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Aneurysm Collapses and Dies During Debris
Fire Operations — Pennsylvania

SUMMARY

On July 6, 2009, a 28-year-old male volunteer
fire fighter trainee (the Trainee) responded to a
debris fire. At the scene, he assisted in stretch-
ing a 1%-inch handline as other fire fighters ex-
tinguished the fire. The Trainee reported to the
driver/operator that he had a severe headache
and difficulty breathing. As the driver/operator
called for the Fire Chief, the Trainee collapsed.
Crew members assessed the Trainee, began car-
diopulmonary resuscitation (CPR), and called
an ambulance. Despite advanced life support on-
scene and during transport to the local hospital’s
emergency department (ED), the Trainee died.
The death certificate, completed by the coroner,
and the autopsy, completed by the forensic pa-
thologist, listed “atrial septal aneurysm” as the
cause of death. NIOSH investigators conclude
that the Trainee’s underlying medical condition,
possibly triggered by the physical exertion in-
volved in responding to the call and stretching
the fire hose, caused his death.

Given the cause of death, it is unlikely Fire
Department (FD) policies or procedures could
have prevented the death of this Trainee. There-
fore, the following recommendations address
general health and safety issues to reduce the
risk of on-the-job cardiovascular events among
fire fighters at this and other fire departments
across the country.

® Provide preplacement and annual medi-
cal evaluations to all fire fighters.

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

o 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 self-contained breathing
apparatus (SCBA) as part of the Fire
Department’s medical evaluation pro-
gram.

INTRODUCTION & METHODS

On July 6, 2009, a 28-year-old male volunteer
fire fighter trainee died after suffering an atrial
septal aneurysm (ASA) while working at a de-
bris fire. NIOSH was notified of this fatality
on July 6, 2009, by the U.S. Fire Administra-
tion. NIOSH contacted the affected FD on July
17,2009, to gather additional information, and
on October 14, 2009, to initiate the investiga-
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tion. On October 19, 2009, a safety and occu-
pational health specialist from the NIOSH Fire
Fighter Fatality Investigation Team traveled to
Pennsylvania to conduct an on-site investiga-
tion of the incident.

e Fire Chief

e Trainee’s Spouse

NIOSH personnel reviewed the following
documents:
e FD training records

e FD annual report for 2008
e FD incident report
e Police investigation report

e Emergency medical service (ambulance)
incident report

e Hospital ED records
e Death certificate
e Autopsy report

e Primary care provider medical records

RESULTS OF INVESTIGATION

Incident. On July 6, 2009, the FD was dis-
patched at 0354 hours to a vacant lot where
debris from a demolished house was burning
and was threatening a dwelling. One engine,
one brush truck, and 13 personnel responded,
arriving on the scene at about 0401 hours.
Situational assessment revealed the fire could
be extinguished with a single 1%-inch hand-
line. The Trainee assisted with stretching the

handline and stood by while other fire fight-
ers extinguished the fire. As fire fighters began
checking for hot spots, the Trainee spoke with
the driver/operator and reported that he had a
severe headache and difficulty breathing. As
the driver/operator called for the Fire Chief
to walk over to their location, the Trainee col-
lapsed (0406 hours). Fire fighters assessed
the Trainee and found him unresponsive, not
breathing, and without a pulse. They began
CPR as the Fire Chief called for an ambu-
lance.

The ambulance, dispatched at 0408 hours,
responded at 0412 hours, and arrived on the
scene at 0420 hours. Paramedics found the
Trainee unresponsive, not breathing, pulseless,
with CPR in progress. A cardiac monitor at-
tached to the Trainee’s chest revealed asystole
(no heart beat). Advanced life support, includ-
ing intravenous line placement and cardiac
resuscitation medications, was administered.
Intubation was attempted but could not be per-
formed because the Trainee was vomiting. The
ambulance departed the scene at 0432 hours en
route to the hospital’s ED.

En route to the ED, the Trainee’s clinical con-
dition did not improve. CPR continued as the
ambulance arrived at the ED at 0439 hours.
The ED’s attending physician came outside to
meet the ambulance. At this point the Trainee
had been in cardiac arrest for over 30 minutes.

After assessing the Trainee and consulting with
the paramedics, the physician pronounced the
Trainee dead and resuscitation efforts were
discontinued.
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Medical Findings. The death certificate, com-
pleted by the coroner, and the autopsy, com-
pleted by the forensic pathologist, listed “atrial
septal aneurysm” as the cause of death. Spe-
cific findings from the autopsy are listed in Ap-
pendix A.

The Trainee was 72 inches tall and weighed 182
pounds, giving him a normal body mass index
(BMI) of 24.7 kilograms per meters squared
(kg/m2) [CDC 2008]. Visits to his primary care
physician were for noncardiac conditions such
as colds and sinusitis. The Trainee had no other

medical conditions but had a headache the day
before his death.

DESCRIPTION OF THE FIRE DE-
PARTMENT

At the time of the NIOSH investigation, the
volunteer FD consisted of one fire station with
37 uniformed personnel that served 4,500 resi-
dents in a geographic area of 25 square miles.
In 2008, the FD responded to 63 calls.

Membership and Training. The FD requires
new fire fighter applicants to complete an ap-
plication, be 18 years of age (14 years of age for
a junior fire fighter), and be physically capable
of performing the position duties. Members
must complete the State Fire Fighter Essentials
course prior to performing interior structural
fire fighting. The FD also required the comple-
tion of National Incident Management System
(NIMS) 100, 300, and 700 within 1 year of
joining the FD. Officers must also complete

Pennsylvania

NIMS 300 and 400. Members are required to
attend meetings, monthly training, and other
FD events. The Trainee was not certified as a
Fire Fighter but was in fire fighter training with
8 months of fire fighting experience.

Pre-placement and Periodic Medical Evalu-
ations. The FD does not require preplacement
or periodic (annual) medical evaluations for
members. An annual SCBA facepiece fit test
is required for fire fighters, but SCBA medical
clearance is not required. Members injured on
duty must be evaluated by their primary care
physician who makes the final determination
regarding returning the fire fighter to duty.

Health and Wellness Programs. The FD does
not have a formal wellness/fitness program,
and no exercise equipment is available in the
fire station. No annual physical ability test is

required.

DISCUSSION

Atrial Septal Aneurysm (ASA). An aneurysm
of the interatrial septum is a localized deformity
of the upper chambers (atria) of the heart [Oliva-
res-Reyes et al. 1997]. It is thought to arise when
an increased pressure gradient between the left
and right atria produces a bulging septal shift to-
ward the low-pressure side. This bulging, how-
ever, has also been found in patients with normal
atrial pressures, suggesting a congenital etiology
at least in some patients [Miigge et al. 1995].
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ASA is a relatively rare, usually asymptomatic
condition. It is diagnosed by echocardiogram,
although more commonly it is identified at au-
topsy as an unexpected finding [Miigge et al.
1995]. In this case, the Trainee was asymptom-
atic, and his ASA was unexpected and found at
autopsy.

ASA can be an isolated abnormality but is more
frequently associated with other structural car-
diac abnormalities, including mitral valve pro-
lapse, atrial septal defects, cadiomegaly, and
dilated ventricular cavity [Miigge et al. 1995;
Shirani et al. 1995; Olivares-Reyes et al. 1997].
It is not clear if the ASA is the result of these
other cardiac abnormalities or causes these ab-
normalities. The Trainee had an atrial septal de-
fect, left ventricular hypertrophy, and left ven-
tricular dilatation identified at autopsy, yet he
had normal heart valves and heart weight.

ASA is associated with both atrial and ventricu-
lar arrhythmias. Using 24-hour cardiac (Holter)
monitoring, ASA patients were found to have
significantly more runs of ventricular tachycar-
dia (a life threatening arrhythmia) than controls
[Morelli et al. 1995]. It is unclear if these life
threatening arrhythmias are because of the ASA
or to the other structural cardiac abnormalities
frequently associated with ASA [Schneider et
al. 1999].

At autopsy the Trainee had left ventricular hy-
pertrophy, a condition associated with sudden
cardiac death [Levy et al. 1990]. Hypertrophy
of the heart’s left ventricle is a relatively com-
mon finding among individuals with long-
standing high blood pressure (hypertension), a

heart valve problem, or chronic cardiac isch-
emia (coronary artery disease) [Siegel 1997].
The Trainee was not known to be hypertensive,
have a heart valve problem, or have chronic
cardiac ischemia; therefore, one could associ-
ate his left ventricular hypertrophy with the
ASA.

Just prior to his sudden death, the Trainee as-
sisted in stretching a hoseline at a debris fire,
which is considered light physical activity
[AITHA 1971; Gledhill and Jamnik 1992]. Giv-
en the Trainee’s underlying atrial septal de-
fect, ASA, and left ventricular hypertrophy, it
is possible the physical stress of responding to
the emergency call and stretching the hoseline
could have triggered an arrhythmia that caused
the Trainee’s sudden cardiac death.

RECOMMENDATIONS

Given the cause of death, it is unlikely FD poli-
cies or procedures could have prevented the
death of this Trainee. Therefore, the following
recommendations address general health and
safety issues to reduce the risk of on-the-job
cardiovascular events among fire fighters at this
and other fire departments across the country.

Recommendation #1: Provide preplacement
and annual medical evaluations to all fire
fighters.

Guidance regarding the content and frequency
of these medical evaluations can be found in
NFPA 1582 and in the International Associa-
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tion of Fire Fighters (IAFF)/International As-
sociation of Fire Chiefs (IAFC) Fire Service
Joint Labor Management Wellness/Fitness
Initiative [IAFF, IAFC 2007; NFPA 2007a].
These evaluations are performed to determine
fire fighters’ medical ability to perform du-
ties without presenting a significant risk to
the safety and health of themselves or others.
However, the FD is not legally required to
follow this standard or this initiative. Apply-
ing this recommendation involves economic
repercussions and may be particularly difficult
for small volunteer fire departments to imple-
ment.

To overcome the financial obstacle of medical
evaluations, the FD could urge current mem-
bers to get annual medical clearances from
their private physicians. Another option is
having the annual medical evaluations com-
pleted by paramedics and emergency medi-
cal technicians (EMTs) from the local EMS
(vital signs, height, weight, visual acuity, and
electrocardiogram [EKG]). This informa-
tion could then be provided to a community
physician (perhaps volunteering his or her
time), who could review the data and provide
medical clearance (or further evaluation, if
needed). The more extensive portions of the
medical evaluations could be performed by a
private physician at the fire fighter’s expense
(personal or through insurance), provided by
a physician volunteer, or paid for by the FD,
City, or State. Sharing the financial responsi-
bility for these evaluations between fire fight-
ers, the FD, the City, the State, and physician
volunteers may reduce the negative financial

Pennsylvania

impact on recruiting and retaining needed fire
fighters.

Recommendation #2: Perform a preplace-
ment and an annual physical performance
(physical ability) evaluation.

NFPA 1500, Standard on Fire Department
Occupational Safety and Health Program,
requires the FD to develop physical perfor-
mance requirements for candidates and mem-
bers who engage in emergency operations.
Members who engage in emergency opera-
tions must be annually qualified (physical
ability test) as meeting these physical perfor-
mance standards for structural fire fighters
[NFPA 2007b].

Recommendation #3: 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 2007] and in the
IAFF/IAFC Fire Service Joint Labor Manage-
ment Wellness/Fitness Initiative [IAFF, IAFC
2007]. According to these guidelines, the FD
should have an officially designated physi-
cian who is responsible for guiding, directing,
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 FD positions
and ranks to understand the physiological and
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psychological demands of fire fighters and the
environmental conditions under which they
must perform, as well as the personal protec-
tive equipment they must wear during various
types of emergency operations. This recom-
mendation is made based on review of the FD
health and medical programs.

Recommendation #4: Phase in a compre-
hensive wellness and fitness program for fire
fighters.

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, and in the National Volunteer Fire
Council (NVFC)’s Health and Wellness Guide
[IAFF, IAFC 2007; USFA 2004; NFPA 2008].
Worksite health promotion programs have been
shown to be cost effective by increasing pro-
ductivity, reducing absenteeism, and reducing
the number of work-related injuries and lost
work days [Stein et al. 2000; Aldana 2001].
Fire service health promotion programs have
been shown to reduce coronary artery disease
risk factors and improve fitness levels, with
mandatory 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 savings of more than $1 million for
each of four large fire departments implement-
ing 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].

Given the FD’s structure, the NVFC program
might be the most appropriate model [USFA
2004]. NIOSH recommends a formal, struc-
tured wellness/fitness program to ensure all
members receive the benefits of a health pro-
motion program.

Recommendation #5: 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 CFR!
1910.134]. These clearance evaluations are
required for private industry employees and
public employees in States operating OSHA-
approved State plans [OSHA 2009]. Pennsyl-
vania does not operate an OSHA-approved
State plan. However, we recommend voluntary
compliance with this standard.

!Code of Federal Regulations. See CFR in references.

Page 6



Fire Fighter Fatality Investigation
and Prevention Program

Fatality Assessment and Control Evaluation
Investigation Report « F2009-24

Fire Fighter Trainee With an Atrial Septal Aneurysm Collapses and Dies During Debris Fire Operations —

REFERENCES

AIHA [1971]. Ergonomics guide to assessment of
metabolic and cardiac costs of physical work.
Am Ind Hyg Assoc J 32(8):560-564.

Aldana SG [2001]. Financial impact of health pro-
motion programs: a comprehensive review of the
literature. Am J Health Promot 15(5):296-320.

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):5454.

CDC (Centers for Disease Control and Preven-
tion) [2008]. BMI — Body Mass Index. [www.
cdc.gov/nccdphp/dnpa/bmi/adult BMI/eng-
lish bmi calculator/bmi_calculator.htm]. Date
accessed: October 2009.

CFR. Code of Federal Regulations. Washington,
DC: U.S. Government Printing Office, Office of
the Federal Register.

Dempsey WL, Stevens SR, Snell CR [2002].
Changes in physical performance and medi-
cal measures following a mandatory firefight-
er wellness program. Med Sci Sports Exerc

34(5):S258.

Gledhill N, Jamnik VK [1992]. Characterization of
the physical demands of firefighting. Can J Spt
Sci 17(3):207-213.

IAFF, TAFC [2007]. The fire service joint labor
management wellness/fitness initiative. 3rd ed.
Washington, DC: International Association of
Fire Fighters, International Association of Fire
Chiefs.

Pennsylvania

Kuehl K [2007]. Economic impact of the wellness
fitness initiative. Presentation at the 2007 John
P. Redmond Symposium in Chicago, IL on Oc-
tober 23, 2007.

Levy D, Garrison RJ, Savage DD, Kannel WB,
Castelli WP [1990]. Prognostic implications of
echocardiographically determined left ventricu-
lar mass in the Framingham Heart Study. N Engl
J Med 323(24):1706-1707.

Morelli S, Voci P, Morabito G, Sgreccia A, Marzio
PD, Marzano F, Giordano M [1995]. Atrial sep-
tal aneurysm and cardiac arrhythmias. Interna-
tional J Cardiol 49:257-265.

Miigge A, Daniel WG, Angermann C, Spes C,
Khandheria BK, Kronzon I, Freedberg RS,
Keren A, Dennig K, Engberding R, Sutherland
GR, Vered Z, Erbel R, Visser CA, Lindert O,
Hausmann D, Wenzlaff P [1995]. Atrial septal
aneurysm in adult patients. Circ 91(11):2785—
2792.

NFPA [2007a]. Standard on comprehensive occu-
pational medical program for fire departments.
Quincy, MA: National Fire Protection Associa-
tion. NFPA 1582.

NFPA [2007b]. Standard on fire department oc-
cupational safety and health program. Quincy,

MA: National Fire Protection Association.
NFPA 1500.

NFPA [2008]. Standard on health-related fitness
programs for fire fighters. Quincy, MA: National
Fire Protection Association. NFPA 1583.

OSHA [2009]. State Occupational Safety and
Health Plans. [http://www.osha.gov/fso/osp/in-
dex.html]. Date accessed: October 2009.

Page 7



Fire Fighter Fatality Investigation
and Prevention Program

Fatality Assessment and Control Evaluation
Investigation Report « F2009-24

Fire Fighter Trainee With an Atrial Septal Aneurysm Collapses and Dies During Debris Fire Operations —

Pennsylvania

Olivares-Reyes A, Chan S, Lazar EJ, Bandlamudi
K, Narla V, Ong K [1997]. Atrial septal aneu-
rysm: a new classification in two hundred five
adults. J Am Soc Echo 10(6):644—656.

Schneider B, Hofmann T, Meinertz T [1999]. Is
there an association of atrial septal aneurysm
with arrhythmias? General Cardiol 91:87-91.

Shirani J, Zafari AM, Roberts WC [1995]. Mor-
phologic features of fossa ovalis membrane an-

eurysm in the adult and its clinical significance.
J Am Coll Cardio 26(2):466—471.

Siegel RJ [1997]. Myocardial hypertrophy. In:
Bloom S, ed. Diagnostic criteria for cardiovas-
cular pathology acquired diseases. Philadelphia,
PA: Lippencott-Raven, pp. 55-57.

Stein AD, Shakour SK, Zuidema RA [2000]. Fi-
nancial 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.

USFA [2004]. Health and wellness guide. Em-
mitsburg, MD: Federal Emergency Management
Agency; United States Fire Administration. Pub-
lication No. FA-267.

Womack JW, Humbarger CD, Green JS, Crouse
SF [2005]. Coronary artery disease risk factors
in firefighters: effectiveness of a one-year vol-
untary health and wellness program. Med Sci
Sports Exerc 37(5):S385.

Page 8

Appendix A

Autopsy Findings
e Atrial septal aneurysm (fossa ovalis) 2.8 x
3.0 centimeters

Atrial septal defect
e Left ventricular hypertrophy

Left ventricular wall thickened (1.2 cm;
normal by autopsy is 0.76-0.88 cm
[Colucci and Braunwald 1997]; normal by
echocardiographic measurement is 0.6—1.1
cm) [Armstrong and Feigenbaum 2001 ]

Microscopic evidence of myocyte nuclear
hypertrophy

e Normal heart weight
e No evidence of coronary artery disease

e No evidence of a thrombus (blood clot) in
the coronary arteries

e Normal cardiac valves

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

e Blood tests for drugs and alcohol were
negative
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INVESTIGATOR INFORMATION

This incident was investigated by the NIOSH Fire Fighter Fatality Investigation and Prevention
Program, Cardiovascular Disease Component in Cincinnati, Ohio. Mr. Tommy Baldwin (MS) led
the investigation and co-authored the report. Mr. Baldwin is a Safety and Occupational Health
Specialist, a National Association of Fire Investigators (NAFI) Certified Fire and Explosion Inves-
tigator, an International Fire Service Accreditation Congress (IFSAC) Certified Fire Officer I, and
a former Fire Chief and Emergency Medical Technician. Dr. Thomas Hales (MD, MPH) provided
medical consultation and co-authored the report. Dr. Hales is a member of the NFPA Technical
Committee on Occupational Safety and Heath, and Vice-Chair of the Public Safety Medicine Sec-

tion of the American College of Occupational and Environmental Medicine (ACOEM).

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 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 organizations,
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
persons 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)
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