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As the applications for targeted temperature management are evolving, an increasing body of evidence
supports the rationale for more rapid achievement of target therapeutic temperatures. This report examines
the safety of a new technique for achieving rapid patient cooling [LRS Technical Report, January 2012).

In the wake of the latest patient care guidelines from the
American Heart Association®, therapeutic hypothermia
is quickly gaining acceptance as a standard of care. A
growing body of evidence is suggesting that the use of
more rapid patient cooling methods is desirable in this
application, as this may reduce the side effects of
hypothermia induction, such as shivering and metabolic
disorders?>. The use of rapid cooling techniques has
been questioned by some on the basis of safety
considerations related to high cooling rates and risks of
overcooling. These issues are discussed below.

High Cooling Rates

Therapeutic patient cooling has been actively studied
for over half a century. One of the more prominent
applications has been the use of cooling to prevent
brain and other organ injury during prolonged periods
of cardiac arrest, as typically occur in open heart
surgery.  The typical “on-pump” cardiac bypass
procedure involves the use of a heart lung machine,
which cools the patient by approximately 20C° in 30
minutes®, a cooling rate of 40C°/hour. This procedure
has been safely administered to millions of patients.
Complications which result from this invasive method
are typically the result of bleeding, embolic episodes, or
blood damage.

The most rapid noninvasive cooling method known is
ice water immersion. This has been shown to generate
a cooling rate of approximately 0.35C°/min
(21C°/hour) in hyperthermic awake volunteers®, with
no adverse side effects. A desirable characteristic of
the ice water immersion treatment is that shivering is
generally suppressed at the lowest water temperatures
(~2C°). A second important observation is that the
cooling rate during ice water immersion is so rapid that
a rectal temperature inaccurately reflects core
temperature during the cooling process; an esophageal
temperature probe more accurately reflects true core
temperature during this rapid cooling®.

Ice water immersion cooling has also been studied in
normothermic anesthetized volunteers who have been
cooled to hypothermic levels®. In these studies, the
subjects were typically cooled from normothermia to
34°C as a result of a 20 minute period of immersion, a
cooling rate of 9.7C°/hour. This was approximately six
times as fast as the cooling provided by conventional
cooling blankets. ~ As in the prior studies of
hyperthermic volunteers, this rapid cooling rate did not
cause any adverse effects.

Exertional heatstroke is a deadly condition that requires
the most aggressive treatment measures. This condition
can Kill or permanently disable even young, well-
conditioned athletes. Ice water immersion is well
recognized as the standard of care for treatment of
exertional heatstroke’. This treatment has been applied
in hundreds of well-documented cases, with extremely
high cooling rates and a lack of adverse side effects.

The application of rapid cooling methods for the
induction of therapeutic hypothermia has recently seen
increased interest. A study of 24 patients treated with
the Life Recovery Systems ThermoSuit System, a
product which cools with convective ice water
immersion, reported patient cooling rates averaging
3.5C°/hour (range, 1.8 to 8.8C°/hour)®.  The clinical
safety profile of the ThermoSuit treatment as reported
in this and in a subsequent larger study® compares very
favorably with that reported in a similar study of 64
patients, in which conventional cooling blankets and the
Medivance Arctic Sun (a system that employs
adhesive-faced cooling pads) were used; these cooling
methods demonstrated cooling rates approximately five
times slower than those of the ThermoSuit approach™®.
A comparison of hypothermia induction times reported
for these studies is provided in Figure 1.
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Figure 1. Median cooling times for induction of therapeutic
hypothermia (from Resuscitation 2011519

Another clinical study of therapeutic hypothermia
investigated the use of an invasive rapid cooling
protocol which included the use of cold intravenous
saline infusion and an intravascular cooling catheter'.
This approach produced a typical cooling rate of 3.6
Ce°/hour, a rate similar to that of the noninvasive
ThermoSuit method. Aside from a 33% incidence of
infections that resulted from this invasive approach,
there were no clinical complications of the rapid
cooling induction. Overall, there were fewer
complications in the cooled patients than in a control
group of normothermic patients.

Further clinical evidence supporting the safety of rapid
patient cooling was provided by a four-year study that
showed that even delays of one hour in initiating
cooling or 30 minutes in achieving target therapeutic
temperatures significantly reduced the chances of a
good brain recovery with certain types of patients'>*.
These results validated those of a previously published
German study, which also reported a strong benefit of
earlier achievement of target temperature™.

The advantages of faster achievement of target
temperature are most apparent when adjustments are
made for patient comorbidities as part of the data
analysis; patients who have suffered more severe
cerebral injury tend to lose the ability to conserve their
own body heat and are more easily cooled™. Previous
studies which have not made such adjustments have
sometimes failed to demonstrate a benefit of faster
achievement of target temperature™®*’.

Numerous laboratory studies have shown that fast, early
cooling minimizes ischemic injury*®192021.2223.2425
Temperature dependent adverse biochemical reactions
are inhibited by hypothermia. Early intervention clearly
minimizes the time that these reactions have to
accumulate adverse byproducts.  While additional
clinical studies investigating the relationship between

cooling speed and outcomes would be helpful, studies
conducted thus far support the hypothesis that the use
of faster cooling methods is beneficial to patients.
Likewise, these studies have shown no significant
evidence that the use of faster cooling methods is
harmful.

Overcooling

All surface cooling methods have some potential to
overcool patients, as has been reported for cooling
blankets and the Medivance Arctic Sun device;
overcooling by approximately 4C° has been reported to
occur with both of these methods™. Humans subjected
to ice water immersion have been reported to continue
to drop in temperature by an additional 0.56°C to nearly
2°C after being removed from the water®. The
ThermoSuit System, which is the only available product
which uses ice water immersion to cool patients,
anticipates this “afterdrop” and a message on the
display instructs the user to purge the water from the
suit at 1.5°C above the target temperature. The water is
automatically purged if the temperature drops within
1°C of the target. To assure an accurate assessment of
core body temperature during rapid cooling, the
Instructions for Use of the ThermoSuit System specify
the use of esophageal or nasopharyngeal temperature
monitoring, as opposed to bladder or rectal temperature
monitoring; this further reduces the probability of
overcooling. As an additional measure to avoid
overcooling, the Instructions for Use recommend that
the user immediately remove the patient from the
ThermoSuit upon completion of the purge process, and
place the patient on a conventional cooling/warming
blanket to assure that the patient remains within the
targeted range of temperatures. These approaches have
proven successful in the achievement of safe, rapid and
accurate cooling of hundreds of patients with the
ThermoSuit System.

Conclusions

New evidence supports the clinical value of rapid
patient cooling in a number of applications. Cooling by
ice water immersion, as provided by the Life Recovery
Systems ThermoSuit® System, offers potentially
significant clinical benefits. By using an accurate core
temperature monitoring method (esophageal or
nasopharyngeal monitoring) and feedback-controlled
cessation of cooling induction, this simple noninvasive
approach is capable of providing safe, rapid, and
accurate patient cooling. It offers an important new
clinical option for the treatment of severe hyperthermia,
as well as for the rapid induction of therapeutic
hypothermia.



FDA-Cleared Indications for The LRS ThermoSuit System:

Temperature reduction in patients where clinically indicated, e.g. in
hyperthermic patients.

CE and Health Canada - Cleared Indications for the LRS
ThermoSuit System:

Temperature reduction in patients where clinically indicated, e.g., to
induce hypothermia in patients to preserve cardiac and brain function
in victims of cardiac arrest, stroke, heart attack, traumatic brain
injury.
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