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Fire Fighter Trainee Suffers Sudden Cardiac 
Death During Maze Training – Virginia

SUMMARY 
On November 9, 2008, a 42-year-old female 
volunteer fire fighter trainee participated in an 
entry-level fire fighter certification class. The 
training included turnout gear dressing drills, 
hose maze, self-contained breathing apparatus 
(SCBA) skill station/low profile, and maneu-
vering through a maze with no smoke or fire 
while wearing full turnout gear and SCBA.

After completing the hose maze evolution, the 
Trainee was tired and sweating heavily. After 
lunch, the Trainee began the maze portion and 
completed approximately half of the exercise 
when her SCBA low-air alarm sounded. The 
Trainee informed the instructor that she wanted 
to continue. After entering the next portion of 
the maze and crawling up a slight incline, she 
did not turn around and back down the decline 
as required. The Instructor saw that something 
was wrong and spoke to the Trainee but re-
ceived no response. At this time, the Trainee’s 
personal alert safety system (PASS) alarm 
sounded. It took instructors about 10 minutes 
to remove the Trainee from the maze.

Once outside the maze, the Trainee was found 
to be unresponsive, not breathing, and without 
a pulse. An ambulance was requested, and car-
diopulmonary resuscitation (CPR) was begun. 
The ambulance arrived about 7 minutes later, 

and paramedics began advanced life support. 
One defibrillation was administered without a 
change in heart rhythm. The Trainee was trans-
ported to the hospital’s emergency department, 
where CPR and advanced life support treat-
ment continued. Approximately 59 minutes af-
ter her collapse, despite CPR and advanced life 
support, the Trainee died. The death certificate 
and the autopsy, completed by the Medical Ex-
aminer, listed “arrhythmogenic right ventricu-
lar cardiomyopathy/dysplasia” as the cause of 
death. NIOSH investigators conclude that the 
physical exertion involved in performing the 
fire fighter training exercises, coupled with the 
Trainee’s underlying cardiomyopathy/dyspla-
sia and enlarged heart (cardiomegaly), trig-
gered her sudden cardiac death.

NIOSH investigators offer the following rec-
ommendations to address general safety and 
health issues. Had these recommended mea-
sures been in place prior to the Trainee’s col-
lapse, it is possible her sudden cardiac death 
may have been prevented.

Provide preplacement and annual medi- ●
cal evaluations to fire fighters.
Incorporate medical monitoring of  ●
trainees into rehabilitation programs.
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Educate fire fighters to report signs and  ●
symptoms consistent with a heart attack 
to appropriate authorities for prompt 
medical evaluation.

Perform a preplacement and an annual  ●
physical performance (physical ability) 
evaluation.

Ensure fire fighters are cleared for re- ●
turn to duty by a physician knowledge-
able about the physical demands of fire 
fighting, the personal protective equip-
ment used by fire fighters, and the vari-
ous components of NFPA 1582.

Phase in a comprehensive wellness and  ●
fitness program for fire fighters.

Provide fire fighters with medical clear- ●
ance to wear a self-contained breathing 
apparatus (SCBA) as part of the Fire 
Department’s medical evaluation pro-
gram.

Ensure that all SCBA training is con- ●
ducted in accordance with NFPA 1404, 
Standard for Fire Service Respiratory 
Protection Training.

Ensure that training maze props or  ●
trailers used in SCBA confidence train-
ing have adequate safety features such 
as emergency egress panels, emergency 
lighting, ventilation, and a temperature 
monitoring system to measure the ambi-
ent temperature inside the maze.

INTRODUCTION & METHODS
On November 9, 2008, a 42-year-old female 
volunteer fire fighter trainee suffered sud-
den cardiac death during fire fighter training. 
Despite CPR and advanced life support, the 
Trainee died. NIOSH was notified of this fa-
tality on November 10, 2008, by the U.S. Fire 
Administration. NIOSH contacted the affected 
Fire Department on November 12, 2008, to 
gather additional information, and on Decem-
ber 4, 2008, to initiate the investigation. On 
January 26, 2009, two safety and occupational 
health specialists from the NIOSH Fire Fighter 
Fatality Investigation Team traveled to Vir-
ginia to conduct an on-site investigation of the 
incident.

During the investigation, NIOSH personnel in-
terviewed the following people:

County Environmental Health and Safety  ●
Manager

Battalion Chief of the career County Fire  ●
Department

Battalion Chief of the volunteer Fire De- ●
partment

Coordinator of the Fire Training Center ●

Trainee’s spouse ●

NIOSH personnel reviewed the follow- ●
ing documents:

Fire Department policies and operating  ●
guidelines

Fire Department training records ●

Fire Department annual report for 2008 ●
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Witness statements ●

Dispatch report ●

Emergency medical service (ambulance)  ●
incident report

Hospital emergency department records ●

Death certificate ●

Autopsy report ●

Primary care provider medical records ●

RESULTS OF INVESTIGATION
Background

Public Safety Training Center. The County’s 
Public Safety Training Center (PSTC), a com-
bined Police and Fire and Rescue Academy, 
is responsible for fire, rescue, and emergency 
medical service (EMS) training for both career 
and volunteer members. The PSTC is autho-
rized to teach Firefighter I & II, Driver Opera-
tor, Instructor 1 & 2, Officer 1 & 2, Emergency 
Medical Technician-Basic (EMT-B), Emergen-
cy Medical Technician-Intermediate (EMT-I), 
Advanced Life Support and Basic Life Support 
protocols, CPR, and other courses. These fire 
and rescue courses are taught by an instructor 
cadre group that mainly instructs the fire fight-
ing class, and an outside contractor that con-
ducts the EMT-B and EMT refresher classes.

The PSTC is a 30-acre facility comprised of 
a backdraft simulator, a flashover simulator, a 
5-story burn building/tower, and a maze. One 
medic unit, three engines, and one ladder truck 
service the PSTC with 18 full-time personnel. 

Advanced life support equipment is available 
on site at all times; paramedics, part of the time. 
The practical drill maze was built in 2007 from 
a metal sea shipping container (see Sketch 1 
and Photograph 1). It tests students for claus-
trophobia, Fire Fighter I critical performance 
standards, and obstacle negotiation as required 
in NFPA 1001, Standard for Fire Fighter Profes-
sional Qualifications [NFPA 2008a]. 

Training Class. The training being conducted 
during this incident consisted of classroom, 
personal protective equipment (PPE) dressing 
drills, hose maze, SCBA skill station/low pro-
file, and practical maze drill described in Ap-
pendix A. 

Incident. On Sunday, November 9, 2008, 12 stu-
dents, including the Trainee, met at the PSTC to 
complete their fire fighter certification training. 
The class began at 0800 hours. Weather condi-
tions included a temperature of 43 degrees Fahr-
enheit (°F) and 76% relative humidity [NOAA 
2008]. The lead instructor discussed the train-
ing components, rehabilitation, PPE, building 
description, and emergency evacuation proce-
dures. The Trainee successfully completed the 
classroom and PPE dressing drills.

After a short break, the group was split into two 
groups of six students to perform the SCBA 
skill station/low profile and hose maze training. 
Donning her SCBA over her turnout gear, she 
completed the low profile station without any 
problems or health complaints. However, dur-
ing the hose maze (crawling along a hose to lo-
cate the exit with a covered SCBA facepiece) 
the Trainee became disoriented and proceeded 
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The Trainee entered the incline/turnaround/de-
cline section of the maze (see Photographs 2 
and 3). She crawled to the top of the incline, 
but failed to turn around. Instructors then no-
ticed her boots had fallen off. At this time the 
Trainee stopped breathing air from her SCBA 
(1438 hours) even though 1,000 psi of air re-
mained, and her PASS alarm activated (1439 
hours). Sensing something was wrong, the 
two instructors entered the maze. When the 
instructors reached the Trainee, she was unre-
sponsive. A third instructor was directed to no-
tify the lead instructor and to call 911. A fourth 
instructor called 911 (1445 hours) and advised 
a staff member to retrieve the ambulance at the 
nearby PSTC.

At approximately 1449 hours the Trainee was 
removed from the maze; instructors had to 
move the Trainee back up the incline section 
to get her out. Assessment revealed the Trainee 
was unresponsive, not breathing, and had no 
pulse; CPR was begun and an oral airway was 
placed. An off-site ambulance was first to ar-
rive on scene (1452 hours). A cardiac monitor/
automated external defibrillator (AED) did not 
advise a defibrillation (shock), and CPR con-
tinued. The on-site PSTC ambulance arrived 
shortly thereafter (about 1453 hours). The first 
paramedic unit (Medic 525) arrived on scene 
at 1500 hours and began advanced life support, 
which included placing an intravenous line and 
intubation. Tube placement was confirmed by 
auscultation and visualization. Secondary con-
firmation using a technology test [AHA 2000] 
could not be performed due to excessive secre-
tions in the tube. A cardiac monitor was placed, 
revealing asystole (no heart rhythm).

back to the entrance as her SCBA cylinder’s 
low air alarm sounded. After resting a few min-
utes and getting another air cylinder, she suc-
cessfully completed the evolution. At this point, 
however, she seemed to be more short of breath, 
sweatier and more tired than the other trainees. 
She confided to one trainee that she did not feel 
well (tired and dizzy), but she did not mention 
this to the instructor. The class took a 30-min-
ute lunch break during which time the Trainee 
drank some water, rested, and ate some food.

The class reassembled at 1315 hours for the 
practical maze drill. At this time weather condi-
tions included a temperature of 59°F and 33% 
relative humidity [NOAA 2008]. Instructors 
briefed the students and asked if anyone was 
claustrophobic. The Trainee stated that she was 
claustrophobic but wanted to continue with the 
drill anyway. Wearing full turnout gear and 
SCBA, the Trainee began breathing SCBA air 
and entered the maze at approximately 1417 
hours. Her SCBA was a Mine Safety Appliance 
(MSA) Firehawk® 4500 with integrated Per-
sonal Alert Safety System (PASS). Her SCBA 
was essentially full (4,260 pounds per square 
inch [psi] of air [4,500 psi full capacity]). While 
she moved through the maze, the instructors 
remained in voice contact with her from just 
outside the maze wall. As she entered the “big 
room” portion of the maze, her SCBA low air 
alarm sounded (sounds when 25% of the tank’s 
air remains). Instructors asked if she wanted to 
continue or stop. The Trainee said, “I made it 
this far, keep going.”
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Medic 525 departed the scene at 1502 hours en 
route to the hospital’s emergency department. 
En route, the Trainee was re-intubated due to 
suspected dislodgement. Again, tube place-
ment was confirmed by auscultation and visu-
alization but not a secondary technology test 
as recommended by the AHA [AHA 2000]. 
Her heart rhythm changed to ventricular fibril-
lation, and one defibrillation attempt (shock) 
was administered with no positive change in 
the Trainee’s heart rhythm or her condition 
during transport. The ambulance arrived at 
the hospital at 1522 hours. Inside the emer-
gency department, advanced life support treat-
ment continued for another 15 minutes with 
no change in her clinical condition. At 1537 
hours, the trainee was pronounced dead by the 
attending physician.

Medical Findings. The death certificate and 
the autopsy, completed by a pathologist in the 
Office of the Chief Medical Examiner, listed 
“arrhythmogenic right ventricular cardiomyo-
pathy/dysplasia” as the cause of death. Key 
findings from the autopsy included no coro-
nary artery disease, enlarged right and left ven-
tricles, and cardiomegaly. Histologic (micro-
scopic) examination revealed fibrotic and fatty 
tissue infiltrating the right greater than the left 
ventricles. Specific findings from the autopsy 
report are listed in Appendix B.

The Trainee was 65 inches tall and weighed 241 
pounds, giving her a body mass index (BMI) 
of 40.1 kilograms per meters squared (kg/m2). 
A BMI >30.0 is considered obese [CDC 2009]. 
In 2003, she was diagnosed with high blood 
pressure (hypertension) but was not prescribed 

a blood pressure-lowering medication until 
2007. Her blood pressure was well controlled 
with this medication. An echocardiogram per-
formed in 2005 for a heart murmur revealed a 
normal left ventricular ejection fraction (60%) 
but right ventricular enlargement (34 millime-
ters [mm]; normal is < 27mm), left atrial en-
largement (42mm [normal is < 40mm]), and 
mild tricuspid valve regurgitation. Repeat 
echocardiograms in 2006 and 2007 revealed 
similar findings, with no changes in these car-
diac dimensions. Her last visit to her primary 
care provider was for follow-up of her high 
blood pressure 6 days before she died. She did 
not report heart-related symptoms (chest pain, 
chest pressure, angina, shortness of breath on 
exertion, etc.) at this time to her physicians, 
her family, the Fire Department, or the PSTC.

DESCRIPTION OF THE FIRE 
DEPARTMENT
At the time of the NIOSH investigation, the 
volunteer Fire Department consisted of four 
fire stations with 190 uniformed personnel that 
served 30,000 residents in a geographic area 
of 27.7 square miles. It is one of 11 volunteer 
fire and rescue departments in the county. The 
career County fire department provides admin-
istration, operational, logistical, and coordi-
nation for these 11 volunteer fire and rescue 
departments. In 2008, the volunteer Fire De-
partment responded to 16,826 calls and 7,981 
incidents.

Membership and Training. The Fire Depart-
ment requires new fire fighter applicants to 
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complete an application, pass a driver’s license 
check, pass a criminal background check, and 
be approved by the membership committee. 
The new member is placed into one of three 
categories: (1) associate member who performs 
no emergency responses, (2) emergency medi-
cal service member who performs medical re-
sponses only, or (3) fire fighter who responds 
to fire calls and medical calls. New volunteer 
members must attend the 150-hour Fire Fight-
er I (FFI) training course to become certified 
as a fire fighter. The Trainee was attending the 
PSTC for FFI certification. The Trainee had 
previously taken the Emergency Medical Tech-
nician, Hazardous Materials Awareness, and 
the Emergency Vehicle Operators Course. She 
had 8 years of emergency medical experience 
prior to her month as a fire fighter trainee.

Preplacement and Periodic Medical Evalu-
ations. In 2003, the Fire Department began 
requiring preplacement medical evaluations. 
The evaluations are performed by a contract 
physician. At the time of this report NIOSH 
was unable to review this medical record, or 
even confirm that a preplacement medical 
evaluation had taken place. After this incident, 
the PSTC now requires a medical evaluation 
and SCBA medical clearance for each trainee. 
The medical clearance form, which includes a 
description of fire fighting duties as described 
in NFPA 1582, is given to trainees to provide 
to their primary care physician, who performs 
the medical evaluation. The medical clearance 
is then given to the county Health and Safety 
Officer who makes the final determination to 
clear the trainee to attend training.

Prior to this incident neither annual medical 
evaluations nor SCBA medical clearance were 
required. The Fire Department is planning to 
implement annual programs in 2009. An annual 
SCBA facepiece fit test is required by the Fire 
Department for interior structural fire fighters. 
Members injured on duty must be evaluated 
by their primary care physician who makes a 
recommendation regarding return to duty. The 
final decision regarding return to duty is made 
by the Fire Department’s Board of Directors.

Health and Wellness Programs. The Fire 
Department does not have a formal wellness/
fitness program, but exercise (strength only) 
equipment is available in the four fire stations 
operated by this Fire Department, and employ-
ee assistance programs, if requested, are avail-
able from the County.

DISCUSSION
Arrhythmogenic Right Ventricular Cardiomy-
opathy/Dysplasia (ARVCM/D). ARVCM/D is 
a cardiomyopathy, most commonly inherited, 
characterized by progressive replacement of 
the muscle of the heart’s right ventricle with fi-
brous and fatty tissue. This process also occurs 
in the heart’s left ventricle although to a much 
lesser extent [Gemayel et al. 2001; Thiene et al. 
2007; Wynne and Braunwald 2008]. Patients 
typically present in their 20s with symptoms 
and signs of right ventricular failure (swollen 
ankles, enlarged liver). When the disease in-
volves the ventricular septum and the left ven-
tricle, symptoms and signs of left ventricular 
failure appear (shortness of breath, particu-
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larly upon exertion) [Thiene et al. 2007]. At 
all ages, patients with ARVCM/D are at risk 
for ventricular tachyarrhythmias and sudden 
cardiac death [Gemayel et al. 2001; Wynne 
and Braunwald 2008]. In the United States, 
ARVCM/D accounts for approximately 5% of 
sudden cardiac deaths in individuals under the 
age of 65, and about 4% of deaths associated 
with physical activity in young athletes [Ge-
mayel et al. 2001].

The diagnosis of ARVCM/D is suspected by 
an echocardiogram that reveals right ventricu-
lar enlargement, right ventricular wall motion 
abnormalities, and less commonly right ven-
tricular apical aneurysm formation [Wynne 
and Braunwald 2008]. A definitive diagnosis 
of ARVCM/D, however, requires the micro-
scopic finding of transmural fibrofatty replace-
ment of the right ventricular myocardium [Ge-
mayel et al. 2001]. In this case, the Trainee did 
not have a family history of ARVCM/D, nor 
did she report symptoms of right or left ven-
tricular failure prior to the training. She did 
have echocardiograms for a heart murmur in 
2005, 2006, and 2007 that showed her right 
ventricular enlargement. It is unclear why fur-
ther medical evaluation of this finding was not 
undertaken. 

The Trainee had performed maze training 
while wearing full turnout gear and SCBA. 
During the training, she expressed symptoms 
consistent with mild left ventricular failure. 
The training she undertook is considered 
heavy physical activity [AIHA 1971; Gledhill 
and Jamnik 1992]. Given the Trainee’s under-
lying ARVCM/D, her sudden cardiac death 

was probably triggered by the physical stress 
of the fire fighter training in full turnout gear 
and SCBA.

Occupational Medical Standards for Structur-
al Fire Fighters. To reduce the risk of sudden 
cardiac arrest or other incapacitating medical 
conditions among fire fighters, the NFPA de-
veloped NFPA 1582, Standard on Comprehen-
sive Occupational Medical Program for Fire 
Departments [NFPA 2007a]. This voluntary 
industry standard provides (1) the components 
of a preplacement and annual medical evalu-
ation and (2) medical fitness for duty criteria. 
ARVCM/D is not specifically mentioned in 
NFPA 1582. However, it is one type of cardio-
myopathy, a Category A condition for candi-
dates that “precludes a person from performing 
as a member in a training or emergency opera-
tional environment by presenting a significant 
risk to the safety and health of the person or 
others” [NFPA 2007a]. Had a preplacement 
medical evaluation been performed consistent 
with NFPA 1582, including a workup for her 
documented right ventricular enlargement, 
perhaps a definitive diagnosis of ARVCM/D 
could have been made. With this diagnosis, 
perhaps the Trainee would have been preclud-
ed from performing fire fighter training and 
would not have suffered sudden cardiac death 
at this time.

RECOMMENDATIONS
NIOSH investigators offer the following rec-
ommendations to address general safety and 
health issues. Had these recommended mea-
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sures been in place prior to the Trainee’s col-
lapse, it is possible her sudden cardiac death 
may have been prevented.

Recommendation #1: Provide preplacement 
and annual medical evaluations to fire fight-
ers.

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 Associa-
tion of Fire Chiefs (IAFC) Fire Service Joint 
Labor Management Wellness/Fitness Initiative 
[IAFF, IAFC 2000; NFPA 2007a]. These eval-
uations are performed to determine fire fight-
ers’ medical ability to perform duties without 
presenting a significant risk to the safety and 
health of themselves or others. However, the 
Fire Department and the Training Center are 
not legally required to follow this standard or 
this initiative. Applying this recommendation 
involves economic repercussions and may be 
particularly difficult for small volunteer fire 
departments to implement.

To overcome the financial obstacle of medical 
evaluations, the Fire Department could urge 
current members to get annual medical clear-
ances from their private physicians. Another 
option is having the annual medical evalu-
ations completed by paramedics and emer-
gency medical technicians (EMTs) from the 
local EMS (vital signs, height, weight, visual 
acuity, and electrocardiogram [EKG]). This 
information could then be provided to a com-
munity physician (perhaps volunteering his or 
her time), who could review the data and pro-

vide 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 Fire De-
partment, City, or State. Sharing the financial 
responsibility for these evaluations between 
fire fighters, the Fire Department, the City, the 
State, and physician volunteers may reduce the 
negative financial impact on recruiting and re-
taining needed fire fighters.

Recommendation #2: Incorporate medical 
monitoring of trainees into rehabilitation 
programs.

A model rehabilitation program can be found 
in NFPA 1584, Standard on the Rehabilita-
tion Process for Members During Emergency 
Operations and Training Exercises [NFPA 
2008b]. Medical monitoring should be part of 
any rehabilitation program. This would consist 
of evaluating the symptoms, signs, and vital 
signs of personnel upon entry to, and discharge 
from, the rehabilitation program. These find-
ings should be recorded and maintained. Symp-
tomatic members or members with abnormal 
findings should receive additional monitoring 
and be evaluated for potential transport to the 
emergency department. If medical care is giv-
en, a medical report should be completed and 
maintained. In this incident, all participants 
should have been assigned to rehabilitation af-
ter the hose maze drill. Perhaps if the Trainee 
had gone to rehabilitation and her vital signs 
(including pulse oximetry) were checked, an 
abnormality might have been detected. This 
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may have led to the Trainee being referred for 
further medical diagnosis/treatment.

Recommendation #3: Educate fire fighters 
to report signs and symptoms consistent with 
a heart attack to appropriate authorities for 
prompt medical evaluation.

The Trainee was a certified Emergency Medi-
cal Technician. Her training included recog-
nizing the signs and symptoms of heart attacks 
[American Red Cross 1997]. Recognizing these 
signs and symptoms in oneself is often diffi-
cult, particularly if the symptoms could have 
been easily attributed to heavy physical exer-
tion during the training (shortness of breath, 
heavy sweating, and excess fatigue). However, 
as mentioned in Recommendation #2, if the 
Trainee was evaluated in rehabilitation after 
the hose maze drill, perhaps her symptoms 
would have resulted in further medical evalua-
tion. This evaluation may have led to diagnosis 
of her condition and possibly treatment prior 
to her sudden cardiac death.

Recommendation #4: Perform a preplace-
ment and an annual physical performance 
(physical ability) evaluation.

NFPA 1500, Standard on Fire Department 
Occupational Safety and Health Program, re-
quires the fire department to develop physical 
performance requirements for candidates and 
members who engage in emergency operations 
[NFPA 2007b]. Members who engage in emer-
gency operations must be annually qualified 
(physical ability test) as meeting these physi-
cal performance standards for structural fire 

fighters [NFPA 2007b]. Because this Trainee 
never completed a physical ability test, it is 
unclear if her fitness level was appropriate for 
unrestricted duty as a structural fire fighter.

Recommendation #5: Ensure that fire fighters 
are cleared for return to duty by a physician 
knowledgeable about the physical demands 
of fire fighting, the personal protective equip-
ment used by fire fighters, and the various 
components of NFPA 1582.

Guidance regarding medical evaluations and 
examinations for structural fire fighters can be 
found in NFPA 1582 [NFPA 2007a] and in the 
IAFF/IAFC Fire Service Joint Labor Manage-
ment Wellness/Fitness Initiative [IAFF, IAFC 
2000]. According to these guidelines, the Fire 
Department should have an officially designat-
ed physician who is responsible for guiding, di-
recting, and advising the members with regard 
to their health, fitness, and suitability for duty. 
The physician should review job descriptions 
and essential job tasks required for all Fire De-
partment positions and ranks to understand the 
physiological and psychological demands of 
fire fighters and the environmental conditions 
under which they must perform, as well as the 
personal protective equipment they must wear 
during various types of emergency operations. 
This recommendation is made based on review 
of the Fire Department health and medical pro-
grams.

Recommendation #6: Phase in a compre-
hensive wellness and fitness program for fire 
fighters.
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Guidance for fire department wellness/fitness 
programs to reduce risk factors for cardio-
vascular disease and improve cardiovascular 
capacity is found in NFPA 1583, Standard 
on Health-Related Fitness Programs for Fire 
Fighters, and the IAFF/IAFC Fire Service Joint 
Labor Management Wellness/Fitness Initiative 
[IAFF, IAFC 2000; NFPA 2008c]. Worksite 
health promotion programs have been shown 
to be cost effective by increasing productivity, 
reducing absenteeism, and reducing the num-
ber 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 
programs showing the most benefit [Dempsey 
et al. 2002; Womack et al. 2005; Blevins et al. 
2006]. A recent study conducted by the Oregon 
Health and Science University reported a sav-
ings 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 National Volunteer Fire Council (NVFC) 
and the U.S. Fire Administration (USFA) 
Health and Wellness Project Health and Well-
ness Guide, was developed to improve health 
and wellness within the volunteer fire service 
[USFA 2004]. Given the size of this volunteer 
Fire Department, this may be more relevant 
than the programs listed above.

Recommendation #7: Provide fire fighters 
with medical clearance to wear SCBA as part 
of the Fire Department’s medical evaluation 
program.

The Occupational Safety and Health Admin-
istration (OSHA) Revised Respiratory Protec-
tion Standard requires employers to provide 
medical evaluations and clearance for em-
ployees 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. Virginia operates an 
OSHA-approved State plan; therefore the Fire 
Department should ensure all members have 
been medically cleared to wear an SCBA. In 
addition, the PSTC should ensure all train-
ees have been medically cleared to wear an 
SCBA. Medical records obtained by NIOSH 
did not indicate the Trainee’s clearance. The 
PSTC program has been implemented since 
the Trainee’s death.

Recommendation #8: Ensure that all SCBA 
training is conducted in accordance with 
NFPA 1404, Standard for Fire Service Respi-
ratory Protection Training.

NFPA 1404 [NFPA 2006] covers the mini-
mum requirements for the training component 
of the respiratory protection program found 
in NFPA 1500 [NFPA 2007b]. The purpose 
of NFPA 1404 is to specify the minimum re-
quirements for respiratory protection training 

1Code of Federal Regulations. See CFR in references.
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for the emergency response organization, in-
cluding safety procedures for those involved 
in fire suppression, rescue, and other related 
activities in a toxic, contaminated, or oxygen 
deficient atmosphere or environment. Chapter 
6 of NFPA 1404 provides guidance for recruit 
training in respiratory protection that describes 
the minimum requirements of instructors, re-
cord keeping, minimum performance, fit test-
ing, and medical and physical fitness standards 
references as well as respiratory protection 
training safety.

Recommendation #9: Ensure that training 
maze props or trailers used in SCBA confi-
dence training have adequate safety features 
such as emergency egress panels, emergency 
lighting, ventilation, and a temperature mon-
itoring system to measure the ambient tem-
perature inside the maze.

Some training props (such as an SCBA train-
ing maze) contain confined space areas for 
skill building of fire fighters by restricting the 
maneuvering/working area of the fire fighter. 
Combined with reduced visibility and other 
conditions designed to simulate fireground 
conditions, these props challenge the fire fight-
ers and improve their skills and confidence in 
using SCBA. Many of these training mazes 
are designed and constructed by fire depart-
ments and may not possess all of the neces-
sary safety features to provide for emergency 
medical conditions of users. Although no fire 
or smoke conditions are introduced into these 
training maze props, fire fighters have experi-
enced serious medical conditions while inside 
the props and have had to be extricated before 

treatment could be rendered. Extricating a fire 
fighter who has suffered a debilitating medical 
condition inside a severely restricted space is 
difficult and can be time consuming and labor 
intensive. Emergency egress panels that would 
allow for easy removal of fire fighters experi-
encing a medical event should be located inside 
the confined space areas. Emergency lighting 
should be provided for users and rescuers. The 
fire fighters often have PPE, SCBA, and other 
equipment that may have to be disentangled in 
order to remove them, and emergency lighting 
will aid in the extrication and removal. Many 
training mazes are outdoor semipermanent 
trailer designs that are exposed to temperature 
extremes. A temperature monitoring system 
inside the training maze would allow the in-
structors to monitor temperature extremes and 
adjust the training accordingly. Ventilation of 
training mazes should be considered to control 
the temperatures. Additional information con-
cerning training props can be found in NFPA 
1402, Guide to Building Fire Service Training 
Centers [NFPA 2007c].

In this incident, the victim experienced a medi-
cal condition inside the training maze and had 
to be removed before medical assistance could 
be provided. When she experienced the medi-
cal condition, she was in a portion of the train-
ing maze that was not immediately accessible 
to the instructors. The instructors had to enter 
the training maze and physically remove her 
back up the incline (see Photograph 2) with all 
of her gear including her SCBA. 
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Appendix A
Practical Maze Drill

The maze trailer is specifically designed to sim-
ulate emergency scene situations. It is a metal 
sea shipping container with a maze built within 
(see Photographs 1–3 and Sketch 1). Students 
are instructed on the proper techniques to 
overcome obstacles and enter the maze using 
full PPE and SCBA while breathing tank air. 
Personnel must complete one trip through the 
maze without depleting a full 2216-pounds-
per-square-inch or comparable SCBA. If stu-
dents are unsuccessful on their first attempt, 
they receive immediate remedial training and 
are given a second chance to complete the 
evolution. Students are allowed two evolution 
attempts. Unsuccessful students are removed 
from the training program.

Appendix B
Autopsy Findings

Arrhythmogenic right ventricular cardio- ●
myopathy/dysplasia

Fibrosis of the right greater than  —
the left ventricle with multifocal 
replacement of the right wall with 
fibrofatty tissue.

Cardiomegaly (enlarged heart)(heart  ●
weighed 440 grams [g]; predicted nor-
mal weight is 339 g [ranges between 232 
g and 497 g as a function of sex, age, and 
body weight]) [Silver and Silver 2001]

Left ventricular hypertrophy (1.2 centi- ●
meters [cm])

Normal at autopsy is 0.76–0.88 cm [Co- ●
lucci and Braunwald 1997] 

Normal by echocardiographic measure- ●
ment is 0.6–1.1 cm [Armstrong and 
Feigenbaum 2001]

Left wall has perivascular and interstitial  ●
fibrosis

Normal cardiac valves ●

No focal narrowing of the coronary arter- ●
ies

No evidence of a coronary artery throm- ●
bus (blood clot)

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

Blood tests for volatiles (ethanol, acetal- ●
dehyde, 1-propanol, 2-propanol, acetone) 
and cyanide were negative

Blood test for carbon monoxide revealed  ●
a carboxyhemoglobin level of <10% (re-
ported as normal from this laboratory)
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Photo 1. Maze practical drill trailer built 
inside a metal sea shipping container

Photo 3. Inside the practical drill maze; 
decline slope

Photo 2. Inside the practical drill maze; 
incline slope
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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 recommen-
dations for the prevention of work-related injury and illness.  In fiscal year 1998, the Congress appropriated funds 
to NIOSH to conduct a fire fighter initiative.  NIOSH initiated the Fire Fighter Fatality Investigation and Prevention 
Program to examine deaths of fire fighters in the line of duty so that fire departments, fire fighters, fire service orga-
nizations, safety experts and researchers could learn from these incidents.  The primary goal of these investigations 
is for NIOSH to make recommendations to prevent similar occurrences.  These NIOSH investigations are intended 
to reduce or prevent future fire fighter deaths and are completely separate from the rulemaking, enforcement and 
inspection activities of any other federal or state agency.  Under its program, NIOSH investigators interview per-
sons with knowledge of the incident and review available records to develop a description of the conditions and 
circumstances leading to the deaths in order to provide a context for the agency’s recommendations.  The NIOSH 
summary of these conditions and circumstances in its reports is not intended as a legal statement of facts. This 
summary, as well as the conclusions and recommendations made by NIOSH, should not be used for the purpose of 
litigation or the adjudication of any claim.  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)

Sketch 1. Sketch of maze practical drill trailer with Trainee’s location identi-
fied


