











Fire fighting and other emergency
response activity places considerable
strain on the cardiovascular system
because of the heavy work performed
by emergency personnel (including
carrying the weight of the personal
protective equipment) and thermal
strain. Thermal strain results from
several factors, including (a) the meta-
bolic heat produced by working
muscles; (b) the heavy, insulative, only
semi-permeable protective gear, which
adds to the metabolic work that must be
done and traps the metabolic heat next
to the body; and, in some cases, (c) the
radiant heat associated with the fire.

The cardiovascular demands of heavy
muscular work and increased body
temperature 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 thermoregulatory
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 made worse by excessive
fluid loss through profuse sweating and
dilation of blood vessels in the skin and
muscle.?

The prevention or alleviation of heat

stress is based on affecting each of the

factors that contribute to its onset:

 Altering the environment

¢ Modifying the work to be performed

¢ Lessening individual firefighter
susceptibility

e Changing the protective clothing
¢ Using auxiliary cooling

Given all of the different approaches for
heat stress, there are still activities and
circumstances for which other approaches
or combinations of these approaches
must be employed. For example, in
structural fire fighting, the firefighters
cannot choose their environment (which
is undoubtedly hot), modify their task
(except by adding manpower to fire
fighting operations), or provide any
further changes in the protective ensem-
ble without sacrificing protection. In
such situations, principles from each
approach described above must be

2D L. Smith, PhD, T.S. Manning, M.S., and
Petruzzelo, PhD “Effects Of Live Fire Training On
Recruits,” Fire Engineering, September 2001,

pp. 79-81.

Signs and Symptoms of Heat Stress

Heat Rash — occurs in hot, humid environments where
sweat is not easily removed from the surface of the skin by
evaporation and the skin remains wet most of the time. The
sweat ducts become plugged; signs and symptoms include:
» Skin redness and raised bumps on the skin

Heat Cramps — result from heavy sweating with inadequate
electrolyte replacement (calcium, potassium and sodium
chloride), imbalance during heat stress and increased
sweating. Signs and symptoms include:

* Muscle cramps

* Pain in the hands, feet, and abdomen

Heat Exhaustion — caused by increased stress on various
body organs including inadequate blood circulation due to
cardiovascular insufficiency or loss of excessive amounts of
fluids, electrolytes, or both, through increased sweating.
Signs and symptoms include:

* Pale, cool, moist skin ¢ Dry mouth and tongue

* Heavy sweating (cotton-mouth)

* Thirst * Elevated skin and core
* Dizziness temperature
* Nausea * Fainting

Heat Syncope (Fainting) — occurs when there is

a sudden lack of blood flow to the brain. During heat stress
conditions, the brain does not receive enough blood, and
hence required oxygen, because of mechanisms initiated to
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reduce increased body heat. With vasodilated blood vessels

in the skin and in the lower part of the body, blood flow is

increased, resulting in ‘blood pooling’ in the extremities rather

than being returned to the heart to be pumped to the lungs

and to the brain. Signs and symptoms include:

* General weakness * Fatigue

* Low blood pressure * Blurred vision

* Paleness * Elevated skin and core
temperatures

Heat Stroke — the most serious form of heat stress. It
occurs when the body’s temperature regulatory system fails
and sweating becomes inadequate. The body’s only effective
means of removing excess heat is compromised with little
warning to the victim that a crisis stage has been reached.
Unless the victim receives quick and appropriate treatment,
death can occur. Signs and symptoms include:
* Red or blotchy, hot, e Lack of or reduced

usually dry skin perspiration
* Nausea ¢ Dizziness and confusion
e Strong, rapid pulse * Coma
* Body temperature is usually 105° F (41° C) or higher

Transient Heat Fatigue — refers to the temporary state of
discomfort and mental or psychological strain arising from
prolonged heat exposure. Signs and symptoms include:
A decline in task performance, coordination,

alertness, and vigilance.

Find us on

MorningPride Mfg



R

used. The use of rehabilitation
programs is in essence a combination
of the first four methods. Rehabilitation
is post work or rest period management
of the individual’s environment, activity,
condition, and clothing to limit the
effects of heat accumulation from work
in hot environments.

The fire service has been combating
heat stress issues through a number of
fireground rehabilitation strategies, such
as crew rotation, fluid replacement and
cooling that is passive (e.g., opening up
PPE and sitting on the ground in the
shade) or active (ice packs or vests, air
conditioning, misting fans and even
cryogenics).

Some of the auxiliary cooling technolo-
gies are not practical for many applica-
tions because of the additional hazards
(other than heat stress) faced by emer-
gency responders. Furthermore, many of
these technologies further encumber
workers, which in turn can diminish the
additional cooling effect that is achieved
by the device. A number of studies have
involved the evaluation of different cool-
ing systems, particularly those for use
with military permeable and impermeable
chemical agent protective gear.
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The latest research shows that most of
these strategies do not work to effectively
reduce core temperature. Moreover,
some of these strategies reduce skin
temperature and thus “fool” firefighters
into thinking they are fit for reassign-
ment, when in fact their core tempera-
tures remain high or continue to climb
dangerously.

Studies aimed at alternative means of
cooling have shown the beneficial
results of limb immersion combined with
other rehabilitation techniques. The
British Navy investigated the use of limb
immersion for cooling sailors during the
Falklands Campaign. In their studies,
hand and/or foot immersion in cool
water was examined as a means to
cool shipboard personnel. Cooling
through hand or foot immersion occurs
through heat exchange in blood vessel
branchings near the skin that remain
open and dilated when core temperature
is elevated. In successive studies, the
Institute of Naval Medicine in the United
Kingdom was able to show that by cool-
ing the limbs of test subjects, the rate of
core temperature rise was halted.>*
These studies involved the examination
of forearm immersion in water ranging
from 49.5° F (10° C) to 85.5° F (30° C)
for test subjects that had exercised until
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their core temperature rose to 101° F
(38.5° C) while wearing fire fighting
clothing. Additional studies compared
limb immersion with conventional cool-
ing vests with limb immersion providing
more effective cooling than ice vests.

More recently, work by Defense
Research and Development of Canada
examined the efficacy of passive cooling
compared with active cooling and
hydration strategies.® The first phase of
this research showed that a passive
rehabilitation approach with rest periods
between 30-minute work periods was
unable to provide effective cooling,

and with increasing environmental
temperature, firefighter tolerance time
decreased. As in other studies, the
research showed that heart rate recov-
ery and subjective feelings of comfort

3J. R. House, C. Holmes, and A. J. Allsopp, (1997).
“Prevention of Heat Strain by Immersing the
Hands and Forearms in Water,” J. Royal Naval
Medical Service, 83(1), pp. 26-30.

43 D. Livingstone, R. W. Nolan and S. W. Cattroll,
(1997). “Heat Loss Caused by Immersing the
Hands in Water,” Aviation, Space and
Environmental Medicine, December, pp. 1166-1171.

5 Presented at 2003 IAFF John P. Redmond
Foundation Symposium, October 2003.

Comparison of Earlier Auxiliary Cooling Technologies
(Before Limh and Forearm Immersion was ldentified as the Most Effective Process)

Type of Cooling System

Advantages

Disadvantages

Water-cooled Garments

Cooling rate can be controllable

Bulky and heavy;
Limited service life;

Requires replenishment;
Hard to integrate with many forms of clothing

Air Cooling Systems

Simple;
Some provide control of
cooling rate

Noisy;
Mobility is severely restricted;
Requires source of compressed air

Ice Packet Vests Simple; Can add significant bulk and weight;
Inexpensive No control over cooling rate;
May cause initially vasoconstriction and diminish cooling effect
Phase Change Material Simple; No control over cooling rate;

Clothing

Can conform to body in
lightweight, low bulk designs

System may have limited lifetime under high heat conditions;
Recharging clothing can be difficult

Wetted Overgarments

Simple

No control over cooling rate;

Can add bulk and weight;

Does not provided evaporative cooling inside encapsulating clothing
or under high humidity conditions
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were not reliable indicators of the heat
strain being experienced by the firefighter.

A second phase of the research
compared rehabilitation practices using
one of three different techniques:
e Passive cooling only (removal of coat,
helmet, SCBA, and gloves)
¢ Removal of coat, helmet, SCBA, and
gloves with water misting
¢ Removal of coat, helmet, SCBA, and
gloves with forearm cooling
Firefighter test subjects engaged in a
50-minute period of light work (including
one bottle change) followed by a 30-
minute rest period where one of the
rehabilitation techniques was used.
Test subject core temperature was
measured as a determinant of the level
of stress in each firefighter. The results
from this research are shown in the
graph below. These results demonstrat-
ed that with passive cooling only,
firefighters were not able to complete a
second work period. When active
cooling was applied, the technique of
limb immersion permitted firefighters
to sustain longer work periods with a
limited rise of core temperature.

Fire Service Standard
and Practices

In the fire service industry, specific
standards and publications have
addressed rehabilitation practices:
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¢ In 1992, the U.S. Fire Administration
published Emergency Incident
Rehabilitation (FA-114). This
publication establishes recommenda-
tions for a fire department or other
emergency organization standard
operating procedure for rehabilitation
and provides guidelines for rehabilita-
tion responsibilities, hydration,
nourishment, rest, recovery, medical
evaluations, and accountability. This
publication has been updated by
the IAFF and will be published by the
end of 2007.

e NFPA 1500, 2007 edition, includes
requirements for fire departments to
address rehabilitation during
emergency operations (Section 8.9).
These requirements essentially direct
the department to provide on-scene
rehabilitation of firefighters during
emergency operations, permit
communications of rehabilitation/
rest needs to supervisors, and provide
wildland firefighters with a minimum of
2 liters of water.

e NFPA 1584, 2003 edition, is a new
Recommended Practice on
Rehabilitation of Members Operating
at Incident Scene Operations and
Training Exercises. Important
provisions of this Standard require fire
departments to:

- Develop standard operating
procedures for rehabilitation
following operations;

- Establish areas of rehabilitation with

The Superiority of Limb and Forearm Immersion
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specific characteristics (e.g., in the
shade, away from any hazards, with
access to medical treatment);

- Specify the role of emergency
medical service personnel;

- Undertake a rehabilitation process
that includes (1) removal of all
protective clothing, (2) fluid
replenishment, (3) use of a shaded
or misted area for cool-down,

(4) use of an air-conditioned space
for extended rehabilitation, and (5)
medical evaluation and treatment for
heat emergencies;

- Provide medical monitoring,
including member subjective ratings,
heart rate, blood pressure, and
temperature;

- Follow specific work-to-rest ratios
based on cylinder use; and

- Document heat stress incidents.
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Patented

The Morning Pride Kore Kooler Rehab
Chair is a patented concept, developed
by a firefighter himself for firefighters.

It essentially entails a modified folding
chair with arm reservoirs that contain
plastic bags filled with ambient tempera-
ture water. After each individual rehab,
the bags are removed with the water they
contain and a new bag is inserted to be
filled with clean water. Foot immersion is
far more difficult logistically on the fire-
ground; and while it could also be done,
the studies show that forearm immersion
alone delivers almost the same cooling
power.®

There is no need to cool the water in the
reservoirs; ambient temperature water
from a house spigot, engine pump or
hydrant works perfectly. However, cooler
water may be used if local EMS protocols
allow.

* The chair weight capacity is rated at
300 Ibs (136.0 kg) and features wide
rail construction to accommodate the
bulk of turnout gear.

* The sling construction mimics a
hammock effect to relax and support
the firefighter comfortably in perfect
limb immersion position.

¢ There is an optional REHAB Sun
Shade (highly recommended) which
clamps to the chair. The Sun Shade
has a tension shaft that can be
adjusted to block the sun from any
direction. This allows us to keep the
Sun Shade small enough so as not to
obstruct the area of other rehab chair
users.

* The REHAB Sun Shade can be silk
screened with your fire department’s
logo or apparatus marking.

* Blue chairs are in stock for immediate
shipment (please allow a few weeks for
customized, silk screened products).

* Black and lime chairs can also be
ordered, but please allow 3-4 weeks for
construction.

* Replacement packs of reservoir bags
(highly recommended with chair
purchases) are in stock for immediate
shipment.

KORE KOOLER Rehab Chair, vented
carrying bag and 2 disposable arm
water reservoir bags

Part No. KK-CHAIRKIT

5 House, J.R., “Extremity Cooling as a Method for
Reducing Heat Strain,” Journal of Defense Science, Vol. 3,
No. 1 1998
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¢ Quick attach REHAB Sun Shade
Part No. KK-SSH

* Custom
department logo
imprinting on
sun shade. “REHAB”
is standard on 2
white panels.
Part No. KK-SSSH

» Custom department logo imprinting on
carrying bag — Part No. KK-SSBAG

¢ 50 extra disposable
arm reservoir water
bags in a plastic pack
Part No. KK-BAGS

Specifications:

* Seat height: 16” (43.6 cm)

* Chair weight: 11 Ibs — Empty (5.0 kg)

* Chair weight capacity: 300 Ibs (136.0 kg)

* Blue in stock (Allow 3-4 weeks for
special order black or lime chairs or
custom logo products)
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