced a coronary event, while
BE and 143% of those with CAC 100 to <400 and =400,
respectively, required revasculsrizstion during follow-up. Lking
Cox regression analysis, hazard ratios for a two-fold incresse in
logf CACH+1) were: harsed ratio = 151, 95% confidence
interval =0.97-234 P=007. The numbers pertsin to the
subjerts with events in Table 3.




Cardiovascular

CAD: Observational Data iy

Increased Coronary Artery Plaque Volume

Missouri MediCine Among Male Marathon Runners

D
- by Robert s. Schwar 5, n G. Schwartz, MD, Kelly K. Wickstrom, BS,
Gretchen Peichel, Al 3 ric joh ) Stephen N_ Oesterle, MD, Thomas Knickelbine,
h MD & James H. O'Keefe, MD

Figure 1
Marathoners had significantly more total coronary plaque volume, non-calcified plague
volume and calcified plaque volume compared to control subjects.

250 TOTAL PLAQUE
200vs 126 mm?, P<0.01

@ Non-Calcified Plague
(116 v 82 mm3, P < 0.04)

Marathons
In the'Long Run
Not Heart Health

@ Calcified Plague
(84v 44 mm3, P < 0.0001)

Coronary Plague Volume (mm?)

# Increased Coronary Plaque In Marathoners
¥ Heart Problems In Extreme Endurance fthletes
¥ Pheldippides’ Final Words: "My Feet Are Killing Me!”

Arsebes i goed sl Apel 2, 3014

Marathon Runners Sedentary - Controls

CAD: Observational Data @:ﬁiﬁ:‘:}

Interpretation Options:

1.) High levels of exercise causes atherosclerosis (CAD)

2.) Traditional CAD risk factors causal/ underappreciated

3.) CAD driven by unknown/unmeasured risk factors

SSACHUSETTS
NERAL HOSPITAL

HEART CENTER




Running: the risk of coronary events’

CAD Observa tlonal Data Prevalence and prognostic relevance of coronary atherosclerosis

in marathon runners

Table 4 Risk factors and test results of participants with events during follow-up

Risk facto reftest results at Subjects with an event during follow-up Mormal range®

(3
BMI (lgim™) ns 246 220 220 / =25
Systofic blood premure {rmmHg) 110061 1051675, 153596 13882 -1 ANEO
History of by pertension Mo Tes l/ Mo Tes Mo
Total cholesterol (rmgkil) 344 / 20 233 240 =240
O chobestenrmd (rrg/diL) 170 116 98 13 =160
HOL cholbe sterol {mghdl) 109 &0 100 / &5 / =40
Srmoking status Former b enr Forrmer Forrmer Pemgasr
1y F - the
ac«| Do you really think it was the running that caused [-
CAC pard ' . b
Myocard these men’s coronary disease??
Resting b TR
Wesbdy MET 4341 AR08 T 5054
Marathors completed (no) ‘ 4 23 &5 140 ‘
Findings on invasive angiography Thrme- VD TV Myocrdal bridge’ Three VI
OneND

Type of evert VT during exercise, Stert) Stert WT during emercise,

stert CABG CABG

Mote that detuls on subjert 3 have predousty been reponted "
LGE, late gad olirdum enhancement; VD, vessd disease: b pum . beats per minute, VT, versnadar advwanda: CABG, coronary anery bypass graft HIDL, high-deraity Bpopromsing

B 5 mg Marmipril Sancfl Avens, Frankfrt, Gamany) ance dally.

Increased Coronary Artery Plaque Volume
CAD: Observational Data Among Male Marathon Runners

by Robert 5. Sehwartz, MD, Stacia Merkel Kraus, MPH, Jonathan G. Schwartz, MD, Kelly K- Wickstrom, B,
Gretchen Peichel, RN, Ross F. Garberich, MS, John R_ Lesser, MD; Stephen N. Oesterle, MD, Thomas Knickelbine,
MD, Kevin M. Harris, M, Sue Duvai, PhD; William O. Roberts, MD & ames H. O'Keefe, MD

Table 1
Demographic Characteristics of Subjects

MlSSOlll‘l Medlcme Men

The Jaunal oFthe Missauri Skte Medseal Assaciain MaschiAgeid 2010 I

Sedentary | Marathon |
— ——

Missing Risk Issues:

1 1.) Diet (Fit vs. Healthy)
= 2.) “Care-free” 20%5-30's

Marathons
In the'Long Run
Not Heart Health —1  Without controlling for

. these, can we say anything
w Heart Problems In Extreme Endarance thletes [oe abOUt Causallty?

w Pheldippides’ Final Words: "My Feet &re Killing Me!” [Trigivcanaes, mera | ToE0T eI 00 | EEECEEx |

2200

™1 3.) Family Genes

w Increased Coronary Plague In Marathoners

= .




CAD in Athletes: Causality?

“Man, not so sure that second plate
of chili nachos and the extra couple of
beers last night were such a good
idea....Oh well, they always say don't
change your routine prior to races.”

Diet

“Well, regardless of what happens,
I've got to be better off than | was
20 years ago when | was smoking a
pack-a-day and got short of breath
just driving up this damn hill”

Early Life

Cardiovascular

Performance

Program ﬁ

“Just wish my old man could see I

me now. He died at age 45 from a
massive heart attack. Glad | got my
wake up call. Bad stuff runs in my
family”

Genes

“Cough, cough, cough....If this race
wasn't only once a year I'd be home
in bed. | feel like shit. Oh well, this
little climb will help me clear out
the junk!”

Viral Influence

Is running really the main causal issue??

CAD: Observational Data

[}
Prevalence of Subclinical Coronary Artery

Disease in Masters Endurance Athletes
With a Low Atherosclerotic Risk Profile

42(A) vs. 22(C) % |

rens Massem. PhD.

0 Caleific @ Mixed morphology m Non-calcific

§

Plaque morphology by % of total
g FF ¥ F §EE § R B

Male Athletes Male Contrals

Prevalence (%)

n
Il Figure 3. Plague morphology in male athletes
%t (99 coronary plaques) and relatively sedentary males
-oronary plaques).
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ORIGINAL RESEARCH ARTICLE

Relationship Between Lifelong Exercise
Volume and Coronary Atherosclerosis
in Athletes

B Atherosclerotic plaques

scxcromo: i T
s

oo
prosterintotl
et g
ey o

itord, MD, PhD.
ber, MD
rakken, MD,

oevendans,

revalence (

Grobbes, MD,
METHODS: Middie

>mpson, MD
Eiisvogels,

Velthus, MD,

<1000 1000 - 2000 >2000

<1000, 1000 t0 200 Lifelong exercise volume (MET-min/week)

RESULTS: Aol of s men (2, 5/ years v ncuoes, LA was presenc
Dominant plaque type
p=.002

p=92 p=.18

O3 <1000 MET-min/week
@3 1000 - 2000 MET-min/week
@R >2000 MET-min/week

Calcified  Non-calcified Mixed

Dominant plaque types




Elevated CAC Score

EDITORIAL

Cardiovascular

Performance

Program ﬁ

Coronary Artery Calcification Among

Endurance Athletes
“Hearts of Stone”

Artidles, see p 126 and p 138

Gause you'l never break, nover break; never braak, this heart ofstone.
"Mick agger and Keith Rcharc, The Roling Stones, Hear of Stone, 1964

outine moderate-intensity oxercise reduces incident cardiovascubr disease
and increases longestty. The complex mechanisms by which exercse pro-
motes favorable cardiovascular heaith outcomes include attenuation of r3-
ditonsl aterosderotic isk &

factors inclucing cysipidemia, hypertension, central
adiposity, and glucose toerance. As such, curent physial activiy idelnes

doseesponss et between exrcie bt out-
particular, at exerdse doses that oxceed curtent recommendations, re-
s incompletely undersood.Fo sarmple, gy Tt v have e
ik of sudden carciac deatn? and development of heart failre, with lte evi-
dence of 2 lateau at high leves o filness Competitie ainietas, people who in
engage
Iypcaly e lorger an seentaryand e e pople: and deveiop e
encl = Sclar 1t ncaing ysiopcal hyocardil sl
I 30 s Myocaial  and s complarce Comersly atnees

Sedentary CAC [Eall Athletic CAC

Mechanistic Evolution of CAC in Athletes?

Aaron L Baggish, MD
Benjamin D. Levine, MD

Prognostic Significance of CAC in Athletes?

i he mot common gy ofGesh curg spor among e =35 vt of

it e ot ey e

e, figh-
e e ey Sy et e o o oy
atherosclrosis

remains a key issue of uncertainty in

In this issue of Ciculation, 2 studies present data @mining coronary artery
morphology among midcle-aged endurance athtes.* Merghani ot al® recnit-
petitve cycists and runners (age=55.9 years) and  normally aciive,

onary computerized tomography angiography revealed

i m STherc (6090) amtcontrol parpats (6390 1o o GemoTsa coro-
rtery caldification (CAC). However, mal atietes had 3 higher provalence

G SOl Wi Tl Ty (4% vrss 22% 1 onio)
with plaques composed predominantly of calgum. Among athietes, 3 CAC score

Gt 2017435 40-161. 0010164 CHLLATONNA£.2750

My Synthesis of the Co

mmm Pﬂgun

Traditional CRF Al 1 CAC

Therapeutic Implications of CAC in Athletes?

©2017 amencn tear
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Dose-Response Curves
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rary Reviews in Cardiovascular Medicine
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Exercise Dose in Clinical Practice Program g9

Meagan M. Wasfy, MD; Aaron L. Baggish, MD

at each medical visit

I
h

Chart habits through ”750 / 75 "’

the use of a

Circulation. 2016;133:2297-2313 ’ Assess physical activity habits |

“physical activity vital sign'
Patient Routinely - Patient Routinely
el £ Categ patient ba Exceeds
Current PAR on current PA habits T EDAR
Discuss medical risks of AR A ‘ Discuss potential risks of ‘
Assess perceived barriers Assess objective barriers N N N
to meeting PA to meeting PA Consider E,m, rcise Tef.nrg
(i.e. time constraints, (i.e- medical therapy, Positively Reinforce on Individual Basis
motivation, fears, lack of orthopedic issues, medical PA habits
understanding) comorbidities)
Ack ledge patients C ider cha: in L Discuss &7Documnt theoretical sthegTes for
perceived barriers and medical therapy +/- _ mawimally safe high ‘_105'9 exercise:
d lop individualized consultation by Discuss & Document Treatment of CV Risk Factors
P i keys to current success Use of Annual Exercise Training Periodicity
solutions musculoskeletal expert {motivation, logistics, etc ) Use of Deliberate Athletic Event Preparation
\_\/ Use of Exercise “Warm-ups” and “Cool Downs™
Importance of Ackr ing Exertional

Prescribe Exercise Dose
(modality, duration, frequency)

Rechart, i;
at each subsequent visit
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Thank You !




