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SUMMARY

On January 21, 2002, a 48-year-old male career
Assgant Chief respondedtoastructurefireinvolving
atwo-story condominium. Thevictim drovean
engineto the fire scene and directed interior fire
operationsbeforecollgpsing. Seeinghimfall, crew
members came to his assistance and found him
unresponsive, with no pulse and no respirations.
Cardiopulmonary resuscitation (CPR) was begun
immediately, and an ambulance arrived on-scene
elevenminuteslater. Approximately onehour later,
despite CPR and advanced life support (ALYS)

administered on-sceneand at the hospitd, thevictim
died. Thedesth certificate completed by the County
Coroner and the autopsy conducted by the County
pathologist both listed* arteriosclerotic cardiovascular
disease” asthecauseof death. Approximately two
months prior to his death, as part of the Fire
Department’sannua medica evauation, thevictim
had acycleergometer test with revealedischemic
changes (significant coronary artery disease). He
wasnot cleared for firefighting dutiesby the contract
physician, however thisinformation did not cometo
the attention of the Fire Department Chief or City
Officidsuntil after hisdeath.

The following recommendations address some
general 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 the Nationa FireProtection
Association (NFPA) or fire service labor/

management groups.

Designate a City employeeto administer the
FD pre-placement and annual medical
evaluations and their outcomes.

Provide staff for FD clerical/administrative
duties.

Provide mandatory pre-placement and
annual medical evaluations for ALL fire
fighters, not just career personnel, to
determine afirefighter’smedical ability to
perform duties without presenting a
significant risk to the safety and health of
themselvesor others.

FireFightersshould becleared for duty by
a physician knowledgeable about the
physical demands of fire fighting and the
various components of NFPA 1582.

Follow provisonsin OSHA's Respiratory
Protection Sandard and staff fire stations
to ensure adequate emergency response
capability for the community and safety of
personndl.

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 contributeto
firefighter deaths suffered intheline of duty. Identification of
causal and contributing factors enable researchers and safety
specialiststo devel op strategiesfor preventing future similar
incidents. The program does not seek to determine fault or
place blame on firedepartmentsor individual firefighters. To
request additional copies of this report (specify the case
number shownintheshield 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-N1OSH
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* Phase-in a mandatory wellness/fitness
program for fire fighters to reduce risk
factors for cardiovascular disease and
improve cardiovascular capacity.

INTRODUCTION & METHODS

OnJanuary 21, 2002, a48-year-old mdefirefighter
lost consciousnessafter directinginterior operations
at a condominium fire. Despite CPR and ALS
adminigtered by crew members, theambulancecrew,
andintheemergency department, thevictimdied.
OnMarch 1, 2002, NIOSH contacted the affected
Fire Department (FD) to initiate theinvestigation.
OnAugust 14, 2002, a Safety and Occupational
Hedlth Specidist, an Occupationd NursePractitioner,
and an Occupationa Medicine Physicianfromthe
NIOSH Fire Fighter Fatality Investigation Team
traveled to South Carolinato conduct an on-site
investigation of theincident.

During the investigation NIOSH personnel
interviewedthe

* FreChief

*  Crew members

e Victim'sparent

» Director of Public Safety

*  TownAdminigrator

Duringthedtevisit NIOSH personne reviewed
* FDincident reports

*  Police Department incident reports

* Thevictim'straining records

* Dedathcetificate

* Autopsy report

» Past medical recordsof the deceased
* Arsoninvestigationreport

» Dispatchrecords

* Frefighter datements

» Photographsof thefirescene

* Vidtedthefirescene.

INVESTIGATIVERESULTS

Incident. On January 21, 2002, at 1613 hours, the
involved Fire Department was dispatched to a
possiblehousefire. Enginel (onefirefighter), Engine
2 (onefirefighter), Engine 3 (thevictim), Ladder 4
(onefirefighter), and Car 1 (Fire Chief) responded
and arrived on the scene at 1616 hours. Fifteen
additiond volunteer firefightersresponded directly
tothefiresceneintheir privately owned vehicles
(POVs). Engine 1 was the pumping engine and
Engine2wastherelay engine (hydrant).

Theinvolved structurewasatwo-story, wood frame
sngle-family dwelling constructed on tilts(equating
to athreestory structure). A exterior stairway led
from the ground to thefirst floor and an interior
stairway led from thefirst floor to the second floor.
Light smokewasemitting fromtheeaves. TheFire
Chief assumed incident command and first entered
thestructureto continuesizeup and to determinethe
extent of firespread. Therewasvery light smokeon
thefirg floor; the second floor had very heavy smoke
and visiblefire. The Chief exited the structure,
radioed Dispatch, and advised thefire attack team
regarding thelocation and extent of thefire.

Thefireattack team (threefirefighters) climbed the
exterior stairway (approximately ten feet high)
wearing full bunker gear, asdf-contained-bresthing-
apparatus(SCBA) withair “on,” andacharged 13
inchhosdine. Onceingdethestructure, they climbed
theinterior stairway (gpproximately tenfeet high) and
began the initial fire attack. The fire attack
progressed normally, and containment was
accomplished inapproximately 60 seconds.

A backupteam (threefirefightersindudingthevictim)
advanced asecond charged 1%+inch hoseline onto
thesecondfloor. Twoadditiond firefightersremained
outside the structure asarapid response or rapid
interventionteam (RIT). Thevictimdirectedfire
fightersinsideto perform ventilation, check for fire
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extension, and begin overhaul. After completing
ventilation, afirefighter approached thevictimto
inform him of the completed task. At that point, the
victim began coughing and grabbed thefirefighter’s
coat and collapsed, causing them both to tumbled
ontothefloor.

Thefirefighter ydledfor assstance, caled thelncident
Commander viaportableradio, and pulled thevictim
down the stepsto thefirst floor. Crew members
assigedinremovingthevictim'shemet, SCBA, and
coat. Initid assessment by crew membersfoundthe
Assistant Chief to be unresponsive, not breathing,
and pulseless. Anautomated external defibrillator
(AED) andthemedica jumpkit wasrequested. CPR
(chest compressionsand assisted ventilationsvia
mouth-to-mouth) beganimmediately. Thelncident
Commander notified dispatch at 1638 hoursand an
ambulance [one Paramedic and one Emergency
Medical Technician (EMT)] wasdispatched. The
AED was attached to the victim, revealing a
shockablerhythm and one shock wasadministered.
Five additional analysesdid not revea ashockable
rhythm and CPR was continued.

Theambulancearrived onthesceneat 1641 hours.
The EMT and Paramedic found the victim

unrespongve, not breathing, and pulsdess, with CPR
inprogress. A cardiac monitor was attached tothe
victim, revealing asystole (no heart beat) whichis
not a shockable heart rnythm. ALS measures,

including intubation, assisted ventilationsviabag-
valve-mask, and intravenoustherapy, were begun.
Pt wasintubated on second attempt and successful
placement wasverified using an esophaged detector
device (aspiration bulb technique). Oneround of
AL Smedicationswereadministered thenthevictim
wasloaded onto agtretcher and, with somedifficulty,
moved to theambulance stretcher. Theambulance
|eft thesceneat 1646 hoursand arrived a thehospital
emergency department a approximately 1706 hours.
CPRand AL Smeasurescontinued until 1731 hours,

when the victim was pronounced dead by the
atending physician.

Medical Findings.

The autopsy, performed by the pathol ogist of the
local hospital on January 22, 2002, listed

“arteriosclerotic cardiovascul ar disease’ asthecause
of death. The carboxyhemoglobin (COHb)

concentration (a measure of carbon monoxide
exposure) in blood obtained at autopsy was at a
medicdly inggnificantlevd. Hisurineandblood drug
screen was negativefor illicit drugsand alcohol.
Pertinent findingsfrom the autopsy arelisted below:

Arteriosclerotic cardiovascul ar disease:
* Ischemicfibrosiswith scarring, consistent with
anremote, healed heart attack (infarct)
»  Coronary atherosclerosis
(90%) segmentd occlusion of theleft anterior
descending coronary artery
* Aorticatherosclerosswith ulcerating plagues
* Alargeheart (500 gramswith normal beingless
than 400 gramsin adult males).

TheAssgtant Chief had thefollowingrisk factorsfor
coronary artery disease(CAD): maegender, ageover
45, hypertension, hypercholesterolemia, diabetes
mdlitus, physcd inativity, and obesity. Hewastaking
ora medication for hisdiabetesand hishigh blood
pressure. Except for homeandyardwork theassstant
chief didnotengageinregular frenuousphyscd adtivity.
Accordingto hisfamily, friends, and co-workers, the
victimhad no history of heart problemsand painduring
thedaysor weeksprior tohisfatd event. Thedeceased
never had an exercisestresstest (EST), ascreening
test used toidentify patientsat risk for aheart attack or
sudden cardiac degth.

In 1997 the deceased wasnot cleared for duty during
theFD’ sannua medicd eva uation duetoandevated
blood pressure. Hewas subsequently treated and
clearedfor full duty two and ahaf monthslater. On
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November 15, 2001, hehad hisannud FD physica
examination performed by thecity’scontracted dinic.
Theexam revea ed obesity, hyperchol esterolemia,
hyperglycemia, hypertenson and an aerobic capacity
of 25.7ml/kg/minusingacycdeergometer tet (CET).
The CET lasted six minutesduring which timethe
deceased reached approximately 81% of his
maximum heart rate. A 12 |ead electrocardiogram
(EKG) tracing was taken during the six minute
exercise period and thefive minuterecovery period
of the CET. The EKG tracing revealed ischemic
changes. Thevictimwasnot clearedfor firefighting
dutiesand referred to hisprimary care physician
(PCP) for further evaluation and full-duty clearance.
A copy of thisevaluation, with astatement that the
deceased would need to get duty clearancefromhis
PCP, wassent tothe FD. Theresultsof theseannua
evaluationsweretypically handled by theAss stant
Chief (thedeceased) or theFireChief. Unfortunately,
thevictim never visited hisPCP, wasnever cleared
for firefighting duties, and failed to bring thisto the
attention of theFireChief.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the
combination Fire Department cons sted of fivecareer
firefightersand 25 volunteersand served aresident
population of 4,500 (plusanon-resident population
of 20,000) inageographicareaof 2.25 squaremiles.
Thereisonefire station. Firefighterswork the
following schedule: 24 hours on-duty, 48 hoursoff-
duty, from 0800 hoursto 0800 hours. Thevictim
worked 0800 hoursto 1700 hours, Monday through
Friday and was on call the remainder of thetime.
In 2001, the Fire Department responded to 485
calls: 256 rescue calls, 102 other calls, 48 false
alarms, 36 service calls, 29 fires, and 14 good
intent calls.

Training. Career applicants must be certified in
structural firefighting. Oncehired, thefirefighter
receives training for engineer and fire marsha
certification. FHrefightersreceiverecurrenttrainingin
their gationoneach shiftanda weekly drills. Volunteer
firefighter candidatesmust completean gpplication. If
sdlected, the candidate hasayear to becomecertified
asaninterior Sructurd firefighter at their ownexpense
Asamember of theFD, volunteersreceivethesame
training as the career fire fighters. Other than for
hazardousmaterid certification, theFD isnot required
tore-certify thar firefighters. EM Tsand Paramedics
re-certify every threeyears. Thevictimwastranedas
alnterior Sructura FHreFighter, Engineer, Hazardous
Materiasoperationslevel, Fire Inspector, and Fire
Servicelngructor and hehad 22 yearsof fire-fighting
expaience

Pre-placement Evaluations.

At thetimeof thisincident, the FD required apre-

placement medical evaluation for career, but not

volunteer, fire fighters. The components of this

evaduationarelisted below:

* A completemedica history

* Heght,waeght,andvitd Sgns

* Phydcd examination

* Bloodtests: Comprehensive metabolic pand,
completeblood count with differential (CBC),
lipid, andliver profile

e Urinetests Urindyss

o Spirometry

* Redtingdectrocardiogram (ECG) for thoseover
40yearsof age

* Audiogram

e Vidontest

Theseevauationsare performed by alocal physcian
hired by thecity. Oncethisevauationiscomplete, a
decisonregarding medica clearancefor firefighting
duties is made by the examining physician and

forwardedtotheFD.
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Periodic Evaluations.

At thetimeof thisincident, the FD required annual
medical evaluationsfor al career firefighters, and
non-mandatory annua eva uationsfor volunteer fire
fighters. Currently, thisannual medica evauationis
for al firefighters, regardiessof their career status.
The componentsof thiseva uation werethesameas
the pre-placement medical evaluation with the
addition of ameasure of aerobic capacity using a
CET. Theseevduationsare performed by amedica
clinic under contract with the City. Once this
evauationiscomplete, adecisonregarding medica
clearance for fire fighting duties is made by the
examining physician and forwarded tothe FD. The
cardiovascular fitnesstesting consisted of aCET
utilizingal2lead EKGtoascertainthepulserate. If
EK G changes are noted during the CET or other
precluding medical conditionsareidentified during
the evaluation, follow-up with the PCP is
recommended before clearancecan begivenfor fire
uppressionactivities.

Thedepartment doesnot conduct physicd agility tests
for their pre-placement or periodic evaluation.

However, theFD does, asmentioned earlier, conduct
aerobic capacity testsonincumbents. TheFD hasa
voluntary wellnessprogramwhichincludesnutrition
andwellnessinformation dong withindividualized
fithessplansbased ontheresultsof the CET provided
by thecontractor. Participationinthisfitnessprogram
isnot mandatory. Thefirestation hasstrength and
aerobic equipment available. Thevictimdid not
exercisefrequently either at homeor work.

Medica clearancefor SCBA useisconducted yearly
by the same clinic that performs the periodic
evaluations. If an employee has either an
occupational/non-occupational injury or illness
involving time away from work, he/she must be
cleared for “return to work” by their persona
physician. The FD accommodates memberswho
areunableto perform afull range of dutiesdueto

hedlth problemsor age, by limitingtheir duty totasks
they canperform..

DISCUSSION

In the United States, coronary artery disease
(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac death.* Risk
fectorsfor itsdevelopment includingincreasng age,
male gender, heredity, tobacco smoke, high blood
cholesterol, highblood pressure, physical inactivity,
obesity and overweight, and diabetes.? The
deceased firefighter had seven of theserisk factors.

The narrowing of the coronary arteries by

atherosclerotic plagues occurs over many years,
typically decades.® However, the growth of these
plaguesprobably occursin anonlinear, often abrupt
fashion.* Heart attacks typically occur with the
sudden development of complete blockage

(occluson) inoneor morecoronary arteriesthat have
not devel oped acollatera blood supply.® Thissudden
blockageisprimarily dueto blood clots (thrombosis)
forming on thetop of atherosclerotic plaques. No
thrombuswaspresent at autopsy, however therewas
identified a 90% segmental occlusion of the left
anterior descending coronary artery and aortic

atheroscleross.

Blood clots, or thrombus formation, in coronary
arteriesisinitiated by disruption of atherosclerotic
plaques. Certain characteristicsof theplagues(size,
composition of thecap and core, presenceof alocal
inflammatory process) predispose the plague to
disruption.> Disruption then occurs from
biomechanical and hemodynamic forces, such as
increased blood pressure, increased heart rate,
increased catecholamines, and shear forces, which
occur during heavy exercise®’

Firefighting iswidely acknowledged to be one of
themost physicaly demanding and hazardousof al
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civilian occupations.® Firefighting activitiesare
strenuous and often requirefirefightersto work at
near maximal heart rates for long periods. The
increasein heart rate has been shownto beginwith
respondingtotheinitid larm and persist throughthe
courseof firesuppressionactivities®** Epidemiologic
studies have found that heavy physica exertion

sometimesimmediatey precedesand triggerstheonset
of acute heart attacks.>® Prior to hiscollapse, the
deceased firefighter waswearing turnout gear and
SCBA weighing approximately 50 pounds. Hethen
climbed twoflightsof stairs (approximately 20 feet)
pullingacharged (filledwithwater) 1%inchhose. Once
onthesacond floor, heconducted overhaul, ventilation
and searching for additional fire. These activities
conditutestrenuousphysicd exertion. "2

Prior to thisevent, the victim had no symptoms of
angina(heart muscle pain). Unfortunately, sudden
cardiac deathisoftenthefirst overt manifestations
of ischemicheart disease®  Although asymptometic,
the deceased did have an abnormal EKG changes
while conducting aCET on November 29, 2001.
Thesechangeswereinterpreted asischemicand were
congstent with thecoronary atheroscleros sidentified
ontheautopsy. Themicroscopicfindingsof “areas
of myocardid fibrossand scarring consstent witha
previousinfarct” isasowithahisCAD.

Toreducetherisk of sudden cardiac arrest and heart
attacksamong firefightersaswell asother medical
causes of incapacitation, NFPA hasdevel oped its
“Standard on Medicd Requirementsfor FreFghters
and Information for Fire Department Physicians,”

otherwise known as 1582.22 NFPA 1582

recommendsthat, aspart of itsappendix whichis
for“informational purposesonly,” firefightersover
theageof 35withrisk factorsfor CAD be screened
for obstructive CAD by an Exercise Stress Test
(EST). In this case, the deceased had a CET

performed to assess his aerobic capacity, not an
diagnostic EST to screenfor ischemic heart disease.

Nonethdless, the CET showed ischemic changes. It
also showed an aerobic capacity of 25.7 mi/kg/min
giving him apoor capacity for hisage group (32-
35ml/kg/min).?  Minimal aerobic capacities
recommended for firefightersrangefrom 38-45ml/
kg/min2+2

RECOMMENDATIONS

Thefollowing recommendationsaddressheath and
safety generdly. Thislistincludessome preventive
measures that have been recommended by other
agencies to reduce the risk of on-the-job heart
attacksand sudden cardiac arrest among firefighters.
Theserecommendationshave not been evauated by
NIOSH, but represent published research, or
consensusvotesof technica committeesof the NFPA
or fireservicelabor/management groups.

Recommendation #1. Designatea City employee
to administer theFD pre-placement and annual
medical evaluations and their outcomes.

Thisemployeeshould maintaintheconfidentidity of the
medicd records. If thisemployeeisamember of the
FD and participating in the City’s annua medical
evaluation, a policy should prevent them from
adminigeringtheresulting of theprogramtothemsaves

Recommendation #2: Provide staff for FD
clerical/administrative duties.

Theshortageof clerical saff at the FD hasresulted
inrelatively mundanetasksbeing completed by its
professional staff, thereby underutilizing their

extensveexpertise. Thesarvicesof theprofessiond
staff could be better used toward thefulfilling the
critica programsoffered by the FD.

Recommendation #3: Provide mandatory pre-
placement and annual medical evaluations for
ALL firefighters, not just career personnd, to

Page6



N~

129

(A

(ROSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #72002-30

Fire Fighter Suffers Probable Heart Attack at Condominium Fire - South Carolina

determine a fire fighter’s medical ability to
perform dutieswithout presenting a significant
risk to the safety and health of themselves or
others

Guidance regarding the content and frequency of

periodic medicd eva uationsand examinationsfor fire
fighters can be found in NFPA 1582, Sandard on
Medical Requirements for Fire Fighters and

Information for Fire Department Physicians? and
inthereport of thelnternationa Association of Fire
FHghtersInternationd Assodationof HreChiefs(IAFH
| AFC) welnessffitnessinitiative® TheDepartmentis
not legally requiredtofollow any of thesestandards.
Nonetheless, we recommend the City and the Fire
Depatment becong stent withtheaboveguiddines.

Recommendation #4: FireFightersshould be
cleared for duty by a physician knowledgeable
about the physical demandsof firefighting and
the various components of NFPA 1582.

Physicians providing input regarding medical
clearance for fire fighting duties should be
knowledgeable about the physical demands of
firefighting and familiar withthe consensusguiddines
published by NFPA 1582, Standard on Medical
Requirementsfor FireFightersand Information for
Fire Department Physicians. To ensure private
physicians are aware of these guidelines, we
recommend that the Fire Department providethe
private physicianswith acopy of NFPA 1582. In
addition, werecommend the Fire Department not
automatically accept the opinion of theemployees
private physician regarding returntowork. This
decision requires knowledge not only of the
employee’'s medical condition, but also the
employee'sjobduties. Frequently, privatephysicians
arenot familiar with an employee’ sjob duties, or
guidance documents, such asNFPA 1582. Lastly,
werecommend that all return-to-work clearances
be reviewed by the Fire Department physician/

contracted physician. Thus, the final decision
regarding medical clearancefor returntowork lies
with the Fire Department with input from many
sourcesincluding theemployeesprivate physician.

Recommendation #5: Follow provisions in
OSHA's Respiratory Protection Standard and
staff fire stationsto ensure adequate emergency
response capability for the community and
safety of personnel.

After thisincident, South CarolinaOSHA conducted
an inspection of the affected FD. Theinspection
noted a few compliance deficiencies in their

Respiratory Protection Standard (written program,
annual respirator fit testing, medical clearance).*
These deficiencies have been addressed by the FD.
Another provisonin OSHA sRespiratory Protection
Standard, ishaving adequate staffing prior toentering
gructureswith hazardsimmediately dangeroustolife
and health (so-called “twoin: twoout™). Although
gaffinglevelswereunrdaedtothevictinm'scollgpse,
it representsapotential safety problem. Voluntary
NFPA standards (1500 and 1710)3* also

emphasize the need for adequate staffing to safely
engageinfiresuppression and emergency medica

responseunder hazardous conditions. Onecommon
gaffingmode for small combination departmentsis
assgnment of asnglepaidfirefighter todriveloperate
goparatusthat ismet at incident scenesby volunteers
respondingin privatevehicles. Thisapproach, used
by thisFD, may improve apparatusresponsetimes
over thoseseeninall volunteer departments, but it
has some drawbacks.

Recommendation #6 Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

NFPA 1500, Sandard on Fire Department
Occupational Safety and Health Program, and
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NFPA 1583, Sandard on Health-Related Fitness
Programs for Fire Fighters, require a wellness

programthat provideshedth promotion activitiesfor
preventing hedth problemsandenhancingoverdl well-
being.3-* In 1997, thelnternationd Assodiationof Fre
Fighters(IAFF) and the I nternationa Association of
FireChiefs(IAFC) published acomprehensveFire
Service Joint Labor Management WelIness/Fitness
Initiative to improvefirefighter quality of lifeand
maintain physca and menta capeblitiesof firefighters
Tenfiredepartmentsacrossthe United Statesjoined
thiseffort to pool informeationabout thar physcd fitness
programsandto cresteapracticd fireserviceprogram.
They produced amanud andavideodetallingdements
of such aprogram.® The Fire Department should
review thesemateridstoidentify gpplicabledements.
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