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SUMMARY

On April 5, 2002, a 30-year-old male career fire
fighter on duty at his fire station went to bed at
approximately 1030 hours. On April 6, 2002, at
0550 hours, hisengine company was dispatched to
aforced-entry call. Thevictim did not respond to
theaarm, and when crew memberschecked onhim,
they found the victim unresponsive, with no pulse
and norespirations. Cardiopulmonary resuscitation
(CPR) was begun immediately and an extra
ambulancewasrequested. Theambulancearrived
on the scene 5 minutes later. Approximately 29
minutes|ater, despite CPR and advanced life support
(ALS) administered onthe sceneand at the hospitd,
thevictimdied. Theautopsy and death certificate,
completed by the County Coroner, listed “ cardiac
arrhythmiadueto mitra vaveprolgpse’ asthecause
of death.

The following recommendations address some
genera health and safety issues. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
amongfirefighters. Thesesdected recommendations
have not been evaluated by NIOSH, but they
represent published research or consensusvotes of
technica committeesof theNationd FireProtection
Association (NFPA) or fire service labor/
management groups. Howeve, itisunlikely that any
of theserecommendationscould have prevented the
unfortunatedesth of thisfirefighter.

* Conduct mandatory preplacement and
periodic medical evaluationsconsistent with
NFPA 1582 to determine a candidate’s
medical ability to perform duties without
presenting a significant risk to the safety
and health of themselves or others.

* Follow provisions in the revised OSHA
respiratory protection standard.

INTRODUCTION & METHODS

OnApril 6, 2002, a30-year-old malefirefighter
wasfound in hisbunk unresponsive, not breathing,
and pulseless. Despite CPR andALSadministered
by crew members, the ambulance crew, and
personnel inthe hospital’semergency department,
the victim died. On April 12, 2002, NIOSH
contacted the affected Fire Department to initiate
theinvestigation. OnApril 29, 2002, a Safety and
Occupationd Hedth Specidist fromtheNIOSH Fire
Fighter Fatality Investigation Team traveled to
Kansasto conduct an on-site investigation of the
incident.

During the investigation NIOSH personnel
interviewedthe

* FireChief

*  Deputy Chief

» Director of Human Resources

*  Crew membersonduty withthevictim

* PoliceChief

e Victim'sparent

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determinefactorsthat cause or contribute to
firefighter deaths suffered intheline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo develop strategies for preventing future similar
incidents. The program does not seek to determine fault or
placeblame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown in the shield above), other fatality investigation
reports, or further information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-NI1OSH
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Duringthedtevisit NIOSH personnd reviewed the

fallowing:

*  FHreDepatment policiesand operating guidelines

» FireDepartment training records

» FireDepartment annual report for 2001

* FireDepartment incident report

*  Emergency medicd sarvice (ambulance) incident
report

» Hogspital emergency department report

* Desathcertificate

* Autopsy report

* Past medica records of the deceased

INVESTIGATIVERESULTS

Incident. OnApril 5,2002, thevictim arrived at his
fire station, Station 1, for work at 0730 hours.
Station 1 housed Engine41, Quint 41, Ambulance
441, andHaz Mat 41. Thevictimwasassigned to
drive Engine41. After checking the equipment, the
crew beganto remodel aportion of thefirestation,
whichinvolved moving somelockers. At 1406 hours,
Engine 41, Quint 41, Engine 61, Engine 621,
Ambulance441, Med-Act 1143, and Battalion Chief
405 were dispatched to a broken gas line at a
dwelling. Onthe scene, Quint 41 personnel used a
combustible gasindicator and athermal imaging
camerato investigate the conditionsof the structure.
Finding nofire, but acarbon monoxidelevel of 30
ppm, they began ventilation procedures. All other
unitswerereleased and Engine 41 returned toits
station and crew members continued remodeling.
TheEngine4l crew atedinner a approximeately 1800
hoursand the victim went to bed at approximately
2230 hours. Ambulance 441 wasdispatchedto a
call at 0130 hourswhich awokethe entire station.
Onecrew member passed by thevictiminthehalway
and spoketo him. Thevictim appeared to beinno
distressor having any symptomsof distress. The
remai ning crew membersin the station went back to
sleep. At 0550 hours, Engine 41 and Ambulance
441 were dispatched to aforced-entry call. The

victim, who had areputation as being difficult to
awaken, did not respondtothecall. Crew members
yelled at himto get up and eventudly they turned the
lightsoninhisbunk room, wherehewasfoundto be
not breathing, pulsaless, cyanotic, and mottled. CPR
(chest compressionsand assisted ventilationswith
100% oxygen via bag-valve-mask) was begun
immediately. The station Captain notified Dispatch
of thesituation. Dispatchimmediately notified the
ambulance(Med-Act 1141) and the EM Ssupervisor
(1103) at 0551 hours.

Initial ECG monitoring revealed asystole (no
heartbeat). Thevictimwasintubatedandan |V was
edtablished. CPRwascontinued asAL Smedications
were administered and cardiac pacing attempted,
with no changein patient status. Med-Act 1141
arrived at thefirestation at 0556 hours. Thevictim
was placed onto along spine board, loaded into
Med-Act 1141, and transported to anearby hospital
at 0606 hours, arriving at the hospital emergency
department at 0609 hours. Inside the emergency
department, acardiac monitor revealed asystoleand
attempted cardiac pacing continued with no change
inpatient status. CPR and AL Smeasurescontinued
until 0625 hours, when the victim was pronounced
dead by the attending physician.

Medical Findings. The death certificate was
completed by the County Coroner, who listed
“cardiac arrhythmiadueto mitral valve prolapse”
as the immediate cause of death. The
carboxyhemoglobin level was less than 10%,
suggesting that carbon monoxide poisoning was
not responsiblefor hisdemise. Hisurineand blood
drug screen was negative for illicit drugs and
alcohol. Pertinent findingsfrom the autopsy, also
performed by the County Coroner on April 6,
2002, included

1. Normd sized heart of 360 grams(norma <400
grams).
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2. Moderaemyxomatousdegeneration, mitra vave
withendocardid frictionlesions.

3. Foci of myofiber bundledisorder and myocyte
disarray of the left ventricle on microscopic
examination.

4. Normal coronary arteries.

5. Possibleacutely dilated right ventricle.

Thefirefighter had only onerisk factor for coronary
artery disease (CAD): maegender. Thevictimwas
not currently prescribed any medications. In
September 2001 thevictim underwent aroutine Fire
Department physical examination. The exam
revedled aheight of 6' 3", aweight of 173 pounds,
and ablood pressure of 126/74. All components of
thelipid survey werewithin normal limitsexcept for
HDL, whichwas 30 mg/dl (normal range of 35-60
mg/dl). Hewasnot under any restrictionsfor fire-
fightingduties.

According to his mother and coworkers, the fire
fighter did not express symptoms of chest pain,
shortnessof bregth, or any other symptomindicative
of a heart condition at any time preceding the
incident.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the
combination Fire Department consisted of 130
uniformed firefighters (117 paid and 13 volunteer
members) and served apopul ation of 160,000ina
geographic areaof 62 squaremiles. Therearefive
firegtations. FHrefighterswork thefollowing schedule:
24 hoursonduty, 24 hoursoff duty, from 0800 hours
to 0800 hoursfor five shifts, then off duty for 4 days.

In 2001 the Fire Department responded to 11,545
calls: 7,863 medical calls, 1,164 falseaarms, 869
good-intent cals, 531 hazardous-condition cdls, 335
sarvicecdls, 190 sructurefires, 171 rescue/medica

cdls, 105 vehiclefires, 74 wildland/vegetationfires,
66 trash/rubbish fires, 51 other fires, 46 severe
weather/natural disaster calls, 42 overpressure/
rupture/overhest calls, 27 other outsidefires, and 11
specid-incident cdls.

Training. New career fire fighter applicants are
required to be previously certified asFire Fighter |
andan EMT at thetimeof gpplication, passawritten
test, aphysica agility test (PAT), anoral interview,
and areference check before being hired. Once
hired, the fire fighter must pass a preplacement
physicd examination, including anexercisetreadmill
test (EST), and apsychologica examination before
being assigned to ashift. Onceassigned to ashift,
thefirefighter ison probationfor 1 year. A 6-year-
step processisrequired to advancethefirefighter to
thetop of thefirefighter pay scale. Onceat thetop
of this scale, the individual is eligible to test for
Lieutenant. Firefightersreceiverecurrent trainingin
their tation on each shift and attend mandatory fire
fighter/EM Straining monthly.

Volunteer firefighter applicantsmust be previously
certified asFire Fighter | and passapreplacement
physicd examination beforebeing assgned toashift.
Volunteers must spend aminimum of 24 hourson
duty monthly and participate in the mandatory
monthly firefighter/ EM Straining.

The State minimum requirement for initial fire
fighter certification is the 120-hour program
administered through Kansas University Fire
Training. The State does not require annual fire
fighter recertification. Annual recertificationis
required for hazardous-material s certification.
EMTs and Paramedics recertify every 2 years.
Thevictimwastrained asaFireFighter I, Driver/
Operator, EMT, and aPolice Officer, and he had
11 yearsof fire-fighting experience (including 19
months asavolunteer).
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Preplacement Evaluations. The Fire Department

requiresapreplacement medicd evauationfor both

career and volunteer new hires. Componentsof the

preplacement medical evauationinclude

* A completemedica history

* Height, weight, andvital Sgns

e Phydcd examindion

e Visontest

* Audiogram

* Blood tests: complete blood count with
differential (CBC), chemistry, lipid, and liver
profile

e Urinetests. urinalyss, drug screen

* Redingdectrocardiogram (ECG)

e EST

* HepatitisB Titer

* Anthropometrics

»  Strength/Hexibility tests

*  TuberculossMantoux test

e Immunizaionguestionnare

A baseline chest X-ray is only performed for
HazardousMaterids-certified firefighters.

A timed performanceevduaion of typicd fire-fighting
duties(PAT) isasorequired. Prior medicd clearance
isnot required for taking the PAT.

Periodic Evaluations. Periodic medica evaluations

arerequired by the Fire Department for all career

firefightersannudly if over age40, biannudly if over

age 30, and every 3 years if under age 30.

Componentsof the periodic medical evauationfor

firefightersunder age50include

* A completemedica history

* Height, weight, andvita sgns

e Physcd examindion

e Visontest

* Audiogram

* Bloodtests: CBC, chemistry, lipid, and liver
profile

* Urinetests. urinalyss, drug screen

e ECG

e EST

e TuberculossMantoux test
e Immunizaionguestionnare

Career firefightersover theage 50 dsoreceive

* Proteingpecificantigen/digitd rectd exam (PSA/
DRE)

*  Anthropometrics

o Strength/Hlexibility test

Volunteer firefightersdo not recel ve periodic medica
evaudions.

Medical clearance for self-contained breathing
apparatus (SCBA) is not conducted by this Fire
Department. If afirefighter isinjured on duty or
missesthree or more shiftsduetoillness/injury, he/
shemust be cleared for returnto work either by a
physician approved by the State Worker’s
Compensation Board, the contract physician, or the
firefighter’s private physician, depending onthe
nature and severity of theinjury.

The Fire Department requires fire fighters to
participatein amandatory physica fitnessprogram.
A specifictimeisallotted each shift for exercise.
Strength and aerobic equipment isavailableineach
firedation. Voluntary welnessprogramsareavailable
through the contract physician.

DISCUSSION

The autopsy revealed no coronary artery disease
(CAD) and no thrombus; therefore, thevictimdid
not suffer aheart attack (myocardia infarction). The
autopsy did find the following: “moderate
myxomatous degeneration, mitral valve with
endocardid frictionlesions” “foci of myofiber bundle
disorder and myocytedisarray of theleft ventricle
0N microscopic examination,” “normal coronary
ateries” and“possbleacutdy dilatedright ventricle”
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Histologiclesionsare consistent with hypertrophic
cardiomyopathy, yet hisheart Szewasnormd. Since
hypertrophic cardiomyopathy typically requiresa
meacroscopicfinding of cardiomegdy (heart weighing
over 400 grams)*, hismost likely diagnosis was
“cardiac arrhythmiadueto mitra valveprolapse’ as
theimmediate cause of death.

Mitrd vaveprolapse(MVP) syndromeis“avariable
clinica syndromethat resultsfrom diversepathogenic
mechanisms of one or more portions of the mitral
valve (e.g., mitral valve apparatus, valveleaflets,
chordae tendineae, papillary muscle, and valve
annulus).”? It occursin only 2.4 percent of the
population andistwiceasfrequentinfemaesasin
maes2 MVPiscommonly seeninpatientswithrare
inheritable disorders of connective tissue (e.g.,
Marfan syndrome, Ehlers-Danlos syndrome,
osteogenesi simperfecta, pseudoxanthomae asticum,
periarteritis nodosa, myotonic dystrophy, von
Willebrand disease, etc.), congenital malformations
(e.g., Ebsteinanomaly of thetricuspid valve, atria
septal defect of the ostium secundum variety, the
Holt-Oram syndrome), and hypertrophic
cardiomyopathy.

Findingsof MV Pincludemyxomatousproliferation
of themitrd vave, inwhich the spongiosacomponent
of the valve (i.e., the middle layer of the leaflet
composed of loose, myxomatous material) is
unusually prominent.? Although the majority of
patientswith MV Pexhibit myxomatousdegeneration
of thevalve, post-inflammatory changes may also
beresponsiblefor prolapse.

The MV P syndrome appears to exhibit a strong
hereditary component, and in some patients is
transmitted as an autosomal dominant trait with
varying penetrance? A largemgjority of patientswith
MV P are asymptomati c and remain so throughout
their lives.? The ECG is usually normal in
asymptomatic patientswith MV P. A spectrum of

arrhythmiashave been observed, including atrial and
ventricular premature contractions, supraventricular
and ventricular tachyarrhythmias, and
bradyarrhythmias dueto sinusnode dysfunction or
varying degreesof atrioventricular block.

Thebes evidencesuggeststhat MV Pdightly increases
therisk of sudden death, epecidly inpetientswithsevere
mitra regurgitation or severevavular deformity. The
immediate cause of the sudden, unexpected deathis
probebly ventricular fibrillation.? Thevidimdidnot have
mitrd regurgitationnor vavular deformity. Whenfindings
arenormdl, i.e., whenthereisno evidence of stress-
induced regiond myocardia ischemia, thediagnog sof
MV Punrdaedtoischemic heart diseeseisfavored.?

Myofiber bundledisorder and myocytedisarray were
histologically identified involving thelateral and
posterior-lateral walls of the left ventricle. This
histologic abnormality is seen in patients with
hypertrophic cardiomyopathy (usualy asymmetric
type). Although the findings were present in the
victim, thesignificanceisunknowninthesetting of a
normal-sized heart without hypertrophy or

asymmetry.

TheFireFighter had only onerisk factor for coronary
artery disease (CAD): malegender.

In 2000, the National Fire Protection Association
(NFPA) updated Standard 1582, Medical
Requirements for Fire Fighters and Information
for Fire Department Physicians.® Thisvoluntary
industry standard specifies minimum medical
requirementsfor candidatesand current firefighters.
NFPA 1582 considersvalvular heart diseasetobea
Category B condition, that is, “amedica condition
that, based on its severity or degree, could [our
emphasis| preclude aperson from performing asa
member in atraining or emergency operational
environment by presenting asignificant risk tothe
safety and health of the member or others.”® Mitral
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insufficiency is“acceptableif insinusrhythmwith
normd |eft ventricular Szeand function.”® Onceagain,
without testsof theleft ventricular sizeor function,
we cannot determineif thiscriterionwas met.

Dilated cardiomyopathy isnot specificaly addressed
inthestandard. However, at aminimum, it would
be considered aCategory B Medica Condition. It
is unlikely that the periodic medical evaluation
recommended by NFPA 1582, including exercise
gresstesting (NFPA 1582 A ppendix B),® would have
detected, let done prevented, thisunfortunate event
fromoccurring.

RECOMMENDATIONS

Thefollowing recommendationsaddresshedlth and
safety generdly. Recommended screening would not
have picked up thisvictim’s condition; therefore,
unfortunately, none of theserecommendationscould
have prevented the sudden cardiac arrest and
subsequent death of thisfirefighter. Thislistincludes
some preventive measures that have been
recommended by other agenciesto reducetherisk
of on-the-job heart attacksand sudden cardiac arrest
among firefighters. Theserecommendationshave
not been evaluated by NIOSH, but they represent
published research or consensusvotes of technical
committees of the NFPA or fire service labor/
management groups.

Recommendation #1: Conduct mandatory
preplacement and periodic medical evaluations
consistent with NFPA 1582 to determine a
candidate’s medical ability to perform duties
without presenting a significant risk to the
safety an health of themselves or others.

Guidance regarding the content and frequency of
preplacement and periodic medical evaluationsand
examinationsfor firefighterscan befoundin NFPA

1582, S tandard on Medical Requirementsfor Fire
Fighters and Information for Fire Department
Physicians,® and in thereport of the International
Asoaiaion of FreFghters/Internationa Association
of Fire Chiefs (IAFF/IAFC) wellness/fitness
initiative.* The Departmentisnot legally requiredto
follow any of these standards. Nonetheless, we
recommend the City and the Fire Department be
cong stent with theaboveguiddines. Currently, the
preplacement exam contains all the NFPA-
recommended components except for abaseline
chest X-ray. Periodicmedica evauationsareoffered
to career firefightersonly.

In addition to providing guidance on thefrequency
and content of themedical evauation, NFPA 1582
provides guidance on medical requirements for
persons performing fire-fighting tasks. NFPA 1582
should be applied in a confidential,
nondiscriminatory manner. Appendix D of NFPA
1582 provides guidance for fire department
administrators regarding legal considerationsin
applying the standard.

Applying NFPA 1582 dsoinvolveseconomicissues.
These economic concerns go beyond the costs of
adminigteringthemedica program; they involvethe
personal and economic costs of dealing with the
medical evaluationresults. NFPA 1500, S tandard
on Fire Department Occupational S afety and
Health Program, addressestheseissuesin Chapter
8-7.1and 8-7.2°

Thesuccessof medica programshingeson protecting
the affected firefighter. The Department must (1)
keep themedical recordsconfidential, (2) provide
dternate-duty positionsfor firefightersinrehabilitation
programs, and (3) if thefirefighter isnot medicaly
qudifiedtoreturntoactivefire-fightingduties, provide
permanent alternate duty positions or other
supportive and/or compensated dternatives.
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Recommendation #2: Follow provisionsin the
revised OSHA respiratory protection standard.

OSHA's Revised Respiratory Protection Standard
requiresemployersto provide medical evaluations
and clearance for employees using respiratory
protection.® These clearance evaluations are
required for privateindustry employeesand public
employees in States operating OSHA -approved
State plans. Kansas is not a State-plan Stete;
therefore, public-sector employers, including fire
departments, are required to comply with OSHA
standards. However, thisFire Department isanot-
for-profit privateemployer, and, therefore, isrequired
to comply withfederal OSHA standards. A copy of
the OSHA medical checklist hasbeen provided to
the Fire Department.
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INVESTIGATOR INFORMATION

Thisinvestigation was conducted by and the report
written by Tommy N. Baldwin, MS, Safety and
Occupationa Hedth Specidist. Mr. Badwiniswith
the NIOSH Fire Fighter Fatality Investigation and
Prevention Program, Cardiovascular Disease
Component, located in Cincinnati, Ohio.
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