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Executive Summary 
On February 28, 2018, a 30-year-old male paid on call lieutenant was found deceased in his bed after 
having completed fire department training the night before. The Medical Examiner’s report listed the 
cause of death as atherosclerotic cardiovascular disease noting that there was a finding of severe, focal 
atherosclerosis in the left anterior descending artery and a history of hypertension. National Institute 
for Occupational Safety and Health (NIOSH) investigators concluded that the training exercises may 
have triggered a sudden cardiac event in an individual with atherolsclerosis and hypertension. 
However, the precise cause of the death is unclear as no thrombus was found and the heart did not have 
clear evidence of major structural changes. 

Key Recommendations 
NIOSH offers the following recommendations to help reduce the risk of sudden cardiac events among 
firefighters at this and other fire departments across the country. 

• 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. 

• Ensure firefighters are cleared for duty by a physician knowledgeable about the physical 
demands of firefighting and the personal protective equipment used by firefighters as per 
NFPA 1582. 

• Phase in a comprehensive wellness and fitness program for firefighters. 
 

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 firefighter initiative that resulted in the NIOSH Fire Fighter Fatality Investigation and Prevention Program, 
which examines line-of-duty deaths or on-duty deaths of firefighters to assist fire departments, firefighters, the fire service, and others to prevent similar 
firefighter 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 February 28, 2018, a 30-year-old male paid on call lieutenant (LT) was found deceased in his bed 
after having completed fire department training the night before. The U.S. Fire Administration notified 
National Institute for Occupational Safety and Health (NIOSH) of this fatality on March 2, 2018. On 
August 27, 2019, 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: 

• Fire Chief 

• Assistant Fire Chief 

The NIOSH investigator reviewed the following documents: 

• Fire department (FD) incident reports for previous day 

• Emergency medical services (EMS) (ambulance) report 

• Fire Department medical exam records 

• Primary Care medical records 

• Death certificate 

• Autopsy report  

Investigation 
On February 27, 2018, at approximately 1830 hours the FD began weekly training that involved 
securing a water supply in cold weather. The training included cutting a hole through ice on a pond, 
getting water to the engine, and then operating hoselines. The training lasted about three hours. The 
lieutenant (LT) oversaw training activities and demonstrated several techniques but did not enter the 
water. The LT showed no signs of discomfort or distress during the evening. At about 2200 hours, the 
LT left the station and returned to his home.  
Notes taken by EMS personnel indicate that the LT’s fiancé noticed him snoring at 2300 hours. In the 
morning, the fiancé realized he was not breathing and had no signs of life. She called 911 at  
0614 hours.  
An advanced cardiac life support level 1 ambulance was dispatched at 0615 hours. Upon arrival at 
0628 hours, the EMS crew found the LT in bed; he was pulseless, apneic, and his skin was a bluish 
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gray. Cardiopulmonary resuscitation (CPR) was initiated. A cardiac monitor was attached to the LT 
but a shock was not advised. CPR was continued for seven rounds over the course of approximately  
20 minutes; a pause to check the cardiac monitor revealed that the LT remained in asystole.  
At 0646 hours, after consultation with medical command, the LT was pronounced dead.  

Medical Findings 
The medical examiner identified the cause of death as atherosclerotic cardiovascular disease. The heart 
weight was within normal range (410 grams; normal range: 280–486 grams) with left ventricular wall 
thickness was normal (1.1 centimeters [cm] electrocardiogram [ECG]; normal range 1.07 cm–1.39 cm) 
[Silver and Silver 2001]. The myocardium was firm throughout with no indication of softness or 
scarring suggesting that the LT had not had a heart attack that caused death of the heart muscle. There 
was marked atherosclerosis of the proximal section of left anterior descending artery resulting in an 
80% occlusion of the vessel. There was no evidence of blood clots causing a blockage in any of the 
coronary arteries.  
The LT did not have any pre-existing medical conditions on joining the FD in 2013 and the medical 
evaluation conducted as a part of his application process was unremarkable. At his preplacement 
medical evaluation, he was noted to have normal blood pressure 118/78 millimeters of mercury 
(mmHg) (normal is < 120/80 [Whelton et al. 2017]). There were few medical records for the LT. 
However, he did visit the emergency department in 2010 for gastroenteritis. At that visit, he had a 
blood pressure of 119/85. Routine blood tests at that time showed low high-density lipoprotein (HDL) 
(HDL = 26 milligrams/deciliter [mg/dL]; normal > 40 mg/dL), normal total cholesterol (167 mg/dL; 
normal < 200 mg/dL) and normal LDL cholesterol (108 mg/dL; normal < 130 mg/dL), and an 
abnormal cholesterol/HDL ratio, which is associated with increased risk of cardiovascular disease 
[Kratz et al. 2004]. The LT completed a questionnaire for medical clearance to wear a self-contained 
breathing apparatus (SCBA) and indicated that he had no cardiovascular/heart problems (including 
hypertension) and no symptoms related to cardiovascular or heart disease. He also indicated that he 
was not taking any prescription medication. 
The LT was a former-smoker, having quit about 2 years before his death. He did not exercise regularly. He 
was approximately 67 inches tall and weighed 196 pounds, giving him a body mass index (BMI) of 30.2 
kilograms per meter squared (kg/m2). A BMI over 30 kg/m2 is considered to be obese [NHLBI no-date-a]. 

Fire Department 
At the time of the NIOSH investigation, the career fire department consisted of one fire station with 
approximately 25 uniformed personnel. The FD served a population of approximately 5,000 in a  
75 square mile area.  
Applicants who wish to join the FD must be at least 16 years old. Applicants submit an application, are 
interviewed by a membership committee, must pass a criminal background check, be medically cleared 
(discussed below) and are then voted on by the membership. New members serve a 6 months 
probationary period before becoming full members.  
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Medical Evaluations/Wellness/Fitness Programs 
The FD requires preplacement medical evaluations for applicants. The medical evaluation is performed 
by a physician contracted to the town administration. The components of the medical evaluation 
include:  

• Complete medical history 

• Physical examination (height, weight, blood pressure, pulse, and respiratory rate) 

• Respirator use questionnaire 
The FD does not offer periodic evaluations for members. A respiratory fit test for SCBA use is 
performed every year. Members must provide a medical clearance following a serious injury or illness. 
A physician contracted by the town administration makes the final determination on return to work. 
The FD does not offer a fitness programs or equipment, but members have access to wellness 
programming through the town administration. 

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 
Risk for the development of atherosclerosis is grouped into non-modifiable and modifiable risk factors. 
Non-modifiable risk factors include age older than 45, male sex, and family history of coronary artery 
disease. Modifiable risk factors include diabetes mellitus, smoking, high blood pressure 
(hypertension), unhealthy blood cholesterol levels, and obesity/physical inactivity [AHA 2016; NHLBI 
no-date-b]. The LT had one non-modifiable risk factor (male sex) and two documented modifiable risk 
factors, obesity and smoking. 

Hypertensive Heart Disease  
Interactions between genetic factors and hemodynamic factors cause hypertensive heart disease in 
individuals with arterial hypertension [Diamond and Phillips 2005]. Hypertensive heart disease results 
in anatomical and functional changes to the heart and vessels as a consequence of long-standing 
hypertension (abnormally elevated blood pressure). Left ventricular hypertrophy (LVH), due to 
myocyte enlargement, is a reflection of hypertensive end-organ damage, which can lead to increase an 
enlarged heart, abnormal perfusion (blood flow to the heart), congestive heart failure (condition where 
the heart cannot pump effectively and fluid backs up into the lungs and/or extremities), and 
arrhythmias (abnormal heart rhythms that can be life-threatening) [Prisant 2005]. In addition to chronic 
hypertension, LVH can also be caused by a heart valve problem, obesity, or cardiac ischemia (reduced 
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blood and oxygen supply to the heart muscle) [Siegel 1997; Tavora et al. 2012]. LVH is also 
associated with sleep apnea [Smith et al. 2018]. The autopsy found that the LT had left ventricular wall 
thickness within expected range [Silver and Silver 2001] but the medical examiner reported that the 
heart had a dilated/globular appearance. Although the LT was obese based on BMI standards, he did 
not have any evidence of heart valve abnormalities at autopsy. 

Sudden Cardiac Death of Unknown Cause 
Most victims of sudden cardiac events have cardiac abnormalities (known or unknown). The most 
common findings at autopsy include: coronary artery disease, hypertrophic cardiomyopathy, 
ventricular hypertrophy, and valvular stenosis [Kahan and Bergfeldt 2005; Wever and Robles de 
Medina 2004]. However, in some cases, the cause of sudden cardiac death is unclear at autopsy. In 
these cases, sudden cardiac death may be due to problems with the heart’s electrical conduction system 
that tells the muscles of each chamber when to contract or coronary artery spasm [Katritsis et al. 2016]. 

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, thrombus formation, 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 [Smith et al. 2018] and this is also true for young  
(< 45 years) firefighters [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 2013, 2018]. Guidance in the 2018 
edition of the 1582 Standard recommends annual risk assessment of all firefighters ≥ 40 years old with 
a “Heart Risk Calculator” that takes into account age, sex, blood pressure, smoking status, etc., to 
estimate 10-year risk of sudden cardiac events or stroke [ACC/AHA 2019; NFPA 2018]. The LT did 
not receive periodic medical evaluations, but even if he had, a risk score would not have been 
recommended based on his young age. 
NIOSH offers the following recommendations to help reduce the risk of sudden cardiac events among 
firefighters at this and other fire departments across the country. 

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 2018]. 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 himself/herself 
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 fire fighting, the personal protective equipment 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 fire fighting and the risks that firefighters encounter and should guide, direct, and 
advise members with regard to their health, fitness, and suitability for duty [NFPA 2018]. The 
physician should review job descriptions and essential job tasks required for all FD positions to 
understand the physiological and psychological demands of fire fighting and the environmental 
conditions under which firefighters perform, as well as the personal protective equipment 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 Fire Fighters [NFPA 2015], the IAFF/IAFC Fire Service Joint 
Labor Management Wellness/Fitness Initiative (WFI), [IAFF and IAFC 2008], Firefighter Fitness:  
A Health and Wellness Guide [Schneider 2010] and the Health and Wellness Guide for the Volunteer 
Fire and Emergency Services [USFA 2009]. 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]. 
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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. All web addresses referenced 
in this document were accessible as of the publication date. 
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Appendix A 
Autopsy Findings 

Structural  

• Normal heart weight (heart weighed 410 grams) 

• Left ventricular wall thickness within expected range (left ventricular thickness of 1.1 cm) 

• Dilated/globular appearance 
Microscopic 

• Myocardium was without focal lesions 
Coronary arteries 

• No intracoronary thrombus   

• There was marked focal atherosclerosis with 80% stenosis in the proximal section of left 
anterior descending artery 

Normal cardiac valves 
No evidence of a pulmonary embolus (blood clot in the lung arteries) 
Blood analysis 

• Negative for drugs of abuse 

Author’s Discussion: 
Predicted normal heart weight 369 grams (ranges between 280 and 486 grams as a function of sex and 
body weight), according to research in Silver and Silver [2001]. 
Left ventricular thickness of 1.1 centimeters (cm) is normal on the basis of postmortem studies by 
Kitzman et al. [1988] (normal range 1.07 cm–1.39 cm, average 1.23 cm). 
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