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Abstract

Research has provided that inducing hypothermia in post-cardiac arrest patients is an
effective treatment to reduce the brain damage that results from ischemia and blood reperfusion.
In Dane County, the method for inducing hypothermia in a post-cardiac arrest patient during
transport to a hospital involves infusing chilled saline into the patient. Saline is stored in a
refrigerator at the hospital and is placed in a soft-sided cooler with ice for transport to the
patient’s location. The main problem with this protocol is cooling the saline and keeping it cold,
even when the ambient temperature is high. Optimally, the saline should be at a temperature of
4° C when it is infused into a patient. The cooler currently in use does not allow measurement of
the temperature of the saline; it is suspected that the saline never reaches a temperature of 4° C.
The goal of this project is to design a device that can be used to cool the saline and keep its
temperature at 4° C during infusion. The device will be used in ambulances and helicopters so
space constraints, as well as power availability, need to be considered. Possible cooling devices
include thermoelectric coolers and miniature refrigerators. Options for insulating the saline bag

and cooling the saline below 4° C will also be explored.
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Problem Statement

To reduce the risk of brain injury and slow cerebral reperfusion in post-cardiac arrest
patients, hypothermia is induced during helicopter or ambulance transport. Hypothermia is
induced by infusing saline at 4° C to reach a core body temperature of 32° C to 34° C. To ensure
that saline enters the body at 4° C, a method of cooling and maintaining the saline temperature is
needed. The method must consider the space constraints of an ambulance or helicopter (see
figures 1 and 2). Alternative methods, including evaporative cooling, can be used in conjunction
with cold saline to induce hypothermia more rapidly. Upon arrival at the hospital, methods are
already in place to maintain hypothermia. For effective implementation in Emergency Medical

Services nationwide, the method must be cost-effective.

Background
Post-Cardiac Arrest Brain Damage

Neurological damage is a common result in patients following cardiac arrest. Cardiac
arrest results in a condition known as ischemia, which is marked by reduced or ceased blood
flow to a particular organ or portion of the body. When dealing with a cardiac arrest victim,
ischemia specifically refers to a lack of blood flow to the brain. This low flow state then leads to
anoxic brain injury. Anoxic brain injury is caused by an insufficient supply of oxygen reaching
the brain and results in damage to brain cells. Additionally, brain damage can arise in a victim
post-cardiac arrest. This secondary brain damage is caused by reperfusion, the reintroduction of
blood flow to the brain. The newly introduced blood flow brings oxygen to the brain which
damages cellular proteins. Reintroducing oxygen to the brain damages plasma membrane

proteins of the already damaged cells, causing them to rupture and release toxic free radicals into
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surrounding cerebrospinal fluid. Free radicals act on neighboring cells, causing them to rupture
and release more toxins. This leads to a never ending cascade of brain damage that will
eventually result in death [1]. Recently, research has proven that inducing hypothermia in
comatose post-cardiac arrest patients significantly slows this ischemic cascade and reduces
neurological damage.
Therapeutic Hypothermia

The effectiveness of therapeutic hypothermia treatment has been clinically proven in two
separate studies. Both studies were published in 2002; one took place in Australia while the
other took place in Europe. Additionally, both studies used similar methods for comparing
results between patients treated with hypothermia and patients treated with standard care
procedures. Patients who were resuscitated after cardiac arrest were randomly assigned to
undergo either therapeutic hypothermia or standard care procedures. In the European study, the
primary endpoint was to see if a favorable neurological outcome occurred 6 months after
treatment. The secondary endpoint was to see if death occurred within 6 months of treatment as
well as determine the rate of complications within 7 days of treatment. In the group treated with
hypothermia, 75 of 136 patients (55%) had a favorable outcome. In the standard care group,
only 54 of 137 patients (39%) had a favorable outcome. Mortality in the hypothermia group at 6
months was only 41% as compared to 55% in the standard care group [2]. Similar results were
seen in the Australian study. In the group treated with hypothermia, 49% of patients had a
favorable outcome, whereas the group treated with standard care only had 26% of the patients
experienced a favorable outcome [3]. A favorable outcome was described as a patient having
minimal brain damage resulting in good cerebral performance or only slight disability.

Favorable outcome patients were patients that were discharged from the hospital to their homes
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or a rehabilitation center the next day. The results of both studies showed that inducing
hypothermia increased the rate of good neurological outcome and reduced mortality. In general,
inducing hypothermia increased survival rate, and more importantly, the quality of life after the
occurrence of a heart attack.

Inducing Hypothermia Out-of-Hospital

Inducing hypothermia out-of-hospital is a fairly simple process that utilizes the effects of
infused cold saline. In a typical patient, 2 L of saline are infused to induce hypothermia. The
saline is infused during transport from the site of the cardiac arrest to the hospital. Transport is
either by ambulance or helicopter. Transport takes an average of 20 — 25 minutes by ambulance
and 35 minutes by helicopter. It typically takes 15 minutes to infuse 1 L of saline into a patient,
so the rate of infusion necessary to adequately cool the patient is very rapid. The saline is
infused at a temperature of 4° C in order to reach a core body temperature of 32° —34° C. A
core body temperature of 32 — 34 °C results in hypothermia.

In Dane County, the emergency protocol for inducing hypothermia is a very rudimentary
process. At the hospital, a few bags of saline are stored in a refrigerator between cardiac arrest
calls. When the ambulance or MedFlight helicopter crew receives a call for a cardiac arrest
victim, they simply remove the saline from the refrigerator, stow it in a soft-sided lunch cooler
with two ice packs, and take off. With the current protocol, the EMS crew does not know if the
saline is at 4° C while it is in the refrigerator, let alone whether it is cold enough during transport
or infusion.

Existing Devices
There are currently no devices on the market to induce therapeutic hypothermia in the

field. The first research on out-of-hospital induced hypothermia was not published until 2007
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and suggested that cooling the body with chilled-infused saline out of the hospital is safe and
effective at reducing post-cardiac arrest brain damage [4]. Devices for inducing hypothermia in-
hospital include the ArticSun® by Medivance and Celsius Control System™ by INNERCOOL.
ArcticSun® is a set of pads filled with circulating temperature-controlled fluid that are placed on
the patient. The pads cool the patient by thermal conduction [6]. The Celsius Control System™
utilizes endovascular cooling and involves inserting a catheter into the inferior vena cava.
Cooled saline flows from a console through the catheter and exchanges heat with circulating
blood. No fluid is infused into the body [7]. While both systems are suitable for hospital use,
they are too large, have too many components and require too much power to be implemented in

the field.

Product Design Specifications

The main function of this device is to cool and maintain saline at 4° C. The device
should function effectively in ambient temperatures of up to 45° C. The device should keep
saline at 4° C for at least 40 minutes in accordance with average helicopter and ambulance
transport times. The device needs to be small enough to fit in the available space of a helicopter
(see figures 1 and 2). For patient and doctor safety, all components of the device will need to be
secured in the helicopter or ambulance. Because the device will be used in the field, it should
not rely completely on an external power source. The device also should not cool the saline
below its freezing point. Because the device could be implemented county- or nationwide,

manufacturing costs should be considered.
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Preliminary Saline Testing

Preliminary tests were performed to characterize the saline temperature changes and flow
rate. This test also served to develop better methods for future testing. The 1 L bag of saline
was cooled to 4° C. It was hung from a hook approximately 4 feet above the ground. Standard
16 gauge medical tubing was attached to the bag. The end of the tubing was placed in a beaker
on the ground (approximately 4 feet below the bag). Temperature probes were placed in the bag
and in the beaker to monitor the temperature change as the saline flowed out of the bag. The
saline was allowed to run freely through the tubing and temperature readings were taken every
30 seconds. The results are summarized in the graph below (figure 3).

As expected, the temperature of the saline in the bag increased exponentially
(approximately +3° C in 6 minutes). The temperature in the beaker remained somewhat constant.
The constant beaker temperature was unexpected and is most likely due to the slow thermometer
response time and the difficulty of taking accurate temperature measurements at the tip of the
tubing. This will be improved in later testing by using a thermistor rather than a thermometer.
This test established that the saline bag will need to be insulated to prevent warming.

A second test was conducted to find a method to slow the flow of saline to mimic the
time it takes to infuse 1 L of saline into the human body. The MedFlight crew reported an
approximate rate of infusion of 1 L every 15 minutes. Running the bag of saline through the
tubing alone provided a flow rate of 1 L every 6 minutes. To slow the flow of saline, the tubing
was modified by attaching a 16 gauge needle, similar to the one used to place an IV into a patient.
This slowed the saline flow rate to approximately 1 L every 14 minutes, very close to the desired

1 L every 15 minutes.
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Design Alternatives

Five alternatives were developed for cooling and maintaining the temperature of the
saline during transport to the site. The first three alternatives involve portable coolers or
refrigerators to cool the saline. The last two options address the issue of maintaining a chilled
temperature.

Saline Cooling Alternatives

The first design utilizes an upgraded version of the soft-sided cooler currently used by the
MedFlight crew. This option is advantageous because it is smaller and lighter than the other two
coolers being considered and does not require an outside power source. A major disadvantage of
this design is that there is no control of the temperature. The saline would probably maintain a
reasonable temperature in the winter, but in the summer with higher ambient temperatures, the
saline will warm much more quickly. This design can only be implemented if the method
(described below) for insulating the saline bag is effective at keeping the saline cold for extended
periods of time.

The second cooler being considered is a thermoelectric cooler. It operates on the Peltier
effect where a voltage difference is converted to a temperature difference. A current is run
through two different conductive materials with different electron densities. As the electrons
move from the higher density material, the electrons expand and cool which creates a
temperature difference [8]. This design allows for some temperature control. A disadvantage of
this design, however, is that it works on a temperature differential with a maximum cooling
ability of about 40° F below the ambient temperature. This means that if the temperature outside
is 90° F (32° C), the temperature in the cooler could only get down to 50° F (10° C), which is not

low enough to keep the saline at 4° C. These coolers can be very small, so it would fit in the
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helicopter and be easy to transport. Thermoelectric coolers are available commercially for $50 -
$100.

The third cooler is a miniature refrigerator. The major advantage of this design is that the
temperature can be set anywhere between -18° C and 5° C. A refrigerator, however, requires a
power source and would be heavier than the other two design options. The refrigerator would
most likely be a permanent fixture in the helicopter. Although there are refrigerators small
enough to fit in the helicopter, the MedFlight crew may not want it to permanently take up space
because they do not respond to cardiac arrest victims on a daily basis. Refrigerators smaller than
20 in x 20 in x 20 in are available commercially for $100-$250.

Saline Temperature Maintenance Options

In addition to implementing a device that will cool the saline bag during flight, a means
of keeping the saline cold is also needed. One way to do this is to insulate the bag of saline with
a sleeve. This sleeve would be slid over the bag of saline and fixed there. It will be kept around
the bag while it is in the external cooling device. This sleeve will consist of an insulating
material with pockets for removable ice packs (figure 4). Possible insulating materials include
neoprene, often used in beverage “cozies” [9], or insulated mailing envelopes.

Insulating the tubing may also be an option. This, however, presents several challenges.
First, the end of the tubing must remain sterile. The insulation will not be able to touch the end
of the tubing. Second, because the physician requires access to certain points on the tubing, the
straight length of tubing would be a very awkward shape to cover. An easier way to insulate the
tubing might be to coil it and cover the coil as a whole. Further testing is needed to determine if

coiling the tubing affects flow rate, as well as if tubing insulation is even necessary.
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A second way to ensure that the saline stays chilled until it enters the body is to cool the
saline below 4° C but still above the freezing point of saline. As the saline warms during
infusion, the temperature will rise to 4 ° C. Saline cooling tests are needed to determine the
freezing temperature of saline.

Decision Matrices

Two decision matrices are shown in appendix B. For matrix 1, only the three cooler
alternatives were evaluated. The other two options, insulation and extra cooling, will be
implemented in conjunction with a cooler if they are found effective; these results will ultimately
affect the choice of cooler. When the effects of insulating the bag were ignored, the miniature
refrigerator scored the highest. This design is the best for temperature control, which was the
most highly weighted element. If an insulation sleeve successfully keeps a chilled bag of saline
cold, temperature control becomes less important and size, cost and required power become
more important. In this case, a standard soft-sided cooler is most likely the best option (see

matrix 2).

Safety and Ethical Considerations

The main safety concerns with this device are cooling the patient to a core body
temperature less than 32° C and infusing crystallized saline. While inducing hypothermia, EMS
carefully monitor the patient’s body temperature to prevent excessive cooling. To prevent saline
crystallization, the freezing point of saline will be accurately determined and testing will be done
to ensure the saline always stays a few degrees above this temperature while in the cooling
device. All components of the device will also be strapped down in the helicopter and

ambulance.
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Future Work

Before a prototype of the bag and tubing insulation is constructed, more testing needs to
be done to determine how the temperature of the saline increases in a warmer environment. This
will help to determine how tightly insulated the bag and tubing will need to be. The freezing
point of the saline needs to be determined to see how far below 4° C the saline can be cooled
without crystallizing. A colder initial temperature allows for warming when it is flowing out of
the bag and through the tubing. Because one of the ideas for insulating the tubing involves
coiling the tubing, it needs to be confirmed that doing this does not affect the flow rate.

After the testing is performed, a prototype of the bag and tubing insulation will be
constructed and tested for effectiveness. A method for keeping the saline cold or cooling during
transport will also be determined and constructed if necessary. Next semester, the design will be
tested further and improved to maximize effectiveness. Alternative cooling methods in addition

to infusing saline, such as evaporative cooling, will also be explored.
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Appendix A: Figures

Figure 1: MedFlight helicopter, back

This is where the stretcher is loaded
into the helicopter. There is some
storage space on the right, but it
would not be accessible during
flight.

Figure 2: MedFlight helicopter, front
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This is where the doctor and flight nurse work
on the patient. The patient is accessible from
the hips up. The saline bag is hung next to the
monitor (top left).
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Figure 3: Saline Temperature Change Over

Time
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Figure 4: Saline Insulation Sleeve
This picture is of the insulated sleeve
containing ice packs (shown in green) which
surround the bag of saline (shown in blue). /\
The sleeve leaves an opening at the top to

hook the bag.
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Matrix 1: Implementation of Insulation Not Considered
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Criteria Weight Standard Thermoelectric Mil.liature
Cooler Cooler Refrigerator
[Cooling Ability 0.40 1 2 3
Size 0.20 3 2 1
Power Required 0.10 3 2 1
[Client Preference 0.20 1 2 3
[Cost 0.10 3 2 1
Total 1.00 1.8 2.0 2.2
Matrix 2: Implementation of Insulation Considered
Criteria Weight Standard Thermoelectric Miniature
Cooler Cooler Refrigerator
[Cooling Ability 0.20 1 2 3
Size 0.30 3 2 1
Power Required 0.15 3 2 1
[Client Preference 0.20 1 2 3
[Cost 0.15 3 2 1
Total 1.00 2.2 2.0 1.8
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Appendix C: Product Design Specifications

In-Flight Patient Cooling Device
Laura Bagley, Cali Roen, Anthony Schuler, Amy Weaver
March 10, 2008

Function: To reduce the risk of brain injury and slow cerebral reperfusion in post-cardiac arrest

patients, hypothermia is induced during helicopter or ambulance transport.
Hypothermia is induced by infusing saline at 4°C to reach a core body temperature of
32°C to 34°C. To ensure that saline enters the body at 4°C, a method of cooling and
maintaining the saline temperature is needed. The method must consider the space
constraints of an ambulance or helicopter. Alternative methods, including evaporative
cooling, can be used in conjunction with cold saline to induce hypothermia more
rapidly. Upon arrival at the hospital, methods are already in place to maintain
hypothermia. For effective implementation in Emergency Medical Services
nationwide, the method must be cost-effective.

Client Requirements:

Fit in space available in medical transport vehicle (helicopter or ambulance)
Easily transported

Saline temperature maintained at 4°C

Cool patient to a core body temperature of 32°C to 34°C

Cost effective

Design Requirements

1.

Physical and Operational Characteristics

a. Performance Requirements: The device must cool the saline to 4°C and maintain this
temperature as the saline enters the body. The patient should be cooled to a body
temperature of 32°C to 34°C.

b. Safety: Since the device will be used in transport, there should be no loose pieces. All
components of the device must be able to be strapped down in the helicopter. Also, the
patient’s body temperature should not be cooled below 32°C and the saline should not be
cooled to the point of crystallization.

c. Accuracy and Reliability: The device must be able to maintain the saline at 4°C for up to
35 minutes. The saline should be as close to 4°C as possible as it enters the body.

d. Life in Service: The device should be reusable and should function for at least 35 minutes
without loss of function.

e. Shelf Life: Not applicable at this time.

f.  Operating Environment: The device should function in ambient temperatures up to 45° C
and high heat indices. The device must withstand frequent transport from the storage
location to the ambulance or helicopter. It must also function in a moving vehicle. The
device should not rely on power from an electrical outlet.

g. Size: The device must fit in the limited workspace of an ambulance and helicopter.

h. Weight: The device must be carried by paramedics. It should not weigh more than 30
pounds, but a lighter device would be more desirable as components may be placed on a
patient while the stretcher is being loaded into the helicopter/ambulance.
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Materials: The materials used should be durable, non-toxic, and easily sterilized.

2. Production Characteristics

a.

b.

Quantity: One unit per ambulance and one unit per helicopter for Dane County
Emergency Medical Services will need to be produced.
Target Production Cost: Cost must be affordable for the Dane County EMS.

3. Miscellaneous

a.

b.

Standards and Specifications.: All components of the device must be secured in the
helicopter or ambulance.

Subject-Related Concerns: The device should not cool saline to the point of
crystallization to avoid possible patient complications. Hypothermia should be induced
as rapidly as possible.

Competition: Other devices are currently on the market to induce hypothermia; however,
they are not cost effective. The current method for cooling saline in Dane county is ice in
a cooler.

e Arctic Sun Temperature Management System® by Medivance - pads
filled with temperature controlled water applied directly to the patient’s
skin, cools by thermal conduction
(http://www.medivance.com/html/Products/etp.html)



