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France                 6.5:100,000

Denmark             1.2:100,000

Italy                     0.4:100,000

USA                     1:100,000  

Prevalence of sudden death 
in athletes 

Bove, JACC 2011

Israel                   2.6:100,000

Retrospective; Media reports; Various sources



SCD is the leading medical cause of death

Harmon, Circulation 2011

Causes of sudden death in NCAA athletes, 2004-2008

1,969,663 athlete years
273 

deaths 
187 

non medical
80 

medical 
45 

cardiac

USA                   ~2:100,000 per year

Retrospective analysis of death reports 



Sports-Related Sudden Death
in the non athletes

Marijon, Circulation 2011

First prospective national survey 
CVD abnormalities associated with sports-related sudden death

French athletes and non-athletes 2005-2010

169,742,000 
person-years

770 
Non athletes

50 
athletes

French non-Athletes                  ~ 0.2:100,000 per year

French Athletes                    ~ 1:100,000 per year

Young competitive athletes

First prospective national survey 



SCD in marathon runners

Jonathan H. Kim Et al. NEJM 2012 366;2

marathon runners              ~ 0.5:100,000  runners

SCD in marathon runners



In spite of the public outcry 
athlete SD are rare

Safely?  

Cost-effectively?  

Can we prevent them?

Effectively?   

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=dnPrz4pujLGaYM&tbnid=OE9jF64BbjqaYM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.neighborhoodnewspapers.com%2F&ei=-LZIUc6hNoGm0QXolIHwBw&psig=AFQjCNE0VIgOPoxBdiRKk3QS8R42R19f-g&ust=1363806318154299


The AHA

Maron et al. Recommendations and Considerations Related to Pre-participation Screening for CVD 
Abnormalities in Competitive Athletes. Circulation 2007

The ESC

Corado et al. Trends in Sudden Cardiovascular Death in Young Competitive Athletes After Implementation of a 
Pre-participation Screening JAMA 2006

Pre participation guidelines

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=aIpEShZxLYgWOM&tbnid=jKrFOzC2YYEZpM:&ved=0CAUQjRw&url=http%3A%2F%2F2010fall.blog.ntu.edu.tw%2F2010%2F10%2F09%2Feuropa-impression-the-european-cities%2F&ei=5b5IUcP5E-_u0gXcm4GYAw&psig=AFQjCNF5vGaCTXLBy0l5Q7LXLwTKGYo3ow&ust=1363808288341679


The Italian experience

Introduction

Corado et al. Trends in Sudden Cardiovascular Death in Young Competitive Athletes After Implementation of a 
Pre-participation Screening. JAMA 2006.



To ECG or not to ECG ? 

Introduction

Pelliccia et al. JACC 2008
Chaitman et al. circulation 2007; lancet 2008. 

“…The 2 consensus 
documents emanate 
from largely different 
cultural, social, and 
legal backgrounds 
existing in the U.S. and 
Europe…”



To ECG or not to ECG ? 

Introduction

Maron et al. Comparison of U.S. and Italian Experiences With Sudden Cardiac Deaths in Young Competitive 
Athletes and Implications for Preparticipation Screening Strategies. Am j Cardiology 2009. 

ARVD 22% 
CAD 19% 
HCM 2% 

?



Evaluate a 20 Y projection model for a US
ECG based screening program derived 
From Italian experience and ESC guidelines

Study Objective

How much will it cost? 

What will be the cost to save one life?

How many lives would be saved?   



Data collection

• Italian ECG based screening experience 
• US number of athletes to be screened 
• Establishing a cost-projection model
• US costs of exams and procedures 

Methods



Italian ECG based screening experience 

Methods

42,386 athletes screened yearly
ECG

abnormalities
Qualified 

3,035

Disqualified

879

Total

3,914 

Echo 3,035 (100%) [7.16%] 879 (100%) [2.07%] 3,914 [9.2%]
Exercise test 577 (19%) [1.36%] 722 (82%) [1.70%] 1,299 [3.1%]
Holter 153 (5%)  [0.36%] 364 (41%) [0.85%] 517 [1.2%]
MRI, cath, EPS 29 (1%)  [0.07%] 47 (5%) [0.11%] 76     [0.2%]
Corado et al. Trends in Sudden Cardiovascular Death in Young Competitive Athletes After Implementation of a 
Pre-participation Screening. JAMA 2006.~2% disqualified after 20Y screening

42,386 athletes screened yearly for 20Y



US number of athletes to be screened 

Methods

National Federation of State High School Associations National College Athletic Association

Year
Registered 

participants*
Annual increment†

Mean annual 

increment

Registered 

participants*
Annual increment†

Mean annual 

increment

1998-99 6,458,078 353,558

1999-00 6,537,623 79,545 (1.23%) 355,098 1,540 (0.44%)

2000-01 6,705,223 167,600 (2.56%) 369,884 14,786 (4.16%)

2001-02 6,767,515 62,292 (0.93%) 363,491 -6,393 (-1.73%)

2002-03 6,845,096 77,581 (1.15%) 372,933 9,442 (2.60%)

2003-04 6,903,552 58,456 (0.85%) 375,851 2,918 (0.78%)

2004-05 7,018,709 115,157 (1.67%) 384,742 8,891 (2.37%)

2005-06 7,159,904 141,195 (2.01%) 393,509 8,767 (2.28%)

2006-07 7,342,910 183,006 (2.56%) 402,793 9,284 (2.36%)

2007-08 7,429,381 86,471 (1.18%) 412,768 9,975 (2.48%)

2008-09 7,536,753 107,372 (1.45%) 421,169 8,401 (2.04%)

2009-10 7,628,377 91,624 (1.22%) 106,391 (1.53%) 430,301 9,132 (2.17%) 6,977 (1.81%)

Estimation based on continuous annual increment Estimation based on continuous annual increment

2013 8,106,058 462,311
http://www.nfhs.org/                              http://www.ncaa.org/

2013 total athletes to screen: 8.5 million



Cost projection model

Methods

Start screening in 2013 for 20 Y

2% 
Disqualified 

2% 
Increment 

20Y screening X 8.5 million = 170 million

2013 total athletes to screen: 8.5 million



US costs of exams and procedures 

Methods

All prices are in U.S. dollars. 
CMS = Centers for Medicare and Medicaid Services
HCPCS = Healthcare Common Procedure Coding System 
OPPS = Outpatient Prospective Payment System
Centers for Medicare and Medicaid Services. http://www.cms.gov/apps/physician-fee-schedule

Procedure
HCPCS  

code

Lowest 

price

Highest 

price

OPPS Minimum 

copayment
Min 

price

Max

price
History and exam G0402 130 219 94 0 224 313
Electrocardiogram 93005 7 15 27 5 39 47
Echocardiogram 93303 57 293 581 116 754 990
Exercise test 93017 35 76 178 36 249 290
Holter 93225 20 43 65 13 98 121
Cardiac MRI 75561 113 799 535 107 755 1441
Catheterization 93452 211 1226 2720 544 3,475 4,490
EPS 93620 605 670 3730 746 5,081 5,146

Averaged price for 

MRI/Cath/EPS*

3,104 3,692



Results

170 million screening events

100% HX+Exam+ECG

9.2% Echo

3.1% ETT

1.2% Holter

0.2% Cath/EPS/MRI
Min price

51 Billion US$
Max price 

69 Billion US$

How much will it cost?



Results
How many lives would be saved?

4 per 100,000

0.43 per 100,000

0.1785 per year



Results
How many lives would be saved?



How many lives would be saved?
Number of sudden deaths 

Year of 

screening

Unscreened 

population

ECG-screened 

population

Lives saved 

by screening

0 340 340 0

1 347 325 22

2 354 310 44

3 361 294 66

4 368 279 89

5 375 264 111

6 383 249 134

7 391 234 157

8 398 219 180

9 406 203 203

10 414 188 226

11 423 173 250

12 431 158 273

13 440 143 297

14 449 128 321

15 458 112 345

16 467 97 370

17 476 82 394

18 486 67 419

19 495 52 444

20 505 37 469

Total 8766 3954 4813

Unscreened:
• 2% yearly 
incline in   
athletes

• Constant SD 
rate of 
4/100,000 

Screened:
•Constant 
number of 
athletes 

•0.1785 per 
100,000 SD 
reduction 
per year



How many lives would be saved?

Number of life saved = 4,813

Min price
51 Billion US$

Max price 
69 Billion US$

Min price
10.6 million US$

Max price 
14.4 million US$

Cost of one life saved



• A 20 year ECG based pre-participation 
screening program in the US: 

– 170,000,000 screening processes
– At a of cost 51-69 billion us$ 
– Will save 4,813 athlete lifes
– At a cost per life saved of 10.6-14.4 mil us$
– Will disqualify 3.4 million athletes

Summary 



• Model underestimation of cost 
– Repeat procedures for true positives  
– Lower baseline mortality rates in US 

• Should public funds be spent on other 
validated modalities?
– Use of AED’s 
– Education  

Discussion 



Thank you 
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