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Introduction
• 26%  of  Diving  Fatalities  Are  Attributed  to  

CVD
• PubMed  Search  in  Feb  2010  Using  “Diving”  

&  “Cardiac  Events”  Yielded  25  
Publications…1  Relevant

• Whereas  “Exercise”  &  Cardiac  Events”  Yielded  
3,501  Publications

• This  Presentation  Will  Address  Non-Diving, 
Exercise-Related  Events

• To  Develop  Strategies  Applicable  to  Diving-
Related  Cardiac  Events



I  Think  I  Know  How  Wayne  
Newton  Must  Feel  in  Las  

Vegas

I  Have  Sung  The  Same  Songs  A  Lot  !





What  Causes Death During 
Physical Exertion ?



In  The  “Young”
(< 30, 35, 40  yrs)

In  “Adults”



Maron, Thompson, et al Circulation  2007



In  Adults  ?

• Almost  Always  Atherosclerotic  Disease
• Coronary  Artery  Disease



In  Mutiple  Studies  Habitual  
Physical Activity  Is  Associated  
with  Reduced Atherosclerotic   

Disease  Events    



1

-10

-19 -20 -19

Harvard Alumni Study

<500      –1000         –2000      –3000      >3000

KCalories Per Week

Lee &  Paffenbarger 2001 



But  Vigorous  Physical  Activity   
Acutely  and  Transiently  Increase   

the  Risk  of Acute  Myocardial  
Infarction   and  Sudden  Cardiac  
Death (SCD)  in  Both  Young  and  

Older  Susceptible Individuals



Exercise  Benefit  And  Risk  
of  Cardiac  Arrest

Min/Wk     Incidence     Exercise RR        Annual  Rate

0             18                  - -
1-19          14                56                   17,000

20-139        6                 13                   23,000
>140          5                  5                    13,000                  

Siscovick NEJM 1984



Exercise  Also  Increases  
the  Risk  of  Myocardial  

Infarction
And  MI  May  Equal  “Death”  During  Diving  If  It  
Becomes  a  Disabling  or  Panic  - Producing  Event
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Clinical  and  
Angiographic  

Characteristics  of  
Exertion-Related Acute MI

Giri, Thompson,  et  al   JAMA  1999  



Exercise - Related  MI
• Consecutive  Series  of  Acute  MI’s  Treated  

by  PTCA

• Activity  by  LRC  and  Framingham  PAI

• Risk  factors  by  Chart  Review  and  History

• Qualitative  Coronary  Angiography
Giri  et  al   JAMA  1999



Relative  Risk  of  EX  MI  by  
LRC  Activity  Level

Very  Low 30.5 (4.4 – 209.9)

Low 20.9 (3.1 – 142.1)

Moderate 2.9 (0.5 – 15.9)

High 1.2 (0.3 – 5.2)
Giri  et  al   JAMA  1999



How  Dangerous  is  Exercise ?



How  Dangerous  Is  
Exercise  For  Healthy  

Adults?
1  Death  Per  Year  

Per

Thompson  15,640            
JAMA 247:2535,1982 

Siscovick                18,000            
NEJM 311:874,1984



How  Dangerous  Is  
Exercise  For  Healthy  

Adults?
1  Death  Per  

Thompson  
JAMA 247:2535,1982 

792,000  Hours  of  
Exercise



Exercise  Event  Rates  Are  Higher  
in  Populations  With  Known  

Disease

Thompson et al Circ 2007 Events



But  What  About  Exercise – Related  
MI  ?

Among 3617 men in the Lipid Research 
Clinics Primary Prevention Trial  62 (1.7%) 
sustained an exercice – related AMI (n-54) 
or SCD (n-8) definitely  during a mean 
follow-up of 7.4 years.   225 men had  
events  not related to  exercise,  but  
activity of  170 other  men was unclear.   
These results suggest  that 0.2% of 
hypercholesterolemic men have an 
exercise-related event  annually. 



And  99.8%  Do  Not



But  What  About  Exercise –
Related  MI  ?

Exercise-related  AMI  also  may  be  
substantial in  the  general  population.  
Using  the  incidence of  SCD  among  
healthy  subjects  from  RI  and  the  
observation  that  exercise-related  AMI  is  
6.75  times  more  frequent  than  SCD,   
the annual  incidence  of   exercise-related  
AMI  could  range  from  1  AMI  per 593 -
3852 apparently  healthy  middle-aged  
men.



Incidence  of  Cardiac  Diving  
Events  Seems  Quite  Low

• Among  590  Diving  Fatalities
• 27%  Were  Possibly  Cardiac  (Denoble. Diving and 

Hyperbaric Medicine. 2008)

• Using  the  7-year  Diving  Fatality  Rate  
of  16.4 / 100,000 persons (Denoble. Diving and 
Hyperbaric Medicine. 2008)

• The  Rate  is  Only  0.6 per 100,000 divers
• Or  1  Death  /  166,666 divers  - About  1/2  

the  Cardiac  Rehabilitation  Rate



STRATEGIES  TO  REDUCE 
EXERCISE-RELATED 

CARDIOVASCULAR  EVENTS
• Restrict  High  Risk  Subjects
• Perform  Preparticipation  Exercise  

Testing   Prior  to  Exercise
• Exclude  Subjects  With  Established  CVD
• Identify  Those  With  Possible  Cardiac  

Prodromal  Symptoms
• Prepare  for  Cardiovascular  Emergencies
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Restrict  High  Risk  Subjects

• Problem #1: CAD  is  so  Prevalent  That  
The Majority  of  Events  Occur  in  
Subjects  with  Modest  Risk

• Problem #2:  This  Strategy  Has  Not  
Worked  Retrospectively



(JAMA 242:1265-1267, 1979)
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Pre  Participation  Exercise  
Testing

• ACC/AHA  2002  -- (Circulation  2002; 2002;106:1883-
1892) 

• Diabetic  Men  >35 yrs, Type  II  > 10 
yrs, Type  I >15 yrs,  any  additional  
CAD  RF,  Micro  Disease

• US  Preventive  Services  Task  Force -
- Insufficient  Evidence  to  Determine  
Risk/Benefit  (Ann Intern Med. 2004;140:569-572)



Exercise  Testing  for  
Asymptomatic  Persons  
Without  Known  CAD  

Class  2  - Conflict  or  Divergence  of 
Opinion

a. Evidence/Opinion  Favors -
Diabetes  Pre  Vigorous  Exercise
b. Usefulness  Less  Established - Men 

>45, Women >55  Pre  Vigorous  
Exercise



Problems  With  Screening  
Exercise  Tests

• True  Positive  Results  Require  A  Flow  
Limiting  Lesion

• But  Most  Events  are Caused  by  
Previously  Non-Limiting  Vulnerable  
Plaques

• True  Positive  Results  in  Asymptomatic  
Subjects  Are  Better  Predictors  of  Angina  
Than  MI  or  SCD 

• Possibly   Because  Asymptomatic,  Flow-
Limiting  Lesions Prompt  Collateral  
Development. 
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Images Images courtesy of Steven E. Nissen MD, 
Intravascular Ultrasound Laboratory, Cleveland Clinic courtesy of Steven E. Nissen MD, 

Intravascular Ultrasound Laboratory, Cleveland Clinic

IVUS Reveals Angiographically 
Invisible Lesions
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Exercise  Testing  in  Healthy  Men
916  Healthy  Men,  27 - 55 yrs.

Followed  8 - 15 yrs.

23 Initial  (+)  EXT
8  Angina
1  Sudden  Death

38  New  (+)  EXT
10  Angina
1  MI
1  Sudden  Death

833  Normal  EXT
12  Angina
25  MI
7  Sudden  Death

McHenry,  et  al  CIRC  70:547,  
1984



Sure,  The  Relative  Risk  is  
Higher

Positive  Tests Negative  Tests

21
61

=  34 %
44

833
=  5 %

RR  =  6  x  Higher



But,  Remove  Angina

Positive  Tests Negative  Tests

3
61

=  5 %
32

833
=  4 %

RR  =  1.2



J Gen Intern Med 24(8):934–8
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Exclude  Subjects  with  CVD

• Prior  CAD  May  Be  The  Most  
Discriminating  Factor  for  Exercise-
Related  Cardiac  Events

• In  A  Case  Controlled  Study  of  57  
Exercise-Related Cardiac  Events  Vs  42  
Controls

• Prior  CVD  had  a  32-fold (95% CI=7 to 
143)  Increased  Risk  of  an  Exercise  
Event
S   Thi   G   C ld  B   E l d d    



Br J Sports Med 2009;43:722–725
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Identify  Those  With  Possible  
Cardiac  Prodromal  Symptoms

• Multiple  Studies  Have  Identified  
Prodromal  Symptoms  Prior  to  Exercise  
Related  Events

• 50%  of  Joggers,  75%  of  Squash  players,  
81%  of  Distance Runners  Had  Probable  
Prodromal  Cardiac  Symptoms  Prior  to  
Their  Exercise-Related Death

• 10%  of  159 “Cardiac”  Diving  Fatalities  
Had  Reported  Dyspnea,  Fatigue,  Chest  
Ppain,  Distress  or  Illness 

• The  Specificity  of  Such  Complaints  is  
Poor

• Nevertheless,  Inquiry  into  Prodromal  



Br J Sports Med 2009;43:722–725
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Prepare  for  Cardiovascular  
Emergencies

Dah !



Suggested  Approach

1. Require medical clearance for individuals 
with known CVD

2. Train  Diving  Supervisors  to  Elicit  
Possible Cardiac  Prodromal  Symptoms  
&  Require  Their  Clearance  

3. Require  Cardiac  Emergency  Training  &   
Scheduled  Drills  for  Diving  Supervisors 
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