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A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program February 12, 2019

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

Executive Summary

On March 12, 2018, at approximately 0700 hours a 44-year-old female career firefighter (FF)
completed a physical ability test (PAT) at the beginning of her 24-hour shift and then reported to the
station and was assigned as the driver of the rescue unit. The FF and her crew responded to a full
cardiac arrest late in the morning and then to a motor vehicle accident (MVVA) shortly thereafter.
Around 1200 hours, the crew returned to the station. Within 5 minutes of returning to the station, the
FF complained of burning in her throat and grasped her shirt. As fellow fire department members were
assessing the FF, she went into cardiac arrest. Paramedics in the station initiated cardiopulmonary
resuscitation (CPR) and delivered two manual shocks. The transport ambulance arrived on scene at
1215 hours and participated in advanced cardiac life support (ACLS). The FF was loaded into the
ambulance and resuscitation efforts were continued en route to the hospital emergency department
(ED). Hospital ED personnel continued resuscitation efforts unsuccessfully for approximately

20 minutes. The FF was pronounced dead at 1306 hours.

The death certificate and the Medical Examiner’s report listed the FF’s cause of death as “occlusive
coronary artery disease” due to “atherosclerotic cardiovascular disease”. The autopsy found complete
occlusion of the proximal left anterior descending (LAD) coronary artery. National Institute for
Occupational Safety and Health (NIOSH) investigators concluded that the physical exertion of the
PAT and emergency responses triggered a myocardial infarction in an individual with underyling
cardiovascular disease.

The FF was a non-smoker and was very physically active. She had hypercholesterolemia (high
cholesterol) and had begun medication for this within the past 3 months.

Key Recommendations

NIOSH offers the following recommendations to reduce the risk of heart attacks and sudden cardiac
arrest among firefighters at this and other fire departments across the country.

e Ensure that all firefighters receive an annual medical evaluation consistent with National Fire
Protection Association (NFPA) 1582, Standard on Comprehensive Occupational Medical
Program for Fire Departments

e Ensure firefighters are cleared for duty by a physician knowledgeable about the physical
demands of firefighting, the personal protective equipment used by firefighters, and the various
components of NFPA 1582

e Phase in a mandatory comprehensive wellness and fitness program for firefighters
e Continue to perform annual physical performance (physical ability) evaluations.
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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 (LODD) 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

On March 12, 2018, at approximately 1200 hours a 44-year-old female career FF suffered a cardiac
arrest at the station after performing a PAT and responding to two calls (medical and MV A) earlier

in the morning. Paramedics in the station initiated CPR and ACLS. The FF was transported to a nearby
ED where she was pronounced dead at 1306 hours. The U.S. Fire Administration notified NIOSH of
this fatality on March 12, 2018. The fire department (FD) contacted NIOSH on March 21, 2018 to
discuss the possibility of inviting NIOSH to perform an investigation. On April 12-13, 2018,

a contractor for the NIOSH Fire Fighter Fatality Investigation and Prevention Program (the NIOSH
investigator) conducted an on-site investigation of the incident.

During the investigation, the NIOSH investigator interviewed the following people:
e Fire Chief
e Deputy Fire Chief
e District Fire Chiefs
o Firefighter/paramedic assigned to the rescue with the FF
e Firefighters who were working at the station with the FF
e Training center personnel who helped administer the PAT
o A firefighter who had worked with the FF for many years and was a close friend
e Father of the FF
e Medical Examiner

The NIOSH investigator reviewed the following documents:
e FD incident reports for calls during the day
e Emergency medical service (ambulance) report
e Transporting ambulance prehospital care report
e Hospital emergency department (ED) records
e Training records
e FD medical records
e Personal physician records
e Death certificate
e Autopsy report

Page 1



A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program Report # F2018-05

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

Investigation

On March 12, 2018, at about 0630 hours, a 44-year-old female FF reported to the training academy to
perform her annual PAT. The FF arrived at the training facility early and interacted with several
firefighters and instructors in the classroom, who all reported that she was in good spirits prior to the
start of her PAT. At approximately 0730, baseline vital signs were taken (HR = 58 beats per minute;
BP =130/90 millimeters of mercury [mmHg]), and the FF performed her PAT. It was a clear, cool day
(45°F). The timed test consisted of 11 tasks (see Appendix A) and was administered by training center
staff. Test administrators reported that the FF performed the test at a steady pace and did not seem to
be exhausted at the completion of the test. The FF passed the PAT, completing the test in 10 minutes
and 56 seconds (passing time = 11:30 or less), but her time was longer than the previous year. The FF
expressed disappointment in her time but did not show any signs of distress. After cooling down, she
had several short conversations with other firefighters, including a conversation with the fitness
coordinator in which she reported that her knees bothered her throughout the test. The FF left the
training academy and reported to her fire station at approximately 0830 hours.

At the fire station, the FF was assigned as driver of the rescue unit. Station members were assigned to
complete CPR training during the day. After brief conversations, members set up equipment to review
a CPR training video and began watching the video. At 1022 hours, the rescue unit was dispatched to a
cardiac arrest in a neighboring area. The FF assisted with carrying equipment for the call. A fellow
firefighter on scene noticed that the FF was diaphoretic. When questioned, the FF indicated that she
had done the PAT and was tired. The rescue unit returned to the station and restocked the vehicle. A
few minutes after their return, at 1125 hours, the rescue unit was dispatched to assist with an MVA
with an individual who was displaying an altered level of consciousness. The rescue crew was on
scene with the engine crew from their station for about 13 minutes. Some members reported that the
FF performed in a typical fashion on scene, while others remembered that she might have been more
subdued than normal and eager to return to the station. On the way back to the station, the FF
complained that she had a burning sensation in her throat, which she attributed to breathing cold air
during the PAT.

The rescue unit returned to the station a few minutes before noon. Within approximately five minutes
of returning to the station, the FF began complaining of the burning in her throat and indicated that it
had gotten much worse. She stated that it was 10 out of 10 on the pain scale and became increasingly
agitated. Her primary complaint was the burning in her throat but she also said she was having
difficulty breathing and one firefighter heard her complain of chest pain. She also grabbed her shirt
indicating that she had chest pain. She was given 325 mg of aspirin. Fellow firefighters, three of whom
were paramedics, tried to calm the FF and help her find a comfortable position but she was in obvious
distress and could not find a comfortable position. After repeated sitting and standing, the FF went to
her knees and the crew helped her to the floor where she assumed the left lateral recumbent position. A
set of vitals were taken (HR = 132 beats per minute; BP = 132/83 mmHg; respirations = 24 breaths per
minute) and it was noted that she was diaphoretic. Although the FF was alert and oriented and
following instructions, she was clearly in pain, and one of the firefighters contacted Command Staff
via phone that there was a firefighter who was having a serious health issue. Electrodes were placed on
the FF but an error screen obscured the view of the monitor. As the paramedics were attempting to get
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an electrocardiogram (EKG), the FF went into seizure-like activity and had a cardiac arrest. The FF
was cyanotic from the chest up. CPR was initiated immediately. An oral airway could not be secured
because the FF had a clenched jaw. Oxygen was administered via bag-valve mask and skin color began
to improve. An intravenous (1V) access was gained in the antecubital space. A nasal airway was
secured. Automated external device (AED) pads were placed on the FF and a shock was delivered.
Epinephrine was administered.

While paramedics were rendering care to the FF, another firefighter called dispatch and requested a
transport ambulance, and alerted the Acting Battalion Chief of the serious nature of the call. The
transporting ambulance arrived at approximately 1215 hours and found the FF unresponsive, pulseless,
cyanotic, and apneic. CPR was in progress and a LUCAS™ device (automated chest compressions)
was applied. The FF was attached to a cardiac monitor, which indicated that the FF’s heart rhythm was
ventricular fibrillation (VFIB). A shock was delivered. The FF released the clenching of her jaw and
was successfully intubated at approximately 1226 hours. Additional cardiac medications were
administered and the FF received two more shocks. At approximately 1234 hours, the FF’s heart
rhythm went into pulseless electrical activity (PEA).

The ambulance arrived at the ED at 1243 hours. The FF was in asystole. CPR and ACLS were
continued. The ED physician’s diagnosis was acute non-ST elevation myocardial infarction
(NSTEMI). The FF received additional epinephrine, as well as magnesium sulfate, and calcium
chloride. Bedside ultrasound results revealed no cardiac activity. At 1306 hours, the FF was
pronounced dead.

Medical Findings

The FF suffered a witnessed cardiac arrest and received immediate treatment from fellow firefighters/
paramedics at her fire station, was transported by an ACLS ambulance, and underwent continued
resuscitation efforts for approximately 20 minutes in the ED. The Medical Examiner’s report identified
the cause of death as occlusive coronary artery disease due to atherosclerotic heart disease. See
Appendix B for a more detailed description of autopsy findings.

The FF was active in recreational sporting activity and exercised regularly although her frequency of
exercise had decreased since she entered paramedic school. She was a competitive athlete in high
school and college, and played semi-professional basketball after college. She continued to compete
competitively in tennis, play basketball and softball, and do horseback riding, ballroom dancing, and
martial arts. The FF had knee surgery in 2016 and had been struggling with knee pain for the past
several months. The FF had medical evaluations as part of the Hazardous Materials (HAZ MAT)
Response Team in prior years but her last medical evaluation for HAZ MAT was in 2015. In March of
2017, the FF received a medical evaluation following her service as a member of the HAZ MAT team;
no medical concerns were noted. As a requirement for paramedic school, the FF received a FD medical
evaluation in October of 2017; a follow-up examination in February of 2018 included a resting EKG at
which time vital signs were also recorded. The EKG was normal, no major concerns were noted, and a
medical clearance letter was given. At that time, the FF had a blood pressure of 120/81 mmHg (normal
is < 120/80, elevated systolic blood pressure/prehypertension is 120-129/< 80, and hypertension is
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considered > 130 systolic and/or > 80 diastolic) [Whelton et al. 2018]). Blood work performed in

May 2015 indicated the FF had a high level of total cholesterol (257 milligrams per deciliter [mg/dL];
desirable < 200 mg/dL), a borderline high level of “bad” cholesterol or low density lipoprotein (LDL =
146 mg/dL; optimal < 100 mg/dL), a high level of triglycerides (TG = 233 mg/dL; normal < 160
mg/dL), a normal level of “good” cholesterol or high density lipoprotein (HDL = 64 mg/dL; desirable
> 60 mg/dL), and a normal level of blood glucose (88 mg/dL; fasting normal < 100 mg/dL) [Kratz et
al. 2004; NHLBI 2013]. Although the FF had a history of elevated cholesterol levels and high
triglycerides noted in her HAZ MAT physicals dating back to July of 2012, she had only begun taking
cholesterol lowering statin medication (Crestor®) in the past 3 months. In January 2018, she called her
physician to complain of heartburn after starting the medication. Although the physician did not
believe the heartburn was due to the medication, it was advised that she try switching to a lower dose.
The FF had a family history of high cholesterol but no other history of cardiovascular disease in the
family. She was never a smoker. She was 65 inches tall and weighed 207 pounds, giving her a BMI of
34.4 kilograms per meter squared (kg/m?) (a BMI of 30.0 or greater is considered obese) [NHLBI no
date]. The Medical Examiner noted her BMI but reported in a phone conversation that she was
extremely muscular.

Fire Department

At the time of the NIOSH investigation, the FD consisted of approximately 700 uniformed personnel
operating out of 29 fire stations. The FD serves a population of approximately 750,000 in a geographic
area of 305 square miles.

Employment and Training

Applicants must be at least 18 years of age, possess a valid state driver’s license, and have a high
school diploma or equivalent. Applicants complete an online application, take a written examination,
and complete a PAT. A background check is performed and applicants have an initial interview.
Successful applicants are then offered conditional employment but must pass a polygraph, a
psychological evaluation, and a medical evaluation. Applicants then meet with the Chief for an
interview. New members attend the Fire Academy for approximately one year and are certified in
firefighting and as AEMTs (advanced emergency medical technicians). New hires are on probation
for 18 months after they are offered conditional employment. The FF had been with the FD for almost
19 years.

Medical Evaluations

The FD requires preplacement medical evaluations for applicants. Components of the preplacement
medical evaluation include the following:

e Complete medical history
e EKG

e Complete blood count
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e Urinalysis

e Urine drug screen

e Audiogram

e Vision test

e Respirator use questionnaire

e Spirometry (lung function testing)
e Chest X-ray

The FD does not require annual medical evaluations for all members or annual medical clearance for
self-contained breathing apparatus (SCBA) respirator use. Members of the HAZ MAT Response Team
receive a medical clearance yearly through the County Medical Clinic. Firefighters are required to
provide medical clearance following a serious injury or illness that has the member off duty for

30 days or more.

Wellness/Fitness Programs

The FD has aerobic and strength-training equipment in the fire stations and firefighters are permitted
and encouraged to work out on duty. The FD requires members to complete the PAT every year and
employs a fitness coordinator who is available to assist members. However, the FD does not offer a
comprehensive wellness/fitness program as recommended by the IAFF/IAFC Wellness Fitness
Initiative [IAFF and IAFC 2018]. Members do have access to health maintenance programs through
the County Medical Clinic. Additionally, for many years the FD has recommended an annual physical
as part of its yearly performance appraisal.

Discussion

Sudden Cardiac Events

Sudden cardiac events are most often caused by myocardial infarction (heart attack) or cardiac arrest
(fatal arrhythmias). In the United States, atherosclerotic coronary heart disease (coronary artery
disease) is the most common risk factor for cardiac arrest and sudden cardiac death [Myerburg and
Castellanos 2008].

Coronary Artery Disease

Coronary artery disease refers to atherosclerotic plaque in the coronary arteries and the complications
of the plaque. The narrowing of the coronary arteries by atherosclerotic plaque develops over many
years, typically decades [Libby 2013]. However, the growth of these plaques probably occurs in a
nonlinear, often abrupt fashion. Plaque buildup can restrict blood flow and result in insufficient
delivery of oxygen to heart muscle (myocardial ischemia), particularly with exertion, which may
produce chest pain (angina). Heart attack or myocardial infarction typically occurs with the sudden
occurrence of complete blockage (occlusion) in one or more coronary arteries that have not developed
a collateral blood supply. This sudden blockage is primarily due to blood clots (thromboses) forming
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on top of a ruptured atherosclerotic plaque [Libby 2013]. Heart attacks and sudden cardiac death can
be triggered by heavy physical exertion [Albert et al. 2000; Mittleman et al. 1993; Willich et al. 1993],
including snow shoveling [Franklin et al. 2001] and firefighting activity, to include alarm response and
training [Kales et al. 2003, 2007; NIOSH 2007].

Major risk factors for coronary artery disease and heart attacks are categorized as modifiable or non-
modifiable risk factors. Non-modifiable risk factors include male sex, age > 45 years for men and

> 55 years for women, and heredity/family history. Modifiable risk factors are those that can be
controlled or eliminated by lifestyle changes or medications. Major modifiable risk factors include
smoking, hypertension, diabetes, hyperlipidemia/dyslipidemia, obesity, and lack of physical inactivity
[Mayo clinic no date]. The FF had no known non-modifiable risk factors and two modifiable risk
factors (dyslipidemia and obesity). Beyond the major modifiable risk factors, it is also known that the
risk of cardiovascular disease in women increases after menopause [AHA 2015; Manson and
Woodruff 2016]. The FF had a hysterectomy approximately one year earlier and had begun estrogen
replacement therapy approximately 3 months before her death.

Establishing the occurrence of an acute heart attack requires any of the following: characteristic EKG
changes, elevated cardiac enzymes, or coronary artery thrombus/plaque rupture. In this case, the FF
was diagnosed with acute NSTEMI. The autopsy found complete occlusion of the LAD coronary
artery confirming that the FF died of a heart attack.

Heart Attack Symptoms
An individual who is experiencing a heart attack may experience a range of signs and symptoms,
including [AHA 2016]:

Uncomfortable pressure, squeezing, fullness or pain in the chest

Pain or discomfort in one or both arms, the back, neck, jaw, or stomach
Shortness of breath

Sweating (diaphoresis)

Nausea or vomiting

Dizziness or lightheadedness

The signs and symptoms of a heart attack vary greatly in how they present and in their severity. Some
experience the sensation of “an elephant on their chest,” while others may experience shortness of
breath or fatigue; in some individuals, sudden cardiac death is the first sign of myocardial infarction.
Some of the variability in the signs and symptoms occurs because of the location of the blockage.
There is also evidence that the symptoms of a heart attack vary by age and gender [AHA 2016].
Although the most common symptom in women is some type of chest pain, pressure, or discomfort in
the chest, it is not always severe or even the most prominent symptom. Women are more likely than
men to have heart attack symptoms that are unrelated to chest pain, such as neck, jaw, shoulder, upper
back or abdominal discomfort; shortness of breath; pain in one or both arms; nausea or vomiting;
sweating; lightheadedness or dizziness [Mayo Clinic no date]. When considering only the chief
complaint at admission, which often guides triage and treatment, men have been found to have chest
pain as the chief complaint more often (69%) than women (54%) [Milner et al. 2004]. Although it is
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not fully known why men and women have different signs and symptoms of a heart attack, it may be
related to differences in comorbidities [Arslanian-Engoren et al. 2006] or in the type of vessels
occluded (major epicardial arteries versus microvascular arteries) [Mayo Clinic no date].

Occupational Medical Standards for Structural Firefighters

Nearly half of all firefighter duty-related deaths are caused by sudden cardiac death. Firefighting
results in multiple cardiovascular changes that could lead to plaque rupture or arrhythmogenic changes
in individuals with underlying cardiovascular disease [Smith et al. 2016]. Research relying on autopsy
data suggests that the majority of firefighter duty-related sudden cardiac deaths have atherosclerosis
and/or cardiomegaly/left ventricular hypertrophy [Geibe et al. 2008; Kales et al. 2003; Yang et al.
2013]. To reduce the risk of sudden cardiac events or other incapacitating conditions among
firefighters, the NFPA developed 1582, Standard on Comprehensive Occupational Medical Program
for Fire Departments [NFPA 2018a].

Recommendations for conducting exercise stress tests (ESTs) on asymptomatic individuals without
known heart disease are varied. NFPA 1582, a voluntary industry standard, recommends risk
stratification beginning at age 40 using the “Heart Risk” score (estimated 10-year risk of heart attack,
cardiac death, or stroke) [ACC/AHA 2019; NFPA 2018a]. Firefighters with intermediate risk (10-year
risk 10% to < 20%) should receive a symptom-limiting EST to > 12 metabolic equivalents (METS) to
ensure the cardiac workload for strenuous firefighting will not precipitate a sudden cardiac event
[NFPA 2018a]. (The FF’s 10-year Heart Risk score was calculated using risk factor data from her most
recent medical exam and laboratory testing. Her estimated 10-year Heart Risk was 0.8%, which is
considered low risk.) The Heart Risk calculator does take into account premature menopause.

The FD did not require but recommended annual medical evaluations for all members. The FF had
received a FD medical evaluation in prior years because she was as part of the HAZ MAT team and
was recently evaluated as she began paramedic school. She had seen her personal physician
approximately 3 months earlier and had begun medication for her high cholesterol/high triglycerides.

NIOSH offers the following recommendations to reduce the risk of heart attacks and sudden cardiac
arrest among firefighters at this and other fire departments across the country. It is unclear if any

of these recommendations could have prevented the sudden cardiac arrest and subsequent death of
this FF.

Recommendations

Recommendation #1: Ensure that all firefighters receive an annual medical evaluation consistent
with NFPA 1582, Standard on Comprehensive Occupational Medical Program for Fire
Departments.

Discussion: Guidance regarding the content and frequency of these medical evaluations can be found
in NFPA 1582 [NFPA 2018a]. These evaluations are performed to determine a firefighter’s medical
ability to perform duties without presenting a significant risk to the safety and health of themselves or
others. This medical evaluation should be consistent with the requirements of NFPA 1582.
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Recommendation #2: Ensure firefighters are cleared for duty by a physician knowledgeable about
the physical demands of firefighting, the personal protective equipment (PPE) used by firefighters,
and the various components of NFPA 1582.

Discussion: According to NFPA 1582, the FD should require that physicians are familiar with the
physical demands of firefighting and the risks that firefighters encounter and should guide, direct, and
advise members with regard to their health, fitness, and suitability for duty [NFPA 2018a]. The
physician should review job descriptions and essential job tasks required for all FD positions to
understand the physiological and psychological demands of firefighting and the environmental
conditions under which firefighters perform, as well as the PPE they must wear during various types
of emergency operations.

Recommendation #3: Phase in a mandatory comprehensive wellness and fitness program for
firefighters.

Discussion: 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 Department Members [NFPA 2015], and the IAFF/IAFC Fire
Service Joint Labor Management Wellness-Fitness Initiative [IAFF and IAFC 2018]. 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 workdays [Aldana 2001;
Stein et al. 2000]. Health promotion programs for firefighters have been shown to reduce coronary
heart disease risk factors and improve fitness levels, with mandatory programs showing the most
benefit [Blevins et al. 2006; Dempsey et al. 2002; Womack et al. 2005].

Recommendation #4: Continue to perform annual physical performance (physical ability)
evaluations.

Discussion: NFPA 1500, Standard on Fire Department Occupational Safety and Health Program,
recommends fire department members who engage in emergency operations be annually evaluated and
certified by the FD as having met the physical performance requirements identified in paragraph 10.2.3
of the standard [NFPA 2018b]. This is recommended to ensure firefighters are physically capable of
performing the essential job tasks of structural firefighting. Although it is known that strenuous
physical exercise or work can trigger a cardiovascular event in individuals with underlying risk, a
variety of epidemiological, basic scientific, and clinical evidence suggests that regular physical activity
decreases the risk of a cardiac event and that the benefits of regular activity outweigh the risks
[Thompson et al. 2007].

Page 8



A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program Report # F2018-05

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

References

ACC/AHA [2019]. Atherosclerotic cardiovascular disease risk estimator plus. Washington, DC:
American College of Cardiology; Dallas, TX: American Heart Association,
http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/.

AHA [2015]. Menopause and heart disease. Dallas, TX: American Heart Association,
http://www.heart.org/HEARTORG/Conditions/More/MyHeartandStrokeNews/Menopause-and-Heart-
Disease UCM 448432 Article.jsp.

AHA [2016]. Warning signs of a heart attack. Dallas, TX: American Heart Association,
http://www.heart.ora/HEARTORG/Conditions/HeartAttack/\WarningSignsofaHeartAttack/Warning-
Signs-of-a-Heart-Attack UCM 002039 Article.jsp.

Albert CM, Mittleman MA, Chae CU, Lee IM, Hennekens CH, Manson JE [2000]. Triggering of
sudden death from cardiac causes by vigorous exertion. N Engl J Med 343(19):1355-1361,
http://dx.doi.org/10.1056/NEJM200011093431902.

Aldana SG [2001]. Financial impact of health promotion programs: a comprehensive review of the
literature. Am J Health Promot 15(5):296-320, http://dx.doi.org/10.4278/0890-1171-15.5.296.

Arslanian-Engoren C, Patel A, Fang J, Armstrong D, Kline-Rogers E, Duvernoy CS, Eagle KA [2006].
Symptoms of men and women presenting with acute coronary syndromes. Am J Cardiol 98(9):1177—
1181, https://www.sciencedirect.com/science/article/pii/S0002914906013646?via%3Dihub.

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.

Dempsey WL, Stevens SR, Snell CR [2002]. Changes in physical performance and medical measures
following a mandatory firefighter wellness program. Med Sci Sports Exerc 34(5):S258.

Franklin BA, George P, Henry R, Gordon S, Timmis GC, O’Neill WW [2001]. Acute myocardial
infarction after manual or automated snow removal. Am J Cardiol 87(11):1282-1283,
https://doi.org/10.1016/S0002-9149(01)01520-X.

Geibe JR, Holder J, Peeples L, Kinney AM, Burress JW, Kales SN [2008]. Predictors of on-duty
coronary events in male firefighters in the United States. Am J Cardiol 101(5):585-589,
http://dx.doi.org/10.1016/j.amjcard.2007.10.017.

IAFF, IAFC [2018]. The fire service joint labor management wellness-fitness initiative. Fourth ed.
Washington, DC: International Association of Fire Fighters; Fairfax, VA: International Association of
Fire Chiefs.

Kales SN, Soteriades ES, Christoudias SG, Christiani DC [2003]. Firefighters and on-duty deaths from
coronary heart disease: a case control study. Environ health: a global access science source 2(1):14,
https://dx.doi.org/10.1186%2F1476-069X-2-14.

Page 9


http://tools.acc.org/ASCVD-Risk-Estimator-Plus/#!/calculate/estimate/
http://www.heart.org/HEARTORG/Conditions/More/MyHeartandStrokeNews/Menopause-and-Heart-Disease_UCM_448432_Article.jsp
http://www.heart.org/HEARTORG/Conditions/More/MyHeartandStrokeNews/Menopause-and-Heart-Disease_UCM_448432_Article.jsp
http://www.heart.org/HEARTORG/Conditions/HeartAttack/WarningSignsofaHeartAttack/Warning-Signs-of-a-Heart-Attack_UCM_002039_Article.jsp
http://www.heart.org/HEARTORG/Conditions/HeartAttack/WarningSignsofaHeartAttack/Warning-Signs-of-a-Heart-Attack_UCM_002039_Article.jsp
http://dx.doi.org/10.1056/NEJM200011093431902
http://dx.doi.org/10.4278/0890-1171-15.5.296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arslanian-Engoren%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kline-Rogers%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duvernoy%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eagle%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=17056322
https://www.sciencedirect.com/science/article/pii/S0002914906013646?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bardai%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22916156
https://doi.org/10.1016/S0002-9149(01)01520-X
http://dx.doi.org/10.1016/j.amjcard.2007.10.017
https://dx.doi.org/10.1186%2F1476-069X-2-14

A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program Report # F2018-05

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

Kales SN, Soteriades ES, Christophi CA, Christiani DC [2007]. Emergency duties and deaths from
heart disease among firefighters in the United States. N Engl J Med 356(12):1207-1215,
http://dx.doi.org/10.1056/NEJM0a060357.

Kratz A, Ferraro M, Sluss PM, Lewandrowski KB [2004]. Case records of the Massachusetts General
Hospital. Weekly clinicopathological exercises. Laboratory reference values. N Engl J Med
351(15):1548-1563, http://dx.doi.org/doi:10.1056/NEJMcpc049016.

Libby P [2013]. Mechanisms of acute coronary syndromes and their implications for therapy. N Engl J
Med 368(21):2004-2013, http://dx.doi.org/10.1056/NEJMral216063.

Manson JE, Woodruff TK [2016]. Reproductive health as a marker of subsequent cardiovascular
disease: the role of estrogen. JAMA Cardiol 1(7):776-777,
http://dx.doi.org/doi:10.1001/jamacardio.2016.2662.

Mayo Clinic [no date]. Heart attack. Rochester, MN: Mayo Foundation for Medical Education and
Research (MFMER), https://www.mayoclinic.org/diseases-conditions/heart-attack/symptoms-
causes/syc-20373106.

Milner KA, Vaccarino V, Arnold AL, Funk M, Goldberg RJ [2004]. Gender and age differences in
chief complaints of acute myocardial infarction (Worcester Heart Attack Study). Am J Cardiol
93(5):606-608, https://www.sciencedirect.com/science/article/pii/S0002914903016576?via%3Dihub.

Mittleman MA, Maclure M, Tofler GH, Sherwood JB, Goldberg RJ, Muller JE [1993]. Triggering of
acute myocardial infarction by heavy physical exertion. N Engl J Med 329(23):1677-1683,
http://dx.doi.org/10.1056/NEJM199312023292301.

Myerburg RJ, Castellanos A [2008]. Cardiovascular collapse, cardiac arrest, and sudden cardiac death.
In: Fauci AS, Braunwald E, Kasper DL, Hauser SL, Longo DL, Jameson JL, Loscalzo J, eds.
Harrison’s principles of internal medicine. 17th ed. New York: McGraw-Hill.

NFPA [2015]. Standard on health-related fitness programs for fire fighters. NFPA 1583. Quincy, MA:
National Fire Protection Association.

NFPA [2018a]. Standard on comprehensive occupational medical program for fire departments. NFPA
1582. Quincy, MA: National Fire Protection Association.

NFPA [2018b]. Standard on fire department occupational safety and health program. NFPA 1500.
Quincy, MA: National Fire Protection Association.

NHLBI [2013]. What is diabetes? Bethesda, MD: U.S. Department of Health and Human Services,
National Institutes of Health, National Heart, Lung, and Blood Institute,
https://www.nhlbi.nih.gov/health/educational/healthdisp/pdf/tipsheets/What-1s-Diabetes.pdf.

NHLBI [no date]. Calculate your body mass index. Bethesda, MD: U.S. Department of Health and
Human Services, National Institutes of Health, National Heart, Lung, and Blood Institute,
https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi-m.htm.

Page 10


http://dx.doi.org/10.1056/NEJMoa060357
https://doi.org/10.1056/NEJMcpc049016
http://dx.doi.org/10.1056/NEJMra1216063
http://dx.doi.org/doi:10.1001/jamacardio.2016.2662
https://www.mayoclinic.org/diseases-conditions/heart-attack/symptoms-causes/syc-20373106
https://www.mayoclinic.org/diseases-conditions/heart-attack/symptoms-causes/syc-20373106
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milner%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=14996588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaccarino%20V%5BAuthor%5D&cauthor=true&cauthor_uid=14996588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=14996588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Funk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=14996588
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=14996588
https://www.ncbi.nlm.nih.gov/pubmed/?term=milner+AND+gender+and+age+differences+in+chief+complants
https://www.ncbi.nlm.nih.gov/pubmed/?term=milner+AND+gender+and+age+differences+in+chief+complants
https://www.sciencedirect.com/science/article/pii/S0002914903016576?via%3Dihub
http://dx.doi.org/10.1056/NEJM199312023292301
https://www.nhlbi.nih.gov/health/educational/healthdisp/pdf/tipsheets/What-Is-Diabetes.pdf
https://www.nhlbi.nih.gov/health/educational/lose_wt/BMI/bmi-m.htm

A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program Report # F2018-05

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

NIOSH [2007]. NIOSH alert: preventing fire fighter fatalities due to heart attacks and other sudden
cardiovascular events. Cincinnati, OH: U.S. Department of Health and Human Services, Centers for
Disease Control and Prevention, National Institute for Occupational Safety and Health, DHHS
(NIOSH) Publication No. 2007-133, http://www.cdc.gov/niosh/docs/2007-133.

Smith DL, DeBlois JP, Kales SN, Horn GP [2016]. Cardiovascular strain of firefighting and the risk of
sudden cardiac events. Exerc Sport Sci Rev 44(3):90-97,
http://dx.doi.org/10.1249/JES.0000000000000081.

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(12):1148-1155,
https://insights.ovid.com/pubmed?pmid=11125677.

Thompson PD, Franklin BA, Balady GJ, Blair SN, Corrado D, Estes NA 3rd, Fulton JE, Gordon NF,
Haskell WL, Link MS, Maron BJ, Mittleman MA, Pelliccia A, Wenger NK, Willich SN, Costa F;
American Heart Association Council on Nutrition, Physical Activity, and Metabolism; American Heart
Association Council on Clinical Cardiology; American College of Sports Medicine [2007]. Exercise
and acute cardiovascular events: placing the risks into perspective. A scientific statement from the
American Heart Association Council on Nutrition, Physical Activity, and Metabolism and the Council
on Clinical Cardiology. Circulation 115(17):2358-2368,
https://www.ahajournals.org/doi/pdf/10.1161/CIRCULATIONAHA.107.181485.

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison Himmelfarb C, DePalma
SM, Gidding S, Jamerson KA, Jones DW, MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC Jr,
Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA Sr, Williamson JD, Wright JT Jr [2018].
2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the
prevention, detection, evaluation, and management of high blood pressure in adults: a report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. J Am Coll Cardiol 71(19):e127-e248,
https://www.sciencedirect.com/science/article/pii/S0735109717415191?via%3Dihub.

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(23):1684-1690,
http://dx.doi.org/10.1056/NEJM199312023292302.

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 Exerc
37(5):S385.

Yang J, Teehan D, Farioli A, Baur DM, Smith D, Kales SN [2013]. Sudden cardiac death among
firefighters < 45 years of age in the United States. Am J Cardiol 112(12):1962-1967,
http://dx.doi.org/10.1016/j.amjcard.2013.08.029.

Page 11


http://www.cdc.gov/niosh/docs/2007-133
http://dx.doi.org/10.1249/JES.0000000000000081
https://insights.ovid.com/pubmed?pmid=11125677
https://www.ahajournals.org/doi/pdf/10.1161/CIRCULATIONAHA.107.181485
https://www.sciencedirect.com/science/article/pii/S0735109717415191?via%3Dihub
http://dx.doi.org/10.1056/NEJM199312023292302
http://dx.doi.org/10.1016/j.amjcard.2013.08.029

A report from the NIOSH Fire Fighter Fatality Investigation and Prevention Program Report # F2018-05

44-Year-Old Female Firefighter Suffers Sudden Cardiac Arrest at
Station—Georgia

Investigator Information

This incident was investigated by the NIOSH Fire Fighter Fatality Investigation and Prevention
Program, Cardiac and Medical LODD Component, within the Division of Surveillance, Hazard
Evaluations, and Field Studies (DSHEFS), located in Cincinnati, Ohio. Denise L. Smith, PhD, led the
investigation and authored the report. Dr. Smith is Tisch Distinguished Professor of Health and
Exercise Sciences and Director of the First Responder Health and Safety Laboratory at Skidmore
College in New York. Dr. Smith is also a member of the NFPA Technical Committee on Fire Service
Occupational Safety and Health. Dr. Smith was working as a contractor for NIOSH during this
investigation. Wendi Dick, MD, MSPH, provided medical consultation and contributed to the report.
Dr. Dick is Medical Officer for the Cardiac and Medical LODD Component.

Disclaimer

Mention of any company or product does not constitute endorsement by the National Institute for
Occupational Safety and Health (NIOSH). In addition, citations to websites external to NIOSH do not
constitute NIOSH endorsement of the sponsoring organizations or their programs or products.
Furthermore, NIOSH is not responsible for the content of these websites.
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Appendix A
Physical Ability Test

This test consists of 11 tasks and is mandatory for all sworn members. The test is timed and must be
completed in 11 minutes and 30 seconds or less to pass. The member being tested wears a helmet,
gloves, and SCBA without face piece.

Task 1: Hose Advance — 3’ Uncharged Line
Task 2: Hose Couple

Task 3: Equipment Carry/Stair Climb/Forced Entry
Task 4: Line Crawl

Task 5: Victim Rescue

Task 6: Ladder Mount/Carry

Task 7: Hose Advance — 1% inch Charged Line
Task 8: Hydraulic Spreader Tool

Task 9: Pike Pole

Task 10: Hose Uncouple

Task 11: Hose Roll
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Appendix B
Autopsy Findings

Coronary Heart Disease
0 Acute coronary thrombosis
o0 Complete occlusion of the proximal LAD coronary artery
o Other coronary arteries without significant atherosclerotic changes

Normal cardiac valves

¢ No evidence of a pulmonary embolus (blood clot in the lung arteries)

Heart weight within normal limits (390 grams)

Author’s Discussion:
Predicted normal heart weight is 318 grams (ranges between 217 and 465 grams as a function of sex
and body weight), according to research in Silver and Silver [2001].

The LAD provides the majority of blood for the left ventricle (main pumping chamber of the heart) as
well as the interventricular septum (contains the conducting system that makes the ventricles contract)
[University of Minnesota 2017].
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