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SUMMARY

On November 18, 2002, a 50-year-old male
volunteer Fire Chief responded with his fire
department (FD) toamedical cal, then proceeded
to respond to aseparateincident involving acarbon
monoxide (CO) alarm at aprivate residence. He
responded to this second incident alone and found
no carbon monoxide using the department’s CO
detector. Upon returning to the fire station he
complained to hiswifeby telephone of not feeling
well. Hiswifecalled 911, and responding members
of his department arrived shortly before he lost
consciousness. Cardiopulmonary resuscitation
(CPR) wasbegunimmediatdly following hiscardiac
arrest. Despitedefibrillation attempts, intubation, and
advanced life support (ALS) medications,
resuscitation effortswere unsuccessful. Thedeath
certificateliged“ASCVD” (atherosclerotic coronary
vascular disease) astheimmediate cause of death,
with hyperlipidemiaand smoking as contributing
factors. Anautopsy revea ed near-total occlusion
of two coronary arteries.

Thefollowing recommendations address general
health and safety issuesrelating to line of duty
deathsdueto cardiovascular eventsinfirefighters.
These are preventative measuresthat may reduce
therisk of sudden cardiovascular deathsin the
fire service. These selected recommendationshave
not been evaluated by the National Institute for
Occupational Safety and Health (NIOSH) but
represent published research, consensus standards
issued by the National Fire Protection Association
(NFPA) and fire servicelabor/management fitness
andwellnessinitiatives.

e Place and maintain automated external
defibrillators (AEDs) on all fire department

apparatusthat are not equipped and staffed for
meanual defibrillation.

Phase-inamandatory wellness/fitness program
for fire fighters to reduce modifiable risk of
cardiovascular disease and improve
cardiovascular capacity. Specifically address:
regular exercise, weight control, smoking
cessation, and low fat, low cholesterol diet.

Phasein the recommendations of NFPA 1582,
Standard on Comprehensive Occupational
Medical Program for Fire Departments,
regarding evauation of cardiovascular fitnessfor
duty.
ensure ability to exerciseto 12 metabolic
equivalents(METS) without symptomsor
el ectrocardiographic changes of coronary
artery disease (CAD)

Whilelikely not contributing to the outcome of
the present incident, staffing patterns and
proceduresthat prevent fire personne frombeing
aloneon duty should beinstituted.

the program isto determine factorsthat cause or contributeto
firefighter deaths suffered intheline of duty. |dentification of

The Fire Fighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose 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 onfiredepartmentsor 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-NI1 OSH
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* Autopsiesperformed onfireservice personnel
shouldfollow theU.S. FireAdministration and
U.S. Department of Justice Public Safety Officer
Benefits protocols. This includes obtaining
carboxyhemoglobin levelsto rule out carbon
monoxide exposure asacontributor tothe cause
of death.

INTRODUCTION AND METHODS

On November 18, 2002, a 50-year-old male Fire
Chief reponded with hisdepartment to an emergency
medica service(EMS) larmwherehehel pedload
apatient into the department’ sambulance, and then
responded aloneto aresidentia carbon monoxide
(CO) aarm. He returned to the firehouse to
complete documentation of the CO detector false
alarm. He called hiswife complaining that hewas
acutely ill. Shecalled 911, and droveto thefirehouse.
Firefighter/Emergency Medica Technician (EMTs)
responded directly tothefirestation, wheretheFire
Chief lost consciousnessontheir arrival. Hehad no
pulse. Appropriate Basic Life Support (BLS)
including CPR was initiated immediately, soon
followed by ALS, but the patient never regained
consciousnessor pulses. NIOSH was notified of
thisfatality on November 18, 2002.

On February 14, 2003, two contractors with the
NIOSH FireFighter Fatality Investigation Program
traveled to Connecticut to conduct an on-site
investigation of theincident.

During the investigation NIOSH contractors

interviewedthe:

* Current FireChief, theFire Chief’ stwin brother

* Firefighter/fEM Ts(including another brother of
the Fire Chief) who responded to thefirehouse
and found the Chief

* Digpatcher whotook the 911 call fromthewife

*  Responding ambulance service personnel and
paramedic

* President of the Fire Company
* FDphyscanwhoadsoservedastheFireChief’s
persond physician

Duringthesitevisit NIOSH contractorsreviewed

thefallowing:

* FDtrainingrecords

» FD Standard Operating Guiddlines

* Past medica records of the deceased

*  Ambulanceand paramedic runreports

* National Fire Incident Reporting System
(NFIRS) reports

»  Transcript of radio communi cationsassociated
withincident

*  Death certificate, autopsy records

INVESTIGATIVE RESULTS

Incident. On November 18, 2002, at 1528 hours,
amedicd call requiring BL Stransport wasrece ved,
andfour firefighter/EM Ts(including thedeceased who
was also Chief of the department) responded. At
1550 hours, the Fire Chief was assisting the others
loading the patient into their ambulancewhen another
call requiring CO monitoring wasreceived. The
Chief returned to thefirehouseto obtainthe CO gas
metering equipment, and proceeded alone to the
privateresidence. The department had responded
to the same addressthe previousday for the same
reason. The Chief clearedthat call at 1610 hours,
but it isunknown what time hereturned to quarters.
Upon returning to the firehouse, the Chief
documented the monitor’sfindings, and called his
wife, complaning of difficulty breathing. Shecalled
911 at 1639 hoursand relayed thisinformation. The
FD, aparamedic covering thetown from thelocal
hospital, and a mutual aid ambulance from a
neighboring town were dispatched at 1640 hours.
At 1642 hoursthe Fire Chief’ swiferadioed the FD
that shewasa so enrouteto the station, but received
no answer. Dispatch acknowledged theresponding
ambulanceand paramedic at thistime. Withinminutes,

Page 2



Y,

£,

LA

TIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #~2004-07

Fire Chief Dies After Performing Service Call — Connecticut

thefirg officer, andfirefighter/EMT fromthe Chief’'s
own department, arrived. TheFireChief wassitting
on the ground against thewall under the telephone
he had used to summon help. Hewaswearing anon-
rebreather mask and receiving 100% oxygenthat he
had self-administered. Hewas noted to be cyanotic
but not sweating. The Chief said afew wordsand
lost consciousness. Hehad no pulse, and by 1650
hours responding personnel began CPR. Other
firefighter/EMTs, including the Chief’ stwin brother
who was deputy chief, had arrived. NOAED was
available in the firehouse, as the department’s
ambulance had not yet returned from the previous
cal andthefireengineinthe apparatus bay was not
equipped withanAED.

The mutual aid BLS ambulance arrived at the
firehouseat 1654 hours. Threeshocksweregiven.
A paramedic arrived at 1655 hoursand afourth
shock was given. The patient was noted to be
very cyanoticinthe upper body. By 1657 hours
they were en route to the hospital; the Chief was
intubated and ALS medications given. The
ambulance arrived at the Emergency Department
(ED) at 1713 hours. The Chief had pulseless
electrical cardiac activity upon arrival inthe ED.
He received several further rounds of ALS
medications, but never regained spontaneous
circulation. Hewaspronounced dead at 1736 hours.

Medical Findings. The death certificate was
completed by the assistant medical examiner.
“ASCVD”, or atherosclerotic coronary vascular
disease, waslisted astheimmediate cause of desath,
and* hyperlipidemid’ and“smoking” ascontributing
factors. Inaddition, “very strong family history
ASCVD” waslisted as contributing to the cause of
death. Anautopsy revealed arteriosclerosis, with
95% occlusion of theleft main coronary artery and
90% occlusion of theright coronary artery. Early
myocardia necrosiswasseenintheleft ventricle,
and thissuggested cardiac muscle death of lessthan

two hoursduration. Hislungsshowed marked acute
congestion that was considered to be not morethan
afew hoursold, aswell. No CO level wasdone at
autopsy.

TheFire Chief did not have known CAD, but had
thefollowingfive CAD risk factors. agegreater than
45 years, maegender, strong family history of heart
attacks and sudden cardiac death at ayoung age,
hyperlipidemia, and smoking. Hisfamily history
included a twin brother who had a myocardial
infarction (M1) and coronary artery bypassgrafting
(CABG) beforeage40. Inaddition, their father died
of Ml at 43 yearsof age.

TheChief'sfirst exercisestresstesting (EST) wasin
1991, performed dueto hismultiplerisk factorsfor
CAD. Noabnormalitieswere seen. He presented
five months later with chest pain suggestive of
ischemia, elevated cardiac enzymes(suggestiveof a
heart attack), and underwent cardiac catheterization
which was negativefor blockagesin hiscoronary
arteries. Repeat exercisestresstestsin 1994, 1996,
1997, 1998, 2000 (two ESTs), and in January of
2002 wereinterpreted as negative with heart rates
that achieved or gpproximated age-adjusted maximal
values. Heexercisedto 10 or 122 METS on each
test. Hereached 10 METS on hisJan 2002 EST.

The Chief had his last annual physical exam on
October 11, 2002. Hewasadvised toloseweight,
stop smoking, and continue seeing hiscardiologist
twiceayear. Aneectrocardiogram (EKG) donein
October showed no acute signsof ischemia, but had
decreased voltage when compared to an EKG done
in 1996. He had high serum cholesterol levels
diagnosedin1991 and trestment withalipid lowering
medication wasbegunin 1998. Recent cholesterol
levelswerenormdl.

The Chief had lost weight according to physician
recommendations. Other than continuing to smoke,
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hewasgeneraly compliant with medical regimens
andfollow-up. Besideshiswork asavolunteer fire
chief, he had recently retired fromadesk job. On
the day of the incident, he had been out hikingin
preparation for the hunting season, and did not
complanof any symptomssuch aschest pain, fatigue
or shortnessof breath. Hedid not appear to beill or
inany disresswhileasssting at themedicd cal where
hewas|ast seen prior to hiscollapse.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the FD
protected ageographic areaof 40 square milesand
apopulation of 4,107 town residents. Inaddition,
the FD provided their ambulancefor mutual aidtoa
neighboring town of 29 square miles and 1,617
resdents. Atthetimeof theincident, theFD conssted
of 30-35 activevolunteer personnel.

The FD hastwo fire stations, and two volunteers
take call duty from 2300-0500 daily. Each fire
station hastwo engine-tankers; one at each station
carries pneumatic extrication tools. Theambulance
isbased at the station where the Fire Chief became
Symptomatic.

Inthelatter six months of 2002, the FD responded
to 236 calls: 165 medical calls and 71 fire calls
(structurefires, vehiclefires, dumpster fires, grassy/
brush fires, mutual aid fires, other fires). For the
fiscal year prior to that, the FD responded to 418
calls, 294 medical and 124 fire calls. Ontheday
prior to theincident, the Fire Chief responded to 5
servicecallsfor wires/treesdown and onemedical
cdl. Ontheday of theincident, the Chief responded
to one early morning medical call and themedical
cal immediately prior tothe CO alarm.

Training. TheFreDepartment requiresthat al active
interior structurd firefightersbe state-certified tothe

Connecticut

FireFighter | level. Thereisno staterequirement for
recertification of firefighters. TheFire Chief wasa
state-certified Fire Officer and Instructor, an EMT,
had been Chief for 5 years, and had 30 years of
volunteer firefighting experience. Hehad multiple
training certificatesin many aspectsof firefighting
including HazardousMaterid sresponse.

Pre-placement Evaluations. Volunteersand paid
personnel are required to have a pre-placement
comprehensive medical exam prior to activeduty,
regardlessof age. Thefirefighter’spersond physician
performsthe examination and determinesthe content.
The FD provides a “physical and respirator
clearance” form, essentially afocused review of
systems. Physical ability testsarenot required.

Periodic Evaluations. No periodic medical
evaluationsarerequired. 1f employeesareinjured
or haveamedical illness, clearancetoreturntowork
by the FF s personal physicianisrequired. Neither
exerciseequipment nor specific FD fithess'wellness
programswerein place at thetime of thisincident.

TheFire Chief waslast medically evaluated by his
private physician in October 2002, and by his
cardiologist in January 2002.

DISCUSSION

IntheUnited States, coronary artery disease(CAD) is
the most common risk factor for cardiac arrest and
sudden cardiac death.* TheFire Chief had noknown
CAD, but was at increased risk for development of
CAD due to his strong family history, smoking,
hyperlipidemia, ageover 45, and malegender. Other
risk factorsfor the development of CAD which the
Chief did not haveind udeshighblood pressure, obesity,
physicd inectivity, and diabetes>?

Heart attacks typically occur with the sudden
devel opment of compl eteblockage (occlusion) inone
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or morecoronary arteriesthat havenot developed a
collateral blood supply.* Thissudden blockageis
primarily dueto blood clots (thrombosis) forming on
thetop of atherosclerotic plaguesafter disruption of
these plaques. Although the deceased did not have
ablood clot on autopsy, he probably suffered aheart
attack as evidenced by severe occlusive
atherosclerotic disease in hisleft main and right
coronary artery, 95% and 90% respectively. His
autopsy findings of heart muscle death of lessthan
two hoursduration and hisclinical scenario, further
support the case for a heart attack leading to his
sudden cardiac desath.

Certain characteristics of the plaques (size,
composition of the cap and core, presence of aloca
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
can occur during heavy exercise.>® Epidemiologic
studieshavefound that physica exertion sometimes
immediately precedes and triggersthe onset of acute
heart attacks.1>13

Firefightingiswidely acknowledged to beoneof the
most physically demanding and hazardous of all
civilian occupations.” Although the Chief had not
beenonafirecal withintheprevious 24 hour period,
he had responded to several emergency cdls. Smply
respondingtoanadarm causesanimmediateincreasein
heart ratewhichinturn, increasestheamount of work
required of the heart.? Even when energy costsare
moderate (asmeasured by oxygen consumption) and
work isperformedinathermo-neutrd (neither hot nor
cold) environment, heart ratesmay behigh (over 170
beats per minute) owing totheinsulative propertiesof
thepersond protectivedothing.®

The NFPA hasdevel oped and revised guiddinesfor
FD physciansentitled “ Standard on Comprehensive

Occupational Medical Programs for Fire
Departments’, also known asNFPA 1582. The
Chief and hisphysicianfollowed NFPA 1582's2000
guidelinesappropriady; heunderwentinitid exercise
stresstesting at age 40, whichisasowhen hisvery
strongfamily history becameevident.> Hecontinued
to be tested approximately every two years. The
2000 edition of NFPA 1582 recommended annual
medical evauationswith EKG'sfor all incumbent
firefighters, and suggested that exercise stress
testing (EST) should be performed at age 35 if
one or more CAD risk factors are present.
Appendix A goeson to define acceptable exercise
toleranceas>10 METS. The Chief had exercised
to 10 METSwithin thelast two yearsand to 12
METSin March 2000.

Although thisFD does not require annua medical
exams or screening EST, the Fire Chief did
undergo close medical and cardiac monitoring by
hisinternist and cardiologist. NFPA 1582 was
revisedin 2003 torequire stresstesting asclinicaly
indicated by history or symptoms. Evaluation of
specific medical conditionsareclarified withinthe
Standard, rather than asan Appendix. Exercise
tolerance of <12 METS in a patient with CAD
may “compromise amember’sability to safely
perform” a number of essential job tasks
associated with firefighting.** The Chief had
multiple ESTsover aten year period, thelast being
11 months prior to hisdeath. Thefact that none
of theseESTsidentified hisunderlying CAD reflects
onelimitation of the EST asa CAD screening test
(i.e., false negative results).’® This case may
represent an example of afirefighter who despite
not having adiagnosisof CAD wasappropriately
followed closely by acardiologist because of his
risk factors. It is not known whether use of the
more demanding requirementsoutlined in the 2003
revision of NFPA 1582 (12 versus 10 METYS)
would haveledto earlier detection of the Chief’s
CAD.
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RECOMMENDATIONS

Thefollowing recommendationsgenerally address
firefighter health, safety and fitnessfor duty. Thislist
includes some preventative measuresthat have been
recommended by other agenciesto reducetherisk
of line-of-duty heart attacks and sudden cardiac
deathamongfirefighters. Theserecommendations
have not been evaluated by NIOSH, but represent
research presentedintheliterature or consensusvotes
of Technical Committees of NFPA, labor/
management groupswithin thefire service, or the
American Heart Association.

Recommendation #1. Place and maintain
automated external defibrillators (AEDs) on all
fire department apparatusthat are not equipped
and staffed for manual defibrillation.

Responding BLS personnel must have full BLS
equipment availablein order to providecareto thefull
extent of their training. Inthiscase, therewasanengine-
tanker intheapparatusbay that had someemergency
medical equipment on board. The FD’sonly AED,
however, wasontheambulancethat had not yet returned
from the previous medica call. TheFire Chief had
retrieved an oxygencylinder and anon-rebregther mask
fromhisownvehicde, andwasrece ving 100% oxygen
whenthefirg EM T sarrived onscene Whenhesuffered
hisarrhythmiawith loss of his pulse, however, the
regponderscould only perform CPRwhilethey waited
severa minutesfor adefibrillator toarrive. Itiswell
known that the probakility of return of pulsesishighly
correlated with thelength of timeto delivery of first
shock, and prognosi sdeteriorates by theminute prior
todefibrillation”

Both because of the valueto the citizens protected
by afiredepartment providing EM S, and because
of therisk of sudden cardiac deathinfirefighters, dl
fire apparatus should be equipped withAEDs, and
al staff should be trained to use them. Early
defibrillationisan essential link in the *chain of

Connecticut

survival” emphasized by the American Heart
Association. 819

Recommendation #2: Phase in a mandatory
wellness/fitness program for fire fighters to
reduce modifiablerisk of cardiovascular disease
and improve cardiovascular capacity.
Specifically address:

-regular exercise

-weight control

-smoking cessation

-low fat, low cholesterol diet

Thelnternational Association of FreFighters(IAFF)
and the International Association of Fire Chiefs
(IAFC) created the Fire Service Joint Labor
Management Wellness/Ftnessinitiativeto strengthen
fire fighters mental, physical, and emotional
capabilities®® NFPA 1583 Standard on Health-
Related Fitnessfor Firefightersprescribessimilar
department-wide programs to enhance physical
fitnessand reduce modifiable cardiac risk factorsin
firefighters.?! Both documentsstresstheimportance
of regular aerobic and strengthening exercise,
nutrition and weight control, and smoking cessation.

Wellness programs have been shown to be cost
effective, typically by reducing the number of work-
relatedinjuriesandlost work days.?2 A smilar cost
savings has been reported by thewelInessprogram
at the Phoenix Fire Department, where a12-year
commitment hasresultedinasignificant reductionin
their disability pension costs®

Despitetheabsence of an organized fithesswellness
programinthisfiredepartment, the Fire Chief had
been generally compliant with hismedical program
of risk reduction. He took cholesterol lowering
medication and had anormal serumlipid profileon
hisrecent medical evaluation. Hewasphysically
active, asevidenced by hishiking earlier ontheday
of hisdeath, and had | ost weight when asked to do
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so by hisphysician. He had not been able to stop
smoking.

Recommendation #3: Phase in the
recommendations of NFPA 1582 Standard on
Comprehensive Occupational Medical Programs
for Fire Departments regarding evaluation of
cardiovascular fitnessfor duty. (Ensure ability to
exercise to at least 12 METS without symptoms
or electrocardiographic changes).

NFPA 1582 includes very specific guidelinesfor
interpretation of cardiac tests and diagnoses.
Firefightersmust be ableto exerciseto 12 METS
rather than just exercising to ahigh percentageof an
age-predicted maximal heart rate.* Although the
Fire Chief exercised to maximal or near-maximal
heart rate on each stresstest, he had not recently
exceeded 10 METSon hisEST. Fitnesslevelsor
exercise capacity equivaent to 14 MET Shave been
recommended for activefirefighters.®

Recommendation #4: While likely not
contributing to the outcome of the present
incident, staffing patterns and procedures that
prevent fire personnel from being alone on duty
should be instituted.

NFPA standards'®? and OSHA?’ regulations
emphasi zethe need for adequate staffing to safely
engageinfire suppression and emergency medical
response under all conditions. Especidly insmall,
volunteer fire departments, individual officersor
firefighters may sometimes respond
unaccompanied to callsthat are considered low
hazard, and may therefore be alonein apparatus
or firestationswhenthey areinvolvedinavehicle
collision or suffer amedical emergency. Thiscan
negatively impact the ability of the local
department to detect the emergency and render
assistancein atimely fashion.

The present case represents the second instance
inatwo-year period where two neighboring towns
have had fire personnel suffer catastrophicillness
whilealonein afirestation.?® Whileitisdifficult
to predict alternative outcomes in either case,
therewascertainly adelay ininitiation of careand
resuscitation that resulted from the personnel being
onduty alone.

Recommendation #5: Autopsies performed on
fire service personnel should follow the U.S.
Fire Administration and U.S. Department of
Justice Public Safety Officer Benefits
protocols.?*3°  This includes obtaining
carboxyhemoglobin levels to rule out carbon
monoxide exposure as a contributor to the
cause of death.

Inthiscase, itisunlikely that carbon monoxide
exposure contributed to the Fire Chief’s cause of
death. He was, however, a smoker and had
recently responded to areport of aresidential CO
alarm sounding. The residence was appropriately
metered and found not to have elevated CO levels,
so the chief was probably not exposed on that
cdl.

Thisfact should not preclude hospital staff and
medical examinersfromfollowing thefull autopsy
protocol when investigating aline-of-duty death
of afirefighter. COisnot only athreat in cases of
smoke inhalation and malfunctioning heating
systems. Fire service personnel may also be
exposed through less apparent ways, such asfaulty
exhaust systems in personal vehicles or FD
apparatus, or by inhaling exhaust in apparatus bays
or other enclosed spaces. The presence of
carboxyhemoglobin in blood would certainly
exacerbate CAD that might otherwise be sub-
critical, and needs to be documented as part of
the post-mortem examination of firefighters.
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