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SUMMARY

OnAugust 6, 2000, a27-year-old male Fire Fighter
(FF) was performing physical fitnesstraining alone
intheexerciseroom of hisfirestation after theend
of his24-hour shift. After the FF had beeninthe
exercise room approximately 43 minutes,
crewmembersfound himonthefloor experiencinga
grand mal seizure. Seizure activity waswitnessed
for about 20 seconds followed by 30 seconds of
post-seizure (post-ictal) activity, during whichthe
victim was making purposeful movementsbut not
responding to commands. Shortly thereafter, he
dumped backwards. Vita signsrevealed no pulse
or respirations. Cardiopulmonary resuscitation
(CPR) and advanced lifesupport (AL S) resuscitation
effortswere begunimmediately. Despite CPR and
AL Sadministered by crewmembers, theambulance
paramedics, and by hospital personnel in the
emergency department (ED), the FFdied. Boththe
autopsy and death certificate were completed by a
pathol ogist with the County Medical Examiner’s
Office. They bothlisted arteriosclerotic heart disease
asthe cause of death whilethe autopsy also noted
hypertensive heart disease.

Given the cause of death, it is unlikely the Fire
Department (FD) could have done anything to
prevent the tragic and untimely death of this FF.
Therefore, thefollowing recommendationsaddress
generd hedlth and safety issuesidentified during the
Nationd Inditutefor Occupationd Safety andHedlth
(NIOSH) evaluation. This list includes some
preventive measuresthat have been recommended
by other agencies to reduce the risk of sudden
cadiacarest and or desthamongfirefighters. These
recommendations have not been evaluated by
NIOSH, but represent research presented in the
literature or of consensus votes of Technical

Committees of the National Fire Protection
Association (NFPA) or labor/management groups
withinthefireservice. IssuesredevanttothisFire
Department (FD) include:

« The FD should negotiate with the local
union to convert their voluntary wellness/
fitness program for fire fighters to a
mandatory program to reduce risk factors
for cardiovascular disease and improve
cardiovascular capacity.

e During annual medical evaluations,
discontinue the routine use of biannual
chest x-rays.

INTRODUCTIONAND METHODS

On August 6, 2000, a 27-year-old male FF
collapsed and died while participating in a FD-
sponsored exercise program. On October 4, 2000,
NIOSH contacted the affected FD to initiate the
investigation. On October 17, 2000, an
Occupational Safety and Health Specialist and a
physician from the NIOSH Fire Fighter Fatality

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the programisto determinefactorsthat cause or contribute
to fire fighter deaths suffered in the line of duty.
Identification of causal and contributing factors enable
researchers and safety specialists to develop strategies for
preventing future similar incidents. The program does not
seek to determine fault or place blame on fire departments
or individual firefighters. To request additional copies of
this report (specify the case number shown in the shield
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information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
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Investigation Team travel ed to Missouri to conduct
anon-siteinvestigation of theincident.

During the investigation NIOSH personnel
interviewed the following either in person or by
telephone:

» TheFireChief

* TheFFswife

*  TheUnion Vice-Presdent

*  Crew membersonduty withthe FF

Duringthesitevisit NIOSH personnel reviewed

* FD policiesand operating guidelines

* FDtrainingrecords

* FD annual report for 1999

* TheFF spersonne fileat the FD

* TheFF spreemployment medical evaluation
conducted by the FD

* FD physicd examination protocols

*  Ambulanceresponsereport

* Desathcertificate

* Autopsy report

INVESTIGATIVERESULTS

Incident. OnAugust 5, 2000, the FF reported for
work at Station 2 at 0730 hours. Theday was spent
performing station and equipment maintenance.
During the shift, the FF responded to two emergency
cdls. anambulanceresponseat 0800 hoursand an
alarm sounding at 1230 hours. OnAugust 6, 2000,
at 0700 hours, the FF arose from sleep and
completed hisshift at 0730 hours. Shortly theresfter,
hewent into thefire sation’sexerciseroom (located
inthe basement) to begin physical fitnesstraining.
The FFwasan avid participant in the FD’shealth
and wellness program, which included both strength
and aerobic conditioning. With FD approval, he
typically exercised after his24-hour shift to avoid
interruptionsduring histraining/workouts. The FF
wasdoneintheexerciseroom, whentwofirefighters
entered the basement at 0818 hourslooking for a

pieceof equipment. They found the FFhaving what
they described as, a grand mal seizure
(unresponsiveness and shaking extremitiesin ato-
and-fro rhythmic pattern).

The paramedic kit wasretrieved (all apparatusin
thisFD areequipped with AL Sequipment, and each
gation’sshiftisstaffed with at east one paramedic),
and one of the FD’stransporting ambulanceswas
telephoned directly. The FFwaswitnessed having
thistype of seizure activity for about 20 seconds.
Thiswasfollowed by apost-seizure (post-ictd) state
during which hehad purposeful movements(tried to
get up) for approximately 30 seconds but did not
respond to questionsor commands. During thispost-
ictal period, a“rebreather” mask supplying oxygen
wasplaced over thevictim’snoseand mouth. Shortly
thereafter, he stopped breathing and slumped
backward.

Vita sgnsreveded no pulseor respirations. A quick
look on the cardiac monitor showed ventricular
fibrillation (VFib). Oneshock wasdelivered at 0822
hours, but the FF's heart rhythm converted to
asystole(no heart beat) and CPRwasinitiated. Over
thenext 18 minutes, full AL Smeasureswerefollowed,
including intubation, intravenousadministration of
cardiac medications, additiona shocksfor VVFib, and
externd cardiac pacing. At 0840 hourstheambulance
departed for the nearest hospital emergency
department and arrived at 0843 hours. Despitefull
CPR and AL Sadministered for three minutesen-
routeand for 45 minutesin thehospita’sED, the FF
died. Hewas pronounced dead at 0928 hoursand
at that time resuscitation attemptswerediscontinued.

Medical Findings. Thedeseth certificate, completed
by apathologist inthe County Medical Examiner’s
Office, listed “ arteriosclerotic heart disease” asthe
immediate cause of death. Pertinent findingsfrom
the autopsy, also performed by the pathologist
included:

Page 2



Y

£

(A

WIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #~2000-40

Fire Fighter Collapses and Dies During Exercise Training at His Fire Sation - Missouri

Heart:
* Anenlarged heart weighing 570 grams(norma
lessthan 400 grams)*
* Leftandright ventricular dilatation
» Scar formation in the left ventricle (superior
aspect of the posterior wall)
* Arteriosclerotic heart disease
* Freshdot (thrombus) intheright coronary artery
2cmfromitsorigin
80% narrowing of thedistal right coronary
atery
60% narrowing of thecircumflex artery
80% narrowing of theleft anterior descending
atery
Blood:
* lllicitdrug and acohol testswere negative
* Presence of a prescription heart medication
(Papaverine)
* Large white layer of lipid (fat) material
[suggesting arecent meal or alipid disorder]

At the FF spre-placement medical examinationin
February 1999, hewas 72.5inchestall and weighed
249 pounds, giving himabody massindex (BMI) of
32.8 kilograms per square meter (kg/m?). A BMI
over 30.0 kg/m? is considered obese.? As
mentioned previoudy, the FFhad avery impressive
exerciseregimen and may havelost weightinthe 18
monthsprior to hisdeath. Unfortunately, therewas
noweight taken at thetimeof hisautopsy. Additiond
findingsat hisFebruary 1999 medical examination
included high blood pressure (hypertension) for which
hewastaking prescription medication, and el evated
blood lipids (both high cholesterol and very high
triglycerides.) Fromthemedical recordsavailable
to NIOSH it could not be determined the exact type
of lipid conditionthe FFhad, nor if any typeof follow-
up treatment wasgiven.

The FF did not complain of any pain suggestive of
angina(heart pain dueto reduced blood supply) or
any other cardiac problemsaccording to hisspouse

or co-workers. Asmentioned previously, hewas
an avid physical fitness buff who performed
strength and aerobic conditioning on aregular
basis. In October 1999, he had a pre-syncopal
episode (almost passed out) while exercising on
thetreadmill. Itisnot clear if he sought medical
attention after thisepisode or if he had any other
similar episodeswhile exercising.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the FD
consisted of 76 uniformed career personnel and
served a population of 60,000 residents in a
geographic areaof 25 squaremiles. Therearefive
firestations. Frefighters, includingthevictim, work
on one of three shiftsfrom 0730-0730 hours, 24-
hourson-duty, 24-hoursoff-duty for threetours, then
areoff-duty for four days.

In 1999, the FD responded to 5,117 calls. 95
structurefires, 101 vehiclefires, 197 other fires,
3,545 emergency medical cals, 119 other rescue
cals, 221 hazardouscondition cals, 5 overpressure/
rupturecalls, 126 servicecals, 214 goodintent cals,
361 fdsecdls 62mutud adcdls, 71 Stuaionfound,
undetermined/not classfied calls.

Training. TheFD requiresall new firefightersto
possess Fire Fighter | and Il certification and a
current State paramedic license prior to applying for
afirefighter pogtion. Additiondly, dl gpplicantsmust
passawrittentest, aphysical agility test smulating
firefighting functions, an ora interview, and apre-
placement physical examination. Once hired, the
fire fighter is assigned to a shift. Subsequent
training isconducted on-shift. State requirements
for FireFighter | and 11 certification comply with
the NFPA. There is no State requirement for
annual firefighter re-certification, although there
isfor Hazardous M aterials (Hazmat), CPR, and
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Emergency Medical Technician-Paramedic (EMT-
P). The FF was certified asaFire Fighter Il and
Paramedic, and had 16 months of fire fighting
experience.

Pre-placement Evaluations. The FD requires a
pre-placement medical evauationfor al new hires,
regardless of age. Componentsof thisevaluation
for dl gpplicantsinclude:

* A completemedica history

* Heght, weight, andvital Sgns

e Physcd examindion
e Audiogram
e Visontest

* Blood Tests. Complete blood count (CBC),
blood chemistry profile

o Urinayss(dipstick)

o Chest X-ray

*  Pulmonary Function Test (PFT)

» Skintestfortuberculosis

* Electrocardiogram (EKG)

» Cardiac stresstest (submaximal)

These evaluations are performed by a contract
medicd clinic. Oncethisevauationiscomplete, a
decisonregarding medica clearancefor firefighting
dutiesismade by the contractor and forwarded to
the City’spersonnel department. Thisclinicalso
medicdly clearscandidatesto wear respiratorsusing
the questionnaire provided in OSHA'srespiratory
protection standard.®

Periodic Evaluations

Beginning in 1999, annual medical evaluations
becamemandatory for al firefightersaspart of the
health and wellness program. The content of this
evaluation followsthat whichisrecommended by
thel AFF/IAFC Wel Iness/Fitnessprogram.* The FD
estimatesthat approximately 75% of itsmembers
participatein the exercise portion of the healthand
wellness program. Specific components of this
medicd evaduationinclude:

* A completemedica history

* Heght, weight, andvital Sgns

e Audiogram

e Visontest

e Physcd examindion

* Blood Tests: Complete blood count (CBC),
blood chemigry profile, prostate specificantigen
(PSA) for men over 40 yearsof age

o Urinayss(dipstick)

e Chest X-ray every twoyears

e PFT
e Skintestfortuberculosis
e EKG

* Cardiac stress test (either submaximal or
maximd)

These evaluations are performed by a separate
medicd dinic, not affiliated with theclinic conducting
the pre-placement eva uations. Oncethisevauation
iscomplete, adecisionismaderegarding medical
clearancefor firefighting dutiesand participationin
the fitness program and forwarded to the City’s
personne department. Specific medica conditions
identified by thisevauation aretypicaly forwarded
tothefirefighter’spersonal physician for further
evaluation and treatment. However, fina decisions
regarding clearance for fire fighting duties and
participationinthefitness program aredetermined
by the contract medical clinic. For employeesthat
miss work due to an occupational or non-
occupational cause, they also must be cleared for
duty by thismedicd clinic.

In 1999, the FD pilot tested the IAFF/IAFC
wellness/fitnessinitiativeand fully implemented the
programin February 2000. Theonly difference
from the IAFF/IAFC programisthat thisFD’s
programisvoluntary, rather than mandatory. All
of thefivefire stationshave exercise (strength and
aerobic) equipment purchased by the FD, fire
fighters themselves, or donated from local
companies.
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DISCUSSION

Inthe United States, atherosclerotic coronary artery
disease (CAD) isthemost common risk factor for
cardiac arrest and sudden cardiac death.® Risk
factorsfor itsdevel opmentincludeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure (systolic >140
millimetersof mercury [mmHg] or diastolic > 90
mmHg), high blood cholesterol (total cholesterol
> 240 milligrams per deciliter [mg/dL]), obesity/
physical inactivity, and diabetes.®’” The FF had
several of these risk factors (male gender, high
blood pressure, high blood cholesterol, and
obesity) and CAD confirmed at autopsy. Despite
hisyoung age, theserisk factors, in addition to
some type of hyperlipidemia, were probably
responsiblefor hisCAD.

The narrowing of the coronary arteries by
atherosclerotic plagues occurs over many years,
typically decades.2 However, the growth of these
plagues probably occursin anonlinear, often abrupt
fashion.® Heart attacks typically occur with the
sudden development of complete blockage
(occusion) inoneor morecoronary arteriesthat have
not developed a collateral blood supply.® This
sudden blockageis primarily dueto blood clots
(thrombosis) forming onthetop of atherosclerotic
plaques. The deceased had a blood clot in his
right coronary artery and evidence of
atherosclerotic diseasein al hiscoronary arteries.
Thesefindings confirm that aheart attack and an
associated heart arrhythmiawere responsiblefor
thissudden death.

Anginaisthe most common presenting symptom of
myocardial ischemiaand underlying CAD, butin
many persons thefirst evidence of CAD may be
myocardial infarction or sudden death.* Some
individuasmay not experienceanginawithischemia,
as evidenced by up to 20% of heart attacks being
“dlent,” i.e, panless?®

Epidemiol ogic sudieshavefoundthat heavy physca
exertion sometimesimmediately precedesandtriggers
the onset of acute heart attacks.'*® The FF was
exercisnginthefirestation at theend of hisshift. It
could not be ascertained whether he was lifting
weightsor running onthetreadmill. Ineither case,
both types of exercisewould be considered heavy
physcd exertion.’5Y’ Thephysica sressof exercising
with hisunderlying atherosclerotic CAD contributed
to this FF ssudden cardiac degath.

In addition to his CAD, other important autopsy
findingswere adilated and very large heart (570
grams) which contained an area of focal scarring.
These findings suggest some type of dilated
cardiomyopathy. Microscopicexaminationor genetic
studiesof the heart musclewould have been hel pful
toconfirmthisdiagnoss.

Dilated cardiomyopeathy, ischaracterized by dilatation
of the heart chambers and impaired ventricular
contraction (pumping). Microscopicfindingsarenon-
specific, typically being myocyte hypertrophy [best
appreciated as nuclear hypertrophy (e.g. “box-car
nuclei”)] with varying degrees of interstitial
fibrosis.’8  Although most cases of dilated
cardiomyopathy areof unknown etiology (idiopathic),
avariety of acquired or hereditary disorders can
causethedisorder. Thesesecondary and potentially
reversibleformsarelistedin Table 1.

I diopathic cardiomyopathy (IDC) isnot rare. Its
ageadjuged prevdenceinthe United Statesaverages
36 cases per 100,000 popul ation, and it accounts
for 10,000 deaths each year.? Most patients are
first seen between the ages of 20 and 50 years
presenting with symptomsof moderate heart failure
[shortness of breath on exertion, pal pitations (fast
heart beats), diminished exercise capacity] and
advanced heart failure[shortnessof bresth uponlying
down, and swelling of theankles].” Thisfirefighter
had sudden death astheinitial presentation of IDC.
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Although sudden death is rarely the initial
presentation, 22 it isacommon cause of desthamong
IDC patients accounting for 28 percent of all IDC
deaths.’®

Theprognosisfor ICD ispoor. Early studiesreported
one- and five-year death rates of approximately 25
and 50 percent respectively,??° but recent studies
report an average five year death rate of 20
percent.?2232627 Thisimproved survival probably
reflectsthe earlier detection of disease, ashift to
popul ation based studies, and better treatment.?>2
Although avariety of symptomsand medical tests
can provide prognostic information, patients at
greatest risk of sudden death or in need of
antiarrhythmic therapy cannot yet be prospectively
identified.® Giventheinability toidentify patientsat
high risk for sudden deeth, thelow degree of efficacy
of anti-arrhythmic agentsfor IDC, thenumerousside
effectsof theseanti-arrhythmic agents, and thelack
of symptomsinthisfirefighter, itisuncleer if anearlier
diagnosiscould have prevented hissudden death.

Investigationsinto the pathogenesisof IDC have
focused on four basic mechanisms: (1) inherited
factors, (2) viral myocarditis and other cytotoxic
insults, (3) immuneabnormalities, and (4) metaboalic,
energetic, and contractile abnormalities. These
mechanismsarenot mutualy exclusive, and severd
may combine to produce clinical disease in
susceptible patients. Theinherited factorsaccount
for approximately onethird of dl IDC cases®3' and
20 percent of patientswith IDC have at |east one
first degreerdativewith adecreased g ectionfraction
and cardiomegay.® Although IDC can betransmitted
asarecessveor X-linkedtrait, autosomal dominant
inheritance occurs most frequently and exhibitsboth
dinicd variability and genetic heterogeneity.® Findly,
if this FF had IDC, it is unclear if it was due to
inherited factorsor dueto post-viral myocarditis.
First-degreereativesof thisFF may want to consult
with their physicians to determine if an

echocardiogram iswarranted to screen for familia
IDC.

IDC is often accompanied by conduction system
diseaseand genetic Sudieshaveidentified individua
loci on chromosome responsiblefor these cases.®
Thereported conduction systemsdiseasesassociated
with IDC are sinus bradycardia, atrioventricular
conduction block (first-, second-, and third-degree),
and atria arrhythmias.®> None of these conditions
were present in the FF's pre-placement medical
examinationin March of 1999. Future molecular
genetic studiesmay lead to theidentification and
treatment of asymptomatic carrierswho areat risk
for symptomatic dilated cardiomyopathy.*

In October 1999 the victim had a pre-syncopal
episodewhileexercising. Dueto themany causes
of pre-syncope, it cannot be determined whether this
episoderepresented the same condition that resulted
in his sudden cardiac death while exercising ten
monthslater.

The FD requires a pre-placement medical
examinationfor al new hiresand an annua medical
evauationfor all firefighters. Thisexaminationis
essentialy the sameasthe NFPA Standard 1582.%
As part of its Appendix A, NFPA recommends
exercsedresstests(EST) toidentify underlying CAD
for FF withtwo or more CAD risk factors. These
recommendationsaresmilar tothoseof theAmerican
Collegeof Cardiology/American Heart Association
(ACCIAHA).** TheACC/AHA concludesthat the
evidenceisinfavor of EST for (1) asymptomatic
persons with diabetes mellitus who plan to start
vigorousexercise. TheACC/AHA concludesthe
evidenceislesswell established for (2) eva uation of
personswith multiplerisk factorsasaguideto risk-
reduction therapy, or (3) asymptomatic men over
theage of 45 and women over theage of 55who: a)
plan to start vigorous exercise, or b) who are
involved in occupations in which impairment
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might impact public safety, or ¢) individualsat high
risk for CAD dueto other diseases(e.g. periphera
vascular disease and chronic renal disease. Since
thisFFwasonly 27 yearsold, despitehisCAD risk
factors, an EST was not indicated by ACC/AHA
guidelines. In addition, NFPA 1582 does not
recommend a screening echocardiogram, the test
necessary to diagnose IDC. Thus, if the FF had
IDC, itisunlikely thiscondition would have been
identified prior to hisdesath.

RECOMMENDATIONSAND DI SCUSSION
Given the cause of death, it is unlikely the Fire
Department (FD) could have done anything to
prevent the tragic and untimely death of this FF.
Therefore, thefollowing recommendationsaddress
generd hedthand safety issuesidentified duringthe
NIOSH evauation. Thisligindudessomepreventive
measures that have been recommended by other
agenciesto reducetherisk of sudden cardiac arrest
and/or death among fire fighters. These
recommendations have not been evaluated by
NIOSH, but represent research presented in the
literature or of consensus votes of Technical
Committees of the NFPA or |abor/management
groupswithinthefireservice. Issuesrdevanttothis
FD include:

Recommendation #1: The FD should negotiate
with the local union to convert their voluntary
wellness/fitness program for fire fighters to a
mandatory program to reduce risk factors for
cardiovascular disease and improve
cardiovascular capacity.

TheFD andthe L oca Unionshould becongratulated
for implementing a state-of-the-art fitness and
wellnessprogramfor firefighters. Tobecompletely
effective, participation should berequired. Wellness
programs have been shown to be cost effective,
typically by reducing the number of work-related

injuriesandlost work days.>% A smilar cost savings
has been reported by the wellness program at the
Phoenix Fire Department, where a 12-year
commitment hasresultedinasgnificant reductionin
their disability pension costs.*

Recommendation #2: During annual medical
evaluations, discontinue the routine use of
biannual chest x-rays.

Regarding the content of the FD’smandatory annual
medial examination, the NFPA recommends chest
x-raysevery fiveyears, not every twoyearscurrently
practiced at thisFD.** Other organizationsdo not
recommend routine asymptomatic screening chest
x-raysto detect lung cancer. “TheU.S. Preventive
Services Task Force (USPSTF) concludesthat the
evidenceisinsufficient to recommend for or againgt
screening asymptomati c personsfor lung cancer with
either low dose computerized tomography (LDCT),
chest x-ray (CXR), sputum cytology, or a
combination of thesetests.”*® Inour opinion, the
chest x-rays being conducted by the FD expose
incumbentsto unnecessary radiation and represent
an unnecessary expensefor the FD.

In addition, annual chest x-rays performed on
Hazmat membersexposeincumbentsto unnecessary
radiation and represent an unnecessary expensefor
the FD, and are not recommended by the OSHA
Hazmat standard unlessspecificaly indicated by the
medical/occupationd history.*4°

REFERENCES

1. Siegel RJ[1997]. Myocardia Hypertrophy. In:
S. Bloom (ed). Diagnodtic Criteriafor Cardiovascular
Pathology Acquired Diseases. Philadelphia, PA:
Lippencott-Raven, p. 55-7.

2. National Heart Lung Blood Institute [2004].
Obesity education initiative. World Wide Web

Page7



Y

£

(A

WIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #-2000-40

Fire Fighter Collapses and Dies During Exercise Training at His Fire Sation - Missouri

(Accessed July 2004.) Available from http://
www.nhlbisupport.com/bmi/bmical c.htm

3. CFR. 29 CFR 1910.134, Respiratory protection.
Code of Federal Regulations. Washington, DC:
National Archives and Records Administration,
Officeof the Federa Register.

4. International Association of FireFightersandthe
| nternational Association of FireChiefs[1997]. The
fireservicejoint labor management well ness/fitness
initigtive. Internationa Association of FireFighters,
Department of Occupational Health and Safety,
Washington DC.

5. Meyerburg RJ, Castellanos A [2001].
Cardiovascular collapse, cardiac arrest, and sudden
cardiac death. In: Braunwald E, Fauci AS, Kasper
DL, Hauser SL, Longo DL, Jameson JL, eds.
Harrison’s principles of internal medicine. 15th
Edition. New York: McGraw-Hill. pp. 228-233.

6. AHA [1998]. AHA Scientific Position, Risk
Factorsfor Coronary Artery Disease. Dallas, TX:
American Heart Association.

7. Jackson E, Skerrett PJ, and Ridker PM [2001].
Epidemiology of arteria thrombosis. In: Coleman
RW, Hirsh J, Marder V1J, et a. eds. Homeostasis
andthrombogs: basicprinciplesand clinicd practice.
4th edition. Philadel phia: Lippincott Williamsand
Wilkins.

8. Libby P [2001]. The pathogenesis of
atheroscleross. In: Braunwald E, Fauci AS, Kasper
DL, Hawuser SL, Longo DL, Jameson JL, eds.
Harrison’s principles of internal medicine. 15th
Edition. New York: McGraw-Hill. p.1378.

9. Shah PK [1997]. Plaguedisruption and coronary
thrombosis. new insight into pathogenesis and
prevention. Clin Cardiol 20 (11 Suppl2): 11-38-44.

10. Fuster V, Badimon JJ, Badimon JH [1992].
The pathogenesisof coronary artery diseaseand the
acute coronary syndromes. N Eng JMed 326:242-
250.

11. Thaulow E, Erikssen J, et. a [1993]. Initial
clinical presentation of cardiac disease in
asymptomatic menwith silent myocardia ischemia
and angiographically documented coronary artery
disease (the Odlo IschemiaStudy). Am JCardiol
72:629-633.

12. WillichSN, LewisM, Lowel H, et al. [1993].
Physical exertion asatrigger of acute myocardial
infarction. N Eng JMed 329:1684-1690.

13. MittlemanMA, MadureM, Tofler GH, etd.[1993]
Triggering of acute myocardia infarction by heavy
physica exertion. N EngJMed 329:1677-1683.

14. Siscovick DS, WeissNS, Fletcher RH, Lasky T
[1984]. Theincidenceof primary cardiacarrest during
vigorousexercise. N EngJMed 311:874-877.

15. Tofler GH, Muller JE, StonePH, et al. [1992]
Modifiersof timing and possibletriggersof acute
myocardial infarction in the Thrombolysis in
Myocardial Infarction Phase Il (TIMI 11) Study
Group. JAm Call Cardiol 20:1049-1055.

16. Ainsworth BE, Haskell WL, Leon AS, et al
[1993]. Compendium of physical activities:
classification of energy costs of human physical
activities. Med Sci SportsExerc 25(1):71-80.

17. American Indugtrial HygieneA ssociation Journa
[1971]. Ergonomics guide to assessment of
metabolic and cardiac costs of physical work. Am
Ind Hyg Assoc J560-564.

18. Virmani R[1997]. Cardiomyopathy, Idiopathic
Dilated. In: S. Bloom (Ed.) Diagnostic Criteriafor

Page8



Y

£

(A

WIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #~2000-40

Fire Fighter Collapses and Dies During Exercise Training at His Fire Sation - Missouri

Cardiovascular Pathology Acquired Diseases.
Philadelphia: Lippencott-Raven, pp. 26-7.

19. Dec, GW, Fuster V [1994]. Medica Progress.
| diopathic Dilated Cardiomyopathy. N Eng JMed
331:1564 75.

20. Codd MB, Sugrue DD, Gersh BJ, Melton LJ
[11 [1989]. Epidemiology of idiopathic dilated and
hypertrophic cardiomyopathy: apopul ation based
study in Olmsted County, Minnesota, 1975 1984.
Circulation 80:564 72.

21. Gillum RF[1986]. Idiopathic cardiomyopathy
intheUnited Sates, 19701982. Am Heart J111:752
5.

22. KomgjdaM, Jais JP, ReevesF, et. a [1990].
Factors predicting mortality inidiopathic dilated
cardiomyopathy. Eur Heart J11:824 31.

23. Sugrue DD, Rodeheffer RJ, Codd MB, et. d
[1992]. The clinical course of idiopathic dilated
cardiomyopathy: a population based study. Ann
Intern Med 117:117 23.

24. Diaz RA, Obasohan A, Oakley CM [1987].
Prediction of outcomein dilated cardiomyopathy. Br
Heart J58:393 9.

25. Fuster V, Gersh BJ, Giuliani ER, et. Al [1981].
The natural history of idiopathic dilated
cardiomyopathy. Am JCardiol 47:525 31.

26. Di LenardaA, Lardieri G Mestroni L, et. a
[1990]. Dilated cardiomyopathy: changing survival
inthelast 20 years. Circulation 82:Suppl I11:111 387.
abstract.

27. lkramH, WilliamsonHG Won M, et. d [1987].
Thecourse of idiopathic dilated cardiomyopathy in
New Zealand. Br Heart J57:521 7.

28. Manolio TA, Baughman KL, Rodeheffer R, et
a [1992]. Prevalence and etiology of idiopathic
dilated cardiomyopathy (summary of a National
Heart, Lung, and Blood Institute workshop). Am J
Cardiol 69:1458 66.

29. MichelsVV, Moll PP, Miller FA, et a [1992].
Thefrequency of familid dilated cardiomyopathy in
a series of patients with idiopathic dilated
cardiomyopathy. N Engl JIMed 326:77 82.

30. Kedling PJ, Gang Y, Smith G, et al [1995].
Familia dilated cardiomyopathy in the United
Kingdom. Br Heart J73:417 21.

31. Grunig E, Tasman JA, Kucherer H, et. Al [1998].
Frequency and phenotypes of familial dilated
cardiomyopathy. JAm Coll Cardiol 31:186 94.

32. FatkinD, MacRae C, Sasaki T, et. Al [1999].
MissenseMutationsintheRod Domain of theLamin
A/C Gene as Causes of Dilated Cardiomyopathy
and Conduction System Disease. N Eng J Med
341:171524.

33. National Fire Protection Association [2003].
NFPA 1582, Standard on Comprehensive
Occupational Medical Program for Fire
Departments. NFPA, Quincy MA.

34. Gibbons RJ, Balady GJ, Bricker JT, et al.
[2002]. ACC/AHA 2002 guideline update for
exercisetesting: Summary Article: A Report of the
American College of Cardiology/American Heart
Association Task Force on Practice Guidelines
(Committeeto Update the 1997 Exercise Testing
Guidelines). eds. Circulation 106:1883-1892.

35. Maniscalco P, LaneR, Welke M, Mitchell J,
Husting L [1999]. Decreased rate of back injuries
through awelIness program for offshore petroleum
employees. JOccup Environ Med 41:813-820.

Page9



iy,

£

(A

WIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #-2000-40

Fire Fighter Collapses and Dies During Exercise Training at His Fire Sation - Missouri

36. SteinAD, Shakour SK, ZuidemaRA [2000].
Financial incentives, participation in employer
sponsored health promotion, and changes in
employeeheath and productivity: HeathPlushedlth
guotient program. JOEM 42:1148-55.

37. Unpublisheddata. City Auditor, City of Phoenix,
AZ. Disability retirement program evauation. Jan
28, 1997.

38. U.S. Preventative Services Task Force
[2003]. Guideto clinical prevention services, 3rd
ed. Available at: http://www.ahrg.gov/clinic/
3rduspstf/lungcancer/lungcanrs.htm Accessed July
2004.

39. 49 CRF 1910.120. Code of Federal
Regulation. Occupational Safety and Health
Adminigtration. Subpart F—Medical Surveillance.
Washington: National Archives and Records
Administration, Office of the Federal Register.
Available at http://www.osha.gov/pls/oshaweb/

Page 10

owadpson doumat?d Hle=STANDARDSE:p id=97/66
Accessed July 2004.

40. NIOSH [1985]. Occupationa safety and health
guidancemanual for hazardouswastesiteactivities.
Cincinnati, OH: U.S. Department of Health and
Human Services, Public Health Service, Centersfor
Disease Control, Nationa Ingtitutefor Occupational
Safety and Health, DHHS (NIOSH) Publication No.
85-115. Availableon-lineat: http://www.cdc.gov/
niosh/pdfs/85-115-a.pdf Accessed July 2004.

INVESTIGATOR INFORMATION

Thisinvestigation was conducted by and the report
written by Tommy Baldwin, MS, Safety and
Occupationa Health Specidist, and ThomasHales,
MD, MPH, Occupationa and Internal Medicine
Physician. Mr. Baldwin and Dr. Halesarewith the
NIOSH Fire Fighter Fatality Investigation and
Prevention Program, Cardiovascular Disease
Component, located in Cincinnati, Ohio.



iy,
‘@’ M Fatality Assessment and Control Evaluation
Fire Fighter Fatality Investigation I nveﬁi gaIiVe Report #F2000—40
- And Prevention Program

Fire Fighter Collapses and Dies During Exercise Training at His Fire Sation - Missouri

Table1l. Known Causesof Dilated Cardiomyopathy?®

Toxins Infectious
Ethanol Vird (coxsackievirus, cytomegaovirus, human
Chemotherapeutic agents (doxorubicin, immunodeficiency virus)
bleomycin) Rickettsd
Cobalt Bacterid (diphtheria)
Anti-retrovird agents(zidovudine, didanosine, Mycobacterid
zdcitabine) Fungd
Phencthiazines Parasitic (toxoplasmosis, trichinosis, Chagas
Carbon monoxide disease)
Lead
Cocaine Noninfectious
Mercury Collagenvascular disorders(scleroderma, lupus
erythematosus, dermatomyositis)
MetabolicAbnormalities Hypersengtivity myocarditis
Nutritional deficiencies(thiamine, selenium, Sarcoidosis
canitine) Peripartum dysfuncion

Endocrinologic disorders (hypothyroidism,
acromegaly, thyrotoxicocis, Cushing’'s Neuromuscular Causes

Disease, pheochromocytoma, diabetes Duchenne smuscular dystrophy
mellitus) Facioscapulohumerad muscular dystrophy

Electrolyte disturbances (hypocalcemia, Erb’slimb-girdledystrophy
hypophosphatemia) Myotonic dystrophy
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