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SUMMARY

On January 21, 2004, a 48-year-old male career
Fire Fighter-Paramedic (FF-P) provided station
coveragein hisfirestationwhilehisfire department
(FD) wasproviding mutual aid toaneighboring FD.
While in the station, he stocked the FD’s new
ambulancewith supplies. Whenthe crew members
returned, hereturned to hisoff-duty business. On
January 22, approximately 21 hoursafter providing
station coverage, the FF-Pwasworking at his off-
duty businesswhen he suddenly collgpsed. Despite
cardiopulmonary resuscitation (CPR) performed
by abystander and advanced life support (ALS)
performed by ambulance service emergency
medical technicians (EMTs) and paramedics, he
died. Thedeath certificatelisted “ acute sudden
cardiac death syndrome”’ dueto “ acute myocardial
infarction” astheimmediate cause of death and
“obesity” asanother significant condition. No
autopsy was performed.

The following recommendations address some
general health and safety issues. These selected
recommendations have not been evaluated by
NIOSH, but represent published research, or
consensus votes of technical committees of the
Nationa FireProtectionAssociation (NFPA) or fire
servicelabor/management groups.

* Implement the annual medical evaluations
mandated by the State in 1996 or
recommended by NFPA 1582

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

* Perform an annual physical performance
(physical ability) evaluation for ALL fire
fightersto ensurefirefightersarephysically
capable of performing the essential job tasks
of structural fire fighting

Thefollowing recommendationsaresafety and hedth
measures, but not contributory tothisfatality:

 Perform an autopsy on all on-duty fire
fighter fatalities

* Provide pre-placement medical evaluations
to ALL fire fighters consistent with NFPA
1582 or State mandate to determine their
medical ability to perform duties without
presenting a significant risk to the safety
and health of themselves or others

* Provide adequate fire fighter staffing to
ensure safe operating conditions

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. Identification of
causal and contributing factors enable researchers and safety
specialiststo develop strategies for preventing future similar
incidents. The program does not seek to determine fault or
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 cal toll free 1-800-35-N1OSH
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INTRODUCTION & METHODS

On January 21, 2004, a 48-year-old male FF-P
responded to his fire station to provide standby
coverage. Thenext day whileoff duty, hesuddenly
collapsed. Despite CPR performed by abystander
and AL Streatment by EM S personnel and at the
hospital, thevictim died. NIOSH was notified of
thisfatality on January 28, 2004, by theUnited States
FireAdministration. NIOSH contacted the affected
Fire Department on January 29, 2004 toinitiatethe
investigation. On March 1, 2004, a Safety and
Occupationd Hedth Specidist fromtheNIOSH Fire
Fighter Fatality Investigation Team traveled to
M assachusettsto conduct an on-siteinvestigation of
theincident.

During the investigation NIOSH personnel
interviewed:

* TheFireChief

e Crew memberson duty with the FF-P

* TheFF-Pswife

Duringthesite-vist NIOSH personnel reviewed:
»  HreDepatment policiesand operating guiddines
*  FreDepartment training records

»  TheFire Department annual report for 2003

* FireDepartment incident report

* Hospitd reports

»  FireDepartment physica examination protocols
» Deathcetificate

» Past medical recordsof the deceased
INVESTIGATIVERESULTS

Incident. On January 21, 2004, the FF-P (the
deceased) was off-duty working at hissmall engine
repair shop. At 0958 hours, hisfire station was
dispatched for mutual aid to provide coveragefor a
neighboring FD fighting afireinasix-family dweling.
Off-duty personnd, including the FF-P, werereca led
to providestandby coverageat their firestation. The
FF-P responded to his fire station, arriving at

approximately 1015 hours. During the standby
period, the FF-Ploaded suppliesinthe station’snew
ambulance. Thisinvolved moving an oxygen tank
(weighing approximately 45 pounds), asparetire,
and aportabletrailer (weighing approximately 800
pounds). At 1428 hours, the duty crew returned to
their station and all recalled personnd werere eased.
The FF-Preturned to hissmall enginerepair shop
wherehecontinued working until approximately 1845
hourswhen hewent home. At approximately 2030
hours, complaining of being very tired, heretired for
thenight.

Thenext day, hearose at approximately 0530 hours
and went to work at his shop. At approximately
1214 hours, whileworking on acomputer, the FF-P
stated to acustomer, “1 have an emergency and |
need something to eat” and then collapsed. The
bystander assessed the FF-P, found him to be
unrespongve, not breething, and pul seless, and began
CPR. After performing CPR for one minute, the
bystander notified 911.

Ambulance 568 was dispatched at 1217 hoursto
acall for aman having aseizure. Theambulance
arrived on the scenefour minutes|ater finding the
FF-P unresponsive, pulseless, apneic, and CPR
in progress. A cardiac monitor attached to the
FF-P's chest revealed ventricular fibrillation
(V.fib.) and one shock (defibrillation) was
delivered. Hisheart rhythm reverted to asystole
(no heart beat) and CPR continued. An
intravenous (1V) line was established, cardiac
medi cations consistent with AL S protocolswere
administered, and the FF-P wasintubated, with
tube placement confirmed by auscultation and
capnography. The cardiac monitor revealed V.fib.
and asecond shock was delivered, with hisheart
rhythm againrevertingto asystole. CPRandALS
measures continued and he was placed inside the
ambulance, which departed the scene at 1242
hoursenrouteto the hospital.
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Upon arrival a the emergency department (ED) at
1252 hours, CPR and AL Smeasures continued with
no positive changein status. Hewasre-intubated
dueto no positive color change (hisendotracheal
tube had apparently becomedid odged during transfer
from ambulance to ED), and CPR and ALS
continued until 1308 hours, when hewas pronounced
dead and resuscitation measureswere stopped.

Medical Findings. Thedegth certificate, completed
by the Medical Examiner, listed “ Acute sudden
cardiac death syndrome” dueto “ acute myocardial
infarction” as the immediate cause of death and
“obesity” as an other significant condition. No
autopsy wasperformed.

The FF-P had a comprehensive pre-placement
physical evaluation in March, 1999, including a
resting electrocardiogram. Theexamwasnormal
and hewassubsequently dearedfor firefighting duty
including the use of a self-contained breathing
apparaus(SCBA). A physical evduationinAugust
2002to obtainan aircraft pilot’slicensewasnormd.
A physical evaluationin May 2003 performed by a
new physician revealed an e evated blood pressure
[142/100 millimetersof mercury (mmHg)], weight
of 250 pounds, elevated lipids, and anormal EKG
Hewasdiagnosed with hypertenson, hyperlipidemia,
and obesity. Hewasadvised to consumealow fat,
low cholesteral, low sodiumdiet. Follow-up blood
chemistry revealed elevated cholesterol [210
milligramsper deciliter (mg/dL)(normal <200 mg/
dL), devatedlow densty lipoprotein (LDL) 146 mg/
dL (normal <129 mg/dL), and an elevated
cholesterol/high dengity lipoprotein (chol/HDL ) ratio
5.53 (normal <4.97)].

On December 29, 2003, he suffered a syncopal
(unexplainedlossof consciousness) episodeandwas
hospitalized. An EKG revealed sinustachycardia
(heart rate of 105 beats per minute) (normal range
60-100 beats per minute) and probable left

ventricular hypertrophy (LVH) by voltagecriteriawith
non-specific ST-T wave abnormalities. His
subsequent work-up was significant for anormal
head computed tomography (CT) scan, normd pulse
oximetry, and normal blood glucose, but lung tests
(spirometry) showed a combined restrictive and
obstructivea rwaysdiseasewith post-bronchodil ator
improvement in flow rates. Cardiac work-up
included aDoppler echocardiogram significant for
anenlarged | eft atrium and asclerotic-looking mitral
vavewithnodgnificant senoss Athdliumexercise
stresstest (EST) was conducted using the Bruce
protocol. TheFF-Pexercised for 7 minutesand 15
seconds, stopping dueto shortness of breath. He
achieved aV O, max of 24 millilitersper kilogram of
body weight per minute (ml/kg/min) or 6.82
metabolic equivaents(METS), whichisconsidered
poor aerobic capacity (fitness).>? Hedid not develop
chest pain, ischemic changes on his EKG, or
arrhythmias, reaching amaximum heart rate of 138
(80% of maximum). Thethdlium portionof theEST
revededafixedinferior gpica defect; thedefect being
present on both resting and stressimages. Thistype
of image suggests an old (remote) heart attack,
otherwiseknown asamyocardia infarction (M1).
The gated SPECT images revealed normal wall
motion with anormal gection fraction of 51%. A
Holter monitor was negative. His physicians
concluded hissyncopewasa*®vagal” episode due
todehydrationwithapossblevird syndrome, obesity
hypoventilation syndrome, and obstructive sleep
apnea.

The FF-P had some shortness of breath on exertion,
someoccasional pal pitations (fast heart beats), and
some episodes of chest pain with diaphoresis
(sweating) during thetwo to threeweeksprior tohis
death including. He self-medicated with one
sublingua nitroglycerintablet that resolved hischest
pain, but did not seek medical advice. Subsequently,
therewereintermittent episodesof mild chest pain
usually with exertion, but resolved with rest. The
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last episode was December 26, 2003. He had
increasing lower extremity edemafor thelast few
months but no calf pain. A follow-up visit to his
primary care physician revealed ablood pressure of
158/90 mmHg. An EKG revealed T-wave
depression in leads I, 1Il, F, and V#¢. He was
apparently cleared for duty.

At the time of his death, the FF-P weighed
approximately 250 poundsand was 70 inchestall,
giving himabody massindex (BMI) of 36 kilograms
per square meter (kg/m?). (A BMI over 30.0 kg/m?
isconsidered obese).® According to hiswifeand
crew members, the FF-P did not have any other

syncopa episodes.

DESCRIPTION OF THE FIRE
DEPARTMENT

At the time of the NIOSH investigation, the
combination Fire Department consisted of 15
career uniformed personnel and 15 call personnel
that served apopulation of 30,000 during the day
and 7,000 permanent residents at night in a
geographic areaof 16.5 square miles. Thereis
onefirestation. The FD staffsan enginewith at
|east three personnel. Incoming personnel provide
staffing on each successive engineand ladder. Fire
fighterswork the following schedule: day shift
(0730 hoursto 1730 hours) for two days, night
shift (1730 hoursto 0730 hours) for two nights,
then are off-duty for four days. Emergency
Medical Service is a component of the Fire
Department.

In 2003, the FD responded to 2,534 calls: 15
structurefires, 33 vehiclefires, 8 brush/grassfires,
17 other fires, 4 outside fires, 221 motor vehicle
accidents, 2 extrications, 37 mutual aid cals, 50
hazardous condition calls, 1024 emergency medical
calls, 125firealarms, 116 public servicecals, 76
details, 25 falsealarms, 18firedrills, 5 Med-flight

cals, 2 policeassst cdls, 256 ingpections, and 391
other cdls.

Training. TheFD requiresal new career firefighter
gpplicantsto passthe State Civil ServiceCommission
wellness examination, psychological exam, and
physical ability test and aninterview prior to being
givenacondition of employment. Newly hiredfire
fightersare on probation for oneyear. If they have
previousfirefighter training, they may respond to
firesand will receive additional training at theMA
FreFightingAcademy. If thenewly hiredfirefighter
hasonly medical training, they may respond only to
medicd callsand will receivefirefighter training at
the MA FireFighting Academy. Company officers
monitor new hiretraining and at the end of theone
year probationary period, thefirefighter hasachieved
training to the Fire Fighter 11 and First Responder
leve.

Recurrent training occursdaily on each shift. The
State minimum requirements for fire fighter
certification are: (1) the candidate must be at |east
18 yearsof age, (2) possessahigh school diploma
or GED, (3) beamember of the MA fire service,
and (4) completethe State Fire Fighter | and |1 and
First Responder course. There is no State
requirement for firefighter recertification. Thevictim
wascertified asaFireFighter |1, Emergency Medica
Technician-Paramedic, and Crash-Fire-Rescue.
Whileonly employed onthisFD for 5 years, hehad
32yearsof firefighting experience.

Pre-placement Evaluations. The FD requires a
pre-placement medical evaluation for career new
hires, regardless of age. The components of this
evaluation, mandated by the Human Resources
Division of the Commonweal th of M assachusetts
since1996. Componentsof thisevauationinclude
thefollowing:

* A completemedica history

o Vitddgns

Page 4



Y,

£

(A

(THIOSH

Fire Fighter Fatality Investigation
And Prevention Program

Fatality Assessment and Control Evaluation
Investigative Report #~2004-08

Fire Fighter Suffers Sudden Cardiac Death After Emergency Recall - Massachusetts

» Physcd examination
»  Pulmonary functiontest (PFT)

* RedingeKG

»  Completeblood count (CBC)
e Urindyss

e Audiogram

* Visonscreen
* Tuberculoss/latex screening
* Regpirator clearance

These evaluations are performed by a contract
physician with guidance from the State Human
ResourcesDivison. Oncethisevduationiscomplete,
the physician makes a determination regarding
medicd dearancefor firefighting dutiesand forwards
thisdecisiontothe City’spersonnel director.

Periodic Evaluations

1N 1996, the State of M assachusettsmandated annua
firefighter physical examinations, but did not provide
funding. Consequently, this FD did not require
periodic medical evaluations. Additionally, aspart
of the State’s Wellness Act, fire fighters are not
permitted to smoke cigarettesor cigars. Medical
clearance for self-contained breathing apparatus
(SCBA) useandfor firesuppressionisrequired for
new-hire career firefightersonly.

If an employeeisinjured at work, or isill and off
work for more than five shifts, the employee is
evauated by their persona physician, who forwards
their recommendation regarding “ returntowork” to
the City Personnel Director, who makesthefinal
determination. Thereisamandatory wellnessfitness
program for fire fighters hired under the State
W InessAct, includingmembershipinaloca hedth
club. Thereisavoluntary wellnessffitness program
for theother career firefighterswho areoffered hedth
club memberships. Exercise (strength and aerobic)
equipment isnot currently availableinthefiregtation.
The FF-P did not take advantage of this fitness
programand did not exerciseregularly.

The FF-Pwascleared for duty by hisprimary care
physicianfollowing hissyncopa episodetwo weeks
prior to hisdeath.

DISCUSSION

In the United States, coronary artery disease
(atheroscleross) isthe most common risk factor for
cardiac arrest and sudden cardiac death.* Risk
factorsfor itsdevelopment includeincreasing age,
male gender, family history of coronary artery
disease, smoking, high blood pressure (systolic >140
mmHg or diastolic > 90 mmHg), high blood
cholesteral (tota cholesterol > 240 mg/dL ), obesity/
physical inactivity, and diabetes> Thedeceased had
six of theserisk factors (increasing age, maegender,
family history, high blood pressure, high blood
cholesteral, and obesity/physicd inactivity).

The narrowing of the coronary arteries by
atherosclerotic plagues occurs over many years,
typically decades.® However, the growth of these
plaques probably occursinanonlinear, often abrupt
fashion.” Heart attacks typically occur with the
sudden development of complete blockage
(occlusion) inoneor morecoronary arteriesthat have
not developed acallaterd blood supply.2 Thissudden
blockageisprimarily dueto blood clots(thrombosis)
forming on thetop of atherosclerotic plagues.

Itisalso possible/probablethat the FF-P suffered a
heart attack. Theterm“probable” isused because
autopsy findings (thrombusformation), blood tests
(cardiacisoenzymes), or ECG findingsarerequired
to*confirm” aheart attack [myocardial infarction
(M1)]. Noautopsy was performed, the FF-P died
prior to the cardiac isoenzymes becoming positive,
and he had no heart beat to show the characteristic
findingsof aheart attack onhisEKG

Anginaisthe most common presenting symptom of
myocardial ischemiaand underlying CAD, butin
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many persons the first evidence of CAD may be
myocardid infarction or suddendeath.® Inretrospect,
the FF-P had symptoms very suggestive of angina
(chest pain on exertion, relieved by rest and
nitroglycerin, associated with shortness of breath,
digphoresis, and pa pitations). However, histhalium
EST wasnot positivefor ischemia. Closer scrutiny
of thistest suggestshewasnot ableto exerciselong
enough (stopped secondary to fatigue) to uncover
hisprobable underlying CAD.

Another explanation for the FF-P' ssudden cardiac
death could berelated to hishypertension (HTN).
HTN isassociated with heart rhythm problems, some
of which can belife-threatening.

Firefighting iswidely acknowledged to be one of
the most physically demanding and hazardous of
al civilianoccupations.®® Firefighting activitiesare
strenuous and often require firefightersto work
at near maximal heart ratesfor long periods. The
increase in heart rate has been shown to begin
with responding to theinitial alarm and persist
through the course of fire suppression activities.*
13 Even when energy costs are moderate (as
measured by oxygen consumption) and work is
performed in athermoneutral environment, heart
rates may be high (over 170 beats per minute)
owing to theinsulative properties of the personal
protective clothing.’* Epidemiologic studieshave
found that heavy physical exertion sometimes
immediately precedes and triggers the onset of
acute heart attacks.™>*® The deceased responded
to hisfire station and assisted with stocking anew
ambulance, including moving some heavy items.
Thisisconsidered amoderate level of physical
exertion.’®® Thephysical stressof responding to
the alarm, moving some heavy equipment to stock
the ambulance, and his probable underlying
atherosclerotic CAD contributed to this fire
fighter’s “probable heart attack” and sudden
cardiac death. Most lifethreatening arrhythmias

associated with M1’s occur during the 24 hours
after symptomsfirst began. 2+

Recurrent syncopeis considered a“ Category A”
condition that would preclude a person from
performing asamember inatraining or emergency
operationa environment by presenting asignificant
risk to the safety and hedlth of the person or others.
Recurrent syncope can result in the potential for
sudden incapacitation.?* The FF-P, however, had
only one episode of syncope, which would be
considered a” Category B” condition. A Category
B conditionisamedical condition that, based onits
severity or degree, could preclude aperson from
performing asamember inatraining or emergency
operational environment by presenting asignificant
risk to the safety and hedlth of the person or others.

RECOMMENDATIONS
Thefollowing recommendationsaddresshedth and
safety generdly.

Recommendation #1: | mplement the annual
medical evaluations mandated by the Sate or
recommended by NFPA 1582.

TheCity and Unionshouldwor k together toestablish
the content and frequency in order to be consistent
with the State regulations or national consensus
guiddines(NFPA).

Recommendation #2: Phase in a mandatory
wellness/fitness program for fire fighters to
reduce risk factors for cardiovascular disease
and improve cardiovascular capacity.

NFPA 1500, Standard on Fire Department
Occupationa Safety and Health Program, requires
awellnessprogram that provides health promotion
activities for preventing health problems and
enhancing overall well-being.?®> NFPA 1583,
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Standard on Health-Rel ated Fitness Programsfor
Fire Fighters, providesthe minimum regquirements
for a health-related fitness program.?® Physical
inectivity isthemost prevalent modifiablerisk factor
for CAD intheUnited States. Additiondly, physical
inectivity, or lack of exercise, isassociated with other
risk factors, namely obesity and diabetes?” In1997,
theInternationa Association of FireFighters(IAFF)
and the International Association of Fire Chiefs
(IAFC) published acomprehensve Fire Service Joint
L abor/Management Wellness/Fitness I nitiativeto
improvefirefighter qudity of lifeandmaintain physica
and mental capabilities of firefighters. Tenfire
departmentsacrosstheUnited Statesjoined thiseffort
to pool information about their physical fithess
programs and to create a practical fire service
program. They produced a manual and a video
detailing elements of such aprogram.? TheFire
Department should review thesematerid stoidentify
gpplicabledementsfor the Department. Other large-
city negotiated programs can also bereviewed as
potential models. Wellness programs have been
shownto be cost effective, typically by reducing the
number of work-related injuries and lost work
days.?3! A similar cost savings has been reported
by the wellness program at the Phoenix Fire
Department, where a 12-year commitment has
resulted inasignificant reductioninther disability
pension costs.®

Recommendation #3: Perform an annual
physical performance (physical ability)
evaluation for ALL firefightersto ensurefire
fightersare physically capable of performing
the essential job tasks of structural fire
fighting.

NFPA 1500 requires fire department members
who engagein emergency operationsto beannudly
evaluated and certified by thefire department as
meeting the physical performance requirements
identified in paragraph 8-2.1.%

Thefollowing recommendations are safety and
health measures, but not contributory to this
fatdity:

Recommendation #4. Perform an autopsy on
all on-duty fire fighter fatalities.

In 1995, the United States Fire Administration

(USFA) publisned the Firefighter Autopsy

Protocol . Thispublication hopesto provide*amore

thorough documentation of the causesof firefighter

deathsfor three purposes:

1. toadvancetheandyssof thecausesof firefighter
deathsto aid in the development of improved
firefighter health and safety equipment,
procedures, and standards;

2. tohelpdetermineeligibility for death benefits
under the Federal government’s Public Safety
Officer Benefits Program, aswell as state and
loca programs; and

3. toaddressanincreasinginterest inthe study of
deaths that could be related to occupational
ilInesses among firefighters, both active and
retired.”

Recommendation #5: Provide pre-placement
medical evaluations to ALL fire fighters
consistent with NFPA 1582 or State mandate
to determine their 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 evaluationsand examinationsfor
firefighterscan befound in NFPA 1582, Standard
on Comprehensive Occupationa Medica Program
for Fire Departments,® and in the report of the
Internationa Associationof FreFghters/Internationa
Association of Fire Chiefs (IAFF/1AFC) wellness/
fitnessinitiative.? The Departmentisnot legally
required tofollow any of these standards.
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The success of medical programs hinges on
protecting theaffected firefighter. The Department
must 1) keep the medical records confidential, 2)
provide aternate duty positionsfor firefightersin
rehabilitation programs, and 3) if thefirefighter is
not medicaly qudifiedtoreturntoactivefirefighting
duties, provide permanent alternate duty positions
or other supportive and/or compensated
alternatives.

Recommendation #6. Provide adequate fire
fighter staffing to ensure safe operating
conditions.

Currently, the FD gteffsitsfirgt-dueenginewiththree
personnel and itsadditional responding apparatus
withtwo-threecall personnel. NFPA 1710 requires
that “ on-duty personnel assigned tofiresuppression
shd| beorganized into company unitsand shdl have
appropriate apparatus and equipment assigned to
such companies.”* Those companiesmay respond
with two apparatus, depending on the seating
configuration of the apparatus to ensure four
personnel arrive on scene.® Personnel assigned to
theinitia arriving company shal havethecapability
to implement an initial rapid intervention crew
(IRIC),*whichrequiresfour personnd (twoto enter
the structure and two standing by outside). NFPA
1500 recommends that “members operating in
hazardousareasat emergency incidentsshall operate
inteams of two or more.” ?® Understaffing causes
those members on-scene to work harder and for
longer periodsof time. Additiondly, it requiresthe
use of extrafire companiesin order to meet the
demand for manpower. Engine and Ladder
Companiesshould be staffed with four personnel at
aminimum.
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