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Effectiveness
of Limh
Immersion
as it Relates
to Firefighter
stress and
Rehah

FIRE FIGHTING IS A PHYSICALLY
AND PSYCHOLOGICALLY demanding
profession and a potentially hazardous
occupation. During the five-year period
from 1995 through 1999, an average of
99 firefighters per year lost their lives in
the line of duty. The leading cause of
death among on-duty firefighters in the
United States during the past five years
has been heart attack, accounting for
40 percent to 49 percent of the deaths
each year.!

How Effective is Limb
Immersion?

We can provide copies of numer-
ous recent studies that clearly
establish that limb immersion is
uniquely effective at cooling the
core. But perhaps some practical
examples will be even more
effective:

» Ever put your feet or hands in a
pond to cool off on a hot
summer day?

» Ever put your forearms under the
cool water from the kitchen sink
to cool off?

Almost all of us would have to
say yes on both counts, so you
already know how effective limb
immersion is!

GENERAL FIRE APPARATUS

Fire fighting places considerable strain
on the cardiovascular system because of
the heavy work firefighters perform and
thermal strain. The primary cause of
thermal stress, 70% of the total, comes
from the internal metabolic heat
produced by working muscles. While in
the super-heated environment of the fire-
ground, the protective ensemble keeps a
firefighter cooler than he would be with-
out gear. Even with that protection level,
due to the demanding and physically
stressful condition in which a firefighter
can find himself, the body’s internal heat
generation, combined with radiant heat
associated with the fire, can increase a
firefighter's core body temperature to a
dangerous level.

The cardiovascular demands of heavy
muscular work and increased body tem-
perature result in competing demands for
blood flow to (a) the metabolically active
muscles to support heavy muscular work,
(b) the skin in response to the themoreg-
ulatory demands resulting from muscular
work in a hot environment, and (c) vital
organs (including the brain and heart) to
support life. The cardiovascular demands
are exacerbated by excessive fluid loss
through profuse sweating and vasodila-
tion of vessels in the skin and muscle.?

What has Been Done to
Help Firefighters Deal
with Stress?

The fire service has been combating
heart and the underlying heat stress
issues through a number of fireground
rehabilitation strategies, such as crew
rotation, fluid replacement and cooling
that is passive (opening up PPE and
sitting on the ground in the shade) or
active (ice packs or vests, air condition-
ing, misting fans and even cryogenics).
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The Problems with These
Earlier Rehah
Techniques...

The latest research shows that most of
these strategies do not work to effectively
reduce core temperature. Even more
ominously, some of these strategies do
reduce skin temperature only and thus
“fool" firefighters into thinking they are fit
for reassignment, when in fact their core
temperatures remain high or continue to
climb dangerously. This could encourage
a firefighter to dangerously resume work
while his core temperature is still
dangerously high.

What does the Newest
Research Teach?

The research shows that firefighters must
actively cool and that hand and forearm
immersion is the most effective means of
reducing core temperature.* Combined
with rest and hydration, hand and
forearm immersion is THE most effective
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way for firefighters to mitigate the
horrendous impact of stress on their
health and safety.

Why is Hand and Forearm
Immersion More
Effective than the Other
Active Cooling
Techniques?

The KORE KOOLER REHAB CHAIR
relies on direct contact of the skin with a
large volume of water through immersion
(each arm reservoir can hold several gal-
lons of water). Water has high emissivity,
high thermal mass (more than 8lbs to the
gallon) and being a fluid, adapts to every
inch of the firefighter's hand and forearm
for maximum heat transfer. Heat is trans-
ferred from the comparatively hotter (than
the water) firefighter's arms/hands to the
water in the troughs and the cooled
blood flows back to the body core picking
up additional core heat for subsequent
removal. As such, this approach can be
used to quickly rehabilitate the individual
and minimize the potential for continued
core temperature rise that commonly
occurs after hard work in insulative
clothing or PPE.

In contrast:

* Ice packs are rigid by design and,

therefore, do not come into contact

with a substantial expanse of skin
surface. Their excessive low tempera-
ture causes capillaries to constrict
which traps heat in the body’s core.

Cooling vests rely on circulating air or

liquids through tubes and do not

provide the same efficiency as the

KORE KOOLER REHAB CHAIR since

the heat transfer must occur through

the fabric lining and plastic tube walls
of the cooling vest before reaching the
circulating medium, and the area of
body contact is far lower than fluid
water provides.

* Air conditioning is effective but less
direct (less thermal mass per area of
contact) and must overcome the
barriers of clothing.

» Misting fans deliver very little thermal
cooling to the skin and become even
less effective in the high humidity

and arms have been immersed in non-
chilled water for 10-20 minutes following
hard work activity for individuals wearing
protective clothing.®® This is a huge
temperature change since the difference
between normal body temperature of
98.6° F (54.78° C) and threshold heat
stress for medically selected and accli-
matized personnel of 101.3° F (38.5° C)’
is a difference of only 2.7° F (1.5° C).
For purposes of these studies, unchilled
water is defined as having a temperature
of between 50-86° F (10-30° C), which is
the range of water temperature normally
anticipated from a tap, hose line, tanker,
etc.

conditions so typical on the fireground.

* Cryogenics has the same limitations as
cooling vests. Additionally, the thermal
gradient is often so high that skin
cooling can constrict the capillaries
before effective blood stream cooling
can occur.

Perhaps even more importantly, unlike
the other active stress mitigation
technologies (ice packs or vests, air
conditioning, misting fans and even
cryogenics), hand and forearm immer-
sion is both portable and affordable.
For the first time, we have an effective,
easy-to-use tool that can help mitigate
the firefighter stress problem at very
low cost.

How Effective is Limb Immersion?
Studies have been conducted that verify
the unrivaled core cooling effectiveness
of limb immersion in readily available (not
chilled) water.* Specifically, studies have
shown core temperature decreases of
1.3t02.9° F (0.7 to 1.6° C) when hands

Contact us for greater detail on
rehab studies and/or draft use
protocols.

TNFPA's Survey of Fire Departments for U.S. Fire Experience (2001), NFPA Fire Analysis and Research Division, Quincy, MA 02269
2DL. Smith, PH.D, T.S. Manning, M.S., and Petruzzelo. PH.D. "Effects Of Live Fire Training On Recruits”
3 Tom M. McLellan, PHD, “Current Fire Fighter Occupational Medicine Issues, Approaches for Fire Fighter Rehabilitation,” Speaker’s Abstract from the International Association of Fire

Fighters’ Redmond Symposium of October 2003

4 Livingston, S.D, R.W. Nolan and S. W. Cattroll, “Heat Loss Caused by Immersing the Hands in Water”, Aviation, Space and Environmental Medicine, December 1989, pp. 1166-1171
5 House, J.R., “Extremity Cooling as a Method for Reducing Heat Strain,” Journal of Defense Science, Vol. 3, No. 1 1998
6 House, J.R., C. Holmes, and A. J. Allsopp, “Prevention of Heat Strain by Immersing the Hands and Forearms in Water," Journal of Royal Naval Medical Service, Vol 83, No. 1, 1997, pp. 26-30

7 American Industrial Hygiene Association Guidelines

GENERAL FIRE APPARATUS

5095354255

800-541-4218



GENERAL FIRE APPARATUS 5095354255 800-541-4218



