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• Review the principles of sports 

injury prevention.

▪ Identify common etiologies of 

collapse in athletes.

▪ Identify and Discuss 

prevention strategies for:

▪ Exertional Sudden Cardiac Death

▪ Exertional Heat Stroke

▪ Exertional Collapse Associated 

with Sickle Cell Trait

Objectives



Exertional Injury 
and Illness: 
Prevention



• Primary:

▪ Keeps disease process from 

becoming established by 

eliminating causes or increasing 

resistance. 

• Secondary:

▪ Interrupts or detects the disease 

before it becomes symptomatic.

• Tertiary:

▪ Limits the consequences of 

symptomatic disease.

Leavell’s Prevention Levels

Leavell HR and Clark EG. Preventive Medicine for the Doctor in His Community. New 

York, NY: McGraw-Hill. 1965. 



Wes Leonard – Basketball
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• Fennville, Mich., March 3, 2011

• "He made the shot and then the 

game was over, we had won, 

everyone rushed the court," said 

Tobias Hutchins, a senior at 

Fennville High School who was at 

the standing-room-only game.

• "He did the team lineups where 

they all shake hands, the 

basketball team held him up, he 

started walking, then collapsed." 

Sudden Cardiac Arrest: 

Dilated Cardiomyopathy



▪ Sudden cardiac death in 

athletes is an uncommon
event.

▪ Risk in young athletes is 

approximately 1:50,000 -
100,000/yr.

▪ Risk ranges from 1:15,000 to 

1:50,000/yr In older athletes. 

Sudden cardiac arrest is the leading cause of 
EXERTIONAL death in Young Athletes!

Epidemiology of Sudden Death in 
Young Athletes



▪ Estimated death rates in male athletes 
are 5X higher than in female athletes.

▪ Estimated death rates in college 

athletes are 2X higher than in high 
school athletes.

▪ Non-cardiac deaths account for 22% of 
deaths.

▪ Football and basketball account for 
the majority of sudden deaths.

▪ African Americans appear to be at 
greater risk.

VanCamp SP et al: Nontraumatic sports deaths in high school and 

college athletes. MSSE 1992;24(3):279-80.

Epidemiology of Exertional 
Sudden Death



A Defense Center of Excellence
Maron BJ, et al: Sudden death in young athletes: Analysis of 1866 deaths 

in the United States, 1980 -2006. Circulation 2009;119:1085-1092.



Not so 

Fast!!

Eckart RE et al,  Department of Defense Cardiovascular Death Registry 

Group: Sudden death in young adults: an autopsy-based series of a 

population undergoing active surveillance. J Am Coll Cardiol.                    

2011 Sep 13;58(12):1254-61. 



▪ The incidence of SCD in 

Division 1 male basketball 

athletes was 1:5200 AY. 

▪ The most common findings at 

autopsy were autopsy-

negative sudden unexplained 

death in 16 (25%), and 

definitive evidence for 

hypertrophic cardiomyopathy 

was seen in 5 (8%).

Harmon KG et al: Incidence, Cause, and Comparative Frequency of Sudden 

Cardiac Death in National Collegiate Athletic Association Athletes: A Decade 

in Review. Circulation. 2015 Jul 7;132(1):10-9.

Sudden Unexplained 
Cardiac Death (SUD)



• Universal Precautions

▪ Exercise Acclimatization

▪ Environmental Acclimatization

▪ Hydration/Workload 

Adjustments

• Certified Athletic Trainer

• Certified Strength and 

Conditioning Coach

Primary Prevention

Casa et al: The inter-association task force for preventing sudden death in secondary school athletics 
programs: best-practices recommendations. Journal Athletic Training 2013 Jul-Aug;48(4):546-53. 



• The Preparticipation 
Examination

• Consideration for 
Secondary Screening

▪ Electrocardiography

▪ Echocardiography

▪ Consultation

Secondary Prevention

13



14 Point History and Physical 
Examination



Maron BJ et al: Circulation.2014 Oct 
7;130(15):1303-34 

“… there is INSUFFICIENT information…
to support the view that universal screening ECGs in

asymptomatic young people … is appropriate or possible on a 
national basis for the United States, in competitive athletes or in 

the general youthful population...”

However    
“…individual quality controlled local, community, or student-

related initiatives were, however, supported by the AHA if 
conducted properly and with adequate resources...”



Special Tests to Include 
Echocardiography and 

Electrocardiography are not Mandated

NCAA Guidance 2016



Not all Athletes Carry the Same Risk!

▪ The differential risk of 

SCA/D between athletes 

and non-athletes is not 

fully understood based 

on current epidemiologic 
evidence. 

▪ Athletes display a 

differential risk for 

SCA/D based on age, sex, 
race, and sport.  



The Sad Reality: 
Screening is a Challenge

Malhotra A, Dhutia H, et al:  Outcomes of Cardiac Screening in 

Adolescent Soccer Players. N Engl J Med. 2018 Aug 9;379(6):524-534.

▪ METHODS: From 1996 through 2016, 11,168 adolescent 

athletes with a mean (±SD) age of 16.4±1.2 years (95% of 

whom were male) in the English Football cardiac screening 

program; health questionnaire, physical examination, 

electrocardiography, and echocardiography. 

▪ RESULTS: 
▪ During screening, 42 athletes (0.38%) were found to have 

cardiac disorders that are associated with sudden cardiac 

death. 

▪ After screening, there were 23 deaths from any cause, of 

which 8 (35%) were sudden deaths attributed to cardiac 

disease. Cardiomyopathy accounted for 7 of 8 sudden 

cardiac deaths (88%). 

▪ Six athletes (75%) with sudden cardiac death had had 

normal cardiac screening results. 

▪ The mean time between screening and sudden cardiac death 

was 6.8 years. 

▪ On the basis of a total of 118,351 person-years, the incidence 

of sudden cardiac death among previously screened 

adolescent soccer players was 1 per 14,794 person-years (6.8 

per 100,000 athletes).



• Bystander CPR

• Access to Automated 
Defibrillators

• Execution of the 
Emergency Action Plan

Tertiary Prevention
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Drezner JA, Rao AL, Heistand J, Bloomingdale MK, Harmon KG: Effectiveness of 

emergency response planning for sudden cardiac arrest in United States high schools 

with automated external defibrillators. Circulation. 2009 Aug 11;120(6):518-25.



Sudden Cardiac Arrest

20



Having a Plan that has been Practiced!



Korey Stringer – Football
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• 1 August 2001, Mankato, MN

• Stringer and the Vikings practiced 

Tuesday in full gear on the hottest 

day of the year in the Midwest. 

The heat index rose to 110 

degrees

• Stringer vomited three times in 

practice and walked to an air-

conditioned shelter. There he 

complained of dizziness and 

became weak and began 

breathing heavily.

Exertional Heat Stroke



Heat Stroke is Common 
in the Military!

464 Exertional Heat Stroke 
Events in 2017!



• Since 1995, 54 reported football player fatalities from 

exertional heat stroke (42 high school, 9 college, 2 

professional, 1 sandlot).

• Exertional heat illness (EHI) occurred at a rate of 1.20 per 

100,000 athlete exposures (AE) (95% CI=1.12, 1.28). 

• EHI were widely distributed geographically, and most 

occurred in August (60.3%);almost one third (32.0%) 

occurred more than 2 hours into the practice session. 

• The EHI rate in football (4.42 per 100,000 AEs) was 11.4 

times that in all other sports combined. 

Exertional Heat Stroke 
in Football Players

Kerr ZY, Casa DJ, Marshall SW, Comstock RD: Epidemiology of exertional heat illness among 
U.S. high school athletes. Am J Prev Med. 2013 Jan;44(1):8-14.

Exertional Heat Stroke is Arguably the 

Most Common Cause of Preventable  

Non-traumatic Exertional Sudden Death 

in American Sports



Why do Individuals Die 
from Heat Stroke? 

Rav Acha M: Fatal Exertional Heat Stroke: A Case Series, 
American Journal of Medical Sciences, 2004;328(2):84-87.

• These two items were 

present in 100% of fatal 

cases:

• 1) Physical effort unmatched 

to physical fitness

• 2) Absence of proper 

medical triage 



• Age

• Poor physical fitness

• Lack of acclimatization

• Obesity

• Prolonged exertion

• Lack of sleep

• Illness

• Skin disease

• History of heat injury

• Drug use e.g. ephedra

• Use of heavy equipment or clothing

Risk Factors

Gardner JW, Kark JA, Karnei K, Sanborn JS, et al. Risk factors predicting exertional heat illness in male 
Marine Corps recruits. Med Sci Sports Exerc. 1996; 28:939-944.



• Obese and overweight 

men were 3.2 times 

more likely (p<0.01) to 

sustain any heat 

illness than non-obese 

men during the first 90 

days of service.

Obesity

Bedno SA et al: Exertional heat illness among overweight U.S. Army recruits in 

basic training. Aviat Space Environ Med. 2010 Feb;81(2):107-11.



• Anticholinergics

• Antihistamines

• Tricyclics

• STIMULANTS

• Diuretics

• Antipsychotics

• ACE inhibitors,

• B-blockers

• Supplements

Medications that Inhibit 
Thermoregulation



• Air Conditioning

• Acclimatization

• Hydration/Exertion Tables

• Modification of uniform/ training sites

▪ Remove headgear when not on field

• Increase spacing and positioning 

resting athletes in shade whenever 

possible

▪ Consider tentage next to training areas

• Pre/Intra-Cooling

Primary Prevention





• Days 1 through 5 of the heat-acclimatization 

period consist of the first 5 days of formal practice. 

During this time, athletes may not participate in 

more than 1 practice per day.

• If a practice is interrupted by inclement weather or 

heat restrictions, the practice should recommence 

once conditions are deemed safe. Total practice 

time should not exceed 3 hours in any 1 day.

• A 1-hour maximum walk-through is permitted 

during days 1–5 of the heat-acclimatization period. 

However, a 3-hour recovery period should be 

inserted between the practice and walk-through (or 

vice versa).

NATA Guideline on Acclimatization

Douglas J. Casa, PhD, ATC, FNATA, FACSM et al : Preseason Heat-Acclimatization Guidelines for 

Secondary School Athletics. Journal of Athletic Training 2009;44(3):332–333.



To Start or Not to Start?

Roberts WO.: Determining a “do not start” temperature 

for a marathon on the basis of adverse outcomes. Med Sci 

Sports Exerc. 2010 Feb;42(2):226-32.

CONCLUSIONS: 

• Marathons in northern latitudes (>40 

degrees) held in "unexpectedly" hot 

conditions when the participants are not 

acclimatized and the start WBGT is >21 

degrees C often end in either race 

cancellation or an MCI. 

• The rate of unsuccessful marathon starters 

per 1000 marathon finishers plotted against 

start WBGT generates a curve that can be 

used to estimate a do not start level.



Pre/Intra Event Cooling Strategies

Siegel R Laursen PB: Keeping your cool: possible mechanisms for 

enhanced exercise performance in the heat with internal cooling 

methods. Sports Med. 2012 Feb 1;42(2):89-98. 



• Detection of milder forms of 

heat illness

▪ Buddy System

• Use of those sentinel 

cases to modify training to 

prevent additional cases

• Screening for poor food and 

fluid intake

• Leveraging Heat Dumping

Secondary Prevention



• Heat Dumping
▪ Encourage cool showers and time in air 

conditioning between high exertion 

training

▪ If athletes are staying in dorms for 

summer training- check to ensure air 

conditioning is functioning

Secondary Prevention



Ice Sheets
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• Tertiary prevention efforts focus 

on people already affected by 

disease and attempt to reduce 

resultant disability and restore 

functionality 

• Rapid cooling intervention by 

first responders can reduce organ 

injury and prevent development of 

multi-organ dysfunction syndrome

Tertiary Prevention



It’s a Heat Attack!
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Dale Lloyd II - Football
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• On Sept. 25, 2006, Dale Lloyd II, 19 

collapsed  on a field in Texas after 

overexertion in practice.

• Lloyd and his teammates ran 16 

consecutive 100 yard sprints – almost 

a full mile. Early on, Lloyd started 

showing signs of distress, breathing 

heavily and suffering muscle 

tightness in his legs. 

• As the workout progressed he had 

trouble standing. Later, he even had 

trouble just holding up his head and 

collapsed.

Exercise Collapse Associated 

with Sickle Cell Trait



“Current cumulative evidence is convincing for associations 

with hematuria, renal papillary necrosis, hyposthenuria, 

splenic infarction, exertional rhabdomyolysis, and 

exercise-related sudden death.”

SCT is Associated with Sudden Death

Tsaras G: Complications associated with sickle cell trait: a brief narrative review. 

Am J Med.2009 Jun;122(6):507-12. Epub 2009 Apr 24.



• Military:

▪ Study of >450,000 military recruits (1977-1981)

▪ SST+ 30X risk sudden death: {RR 30 (11 – 84)}

• Civilian

▪ NCAA SCT deaths 2004 to 2008 = 5. 

▪ SST +15X risk of sudden death.  

▪ D1 football players alone: SCT African 
Americans (AA) have a AR of 1:805; or 37x risk 
relative to those without SCT.

Sickle Cell Trait
and Sudden Death

Kark et al: Sickle-cell trait as a risk factor for sudden 

death in physical training NEJM 1987; 317:781.

Harmon et al: Sickle Cell Trait Associated with a Relative Risk of Death of 37x in 

National Collegiate Athletic Association Football Athletes: A Database with 2 Million 

Athlete-Years as the Denominator. BJSM 2012; 46(3):158.



Dr. Phillipe Connes

• “Excess” sudden deaths in SCT due to 

Exertional Heat Illness (EHI)

▪ & Sudden Cardiac Death

▪ & Acute, Fulminant Renal Failure

Is it Heat, Hydration 
or Intensity?

Dr. John Kark

Dr. Randy Eichner

Kark et al: Exercise and hemoglobin S. Semin Hematol. 

1994 Jul;31(3):181-225.

▪Exercise results in a greater decrease in RBC 

deformability in SCT carriers than controls, but 

adequate hydration can normalize hemorheological 

abnormalities of SCT carriers 

Connes P et al: Physiological responses of 

sickle cell trait carriers during exercise. Sports 

Med. 2008;38(11):931-46. 

“Heat is no more a trigger for 

exertional sickling than is 

altitude, asthma, heedless 

valor, or a reckless coach”

Current Sports Med Reports, 2010, 9(6):349



• We found that SCT-positive 
service members deployed 
more frequently, for greater 
lengths of time, and 
remained in service longer.

• No significant difference in 
crude mortality ratio was 
discovered.

Warfighters with SCT 
Serve with Distinction!
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Singer DE, Chen L, Shao S, Goldsmith J, Byrne C, Niebuhr DW. The Association 

Between Sickle Cell Trait in U.S. Service Members with Deployment, Length of 

Service, and Mortality, 1992-2012. Mil Med. 2018;183(3-4):e213–e218.



• Risk of sudden death is 1:3,000 (SCT+ 

Trainee)…but who is the 1 in 3,000?

• “SCT has to be reconsidered as a single-

hemoglobin gene mutation. 

• This means that subjects with SCT are 

similar for this gene, but may be 

different for all other hemoglobin genes. 

• …subjects with SCT may also be different 

with regard to all their remaining genes.”

Who is the Athlete or Warfighter at Risk? 
Can Genetic Studies Assist?

BLUF: SCT Athletes may not all be the Same!

Abkowitz JL, O'Connor FG, Deuster PA, Thompson AA: Sickle cell trait and safe 

athletic participation: the way forward. Curr Sports Med Rep.2014 May-Jun;13(3):192-3



• The National Collegiate Athletic 

Association (NCAA) adopted a 

policy requiring Division I 

institutions to perform sickle cell 

trait testing for all incoming student 

athletes.

• Policy was partly in response to 

legal settlement with Dale Lloyd 

Case.

• But then…. 

Primary Prevention



• Policy Opposes Mandatory SCT 

Screening for Athletic Participation

▪ Recommends universal training 

interventions and additional 

research

• Believes NCAA Division I policy, as currently 

written and implemented, has potential to 

harm student athletes and larger 

community of individuals with SCT. 

American Society of Hematology

Statement on Screening for Sickle Cell Trait and Athletic 

Participation. (2012). ASH Policy Retrieved January 2012, from 

http://www.hematology.org/advocacy/policy-statements/7704.aspx

http://www.hematology.org/advocacy/policy-statements/7704.aspx


In general, student-athletes with sickle cell trait should:

• Set their own pace.

• Engage in a slow and gradual preseason conditioning regimen to be prepared for sports-specific 
performance testing and the rigors of competitive intercollegiate athletics.

• Build up slowly while training (e.g., paced progressions).

• Use adequate rest and recovery between repetitions, especially during “gassers” and intense station or 
“mat” drills.

• Not be urged to perform all-out exertion of any kind beyond two to three minutes without a breather.

• Be excused from performance tests such as serial sprints or timed mile runs, especially if these 
are not normal sport activities.

• Stop activity immediately upon struggling or experiencing symptoms such as muscle pain, abnormal 
weakness, undue fatigue or breathlessness.

• Stay well hydrated at all times, especially in hot and humid conditions.

• Maintain proper asthma management.

• Refrain from extreme exercise during acute illness, if feeling ill, or while experiencing a fever.

• Access supplemental oxygen at altitude as needed.

• Seek prompt medical care when experiencing unusual distress.

Guidance 
from the NCAA



• Prohibit punitive exercise and 

conditioning sessions;

• Recognize athletes who are struggling 

early on, so they can immediately be 

allowed to rest and not pushed past 

their physiologic limit;

• Develop adequate emergency plans for 

all individuals responsible for athletes 

during training and conditioning.

Secondary Prevention

Harmon KG, Drezner JA , Casa DJ: To screen or not to screen for sickle cell trait in American 
football? British Journal of Sports Medicine March 2012.



• Resting blood viscosity was greater in the 

SCT carriers than in the Control group. 

• The change in blood viscosity occurring in 

SCT carriers during soccer games was 

dependent on the experimental condition: 
▪ (1) in dehydration condition, blood viscosity rose over 

baseline; 

▪ (2) in hydration condition, blood viscosity decreased 

below resting level reaching Control values. 

• This study demonstrated that ad libitum 

hydration in exercising SCT carriers 

normalizes the blood hyperviscosity.

Secondary Prevention

Diaw M, Samb A, Diop S, Sall ND, Ba A, Cissé F, Connes P: Effects of hydration and 
water deprivation on blood viscosity during a soccer game in sickle cell trait 

carriers. Br J Sports Med.2012 Jun 9.

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Z9G3Nfl0W0Jz0M&tbnid=OOSklnoWuQNeZM:&ved=0CAUQjRw&url=http%3A%2F%2Fppdmag.com%2Fthe-importance-of-hydration-in-basketball%2F&ei=4-6kUvLiDueX2QXer4CAAg&bvm=bv.57752919,d.aWM&psig=AFQjCNHncXG_run-y7f4ZnJVMcemqmSh_w&ust=1386627081945966


• Warfighters

▪ Entry brief to ALL on 

inherent risks for exertional 

sudden death

• Cadre

▪ Recognition of struggling 

warfighters

• Providers

▪ Education on common 

causes of ERD for all

Tertiary Prevention 



Exercise Collapse Associated with 
Sickle Cell Trait
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AED and Oxygen 
in the Hands of the Medic
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• In the End, the Critical Variable is….

Summary
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Leadership



Confirming Recent Literature
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Confirming Data

Boden BP, Fine KM, Breit I, Lentz W, Anderson SA. Nontraumatic Exertional Fatalities in 

Football Players, Part 1: Epidemiology and Effectiveness of National Collegiate Athletic 

Association Bylaws. Orthop J Sports Med. 2020;8(8):2325967120942490.



Leadership Followership Model

57

OʼConnor FG, Grunberg NE, Harp JB, Deuster PA. Exertion-Related Illness: The Critical 
Roles of Leadership and Followership. Curr Sports Med Rep. 2020;19(1):35–39.



Return to DutyAdvanced CareField CarePrevention Evacuation



Warrior Heat and Exertion Related 
Collaborative

59

https://www.hprc-online.org/resources-partners/whec

https://www.hprc-online.org/resources-partners/whec


For Further Information

Please contact:

francis.oconnor@usuhs.edu 


