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SUMMARY

OnApril 27,2002, a56 year-old male career Fire
Fighter/Driver beganfedingill at thestart of hisshift
and |eft thefirestationto go home. Within onehour
of arriving at home, he had awitnessed coll apse.
Approximately 57 minutes later, despite
cardiopulmonary resuscitation (CPR) and advanced
lifesupport (ALS) administered on-sceneand at the
hospital, thevictimdied. The Death Certificate,
completed by the Deputy Coroner, listed “ sudden
cardiac death” astheimmediate cause of degth. An
autopsy wasnot conducted.

The following recommendations address some
general health and safety issues. Thislistincludes
somemeasuresthat have been recommended by other
agenciesto assist inthe understanding of stressors
amongfirefighters. Thesesdected recommendations
have not been evaluated by National Institutefor
Occupational Safety and Health (NIOSH), but
represent published research, or consensusvotesof
technica committeesof the Nationa FireProtection
Association (NFPA) or fire service labor/

management groups.

* Use a secondary (technological) test to
confirm placement of the endotracheal tube
(ET) in thetrachea.

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

* Perform an autopsy on all on-duty fire
fighter fatalities.

INTRODUCTION & METHODS
OnApril 27,2002, a56-year-old maleFireFighter/
Driver lost consciousnessat homeafter becomingill

onduty. Despite CPRand AL Sadministered by the
victim'swife, theambulance crew and personnel in
thehospitd’ semergency department (ED), thevictim
died. NIOSH wasnotified of thisfatality onApril
30, 2002, by the United States FireAdministration.
OnMay 20, 2002, NIOSH contacted the affected
Fire Department (FD) to initiate theinvestigation.
OnJduly 8, 2002, a Safety and Occupationa Hedlth
Specialist and an Occupational Nurse Practitioner
fromtheNIOSH FireFighter Fatality Investigation
Team travel ed to Pennsylvaniato conduct anon-sSite
investigation of theincident.

During the investigation NIOSH personnel

interviewed:

»  TheChief of theaffected Fire Department

* The FD Emergency Medical Service (EMS)
Officer

*  Crew membersonduty withthevictim

* The local President of the International
Asociation of FireFighters

* Thevictim'swife

Duringthesite-visit NIOSH personnd reviewed:
* FD policiesand operating guiddines
* FDtrainingrecords

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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*  TheFD annual report for 2001

*  EMS(ambulance) incident reports

* Hospita ED report

* FD physca examination protocols

* Dedathcetificate

» Past medical recordsof the deceased

INVESTIGATIVERESULTS

Incident. OnApril 27,2002, the victim reported
for work at South Central Station, which housed
Engine 6, Tower 1, and Water Rescue 1, at

approximately 0645 hours. Crew membersoften
arrived for duty prior to actual shift change (0730
hours) to provideearly relief in case of anemergency
dispatch. Thevictim, theDriver of Engine6, became
nauseated upon arrival at the station. Other crew
membersarriving for duty at approximately 0700
hoursnoted his paleand sweaty appearance. They
advised himto gotothe hospitd, but herefused. At
approximately 0715 hours, heleft thefirestationto
go home. A crew member called thevictim’swife
and advised her of thesituation. Thevictimarrived
at hisresidence at approximately 0735 hoursand
advisaed hiswifethat hehad epigastric painfor which
hetook an antacid and went to bed. Hiswifestayed
by hisbedside. Approximately anhour later, hiswife
asked himif hewashaving pain but hedid not want
toanswer her. After askinghim severa timesif was
having painand receiving no answer, hiswifecalled
911 to request an ambulance. 911 dispatched a
volunteer Rescueunit and aparamedic unit (MP35)
for chest painsat 0833 hours. Shortly after calling
911, thevictim coll apsed face down onto thefl oor.
Hiswifemoved him onto hisback and found himto
have a pulse and shallow breathing, but was

unresponsive.

A volunteer emergency medica technician (EMT), a
member of the Rescue company and who lived

nearby, arrived on scene at 0835 hours, finding the
victim now to be unresponsive, pulseless, and with

no respirations. CPR (chest compressions and

assisted ventilations via mouth-to-mouth) was
initiated. TheRescue unitand MP 35arrived on-
scene at 0838 hours and 0842 hoursrespectively.
CPR followed by advanced life support (ALS)

measureswereinitiated. At 0843 hoursacardiac
monitor revealed ventricular fibrillation (aheart
rhythm not compatible with life) and one shock
(defibrillation) wasadministered. Thevictim'sheart
rhythm reverted to asystole (no heart beat). The
victimwasintubated and anintravenous (1V) line
was placed allowing the administration of ALS
medications. Thevictimwasthen placed ontoalong
backboard and his heart rhythm was re-assessed
showing ventricular fibrillation (V. Fib.) and asecond
shock wasadministered. Hisheart rhythm again
reverted to asystole and CPR continued. Hewas
transferred onto acot and loaded into theambulance
wherethe endotracheal tube (ET) placement was
checked. Thetubewasfound to beout of placement,
anord arway wasinserted and ventilations continued
for threeminutes. Thevictimwasre-intubated and
positive breath soundswere verified by the EM T/
Paramedic. Theheart monitor againrevededV. Fib.
and athird shock wasadministered, with the heart
reverting again to asystole, which persisted for the
duration of thetransport. MP 35 departed thescene
at 0907 hoursenrouteto thehospita, arriving at the
ED at 0917 hours.

After thevictimwastransferred to the ED and the
patient history report given, hewasexamined by the
ED Physician. Thefollowing conditionswerenoted:
no spontaneousrespirations, no pulseswithout CPR,
no obtainable BP, no heart sound audible, acardiac
monitor revea ed asystole, central and peripheral
cyanosiswith pallor, emesis, distended abdomen, a
nonfunctiona 1V line, and ET tubeplacementinthe
esophagus. AnlV wasplacedintheright forearm.
The ED physician wasinformed by EM Sthat pre-
hospital AL Slasted 30-35 minutes. Becauseof this
long period with no spontaneous pulseor respirations
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no attempt was madeto re-intubate. At 0930 hours
the victim was pronounced dead by the attending
physician, and CPR/AL Swasdiscontinued.

Medical Findings. The Death Certificate listed
“sudden cardiac death” asthe cause of death. No
autopsy wasperformed nor carboxyhemoglobinleve
checked (due to onset of symptoms soon after
arrivinga work).

Medica recordsindicated the Fire Fighter had the
following major risk factorsfor coronary artery
disease(CAD): mde, ageover 45, physicd inactivity
and mild obesity/overweight (BMI 29 kg/m?). In
hisFD pre-placement/Fireman’sRelief insurance
physicd examination (PE) in October 1968, thevictim
wasdiagnosed withacongenitd anomaly of theaorta
without heart disease (aconfiguration of aright Sded
aorta). TheFireFighter and the FD wereinformed
that while there was no contraindication to

employment, hewasnot recommended asa*“good
insurancerisk.” Theonly further mention of the
anomaly was in a January 1992 preoperative

radiology consultation for aseptoplasty which states
that theright heart border wasdightly prominent,
which the Radiologist related to amild rotation of
theheart.

Recent electrocardiograms (ECG) in March and
November of 1998 were abnormal (T- wave
depressions and inferior Q-waves suggestive of
myocardia ischemid). In October 1998 acomplete
PE conducted by hispersonal Physicianreveaed
obesity class | (BMI 30.6 kg/m2) and
hyperlipidemia, which was treated with dietary
restrictionsand aprescription medication. No other
cardiovascular problemswereidentified in further
primary carevists.

According to his family, co-workers, and crew
members, thevictim had no complaintsof chest pains,
shortnessof breath or any other heart-relatediliness.

During thetwoweeksprior totheincident, thevictim
did not report any symptomssuggestive of anginaor
heart problemsto hisfamily or co-workers.

DESCRIPTIONOF THEFIRE
DEPARTMENT

At thetimeof the NIOSH investigation, the career
Fire Department consisted of 175 uniformed career
personnel and served apopulation of gpproximatey
104,000 residentsin ageographic areaof 20 square
miles. Therearesix firestations. Firefighterswork
thefollowing schedule: 24-hourson-duty, 72-hours
off-duty, from 0730 hoursto 0730 hours.

In 2001, the Department responded to 4,253 calls:
1,234 EM Scalls, 614 motor vehicleaccidents, 382
investigations, 378 falseaarms, 293 rubbish/trash
fires, 208 cooking cdlls, 187 darm madfunctions, 172
accidental darms, 164 other calls, 159 structurefires,
112 dectricd cdls, 92 vehiclefires, 90 ading persons
cals, 85 carbonmonoxidecalls, 73 grass/fiddfires,
ninewash downs, and onehazardous materiascall.

Training. TheFire Department requiresall new
career firefighter gpplicantsto passabackground
check and aphysica examination. Thenewly hired
firefighter isthen sent to the FireAcademy for eight
weeksto become certified asaFire Fighter and an
EMT. During the academy, therecruits must pass
the candidate physical ability test (CPAT),? a
component of the IAFF/IAFC wellness/fitness
initiative:® Recurrent training occurson each shift.

Thereisno Stateminimumrequirement for firefighter
certification, however thereisfor hazardousmaterias
response. Thereisasono Staterequirement for fire
fighter recertification. All firefighter certificationsare
voluntary. EMT/Paramedicsrecertify every 3years
(State requirement) and hazardous materials

awareness level and operations level recertify

annually. Thevictimwascertified asaFireFighter
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[, Driver/Operator, EM T, and HazardousMaterids
Operationslevel, and had 36 years of firefighting
experience (33 yearscareer and 3 yearsvoluntesr).

Preplacement Evaluations. The FD requires a

preplacement medica evaluationfor all new hires,

regardliessof age. Thecomponentsof thisevauation

arelisted below:

* A completemedica history

* Height, weight, andvitd sgns

e Phydcd examination

* Bloodtests: chemical profiletoincludeliver
profile, complete blood count with differential
(CBC), lipid profile

e Urinetests urindyss, drug screen

o Spirometry

* Reding(ECG)
o Chest X-ray
* Audiogram

o Visontes

Theseevaduationsare performed by alocal medical
clinic under contract with the City. Once this
evauationiscomplete, adecisonregarding medica
clearance for fire fighting duties is made by the
examining physicianand forwardedtothe FD.

The FD currently requires all career fire fighter
candidates to complete a timed performance
evaluation of typical firefighting duties (CPAT).
Medical clearanceisrequired prior to the CPAT
evaugtion.

Periodic Evaluations. Beginning in September of
2001, medical evaluationswere phasedin by this
FD. Thevictimwasscheduledfor hisfirst mandatory
eval uation within the next month after his death.
Thesemandatory yearly medica evauaionsconsast
(o

* A completemedica history

* Heght, waeght,andvitd Sgns

e Phydcd examination

* Bloodtests: chemical profiletoincludeliver
profile, complete blood count with differential
(CBC), lipid profile

e Urinetests urindyss, drug screen

o Spirometry

* Redingé€ectrocardiogram (ECG)

» Stressdectrocardiogram (ECG)

* Audiogram

e Vidontest

Theseevauationsare performed by alocal medical
clinic under contract with the City. Once this
evauationiscomplete, adecisonregarding medica
clearance for fire fighting duties is made by the
examining physician and forwardedtothe FD.

If an employeeisinjured at work, he/she must be
cleared for “return to work” by the contract
physician. Inaddition, if afirefighter hasanon-
occupational injury or medical condition, the
employeemust be cleared for “ return-to-work” by
theprivate physcian.

A mandatory fitness program wasrecently initiated
just prior tothevictim'sdeath. But, the patient did
not exercisefrequently either at homeor work. All
firestationshave either strength or aerobic fitness
equipment and soonwill have bothtypes. Timewas
provided during theshift inwhichthefirepersonne
couldexercise.

DISCUSSION

In the United States, coronary artery disease

(atherosclerosis) isthemost common risk factor for
cardiac arrest and sudden cardiac death.* Risk

factorsfor itsdevelopment includeageover 45, mde
gender, family history of coronary artery disease,
smoking, high blood pressure, high blood cholesteral,
obesity/overweight, physical inactivity, and

diabetes>® Thevictim had four of theserisk factors
(maegender, ageover 45, mild obesity/overweight,
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and physical inactivity). By dl accounts, thevictim
never reported symptomsof angina(e.g., chestpain
on exertion), or congestive heart failure (e.g.,
shortness of breath on exertion, swollen ankles).
Unfortunately, sudden cardiac deathisoftenthefirst
overt manifestation of ischemic heart disease.”

The narrowing of the coronary arteries by

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

(occlusion) inoneor morecoronary arteriesthat have
not developed a collateral blood supply.*? This
sudden blockage is primarily due to blood clots
(thrombosis) forming onthetop of atherosclerotic
plaques. Since an autopsy was not performed, it
cannot be determined if athrombuswas present.
Duetothenatureof the911 call (chest pains), itis
probablethevictim had aheart attack. Theterm
“probable” is used because autopsy findings

(thrombus formation), blood tests (cardiac

isoenzymes), or ECG findings are required to

“confirm” aheart attack (myocardid infarction). No
autopsy wasperformed, blood testswould not have
been positiveyet, and the victim had no heart beat
to show the characteristic findings of aheart attack
onhiseCG

To reducetherisk of sudden cardiac arrest, heart
attacksand other medical causesof incapacitation
among firefighters, the NFPA has devel oped the
NFPA 1582 guidelineentitled “ Standard on Medica

Requirementsfor FireFightersand Information for
Fire Department Physicians.”** NFPA 1582

recommendsayearly physica evauationtoinclude
amedical and occupational history, height, weight,
and blood pressure.** NFPA 1582 recommendsa
comprehensvephyscd examinatiiontoindudevison
testing, audiometry, pulmonary functiontesting, a
complete blood count, urinalysis, and biochemical

(blood) test battery be conducted on aperiodicbass
accordingtotheageof thefirefighter (lessthan 30:
every 3years, 30-39: every 2 years, over 40 years.
every yedr).

NFPA 1582 a so recommendsfirefightersover the
ageof 35withrisk factorsfor CAD be screened for
obstructive CAD by an Exercise SressTest (EST) .2
Unfortunately, the EST hasproblemswith bothfase
negatives(inadequate sensitivity) and fasepogtives
(inadequate pecificity), particularly for asymptometic
individuds(individua swithout symptomssuggestive
of angina), young men, and women.***> Thishasled
other expert groups to not recommend EST for
asymptomeatic individua swithout risk factorsfor
CAD_lG,l?

When these asymptomatic individualshaverisk
factorsfor CAD, however, recommendationsvary
by organization. The American College of
Cardiology/American Heart Association (ACC/
AHA) identifiestwo groupsfor EST: 1) menover
theageof 40 withahistory of cardiac disease (asa
screening test prior to beginning astrenuousexercise
program), and 2) men over age40with oneor more
risk factors.®® They definefiverisk factorsfor CAD:
hypercholesterolemia(total cholesterol > 240 mg/
dL), hypertenson (systolic>140mmHgor diastolic
>90 mmHg), smoking, diabetes, and family history
of premature CAD (cardiac event in 1% degree
relative < 60 years old).** The U.S. Preventive
Services Task Force (USPSTF) does not
recommend EST for asymptomaticindividuas, even
those with risk factors for CAD; rather, they
recommend thediagnos sand treestment of modifiable
risk factors(hypertenson, high cholesterol, smoking,
and diabetes).'’

Theserecommendationschangefor individua swho
might endanger public safety if anacuteepisodewere
experienced, or those who require high

cardiovascular performancesuch aspoliceandfire
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fighters. TheNFPA recommendsfirefighterswithout
CAD risk factorsget their first EST at age 40; for
those with one or more CAD risk factors, at age
35.8 NFPA consders CAD risk factorsto befamily
history of premature (lessthan age55) cardiac event,
hypertension, diabetesmellitus, cigarette smoking,
and hyperchol esterolemia(total cholesterol greater
than 240 or HDL cholesterol lessthan 35).%2 The
EST should then be performed on aperiodic basis,
at least once every two years.®® The ACC/AHA
indicates that there isinsufficient datato justify
periodic EST in peopleinvolved in public safety,
however, asmentioned previoudy, they recommend
that men over age40withahistory of cardiac disease
be screened before beginning astrenuous exercise
program.'® Fire suppression activities involve
grenuousphysicd activity; therefore, theACC/AHA
seem to be making a distinction between those
already engaged in strenuous physical activity
(conditioning), and those beginning astrenuous
exerciseprogram. The USPSTFindicatesthat there
isinsufficient evidence to recommend screening
middleage and older men or womeninthegenera
population, however, “ screeningindividuasincertain
occupations (pilots, truck drivers, etc) can be
recommended on other grounds, including the
possible benefitsto public safety.” Y

Sincethevictimwasover 40yearsold, accordingto
NFPA 1582, he should havereceived an EST which
was scheduled withinthe month. If an EST would
have been performed, it is possible his cardiac
condition would have been identified and he could
have been referred for further evaluation and

treatment.

During theresuscitation effort, the ED physician
reported the ET wasplacedinthevictim’sesophagus,
not the trachea. Exactly when the ET became
dislodged isunknown. Itispossiblethat the ET
shifted during movement from theambulanceto the
ED. Previoudy, theEMS Servicereportedthe ET

had dipped whiletransporting the patient from the
bedroom to theambulance. Primary confirmation
(5-point auscultation: left and right anterior chest, | eft
and right midaxillary, and over the stomach) of
placement wasvalidated after every move and re-
intubation.

To reduce the risk of improper intubation, the
American Heart Association along with the

Internationa Liaison Committee on Resuscitation
published recommendationsin the Guidelines 2000
for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care.*® The current recommended
guidelineswerefollowed, namely Cricoid pressure
by asecond rescuer followed by theactud intubation.
Oncethisisaccomplished, primary confirmation of
the endotracheal tube is needed. These

recommendations now include secondary

confirmationwhich canbeeither anend-tidal CO,
detector or an esophageal detector device. After
both primary and secondary confirmationshavebeen
verified, then Cricoid pressure can bereleased .18

RECOMMENDATIONS

Thefollowing recommendationsaddressheath and
safety generaly. 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 evaluated by
NIOSH, but represent published research, or
consensusvotesof technica committeesof the NFPA
or fireservicelabor/management groups.

Recommendation #1: Use a secondary
(technological) test to confirm placement of the
endotracheal tube (ET) in the trachea.

The American Heart Association along with the
Internationa Liaison Committee on Resuscitation
published recommendationsin the Guidelines 2000
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for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care which suggest that EMS
personnel confirm ET placement by primary

confirmation (physical examination) and secondary
confirmation (technological test). Secondary

confirmation consists of using one of several

commercid devicesindudingend-tidd CO, detectors
or esophageal detector devicesfor the secondary
confirmation.’®

Recommendation #2: Providefirefighterswith
medical evaluations and clearance to wear
SCBA.

TheHRreDepartment iscommended for implementing
NFPA 1582 standardsfor both preplacement and
periodic medica evauaions. Pennsylvaniaisnotan
OSHA State-plan State, therefore, public sector
employersarenot required to comply with OSHA
standards. However, OSHA's Revised Respiratory
Protection Standard requiresemployersto provide
medical evaluationsand clearancefor employees
using respiratory protection.’ These clearance
evaluations are required for private industry

employeesand public employeesin statesoperating
OSHA-approved State plans. Therefore, we

recommend following thisstandard, and acopy of
the OSHA medical checklist hasbeen provided to
theFireDepartment. TheOSHA standard canessily
bemet by using the NFPA 1582 standard screening
programtofulfill themedicd eva uations. Giventhe
extensdve PE recently indtituted inthisFD, thisshould
not involveany additiond financia burden.

Recommendation #3. Perform an autopsy on
all on-duty firefighter fatalities.

In 1995, the United States Fire Administration
(USFA) published the Firefighter Autopsy
Protocol . Thispublication hopesto provide*“a
more thorough documentation of the causes of
firefighter deathsfor three purposes.

@) to advance the analysis of the causes of
firefighter desthsto aid in the devel opment
of improved firefighter health and safety
equipment, procedures, and standards;
tohdp determinedigibility for desth benefits
under the Federal government’s Public
Safety Officer BenefitsProgram, aswell as
state and locdl programs, and
toaddressanincreasing interest inthestudy
of deaths that could be related to
occupational illnessesamong firefighters,
both activeand retired.”

(b)

©)
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INVESTIGATOR INFORMATION Practitioner. Mr. Baldwin and Mr. Jackson are
Thisinvestigation was conducted by andthe with the NIOSH Fire Fighter Fatality
report written by Tommy N. Baldwin, MS, Investigation and Prevention Program,
Safety and Occupational Health Specialist,and Cardiovascular Disease Component, located in
J. Scott Jackson, M SN, Occupational Nurse Cincinnati, Ohio.
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