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Executive Summary
On September 25, 2011, a 38-year-old male
volunteer lieutenant (LT) was serving as the
instructor-in-charge during live fire training.
The LT spent about 60 minutes setting up the
training drills and then spent about 30 minutes
debriefing and orienting the instructors and
trainees. He was inside the specially designed
burn building attending the fires when his low
air alarm sounded and he exited the building.
After changing his air cylinder, he began debriefing the fire department (FD) chief when
he suddenly lost consciousness. Fellow firefighters immediately began cardiopulmonary
resuscitation (CPR) and attached an automated
external defibrillator (AED) which delivered a
series of shocks that did not revive the LT. An
ambulance arrived on scene about 12 minutes
after the LT collapsed and provided advanced
life support (ALS) while en route to the local hospital’s emergency department. Despite
these efforts, the LT never regained consciousness and was pronounced dead at the hospital
at 1120 hours, approximately 40 minutes after
losing consciousness. The death certificate
and autopsy listed “cardiac dysrhythmia due
to hypertrophic cardiomegaly” as the cause of
death. Given the underlying heart abnormalities found at autopsy, the moderate-to-heavy
physical exertion during the training most
likely triggered a sudden cardiac event.

The following recommendations probably
would not have prevented this LT’s death.
Nonetheless, NIOSH investigators offer these
recommendations to address general safety and
health issues:
Provide preplacement and annual medical
evaluations to all fire fighters in accordance
with NFPA 1582, Standard on Comprehensive Occupational Medical Program for Fire
Departments.
Develop a mandatory comprehensive wellness
and fitness program to reduce risk factors for
cardiovascular disease and improve cardiovascular capacity.
Perform an annual physical performance
(physical ability) evaluation.
Provide fire fighters with medical clearance
to wear self-contained breathing apparatus
(SCBA) as part of the FD annual medical
evaluation program.
Provide on-scene emergency medical services
with advanced life support and transport capability during live fire training as required
in NFPA 1403, Standard on Live Fire Training Evolutions.
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The National Institute for Occupational Safety and Health (NIOSH), an institute within the Centers for Disease Control and Prevention (CDC), is the
federal agency responsible for conducting research and making recommendations for the prevention of work-related injury and illness. In 1998, Congress
appropriated funds to NIOSH to conduct a fire fighter initiative that resulted in the NIOSH “Fire Fighter Fatality Investigation and Prevention Program”
which examines line-of-duty-deaths or on duty deaths of fire fighters to assist fire departments, fire fighters, the fire service and others to prevent similar
fire fighter deaths in the future. The agency does not enforce compliance with State or Federal occupational safety and health standards and does not
determine fault or assign blame. Participation of fire departments and individuals in NIOSH investigations is voluntary. Under its program, NIOSH
investigators interview persons with knowledge of the incident who agree to be interviewed and review available records to develop a description of
the conditions and circumstances leading to the death(s). Interviewees are not asked to sign sworn statements and interviews are not recorded. The
agency’s reports do not name the victim, the fire department or those interviewed. The NIOSH report’s summary of the conditions and circumstances
surrounding the fatality is intended to provide context to the agency’s recommendations and is not intended to be definitive for purposes of determining
any claim or benefit. For further information, visit the program website at www.cdc.gov/niosh/fire or call toll free 1-800-CDC-INFO (1-800-232-4636).
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Introduction & Methods

Investigative Results

On September 25, 2011, a 38-year-old male volunteer LT died after suffering a sudden cardiac
event during firefighting training. The LT was
the instructor-in-charge during a live fire training
drill when he suddenly collapsed between training
evolutions. NIOSH was notified of this fatality
on September 26, 2011, by the United States Fire
Administration. NIOSH contacted the affected
department on September 29, 2011, and again on
April 25, 2012, to obtain further information and
to initiate the investigation. On May 1, 2012, ,
a contractor for the NIOSH Fire Fighter Fatality
Investigation Team (the NIOSH investigator) conducted an on-site investigation of the incident.

Incident. The LT’s FD and two other area FDs held a
live fire training exercise on September 25, 2011. The
LT was the “instructor-in-charge” and arrived at the
facility at approximately 0730 hours, along with other
instructors, to prepare for the training. In addition to
instructor-in-charge duties, the LT performed moderate to strenuous work that included carrying and
positioning pallets and straw in the burn.

During the investigation, NIOSH personnel interviewed the following people:
●● Fire Chief
●● Deputy Chief
●● Crew members involved in training exercises
●● Responding ambulance emergency medical
technician (EMT) and paramedic
●● LT’s wife
NIOSH personnel reviewed the following
documents:
●● FD incident report
●● FD training records
●● Emergency Medical Services (EMS) report
●● Hospital records
●● Death certificate
●● Autopsy report
●● Primary care physician medical records

Members began arriving at approximately 0830 hours
and the training began at 0900 hours. It was a cool
morning with temperature peaking at approximately
75 degrees (°) Fahrenheit (F) by noon [Weather Underground 2012]. Prior to training the LT gave a full
briefing and walk through of the training structure for
all members, emphasizing safety and egress features
of the building, parameters of the burn, mayday procedures, emergency exits, radio protocol, and the overall
goals of the training. At approximately 0900 hours the
first fire was lit. The fire did not burn well due to moisture in the burn material and the LT and other instructors spent approximately 45 minutes getting the proper
building temperature. At approximately 0945 hours the
first evolution was performed, with crews entering the
building, advancing through a large open room, entering the burn room, and extinguishing the fire. It was
estimated that the evolution took 5-7 minutes.
Because the fire was not burning well on the first floor,
the LT and another instructor went to the second floor
to start a second fire while two other instructors stayed
on the first floor to continue with another evolution of
fire suppression drills. The LT and another instructor
started a fire on the second floor. Shortly thereafter,
their low-air alarms sounded and both instructors exited
the building to change their air cylinders.
While having his air cylinder changed, the LT spoke
with several firefighters and instructors who noted his
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Investigative Results (cont.)
red face, but all thought he was interacting in a normal
manner. When asked about his red face, the LT responded that he was “somewhat hot” but he felt fine.
Once his air cylinder was changed, the LT discussed
the specifics of the day’s training with the FD chief
and other officers. He was on one knee talking with
the chief when he suddenly collapsed.
Firefighters trained in EMS immediately began CPR.
A police officer who witnessed the collapse immediately radioed the dispatch center and an ambulance
was dispatched at 1038 hours. On-scene personnel
removed the LT’s clothing while others retrieved an
AED. The AED leads were attached to the LT and the
AED advised that a shock be administered. A total of
6 shocks were advised by the AED and administered
by personnel on-scene. CPR was continued with oxygen provided by bag-valve mask.
The ambulance (an ALS unit) arrived on scene at
1050 hours. EMS personnel found the LT not breathing, pulseless, unresponsive and cyanotic (bluish in
color). The LT was placed on a backboard and attached to a LUCAS® device, which provides automated chest compressions. He was then moved to a
stretcher and loaded into the ambulance. The LT was
attached to a cardiac monitor that revealed ventricular
fibrillation. The LT was defibrillated six times prior
to departure from the training facility at 1058 hours.
En route to the hospital’s ED, the paramedic secured
the LT’s airway with a double lumen device (King
airway®) because oral intubation was unsuccessful.
Placement was confirmed by bilateral breath sounds
and end tidal carbon dioxide monitoring. Intravenous
access was either not attempted or unsuccessful, so
intraosseous access was gained in the LT’s right tibial
tuberosity; normal saline was administered. The LT
was also provided with three doses of epinephrine. A
second rhythm check revealed continued ventricular

fibrillation and the LT was defibrillated again with a
rhythm change to asystole, which persisted throughout transport. CPR and bag-value mask ventilations
with supplemental oxygen were continued throughout
transport.
The ambulance arrived at the Emergency Department
at 1118 hours, approximately 40 minutes after the
LT’s collapse. Given that the LT had been in cardiac
arrest for such a long period of time, CPR and ALS
continued in the ED for only 2 minutes. The LT was
declared dead at 1120 hours.
Medical Findings. The death certificate and autopsy,
which were completed by a forensic pathologist in
the coroner’s office, listed “cardiac dysrhythmia due
to hypertrophic cardiomegaly” as the cause of death.
The autopsy findings included evidence of cardiomegaly, biventricular dilation, left ventricular hypertrophy, and minimal atherosclerotic coronary artery
disease. Specific findings from the autopsy report are
listed in Appendix A. The LT was 71.5 inches tall
and weighed approximately 290 pounds, giving him a
body mass index of 39.9 kilograms per square meter.
A body mass index of 30 kilograms per square meter
or greater is considered obese [CDC 2011].
The LT had his last medical examination with his
primary care physician in March 2010. The medical evaluation and laboratory work indicated that the
LT had hypothyroidism, a normal electrocardiogram
(EKG), and “elevated blood pressure without diagnosis of hypertension.” His blood pressure during this
visit was 142/96 millimeters of mercury. The LT’s
medical records include a finding of “mild cardiac
enlargement” reported from a chest x-ray in March
2008, prior to a minor surgical procedure. Medical
records available to NIOSH suggest this finding was
never further evaluated.
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Description of the Fire Department

Discussion

The Pathophysiology of Sudden Cardiac
Death. This LT experienced a cardiac arrest
and sudden cardiac death while serving as the
instructor-in-charge of live fire training. The
most common risk factor for cardiac arrest and
sudden cardiac death is coronary heart disMembership and Training. The FD requires new ease, defined as the build-up of atherosclerotic
plaque in the coronary arteries [AHA 2012].
fire fighter applicants to be 18 years of age, have
The autopsy report found no evidence of either
a valid driver’s license, and pass a background
coronary thrombosis or significant coronary
check. Probationary new members must attend
atherosclerosis. Thus, it appears that the LT
meetings and departmental training and are aldid not suffer a heart attack (myocardial infarclowed to ride along on emergency calls. After 6
months, the Fire Chief presents the new probation- tion).
ary member to the Board to be voted on for continuing membership. The LT had been a member Sudden cardiac death can also be caused by
of the department for approximately 20 years and fatal arrhythmias (disruption in the electrical
signal of the heart). Autopsy findings sughad served in the rank of lieutenant for 5 years.
gested the LT had several cardiac conditions
associated with sudden cardiac death (fatal
Preplacement and Periodic Medical Evaluaarrhythmias) including mitral valve prolapse,
tions. The FD does not require preplacement
medical evaluations for applicants, or periodic myocardial bridging, left ventricular hypertrophy, and possible hypertrophic cardiomyopathy
(annual) evaluations for members. The FD
(HCM).
does not require medical clearance for SCBA
use nor does it require a physical ability tests
Mitral Valve Prolapse. The LT was not diagfor candidates or members. Members who
have a serious injury or illness must be cleared nosed with mitral valve prolapse but autopsy
findings included evidence of ballooning deby their personal physician before they can
generation in the mitral valve which is consisreturn to firefighting responsibilities.
tent with mitral valve prolapse. Mitral valve
prolapse occurs when one or both of the mitral
valve leaflets slip into the left atrium during
systole (contraction of the heart muscle). It is
the most common heart valve disorder, affecting about 2-4% of the population. Both sexes
and all ages can be affected [Braunwald 2005].
At the time of the NIOSH investigation, this
volunteer FD consisted of two fire stations with
60 uniformed personnel. It served a population of
approximately 18,000 residents in a geographical
area of approximately 16 square miles.

Clinical presentations range from asymptomatic heart murmurs to severe mitral valve
regurgitation with symptoms of fatigue, shortPage 5
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Discussion (cont.)
ness of breath on exertion, and reduced exercise tolerance [Braunwald 2005]. Individuals
with mitral valve prolapse are at increased risk
of sudden cardiac death. Studies estimate the
risk of ventricular tachycardia and ventricular
fibrillation to be about 2% per year with a 1%
mortality rate [Vohra et al. 1993; Martini et al.
1995]. Risk factors for sudden cardiac death
among mitral valve prolapse patients include
a family history of sudden cardiac death at a
young age, a history of fainting or previous
cardiac arrest, prolonged QT interval on EKG,
complex ventricular arrhythmias, severe mitral
regurgitation, increased left ventricle or left
atrial size, and thickened and redundant mitral
valve leaflets [Kligfield et al. 1987; Boudoulas
and Wooley 2000; Priori et al. 2002].

Left Ventricular Hypertrophy. Left ventricular
hypertrophy increases the risk for sudden cardiac death [Levy et al. 1990]. Hypertrophy of
the heart’s left ventricle is a relatively common
finding among individuals with long-standing
high blood pressure, a heart valve problem, or
chronic cardiac ischemia (reduced blood supply to the heart muscle) [Siegel 1997].

Hypertrophic Cardiomyopathy. At autopsy
the LT had evidence suggestive of hypertrophic cardiomyopathy, including occasional
patchy fibrosis, hypertrophic myocytes, and
wavy fibers. However, there was no evidence
of myocardial disarray which is a histopathological hallmark of hypertrophic cardiomyopathy [Ho and Seidman 2006].
HCM due to no known cause (idiopathic) is a
Myocardial Bridging. At autopsy, the LT had
relatively rare heart condition, affecting apevidence of myocardial bridging in the left
proximately 0.2% of the population [Spirito
anterior descending coronary artery. Myocaret al. 1997]. Diagnosis is typically made by
dial bridging is when a portion of a coronary
echocardiogram and EKG findings. The maartery tunnels into the myocardium, creating
jority of patients are asymptomatic, and suda muscle-bridge overlap. Myocardial bridgden cardiac death is often the first clinical
ing is relatively common. It has been reported manifestation [Wynne and Braunwald 2001].
in 0.5% to 16% of angiographic studies and
Myocardial bridging has been found in up to
15% to 85% of autopsies [Mohlenkamp et al.
30% of patients with HCM with some authors
2002]. Compression of the coronary artery due hypothesizing that myocardial bridging exto the muscular band occurs during systole and plains the cardiac ischemia frequently found
sometime extends into diastole. It has been
in HCM patients [Kitazume et el. 1983; Naassociated with sudden cardiac death [Morales varro-Lopez et al. 1986; Cannon et al. 1991;
et al. 1980; Cutler and Wallace 1997], ischemia Crowley et al. 1997; Kyriakidid et al. 1997;
[Ge et al. 1994; Schwarz et al. 1996], myocar- Yetman et al. 1998]. Approximately half of
dial infarction [Chee et al. 1981; Feldman and the idiopathic HCM cases are transmitted
Baughman 1986; Bestetti et al. 1987; Vasan
genetically, typically as an autosomal domiet al. 1989], arrhythmia [den Dulk et al. 1983;
nant trait. Because of this, medical evaluation
Kracoff et al. 1987; Feld et al. 1991], and coro- of first-degree relatives is warranted to deternary artery spasm [Teragawa et al. 2003].
mine whether screening tests (e.g., echocardiogram) are appropriate.
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Discussion (cont.)
The LT was asymptomatic had no documented
history of high blood pressure or a heart valve
problem. On autopsy, the FF was found to
have cardiomegaly (an enlarged heart), left
ventricular hypertrophy, ballooning degeneration of the mitral valve, and myocardial bridging. An echocardiogram is the most common
method of detecting valvular problems, left
ventricular hypertrophy, or cardiomegaly but
would not be indicated without cardiac symptoms. A chest x-ray performed in 2008 noted
mild heart enlargement but there is no indication that this finding was seen as significant.
Although the EKG is an insensitive screening test for left ventricular hypertrophy, it can
sometimes indicate the need for additional
testing. The LT had an EKG performed by his
primary care physician in 2010, but no indication of abnormal results. Based on the autopsy
findings and the clinical scenario, the NIOSH
investigators conclude that the LT died from a
cardiac arrhythmia triggered by physical exertion. It is unclear which underlying condition,
or combination of conditions, was responsible
for the arrhythmia.

owing to the insulative properties of the personal protective clothing [Smith et al. 1995].
The LT had been on site for approximately 3
hours prior to his collapse. An hour and half
of those 3 hours were in full turnout gear while
consuming one cylinder of air from his SCBA.
Given that the LT did not complain of any
symptoms of heat-related illness and that the
instructors had a difficult time generating heat
for the burn building, it is unclear what role, if
any, heat stress played in triggering his sudden
cardiac death.

The LT was engaged in moderate to heavy
physical exertion. Epidemiologic studies in
the general population have found that heavy
physical exertion can trigger a heart attack and
cause sudden cardiac death [Tofler et al. 1992;
Mittleman et al. 1993; Willich et al. 1993; Albert et al. 2000]. Epidemiologic studies among
fire fighters have shown that fire suppression,
training, alarm response, or strenuous physical
activity on the job in the preceding 12 hours
increases the risk for a sudden cardiac event
[Kales et al. 2003; Hales et al. 2007; Kales et
al. 2007]. Given the LT’s underlying cardiac
abnormalities, the NIOSH investigators conPhysiological Stress of Firefighting. Firefight- clude that he most likely suffered a heart aring is widely acknowledged to be physically
rhythmia triggered by the physical activity at
demanding, requiring fire fighters to work
the live fire training.
at near maximal heart rates for long periods
and causing significant physiological disruption [Barnard and Duncan 1975; Lemon and
Hermiston 1977; Manning and Griggs 1983;
Jankovic et al. 1991; Smith et al. 2001]. Even
when energy costs are moderate (as measured
by oxygen consumption) and work is performed in a thermoneutral environment, heart
rates may be high (over 170 beats per minute)
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Recommendations
Given the LT’s relatively young age (38 years old)
and lack of symptoms, the following recommendations probably would not have prevented the LT’s
death. NIOSH investigators, however, offer these
recommendations to address general safety and
health issues including the prevention of sudden
cardiac death among other members of the FD.
Recommendation #1: Provide preplacement and
annual medical evaluations to all fire fighters
consistent with NFPA 1582, Standard on Comprehensive Occupational Medical Program for Fire
Departments.
Guidance regarding the content and frequency of
these medical evaluations can be found in NFPA
1582 and in the International Association of Fire
Fighters (IAFF)/International Association of Fire
Chiefs (IAFC) Fire Service Joint Labor Management Wellness/Fitness Initiative [NFPA 2007a;
IAFF, IAFC 2008]. These evaluations are performed to determine fire fighters’ medical ability to
perform duties without presenting a significant risk
to the safety and health of themselves or others. To
ensure improved health and safety of candidates
and members and to ensure continuity of medical evaluations, it is recommended the FD comply
with this recommendation. However, the FD is not
legally required to follow the NFPA standard or the
IAFF/IAFC initiative. In addition, applying this
recommendation involves economic repercussions
and may be particularly difficult for smaller fire
departments to implement.
To overcome the financial obstacle of medical
evaluations, the FD could urge current members
to get annual medical clearances from their private
physicians. Another option is having the annual
medical evaluations completed by paramedics

and EMTs from the local ambulance service (vital
signs, height, weight, visual acuity, and EKG). This
information could then be provided to a community
physician (perhaps volunteering his or her time),
who could review the data and provide medical
clearance (or further evaluation, if needed). The
more extensive portions of the medical evaluations
could be performed by a private physician at the
fire fighter’s expense (personal or through insurance), provided by a physician volunteer, or paid
for by the FD, city, or state. Sharing the financial
responsibility for these evaluations between fire
fighters, the FD, the city, the state, and physician
volunteers may reduce the negative financial impact
on recruiting and retaining needed fire fighters.
Recommendation #2: Develop a mandatory comprehensive wellness and fitness program to reduce
risk factors for cardiovascular disease and improve cardiovascular capacity.
Guidance for fire department wellness/fitness
programs to reduce risk factors for cardiovascular
disease and improve cardiovascular capacity is
found in NFPA 1583, Standard on Health-Related
Fitness Programs for Fire Fighters, the IAFF/
IAFC Fire Service Joint Labor Management Wellness/Fitness Initiative, the National Volunteer
Fire Council (NVFC) Health and Wellness Guide,
and in Firefighter Fitness: A Health and Wellness
Guide [USFA 2004; IAFF, IAFC 2008; NFPA
2008; Schneider 2010]. Worksite health promotion
programs have been shown to be cost effective by
increasing productivity, reducing absenteeism, and
reducing the number of work-related injuries and
lost work days [Stein et al. 2000; Aldana 2001].
Fire service health promotion programs have been
shown to reduce coronary artery disease risk factors and improve fitness levels, with mandatory
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Recommendations (cont.)
programs showing the most benefit [Dempsey et al.
2002; Womack et al. 2005; Blevins et al. 2006]. A
study conducted by the Oregon Health and Science
University reported a savings of more than $1 million for each of four large fire departments implementing the IAFF/IAFC wellness/fitness program
compared to four large fire departments not implementing a program. These savings were primarily
due to a reduction of occupational injury/illness
claims with additional savings expected from
reduced future nonoccupational healthcare costs
[Kuehl 2007]. The FD currently has a voluntary
wellness/fitness program. Given the FD’s structure,
the NVFC program would be very helpful [USFA
2004]. NIOSH recommends a formal, mandatory
wellness/fitness program to ensure all members
receive the benefits of a health promotion program.

The Occupational Safety and Health Administration
(OSHA) Revised Respiratory Protection Standard
requires employers to provide medical evaluations
and clearance for employees using respiratory
protection [29 CFR1 1910.134]. These clearance
evaluations are required for private industry employees and public employees in States operating
OSHA-approved State plans [OSHA 2011]. Pennsylvania does not operate an OSHA-approved State
plan for the public sector; therefore, public sector
employers (including volunteer/paid fire departments) are not required to comply with OSHA
standards. Although not required by law, NIOSH
investigators recommend providing fire fighters
with medical clearance to wear SCBA to ensure a
safe and effective FD.

Recommendation #5: Provide on-scene emerRecommendation #3: Perform an annual physical gency medical services with advanced life support
performance (physical ability) evaluation.
and transport capability during live fire training
as required in NFPA 1403, Standard on Live Fire
NFPA 1500, Standard on Fire Department
Training Evolutions.
Occu¬pational Safety and Health Program recommends that the FD annually evaluate and certify
NFPA 1403 requires emergency medical services
FD members who engage in emergency operations be on scene during all live fire exercises including
as having met the physical performance requireexterior props. Emergency medical services are
ments identified in Paragraph 10.2.3 of the standard defined as “the provision of treatment, such as first
[NFPA 2007b]. This is recommended to ensure
aid, CPR, basic life support, advanced life support,
that fire fighters are physically capable of perform- and other pre-hospital procedures including ambuing the essential job tasks of structural fire fighting. lance transportation, to patients.” [NFPA 2007c].
The physical ability test could be performed as part These EMS personnel must remain on scene until
of the FD’s training program.
all exercises are concluded, equipment is restored to
an in-service condition, and students are released.
Recommendation #4: Provide fire fighters with
medical clearance to wear self-contained breathAlthough it took approximately 12 minutes for an
ing apparatus as part of the FD’s annual medical ALS unit to arrive on scene, the LT received imevaluation program.
mediate CPR and the application of an AED. It is
unlikely that on-scene ALS and/or transport would
have changed the outcome in this case.
Page 9

A Summary of a NIOSH fire fighter fatality investigation

Report #2011-28

Instructor-in-Charge Suffers Sudden Cardiac Death During Live
Fire Training – Pennsylvania

References
AHA (American Heart Association) [2012]. Understand Your Risk of Heart Attack. [http://www.heart.
org/HEARTORG/Conditions/HeartAttack/UnderstandYourRiskofHeartAttack/Understand-Your-Riskof-Heart-Attack_UCM_002040_Article.jsp]. Date
accessed: May 2012.
Albert CM, Mittleman MA, Chae CU, Lee MI, Hennekens CH, Manson JE [2000]. Triggering of sudden
death from cardiac causes by vigorous exertion. N
Engl J Med 343(19):1355-1361.
Aldana SG [2001]. Financial impact of health promotion programs: a comprehensive review of the literature. Am J Health Promot 15:296-320.
Barnard RJ, Duncan HW [1975]. Heart rate and ECG
responses of firefighters. J Occup Med 17(4): 247-250.
Bestetti RB, Finzi LA, Amaral FT, Secches AL, and
Olivera JS [1987]. Myocardial bridging of coronary
arteries associated with an impending acute myocardial infarction. Clin Cardiol 10:129-131.
Blevins JS, Bounds R, Armstrong E, Coast JR [2006].
Health and fitness programming for fire fighters: does
it produce results? Med Sci Sports Exerc 38(5):S454.
Boudoulas J, Wooley CF [2000]. Floppy mitral valve/
mitral valve prolapse: sudden death. In:
Boudoulas J, Wooley CF (eds). Mitral valve: floppy
mitral valve, mitral valve prolapse, mitral valvular regurgitation. 2nd ed. Armonk, NY: Futura, pp. 431-48.
Braunwald E [2005]. Valvular heart disease. In:
Kasper DL, Braunwald E, Fauci AS, Hauser SL,
Longo DL, Jameson JL, eds. Harrison’s principles of
internal medicine. 16th ed. New York, NY: McGrawHill, pp. 1390-1403.

CDC (Centers for Disease Control and Prevention)
[2011]. Body Mass Index. [http://www.cdc.gov/
healthyweight/assessing/bmi/]. Date accessed: May
2012.
CFR. Code of Federal Regulations. Washington, DC:
U.S. Government Printing Office, Office of the Federal Register.
Cannon RO, Dilsizian V, O’Gara PT, Udelson JE,
Schenke WH, Quyyumi A, Fananapazir L, and
Bonow RO [1991]. Myocardial metabolic, hemodynamic, and electrocardiographic significance of
reversible thallium-201 abnormalities in hypertrophic
cardiomyopathy. Circulation 83(5):1660-1667.
Chee TP, Jensen DP, Padnick MB, Cornell WP, and
Desser KB [1981]. Myocardial bridging of the left anterior descending coronary artery resulting in subendocardial infarction. Arch Intern Med 141:1703-1704.
Crowley JJ, Dardas PS, Harcombe AA, and Shapiro
LM [1997]. Transthoracic Doppler echocardiographic
analysis of phasic coronary blood flow velocity in
hypertrophic cardiomyopathy. Heart 77:558-563.
Cutler D and Wallace JM [1997]. Myocardial bridging in a young patient with sudden death. Clin Cardiol
20(6):581-583.
Dempsey WL, Stevens SR, Snell CR [2002]. Changes
in physical performance and medical measures following a mandatory firefighter well¬ness program.
Med Sci Sports Exerc 34(5):S258.
den Dulk K, Brugada P, Braat S, Heddle B, and
Wellens HJ [1983]. Myocardial bridging as a cause if
paroxysmal atrioventricular block. J Am Coll Cardiol
1(3):965-969.
Page 10

A Summary of a NIOSH fire fighter fatality investigation

Report #2011-28

Instructor-in-Charge Suffers Sudden Cardiac Death During Live
Fire Training – Pennsylvania

References (cont.)
Feld H, Guadanino V, Hollander G, Greengart A,
Lichstein E, and Shani J [1991]. Exercise-induced
ventricular tachycardia in association with a myocardial bridge. Chest 99:1295-1296.

Kales SN, Soteriades ES, Christoudias SG, Christiani
DC [2003]. Fire fighters and on-duty deaths from
coronary heart disease: a case control study. Environ
Health 2(1):14.

Feldman AM and Baughman KL [1986]. Myocardial
infarction associated with a myocardial bridge. Am
Heart J 111(4):784-787.

Kales SN, Soteriades ES, Christophi CA, Chirstiani
DC [2007]. Emergency duties and deaths from heart
disease among fire fighters in the United States. New
Engl J Med 356:1207-1215.

Ge J, Erbel R, Rupprecht HJ, Koch L, Kearney P,
Gorge G, Haude M, and Meyer J [1994]. Comparison of intravascular ultrasound and angiography in
the assessment of myocardial bridging. Circulation
89(4):1725-1732.
Hales T, Jackson S, Baldwin T [2007]. NIOSH Alert:
Preventing Fire Fighter Fatalities Due to Heart Attacks
and Other Sudden Cardiovascular Events. Department of Health and Human Services, Public Health
Service, Centers for Disease Control and Prevention,
National Institute for Occupational Safety and Health
Publication No. 2007-133. [http://www.cdc.gov/niosh/
docs/2007-133/]. Date Accessed: May 2012
Ho CY and Seidman CE [2006]. A contemporary approach to hypertrophic cardiomyopathy. Circulation
113:e858-e862.
IAFF, IAFC [2008]. The fire service joint labor
man¬agement wellness/fitness initiative. 3rd ed.
Washing¬ton, DC: International Association of Fire
Fighters, International Association of Fire Chiefs.
Jankovic J, Jones W, Burkhart J, Noonan G [1991].
Environmental study of firefighters. Ann Occup Hyg
35:581–602.

Kitazume H, Kramer JR, Krauthamer D, El Tobgi
S, Proudfit WL, and Sones FM [1983]. Myocardial
bridges in obstructive hypertrophic cardiomyopathy.
Am Heart J 106:131-135.
Kligfield P, Hochreiter C, Niles N, Devereux RB,
Borer JS [1987]. Relation of sudden death in pure
mitral regurgitation with and without mitral valve prolapse to repetitive ventricular arrhythmias and right
and left ventricular ejection fraction. Am J Cardiol
60:397-399.
Kracoff OH, Ovsyshcher I, and Gueron M [1987].
Malignant course of a benign anomaly: Myocardial
bridging. Chest 92(6):1113-1115.
Kuehl K [2007]. Economic impact of the wellness fitness initiative. Presentation at the 2007 John P. Redmond Symposium in Chicago, IL on October 23, 2007.
Kyriakidid MK, Dernellis JM, Androulakis AE,
Kelepeshis GA, Barbetseas J, Anastasakis AN, Trikas AG, Tentolouris CA, Gialafos JE, and Toutouzas
PK [1997]. Changes in phasic coronary blood flow
velocity profile and relative coronary flow reserve in
patients with hypertrophic obstructive cardiomyopathy. Circulation 96(3):834-841.

Page 11

A Summary of a NIOSH fire fighter fatality investigation

Report #2011-28

Instructor-in-Charge Suffers Sudden Cardiac Death During Live
Fire Training – Pennsylvania

References (cont.)
Lemon PWR, Hermiston RT [1977]. The human energy cost of fire fighting. J Occup Med 19:558-565.
Levy D, Garrison RJ, Savage DD, Kannel WB,
Castelli WP [1990]. Prognostic implications of
echocardiographically determined left ventricular
mass in the Framingham Heart Study. N Engl J Med
323(24):1706–1707.
Manning JE, Griggs TR [1983]. Heart rates in fire
fighters using light and heavy breathing equipment:
Similar near-maximal exertion in response to multiple
work load conditions. J Occup Med. 25(3): 215-218.
Martini B, Basso C, Thiene G [1995]. Sudden death
in mitral valve prolapse with Holter monitoring-documented ventricular fibrillation: evidence of coexisting
arrhythmogenic right ventricular cardiomyopathy. Int
J Cardiol 49:274 –278.

NFPA [2007b]. Standard on fire department
occu¬pational safety and health program. Quincy, MA:
National Fire Protection Association. NFPA 1500.
NFPA [2007c]. Standard on live fire training evolutions. Quincy, MA: National Fire Protection Association. NFPA 1403.
NFPA [2008]. Standard on health-related fitness
programs for fire fighters. Quincy, MA: National Fire
Protection Association. NFPA 1583.
Navarro-Lopez F, Soler J, Magrina J, Esplugues E,
Pare JC, Sanz G, Betriu A [1986]. Systolic compression of coronary artery in hypertrophic cardiomyopathy. Int J Cardiol 12(3):309-320.
OSHA [2011]. State Occupational Safety and Health
Plans. [www.osha.gov/dcsp/osp/index.html]. Date accessed: May 2012.

Mittleman MA, Maclure M, Tofler GH, Sherwood JB,
Goldberg RJ, Muller JE [1993]. Triggering of acute
Priori SG, Aliot E, Blomstrom-Lundqvist C, Bossaert
myocardial infarction by heavy physical exertion. N
L, Breithardt G, Brugada P, Camm JA, Cappato R,
Engl J Med 329:1677-1683.
Cobbe SM, Di Mario C, Maron BJ, McKenna WJ,
Pedersen AK, Ravens U, Schwartz PJ, Trusz-Gluza
Mohlenkamp S, Hort W, Junbo G, and Erbel R
M, Vardas P, Wellens HJJ, Zipes DP [2002]. Task
[2002]. Update on myocardial bridging. Circulation
Force on Sudden Cardiac Death, European Society of
106:2616-2622.
Cardiology, Summary of Recommendations. Europace 4:3-18.
Morales A, Romanelli R, and Boucek R [1980]. The
Schneider EL [2010]. Firefighter fitness: a health and
mural left anterior descending coronary artery, strenuwellness guide. New York: Nova Science Publishers.
ous exercise and sudden death. Circulation 62:230-237.
Schwarz ER, Klues HG, Vom DJ, Klein I, Krebs W,
NFPA [2007a]. Standard on comprehensive
and Hanrath P [1996]. Functional, angiographic and
oc¬cupational medical program for fire departments. intracoronary Doppler flow characteristics in sympQuincy, MA: National Fire Protection Associa¬tion.
tomatic patients with myocardial bridging: Effect of
NFPA 1582.
short-term intravenous beta-blocker medication. J Am
Coll Cardiol 27(7):1637-1645.
Page 12

A Summary of a NIOSH fire fighter fatality investigation

Report #2011-28

Instructor-in-Charge Suffers Sudden Cardiac Death During Live
Fire Training – Pennsylvania
Siegel RJ [1997]. Myocardial hypertrophy. In: Bloom
S, ed. Diagnostic criteria for cardiovascular pathology acquired diseases. Philadelphia, PA: LippencottRaven, pp. 55–57.

USFA [2004]. Health and wellness guide. Emmitsburg, MD: Federal Emergency Management
Agency, United States Fire Administration. Publication No. FA-267.

Smith DL, Petruzzello SJ, Kramer JM, Warner SE,
Bone BG, Misner JE [1995]. Selected physiological
and psychobiological responses to physical activity in
different configurations of firefighting gear. Ergonomics 38(10):2065-2077.

Vasan RS, Bahl VK, and Rajani M [1989]. Myocardial infarction associated with a myocardial bridge.
Int J Cardiol 25:240-241.

Smith DL, Manning TS, Petruzzello SJ [2001]. Effect
of strenuous live-drills on cardiovascular and psychological responses of recruit fire fighters. Ergonomics
44(3): 244-254.
Spirito P, Seidman CE, McKenna WJ, Maron BJ
[1997]. The management of hypertrophic cardiomyopathy. N Engl J Med 336:775.
Stein AD, Shakour SK, Zuidema RA [2000]. Financial incentives, participation in employer sponsored
health promotion, and changes in employee health
and productivity: HealthPlus health quotient program.
J Occup Environ Med 42:1148-1155.
Teragawa H, Fukuda Y, Matsuda K, Hirao H, Higashi
Y, Yamagata T, Oshima T, Matsuura H, and Chayama
K [2003]. Myocardial bridging increases the risk of
coronary spasm. Clin Cardiol 26(8):377-383.
Tofler GH, Muller JE, Stone PH, Forman S, Solomon
RE, Knatterud GL, Braunwald E [1992]. Modifiers of
timing and possible triggers of acute myocardial infarction in the Thrombolysis in Myocardial Infarction
Phase II (TIMI II) Study Group. J Am Coll Cardiol
20:1049-1055.

Vohra J, Sathe S, Warren R, Tatoulis J, Hunt D
[1993]. Malignant ventricular arrhythmias in patients
with mitral valve prolapse and mild mitral regurgitation. Pacing Clin Electrophysiol 16:387–393.
Weather Underground [2012]. Weather Underground.
[http://www.wunderground.com/]
Accessed July 02, 2012.
Willich SN, Lewis M, Lowel H, Arntz HR, Schubert
F, Schroder R [1993]. Physical exertion as a trigger of acute myocardial infarction. N Engl J Med
329:1684-1690.
Womack JW, Humbarger CD, Green JS, Crouse
SF [2005]. Coronary artery disease risk factors in
firefighters: effectiveness of a one-year voluntary
health and wellness program. Med Sci Sports Ex¬erc
37(5):S385.
Wynne J, Braunwald E [2001]. The cardiomyopathies
and myocarditides. In: Braunwald E, Zipes DP, Libby
P, eds. Heart disease: a text of cardiovascular medicine. 6 th ed. Vol. 2. Philadelphia, PA: W.B. Saunders
Company, pp. 1760-1774.
Yetman AT, McCrindle BW, MacDonald C, Freedom
RM, and Gow R [1998]. Myocardial bridging in children with hypertrophic cardiomyopathy-a risk factor
for sudden death. N Engl J Med 339:1201-1209
Page 13

A Summary of a NIOSH fire fighter fatality investigation

Report #2011-28

Instructor-in-Charge Suffers Sudden Cardiac Death During Live
Fire Training – Pennsylvania

Investigator Information
This incident was investigated by the
NIOSH Fire Fighter Fatality Investigation
and Prevention Program, Cardiovascular
Disease Component located in Cincinnati,
Ohio. Denise L. Smith, Ph.D, led the
investigation and coauthored the report.
Dr. Smith is Professor of Health and
Exercise Sciences, and Director of
the First Responder Health and Safety
Laboratory at Skidmore College. Dr.
Smith is a member of the NFPA Technical
Committee on Occupational Safety and
Health. She was working as a contractor
with the NIOSH Fire Fighter Fatality
Investigation and Prevention Program,
Cardiovascular Disease Component during
this investigation. Thomas Hales, MD,
MPH, provided medical consultation
and coauthored the report. Dr. Hales is a
member of the NFPA Technical Committee
on Occupational Safety and Heath, and Vice
Chair of the Public Safety Medicine Section
of the American College of Occupational
and Environmental Medicine (ACOEM).

Appendix A
Autopsy Findings
●● Heart size/Structure
○○ Heart weight = 519 grams
○○ Left ventricular hypertrophy (left ventricular wall = 1.5 cm)
○○ Right ventricular wall = .5 cm
○○ Evidence of biventricular dilation noted
○○ Ballooning degeneration to mitral valve
noted
●● Coronary Arteries
○○ Left anterior descending coronary artery –
30% narrowing
○○ Circumflex artery - patent
○○ Right coronary artery – 20% narrowing
○○ No evidence of coronary artery thrombus
(blood clot)
●● Histological Findings
○○ Occasional fibrosis
○○ Wavy fibers
○○ Hypertrophied myocytes
○○ No myocardial disarray [suggests that
HCM was not present]
●● Carboxyhemoglobin = 6.4%
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