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SUMMARY

OnApril 15,2004, a57-year-old maecareer Acting
Fire Chief worked hisnormal 10-hour shift, during
which he participated in union negotiations.
Throughout the day, he complained of not feeling
well, and, after going home, hissymptomsworsened.
Hetelephoned hisfirestation and requested transport
to the hospital. Thirty-eight minutes later, asthe
ambulance arrived at the hospital’s emergency
department (ED), he suffered cardiac arrest. Despite
advanced life support (ALS) performed by
ambul ance service emergency medical technicians
(EMTs) and paramedics and hospital emergency
department (ED) personnel, he died. The death
certificatelisted “ cardiac event” astheimmediate
cause of death. No autopsy was performed.

The NIOSH investigator concluded that a heart
attack wasthe most likely cause of death.

The first five recommendations are preventive
measuresrecommended by other fireservicegroups
to reduce therisk of on-the-job heart attacks and
sudden cardiac arrest among firefighters. Thelast
recommendationismadeto ensureadequate medica
informationisavailableonwhichto baseprevention
programs

* Providepre-placement and periodic medical
evaluations to ALL fire fighters consistent
with NFPA 1582 to determinetheir medical
ability to perform dutieswithout presenting
asignificant risk to the safety and health of
themselves or others

* Conduct exercise stress tests (EST) for fire
fighters with two or more risk factors for
coronary artery disease (CAD)

* Provide fire fighters with medical
evaluations and clearance to wear SCBA

 Phase in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity

* Ensurethe City-contract physician reviews
all “return towork” clearancesfor both on
and off-the-job injuries

 Perform an autopsy on all on-duty fire
fighter fatalities

INTRODUCTION & METHODS

OnApril 15, 2004, a57-year-old maleActing Fire
Chief completed his 10-hour shift. Although he had
not felt well during hisshift, it wasnot until hisshift
ended and he was at home that he requested
transport to the hospital. Despite AL Streatment by
EM S personnel and at the hospital, the Chief died.
NIOSH wasnatified of thisfatdity onApril 19, 2004,
by the United States FireAdministration. NIOSH

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 determine factorsthat cause or contributeto
firefighter deaths suffered in theline of duty. |dentification 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
placeblameon fire departmentsor individual firefighters. To
request additional copies of this report (specify the case
number shown inthe 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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contacted the affected Fire Department (FD) onApril
19, 2004 to initiate theinvestigation. On July 12,
2004, a Safety and Occupational Health Specialist
fromtheNIOSH FireFighter Fatdity Investigation
Team traveled to Alaska to conduct an on-site
investigation of theincident.

During the investigation NIOSH personnel
interviewed:

* Thecurrent FireChief

* TheFreMarsha

*  Ambulance personnel

* TheActing Chief’swife

Duringthesitevisit NIOSH personnel reviewed:
» FD policiesand operating guidelines

* FDtrainingrecords

* FD annual report for 2003

* FDincident report

*  Ambulanceresponsereport

* Hospital report

* FD physicd examination protocols

* Desathcertificate

» Past medical records

INVESTIGATIVERESULTS

Incident. OnApril 15, 2004, theActing Fire Chief
arrived for duty at fire headquartersat 0700 hours.
Throughout the day, he was involved with union
contract negotiations. He did not respond to any
emergency calls on his shift. During the day, he
complained of not fedingwell and being fatigued. At
approximately 1700 hours, the Chief left the station
and went home.

At 1930 hours, the Chief telephoned hisfirestation
and requested transport to the hospital. Medic 2
and Engine 31 responded and notified 911 viaradio.
Unitsarrived onthescene 9 minutes|ater finding the
Chief gitting inachair, pale, sweaty (diaphoretic),
cold to the touch, and experiencing shortness of

breath, and neck and jaw discomfort. Hewasloaded
onto astretcher and placed insideMedic 2.

A cardiac monitor attached to the Chief’s chest
revealed normal sinusrhythm. Hisblood pressure
(BP) was 71/41 millimetersof mercury (mmHg). He
wasgiven oxygen, anaspirin, and intravenous (V)
accesswasgained. Normal sdinefluid chalengewas
adminigeredvialV and hewaspostionedinastting
position, which did not relievethe diaphoresisand
wheezing. Medic 2 departed the scene at 1956
hours, arriving at the hospital’sED at 2008 hours.
TheChief suffered cardiac arrest just prior toentering
the ED.

Inside the ED, the Chief was unresponsive, had
agonal respirations, and no palpable pulse.
Cardiopulmonary resuscitation (CPR) was begun.
A second |V wastarted, acardiac monitor revesled
asystole (no heart beat). Cardiac resuscitation
medi cationswere administered and cardiac pacing
was performed, resulting in a spontaneous heart
rhythm and apul serate of approximately 100 beats
per minutefor 60-90 seconds, then hisheart rhythm
reverted to ventricular fibrillation (Vfib) and he
became pul selessagain. Hewasdefibrillated twice
and a pulse returned for a short time. Becoming
pulsdessagain, hisheart rhythmrevertedto pulseess
electrical activity (PEA). CPRand ALS measures
continued until 2049 hours, when hewas pronounced
dead and resuscitation measureswere stopped.

Medical Findings. Thedeath certificate, completed
by the attending physician, listed* cardiac event” as
the immediate cause of death. No autopsy was
performed.

Inthe ED, blood teststo determine whether heart
damage had occurred revealed normal levels of
Troponin| [0.04 nanogramsper milliliter (ng/mL)
(normal range0.0—0.05ng/mL )] and CK-MB [0.9
ng/mL (normal range 0.00 — 3.6 ng/mL)]. An
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electrocardiogram (EKG) reved ed tachycardiaat a
rateof 100 beats per minutewith changes cons stent
withanacuteanterolaterd infarction. CK-MB levels
beginto risefrom 2-6 hours after onset of aheart
attack and reach peak levels within 18 hours.
Troponinlevelsbegintoincreasefrom 3-12 hours
after onset of aheart attack and reach peak levels
from 12 hoursto 2 days.!

TheChief, dsoanaircraft pilot, had annua medical
evaluations in accordance with Federal Aviation
Adminigration (FAA) guidelinessince 1966. Hehad
been diagnosed with thefollowing:

* hypercholesterolemiain 1992: was prescribed
cholesterol-lowering medication, diet, and
exercisewithfair control.

* hypertension in 1994: was prescribed blood-
pressure lowering medication with excellent
control.

Exercise stress tests (EST) were conducted in
October 1997, November 1998, and December
1999 using the Bruce protocol. Most recently
(1999), the Chief exercised for 9 minutesand 53
seconds, stopping due to shortness of breath. He
achieved 12.9 metabolic equivalents(METS), which
isconsidered good aerobic capacity (fitness).2*He
did not devel op chest pain, ischemic changeson his
EKG or arrhythmias, reachingamaximumheart rate
of 136 (81% of maximum). The most recent lab
resultsfor cholesterol weredightly devatedin January
2004. Thelast FAA physicd evduation in February
2004 wasunremarkable, revealing ablood pressure
of 120/86 mmHg.

At the time of his death, the Chief weighed
approximately 220 poundsand was 67 inchestall,
giving him a body mass index (BMI) of 34.5
kilograms per square meter (kg/m?). A BMI over
30.0kg/m?isconsidered obese.* According to his

wifeand crew members, the Chief did not haveany
prior episodes of chest pain or other heart-related
symptoms.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the
combination FD consisted of 34 career uniformed
personnel and 75 volunteersthat served apopulation
of 31,000inageographic areacf 2,717 squaremiles.
Therearefivefirestations. The FD maintainsfour
personnel on duty and respondsto structurefires
with two engines and an ambulance. Incoming
personnd provide staffing on each successveengine
andladder. Frefighterswork thefollowing schedule:
24 hours on-duty, 48 hours off-duty, 0800 hoursto
0800 hours. Emergency Medical Serviceis a
component of the FD.

In 2003, the FD responded to 3,059 calls: 30
sructurefires, 32 vehiclefires, 17 brush/grassfires;
19 other fires, 27 trash fires; 54 hazardous condition
calls; 2,193 emergency medical calls; 39 public
sarvicecdls, 241 fdsecals, 207 good intent calls; 4
rupture/explosions; and 196 other calls.

Training. TheFD requiresal new career firefighter
goplicantstobeaFreFighter |, passawrittengenerd
knowledgetest, ord boardinterview, physica ability
test, Fire Chief interview, and apsychologica exam
prior to being given a condition of employment.
Newly hired fire fighters are on probation for 6
months. They areassigned one-on-onetrainingwith
asenior firefighter and thenwork individualy for an
additiond 6 months. Thenew firefighter iseva uated
at 1 year to determine whether to continue
employment.

Volunteer firefighter candidates must passan oral
boardinterview and aphysica ability test, and enroll
ina160-hour FireFighter | program.
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Recurrent training occursdaily on each shift. There
IS no State minimum requirement for fire fighter
certification or recertification. The Statedoesprovide
trainingin Frefighter | and1; Fire Servicelnstructor
[, I1, 111, and 1V; Marine Shipboard Firefighter;
MarineFire Instructor; Firelnvestigator | and I1;
BasicAircraft RescueFirefighter; Company Officer;
FireOfficer I; Industrial Fire Brigade (twolevels);
and Rural Fire Protection Specialist. Each fire
department hasindividua requirementsfor firefighter
certification. TheChief wascertified asaFireFighter
| and an Emergency Medica Technician and had 33
yearsof firefighting experience.

Pre-placement Medical Evaluations. The FD
requires a pre-placement medical evaluation for
career new hiresonly, regardlessof age. Components
of thiseva uationincludethefollowing:

* A completemedicd history

e Vitddggns

e Physcd examination

*  Pulmonary functiontest (PFT)

* RedingeKG
»  Completeblood count (CBC)
e Audiogram

¢ Visonscreen

Theseevduationsare performed by aCity-contracted
physdan. Oncethisevduaioniscomplete thephysdan
makesadetermination regarding medicd clearancefor
firefightingdutiesandforwardsthisdecisontotheCity’s
personnd director.

Periodic Medical Evaluations. Beginningin 2004,
annud firefighter physicd examinationsarenolonger
provided due to budgetary constraints. Medical
dearancefor s f-contained breething goparatus(SCBA)
useandfor firesuppressionisnot currently required.

Employeesinjured at work may berequiredto obtain
an evaluation from their personal physician. The

physician forwards the return to work
recommendation to the FD, which makesthefinal
determination.

Fitness/\\elIness Programs. Thereisavoluntary
wellness/fitnessprogram for firefighters. The City
employsafull-timewellness nurseto coordinate
health and welInessprograms. Exercise(strengthand
aerobic) equipment isavailableinthefiregtation. The
Chief exercised regularly by walking on atreadmill
andliftingweights.

DISCUSSION

Coronary Artery Disease (CAD) and the
Pathophysiology of Sudden Cardiac Death. In
the United States, coronary artery disease
(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac degth. Risk factors
for itsdevelopment includeincreasing age, male
gender, family history of coronary artery disease,
smoking, high blood pressure (systolic >140 mmHg
or diastolic > 90 mmHg), high blood cholesterol
(total cholesterol > 240 mg/dL ), obesity/physical
inactivity, and diabetes.® The Chief had five of these
risk factors (increasing age, malegender, high blood
pressure, high blood cholesterol, and obesity).

The narrowing of the coronary arteries by
atherosclerotic plagues occurs over many years,
typically decades.” However, the growth of these
plagues probably occursin anonlinear, often abrupt
fashion.® Heart attacks typically occur with the
sudden development of complete blockage
(occlusion) inoneor morecoronary arteriesthat have
not developed acollatera blood supply.® Thissudden
blockageisprimarily dueto blood clots(thrombosis)
forming on thetop of atherosclerotic plagues.

The Chief suffered a probable heart attack, also
known as myocardial infarction (MI). The term
“probable” is used because autopsy findings
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(thrombus formation), blood tests (cardiac
isoenzymes), or ECGfindingsarerequired to confirm
aMI. No autopsy wasperformed and the Chief died
prior to the cardiac i soenzymes becoming positive.
However, the EKG was consistent with an acute
anterolaterd M. Another explanationfor the Chief’s
sudden cardiac death could be dissected aortic
aneurysm. Hehad apositivefamily history of aortic
aneurysm, but chest CT scansand ultrascansseverd
yearsprior to hisdeath were negative. Althoughiit
cannot beruled out without an autopsy, wefeel this
isanunlikely diagnoss.

Anginaisthemaost common presenting Symjptom of
myocardid ischemiaand underlying CAD; theChief’s
symptoms(neck and jaw pain, chest pressure) were
consstent withangina

RECOMMENDATIONS

Recommendation #1. Provide pre-placement
and periodic medical evaluations to ALL fire
fighters consistent with NFPA 1582 to
determinetheir medical ability to perform duties
without presenting a significant risk to the
safety and health of themselves or others.

Guidanceregarding the content and frequency of
periodic medical eva uationsand examinationsfor
firefighterscan befoundin NFPA 1582, Standard
on Comprehensive Occupationa Medica Program
for Fire Departments,’® and in the report of the
I nternationd Association of FreFghtersInternationd
Association of Fire Chiefs(IAFF/1AFC) wellness/
fitnessinitiative™ TheFD isnot legally requiredto
follow any of these standards.

Thesuccessof medica programshingeson protecting
the affected firefighter. The FD must 1) keep the
medical records confidential, 2) provide aternate
duty positions for fire fighters in rehabilitation
programs, and 3) provide permanent aternate duty

positions or other supportive and/or compensated
dternativesif thefirefighterisnot medicaly qudified
toreturnto activefirefighting duties.

Recommendation #2: Conduct exercise stress
tests (EST) for fire fighters with two or more
risk factorsfor coronary artery disease (CAD).

NFPA 1582 and the IAFF/IAFC wellness/fitness
initiativerecommend EST for firefighterswith two
or more CAD risk factors.®* TheAHA statesEST
may beindicated for individualswith two or more
risk factorsfor CAD who areover 45 yearsof age.’?
The EST could be conducted by thefirefighter’s
persond physician or the City contract physician. If
thefirefighter’spersond physician conductsthetest,
the results must be communicated to the City
physician, who should beresponsiblefor decisions
regarding medica clearancefor firefighting duties.

TheAmerican Callegeof Cardiology/American Heart
Association (ACC/AHA) recommends conducting
EST withincreasing speed AND gradeterminating
when symptoms appear, rather than an arbitrary
percentageof predicted maximd heart raie *Exercise
testing should be supervised by an appropriately
trained physician. Symptom-limited testing with the
Borg scaleasan aidisvery important when thetest
isused to assessfunctiona capacity.

Althoughthe FD did not require EST, the Chief did
have EST to maintain hisFAA pilot’slicense. Itis
unclear why hehadn’t had an EST since 1999.

Recommendation #3: Providefirefighterswith
medical evaluations and clearance to wear
SCBA.

OSHA'sRevised Respiratory Protection Standard
requiresemployersto provide medical evaluations
and clearance for employees using respiratory
protection.* Thisincludesfirefighterswho utilize
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SCBA whileperformingther duties. Theseclearance
evaluations are required for private industry
employeesand public employeesin satesoperating
OSHA-approved State plans. Alaskaisastate-plan
date, therefore, public sector employersmust comply
with OSHA standards. We have provided the FD
with a copy of the OSHA-approved respiratory
protection clearance form and recommend the FD
provide SCBA clearance medical evauations.

Recommendation #4: Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

Physicd inactivity isthemost prevalent modifiable
risk factor for CAD inthe United States. Physical
inactivity, or lack of exercise, isassociated with other
CAD risk factors, namely obesity and diabetes.™
NFPA 1500, Standard on Fire Department
Occupationa Safety and Health Program, requires
awellness program that provides health promotion
activities for preventing health problems and
enhancing overall well-being.’* NFPA 1583,
Standard on Health-Rel ated Fitness Programsfor
Fire Fighters, providesthe minimum requirements
for ahedth-related fitness program.t’ In 1997, the
International Association of FireFighters(IAFF) and
theInternational Association of Fire Chiefs(IAFC)
published acomprehensiveFire Service Joint L abor
Management WelIness/FitnessInitiativetoimprove
firefighter quality of lifeand maintain physical and
mental capabilities of fire fighters. Ten fire
depatmentsacrossthe United Statesjoined thiseffort
to pool information about their physical fitness
programs and to create a practical fire service
program. They produced a manual and a video
detailing e ementsof suchaprogram.** TheFD and
the Union should review these materia sto identify
applicable elements for their Department and
implement amandatory program. Other large-city
negotiated programscan aso bereviewed aspotentia

models. Wellness programs have been shown to
be cost effective, typicaly by reducing the number
of work-related injuries and lost work days.'®%
A similar cost savings has been reported by the
wellness program at the Phoenix Fire Department,
where a 12-year commitment hasresulted in a
significant reduction in their disability pension
costs.?

Recommendation #5: Ensure the City-
contract physician reviews all “return to
work” clearancesfor both on- and off-the-job
injuries.

NFPA 1582 requires the FD physician to review
and approve medical eval uations conducted by a
physician or medical provider other than the FD
physician.’® NFPA 1582 al so recommends protocols
that require physician eval uation following specific
lengths of absencefrom duty and/or certain medical
conditionsthat requirethe FD physicianto evaluate
amember.X°

Currently, the primary care physician provides
medica clearancefor returntowork inthisFD. The
FD should ensurethe FD physicianreviewsal return
towork clearancesto ensure continuity andincreased
safety and hedlth.

Recommendation #6: Perform an autopsy on
all on-duty fire fighter fatalities.

In 1995, the United States Fire Administration
(USFA) published the Firefighter Autopsy
Protocol 2 Thispublication hopesto provide*amore
thorough documentation of the causes of firefighter
deathsfor thefollowing purposes.

* toadvancetheandyssof thecausesof firefighter
deathsto aid in the development of improved
firefighter health and safety equipment,
procedures, and standards;
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* tohelpdetermine€ligibility for death benefits
under the Federal government’s Public Safety
Officer Benefits Program, aswell asstate and
locd programs; and

* toaddressanincreasinginterestinthestudy of
deaths that could be related to occupational
illnessesamongfirefighters, both active and
retired.”

The FD should ensure an autopsy is conducted
onall on-duty firefighter fatalities.
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