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Heat 

Concussion 

Nutrition 

First Aid 



Cardiac Arrest Legislation 

Act # 59 

“Janet’s Law” 

Sudden Cardiac  
Arrest Prevention Act 

Scholastic Student  
Athlete Safety Act 





Comparison of Screening Strategies for 
Elite Athletes 

IOC/ 
USOC 

FIFA MLB MLS NBA/ 
WNBA 

NFL NHL Premier 
League 

Combine X X X 
H&P Xʵ Xʵ X X X X Xʵ X 
ECG X X X X^ X X X X^ 
Echo X X X^ 

Stress test 
ECG 

X* X* 

Stress 
Echo 

X 

Additional 
Testing  

As needed 

X X X X X X X X 

ʵ Unique H&P; others use AHA 
^ Every 2 years 
* Stress ECG if >35 years old 



 Endurance 
Activities

             Sustained ↑ 
CO
              4 to 5 times 
rest

    ↑ ↑ ↑ HR & ↑ SV
      VasodilationVolume Challenge

Strength Activities

                 Repetitive↑ SBP 
       Systolic BP > 200 mmHg
       Skeletal Mus. Contraction
       Vasoconstriction

Pressure Challenge

Athlete Cardiac Remodeling  

Courtesy of A Baggish et al 



Myocardial 
Thickening

Left 
Chamber 
Dilation

Right 
Chamber 
Dilation

Physiologic 
Eccentric or 

cLVH

Physiologic 
RV Dilation

Athlete cardiac changes 

Physiologic 
Eccentric or 

cLVH



Cardiac Remodeling  
Aortic 

Stenosis

Volume 
Challenge

Pressure 
Challenge

Baggish et al 

Aortic 
Regurgitation



The “Athlete’s Heart” 
Electrical 

Structural 

•  Sinus bradycardia 
• Voltage for chamber enlargement 
•  Repolarisation anomalies 

• Increased cavity size 
• Increased 
wall                                                .t
hickness 

Physiology	 Pathology	vs.	

Differentiation is crucial! 



Athlete’s EKG 

Increased	chamber	size	
Le#	ventricular	hypertrophy	

Incomplete	RBBB	
Le#	atrial	enlargement	
Right	atrial	enlargement	

Vagotonia 
Sinus bradycardia 
Sinus arrhythmia 
First degree AVB 

ST-elevation 
Tall T waves 



Detraining reverses 
changes 

* 
* 

* 

* 
* 
* 





 Sheikh N Circulation. 2014; 129: 1637-1649.  



Sudden Cardiac Death in  
Young Athletes  

Structural 
Abnormalities 

Hypertrophic cardiomyopathy 
RV cardiomyopathy 

Artery anomalies 
Marfan syndrome 

Valve disease 

Electrical 
Abnormalities 

Wolff Parkinson White syndrome 
Long QT syndrome  
Brugada syndrome 

CPVT 

Acquired 
Abnormalities 

Infection (myocarditis) 
Trauma (commotio cordis) 

Drugs  
Environment (heat/cold) 

Chandra et al: JACC 61:1027, 2013 



The good, the bad and the 
uncertain 

Prevalence Specificity Utility 

HCM +++ +++ Good 
LQTS + ++/+++ OK 
ARVC + + Poor 

Anomalous 
coronaries 

++/+++ - Poor 

Brugada + ++ Poor 



The good, the bad and the 
uncertain 

Prevalence Specificity Utility Impact 

HCM +++ +++ Good ? 
LQTS + ++/+++ OK ?	

ARVC + + Poor ?	

Anomalous 
coronaries 

++/+++ - Poor ?	

Brugada + ++ Poor ?	



•  11,168 English 15-17yr old soccer player 
•  Mandatory H&P, Exam, ECG and Echo 
•  20 yr study period 
•  225 (2%) with congenital, valve disorders 
•  42 (0.38%) with findings assoc with SCA 

NEJM Sharma 2018 



NEJM Sharma 2018 

23 died  
8 deaths from cardiac causes 
7 (88%) due to cardiomyopathy 

 -2 with HCM played AMA – died 
6 were not identified by screening 





Challenges with screening 
■ Outcome goals? 

– Safety, Diagnosis, Optics, Liability/risk?  
■ Age to start? How often? Repeat? 
■ Cost and time 
■ Expertise 

– Who, when 
– How will you handle the findings? 



Evalua0on	of	the	athlete	

History 



Cardiac changes in the athlete are unique 



NEJM Sharma 2018 

23 died  
8 deaths from cardiac causes 
7 (88%) due to cardiomyopathy 

 -2 with HCM played AMA – died 
6 were not identified by screening 

BE PREPARED FOR THE UNDIAGNOSED 



NO perfect screening process 

Initial Arrhythmic 
Event 



BE PREPARED FOR THE CORRECTED 

NEJM Sharma 2018 



2005 
Unless your heart is perfect or the  

genome stays quiet,  
NO COMPETITIVE SPORTS except  

perhaps class IA sports. 

2015 
A comprehensive evaluation,  

risk stratification,  
optimally treated,  

and appropriately informed, 
Return-to-Play may be possible! 





■ Emergency Action Plans (EAP) 
■ Hands only CPR 

■ Automatic External Defibrillators 



http://www.ncaa.org/about/resources/media-center/news/new-guidance-preventing-
sudden-cardiac-death-athletes-published 



Fire Drill 



Cardiac Arrest “Drill” 

What is your plan for  
Sudden Cardiac Arrest? 

• CALL for help 
• CPR 

• Are you trained? • When should you start CPR? 
• Automated External Defibrillator (AED)? 

• Do you have one? • Do you know where it is?  • How to use it? 



Design your plan 
 Personnel, Equipment,   

 Communication, Responder Role 
Who calls 911 

Starts CPR 
Gets the AED 



39 

MLS Cardiac Arrest Plan 
EMERGENCY	ACTION	PLAN	

•  Piloted	at	MLS	All-Star	2012	and	MLS	Cup	2012	
•  MLS	Playoff	teams	completed	and	submi>ed	a	venue	

specific	emergency	plan	
•  ALL	clubs	complete	as	part	of	their	preseason	process	
•  Personnel,	Equipment,	CommunicaGon,	Responder	Role	



MLS Cardiac Arrest Plan 
TIME	OUT	PROTOCOL	

•  Improves	communicaGon,	preparedness,	
and	coordinated	response	to	correctly	
assess	and	assist	injured	athlete	

•  Cardiopulmonary	event	protocol	
•  Outlines	the	role	of	first	responders	in	an	
emergency	situaGon	
•  AthleGc	Trainer(s)	
•  Physician(s)	
•  EMT(s)	
•  Paramedic(s)	



Call for help/911! 

Use a unique sign for  
Cardiac Arrest 

Start CPR – Immediately! 

Get the AED 



Stabilize the patient on the field 





One person in charge 

CPR is started early and ongoing 

AED 





Sudden Cardiac Arrest “Drill” 

Time is limited ->  
 an immediate organized response is crucial. 





Survival Following SCA 
Student Athletes 

■  Historical - poor 
■  2000-2006 survival trends for exercise-related 

SCA 
– 11% survival (Drezner 2008) 

(Drezner 2009) 



Survival Following SCA 
Student Athletes 

■  Historical - poor 
■  2000-2006 survival trends for exercise-related 

SCA 
– 11% survival (Drezner 2008) 

■  National Registry for AED Use in Sports July 
2006 to June 2007 

– 14 cases in HS student-athletes 
– 9 of 23 survivors HS student-athletes 
– 64% survival in HS athletes (Drezner 2009) 



Survival Following SCA 
at Sporting Events 

N Engl J Med 2018; 379:488-489 

93% 
Survival 



Non-contact 
collapse 

Call 911 
Activate EAP 
Retrieve AED 

Hands-Only-
CPR and AED 

Continue until EMS 
arrives 

Signs of cardiac arrest: 
Sudden non-contact collapse, passed out athlete 



Take Home points 
Cardiac Screening  

is a work in progress 
– Best practices are still developing 
– Each sport, gender, geography is different 
– Make sure you have the expertise 
– How will you handle what you find? 



Take Home points 
■ Evaluating athletes is important 

– Only one part of cardiac safety 
– No screening evaluations will be 

perfect 
■ Athlete on field Cardiac Care 

–  EAP and AED availability are is critical 
–  Be prepared for the undiagnosed 



Fitness Athlete 

Masters Athlete 

THE CHANGING FACE OF THE 
AMERICAN ATHLETE 





CV Causes Sudden Death  
Older (Ages 31-65) Athletes 

CAD (96%)
Coronary 

artery 
anomalies 

(2%)

Waller B: Exercise and the Heart, 1985

Hypertrophic
cardiomyopath

y (2%)



38 y/o Caucasian male,  
Recreational marathon runner 

■  History of hyperlipidemia  
■  Meds: Lipitor 20 mg daily (recently started) 
■  Social History: No tobacco, illicit drugs; only rare 

alcoholic beverage 
■  Family History: No history of cardiomyopathy, early CAD, 

sudden cardiac death; +hyperlipidemia 

Hyperlipidemia: Diagnosed in his 20’s with “unhealthy dietary 
habits” (high LDL-C by report was 228), was on simvastatin.  

 - Changed lifestyle habits and began running.  
 - Was off statins until a few months before marathon as LDL had 
 increased over the last several years (LDL-C 185) 



Running History 
Engaged in long-distance recreational running for 
approximately 15 years 

 - This was his 5th marathon, PR: 3:25 
 - Well trained, engaged in a 20 week training program, 

maximum  mileage 40-50 miles per week 
 - No issues with his pre-marathon preparation 

■  Completed NYC marathon with a new   
 personal best 3:15 

■  No issues until immediately after finish 



■  Called 911  
■  EMS arrives 

■  ~1 hour after returning home (~2 hours after race), complained 
of left sided intense chest pressure, left arm numbness, 

diaphoresis 



Troponin-I Trend: 3 -> (21.2 -> 57.3 -> 195) 



What are the management 
strategies? 

1 - > How do a manage an athlete recovering 
 from an MI? Statins in a runner? 

2 - > How long do they need meds? 

3 - > When can they run again? 



Treat  to  Reduce  Risk  of  
Events 

•  DAPT (dual antiplatelet therapy) 
•  Low  Dose  Beta  Blockade  as  Tolerated 
■   Warn  Re !  Sudden  Cessation 

•  Look  for  an  ACE / ARB  Excuse 



1. Restrict  Competition  ≥ 3 mos  After  ACS,  
 PTCA,  CABG  

2.  Perform  an  EXT  on  Medical  Regimen 
3.  Measure  LV  Function 

■ Allow the muscle to heal 
■ Risk stratify them 



High Risk 
(any 1 of the following) 

■  Impaired LV systolic function at rest (i.e., ejection 
fraction less than 50%) 

■  Exercise-induced anginal pain, pathological 
dyspnea (angina equivalent) or syncope 

■  Exercise-induced myocardial ischemia or complex 
ventricular arrhythmias 

■  Residual hemodynamically significant stenosis of a 
major coronary artery 



1.  Restrict  Competition  ≥ 3 mos  After  ACS,  
 PTCA,  CABG 

2.  Perform  an  EXT  on  Medical  Regimen 
3.  Measure  LV  Function 
4.  Pursue  Aggressive  Risk  Reduction 



■  84  Subjects  With  Coronary  or  Carotid  Disease  -  33  
With  Measureable  Plaque  Lipid 

■  3  Yrs.  of  Intensive  Lipid  Therapy 
■  With  Statins,  Niacin,  Bile  Sequestrant  Resins  



LRNC=Lipid  Rich  Necrotic  Core 

Zhao et al.  JACC-Imaging  2011 



… 

■  Systematic review of studies analyzing atherosclerotic 
regression on lipid therapy 

■  31/50 studies demonstrated plaque regression in carotid 
(11), coronary (16), and aortic (4) vascular beds on statins 

■  Average of 19.7 months 
■  Average reduction in LDL-C was 40% (in studies 

demonstrating regression) 
■  Higher regression with increased LDL reduction and 

higher dose statin therapy 

Review

A systematic review of the time course of atherosclerotic plaque
regression

Adam M. Noyes a, Paul D. Thompson b,*

aDepartment of Medicine, University of Connecticut Medical School, Farmington, CT, USA
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a b s t r a c t

Objective: We sought to determine the time required for lipid treatment to produce regression of
atherosclerotic plaques.
Background: The cholesterol content of atherosclerotic plaques contributes to their instability, and most
acute cardiac events including myocardial infarction and sudden death are produced by coronary plaque
disruption. We systematically reviewed the literature on atherosclerosis regression to identify the time
required for cholesterol egress, plaque regression, and possible plaque stabilization. Such information
may help decide when patients with statin side effects or other reasons for statin discontinuation could
consider a reduction in the intensity of treatment.
Methods: We performed a PubMed search to identify English language articles reporting atherosclerotic
regression. Articles pertinent to the topic were reviewed in detail.
Results: We identified 189 articles, 50 of which provided sufficient information to establish a rate of
regression and 31 of which demonstrated plaque regression with statin therapy in the carotid (n ¼ 11),
coronary (n ¼ 16), and aortic (n ¼ 4) vascular beds. Plaque regression occurred after an average of 19.7
months of treatment.
Conclusion: Regression of atherosclerotic plaque using statin therapy in those studies documenting
regression occurred after an average time of 19.7 months. This suggests that patients should undergo
approximately two years of aggressive lipid reduction before considering a reduction of statin therapy.

! 2014 Elsevier Ireland Ltd. All rights reserved.
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Statin discontinuation or a reduction in the intensity of treat-
ment may be necessary in patients with statin side effects. We
systematically reviewed the literature on atherosclerosis regression

to identify the time required for cholesterol egress, plaque regres-
sion, and possible plaque stabilization. Fifty articles were selected,
31 of which demonstrated plaque regression with statin therapy in
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Treat  to  Reduce  Risk  of  
Events 

!  DAPT (dual antiplatelet therapy) 
!  Low  Dose  Beta  Blockade  as  Tolerated 
■   Warn  Re ! Sudden  Cessation 
!  Look  for  an  ACE / ARB  Excuse 
•  Aggressive  Lipid  Treatment  -   

•  ! She/He Levels Are  Too  High  for them   



Less  Plaque  Cholesterol 
Less  Inflammation 

Fewer  WBCs  
Less  Matrix  Metalloproteinase 

? Less chance of plaque rupture 



Less  Plaque  Cholesterol 
Less  Inflammation 

Fewer  WBCs  
Less  Matrix  Metalloproteinase 

? Less chance of plaque rupture 

Suggest: 
18 months to 2 Years of Intensive  Lipid  Therapy 



■  It  is  Reasonable  To: 
1.  Restrict  Competition  ≥ 3 mos  After  ACS,  

 PTCA,  CABG 
2.  Perform  an  EXT  on  Medical  Regimen 
3.  Measure  LV  Function 
4.  Pursue  Aggressive  Risk  Reduction 
5.  Allow  Adults  to  Participate  in  Decision 
6.  Discuss risk based available data 



■  50-year-old man  
■  Marathoner -  
■ > 15 events lifetime 

■ No symptoms 
■ No CV risk factors 

Case Presentation 



■ Family history of CAD 

–  Multiple family members 
 with CAD 

– Earliest with a heart attack at 
 age 60 

Case Presentation 



Case Presentation 



Diagnostic Tests 
■ Labs: 

■ TC -  188, TG = 80, LDL = 116,  
   HDL = 56 

■ HR – 52  Resting BP = 122/76 

144	

3.9	

15	

0.9	
81	



Framingham Global Risk Assessment 
Cumulative Point Scale for Estimating 10-Year CHD Risk  

in Men and Women (Framingham point scores) 

Adapted from NCEP ATP III JAMA. 2001;285:2486-2497. 

CHD =  MI or coronary death 

  Age   
20-34 = -9/-7 
35-39 = -4/-3 
40-44 =  0/0 
45-49 =  3/3 
50-54 =  6/6 
55-59 =  8/8 
60-64 = 10/10 
65-69 = 11/12 
70-74 = 12/14 
75-79 = 13/16 

TC (age 40-49 y)  
     <160 = 0/0 
160-199 = 3/3 
200-239 = 5/6   
240-279 = 6/8 
     ≥280 = 8/10 

Systolic Blood Pressure 
Treatment:  No     Yes 
     <120 =   0/0     0/0 
120-129 =   0/1     1/3 
130-139 =   1/2     2/4 
140-159 =   1/3     2/5 
     ≥160 =   2/4     3/6  

Total points: <0 0 1  2  3  4  5   6   7   8  9   10  11   12  13  14  15  16  ≥17 18  19  20  21  22  23  24   ≥25 
10-y CHD 
risk (%):        <1 1 1  1  1  1  2   2   3   4  5     6   8    10  12  16  20  25 ≥30 
                            <1  1    1    1     1    2    2    3    4     5    6   8   11 14   17 22   27   ≥30 

TC (age 50-59 y) 
     <160 = 0/0 
160-199 = 2/2 
200-239 = 3/4   
240-279 = 4/5 
     ≥280 = 5/7 

   HDL-C 
   ≥60 = -1/-1 
50-59 =  0/0 
40-49 =  1/1 
   <40 =  2/2 

   Smoker 
(age 20-39 y) 
   No = 0/0 
 Yes =  8/9 

(age 40-49 y) 
   No = 0/0 
 Yes =  5/7 

(age 50-59 y) 
   No = 0/0 
 Yes =  3/4 



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 in 

the British journal Heart.



Can you exercise too much? 



1)  Are athletes at risk for CAD?

2)  Can and how to return athletes to sport 
with known CAD ?



Exercise modifies CV Risk Factors 
JAMA 1985 NEJM 2002

JAMA 2003

Circulation 2007 



Can you exercise too much? 



Coronary artery calcium and exercise 

-  Conventional FRS underestimates risk of marathon runners.  
-  Higher CAC rates (>100) in marathon runners when 

compared with FRS-matched controls (36.1 vs. 21.8%, P< 0.01) 



Coronary artery calcium and exercise 

-  Conventional FRS underestimates risk of marathon runners.  
-  Higher CAC rates (>100) in marathon runners when 

compared with FRS-matched controls (36.1 vs. 21.8%, P< 0.01) 

-  A zero CAC score was more frequent in 
marathon runners than in age-matched controls 



✓	

✓	

✓	
✓	

✓	 ✓	

✓	

Exercise	does	not	make	you	
bulletproof	









     Coronary Calcium        

Cardiac CT 
•  Agatston score: weighted sum  
•  CAC indicates plaque burden  

– Calcification is one aspect of 
atherosclerosis 

•  CAC does not indicate % stenosis 



48 yo  

55 yo  

49 yo 

Calcium score >400 Calcium score >100 

Calcium score ZERO 



CAC and prognosis 

Budoff MJ et al JACC 2007 



Coronary Artery Calcification
•  Do athletes have more CAC? ! Probably

•  Is exercise causative? ! probably not
•  Cross sectional data only

•  Bias " selection bias
•  Confounding and unmeasured risk factors

•  Accrued Lifetime Risk
•  Dietary History
•  Events prior to becoming a runner

•  Does CAC carry same prognosis in athletes as non-
athletes?            

•  Does treatment guided by CAC in athletes change 
outcomes ! 



JAMA 2019 



JAMA 2019 

■  21,758 men without prevalent cardiovascular 
disease (CVD). 

■  Observation study of those with physical activity 
and a CAC. 

■  Self-reported physical activity by METs (min/wk) 
categorized  

■  >3000 (n = 1561),1500 to 2999 (n = 3750), and 
less than 1500 (n = 16 447) 

■  CAC scores were less than 100 or over 100 AU 
■  Mean 10yr follow up 



JAMA 2019 



JAMA 2019 



Exercise and CAC 
■ 1) Lower CAC is Better, ZERO is best 
■ 2) Exercise does not prevent    

 atherosclerosis 



Exercise and CAC 
■ 1) Lower CAC is Better, ZERO is best 
■ 2) Exercise does not prevent    

 atherosclerosis 
■ 3) If you have elevated CAC  

– control risk factors and increase fitness 
■ 4) No need to stop (or even cut back) on 

 exercise just because of CAC 



JAMA 2019 



Take home points 
■ Exercise is safe and improves CV risk 

– Exercise does not eliminate CAD risk 
■ Post infarction therapy can be tailored to 

the athlete  
– usual care is employed for at least 18 

months 
■ Assessment of ischemia, LV function and 

symptoms are key to determine risk 



Thank you 
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