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I.
NON-TECHNICAL SYNOPSIS: 

Military medical care during wartime and contingency operations are often conducted in austere environmental conditions.  Cold temperature environments are routinely encountered in regions connected to Operation Enduring Freedom.  In addition, patients being transported in military cargo aircraft throughout the world are also exposed to cold temperatures for prolonged periods of time.  Ill or injured patients may lack the physical reserves to compensate for cold temperature, placing them at risk for serious complications and even death.  The austere environment of care associated with military operations limits the availability of resources to keep patients warm in cold environments.  In response to this need, two portable devices have been developed that may prevent further heat loss; the Caswarm device and the ChillBuster® Medical Blanket.  The Caswarm device uses heating technology intended to warm patients.  This device is small, lightweight and battery operated which makes is well suited for military operations.  The Chillbuster is a similar to a portable electric blanket.  The purpose of this study is to evaluate how well these devices work in preventing heat loss in two military unique circumstances.  The first scenario will mimic medical air transport conditions.  The second scenario is modeled after conditions in a forward deployed location.

Three groups of animals (7 animals per group/21) will be used in the air transport scenario; two groups of animals (9 animals per group/18) will be used in the forward deployed scenario; plus three model development animals (total = 42 animals) will be studied.  Two different environmental/physical conditions will be studied:

1)
Aeromedical Evacuation: Fully treated hemorrhagic (loss of blood) shock treated with a specialized intravenous fluid and blood with a normal body temperature at the start of the study.  The temperature of the air will be set at 50(F to simulate the environment onboard a cargo aircraft.  

2)
Forward Deployed scenario: Partially treated hemorrhagic shock (specialized intravenous fluid only to simulate care that would be provided by a medic in the field) with a slightly lower than normal body temperature at the start of the study.  The temperature of the air will be set at 34(F to simulate the environment common to geographic areas associated with Operation Enduring Freedom.  

For each scenario, the animals will receive either a wool military blanket only (the current field standard), or blanket and the Caswarm device, or for,  animals in the aeromedical evacuation scenario, blanket and  the Chillbuster.  The animals will be exposed to a cold environment for six hours, measures of body temperature, shivering, changes in the amount of oxygen consumed will be used to determine if there is a difference between those treated with Caswarm, ChillBuster and the standard blanket alone.  

II.
BACKGROUND: 

A.  Background: 

Post-traumatic hypothermia can significantly impact patient resuscitation and survival.  Hypothermia has been shown to independently increase acute mortality and fluid requirements after major trauma.2 In patients with similar Injury Severity Scores, hypothermic patients have increased mortality compared to patients who remain warm.3,4  Minimizing or resolving hypothermia has become a key part of any trauma resuscitation5 with interventions tailored to the severity of hypothermia present based upon core temperatures above 30C classified as mild to moderate and those below 30C as severe.6  

Decreased body temperature can result in coagulopathies, acidosis, arrythmias, myocardial ischemia, impaired wound healing, increased infection, and alterations in pharmacokinetics and pharmacodynamics.1  As a result, survival in the hypothermic trauma patient cannot be accurately predicted based upon Injury Severity Score, shock or fluid requirements.  

Basic interventions for all patients include preventing further heat loss by removing wet clothing, placing in warm environment, avoiding cool environments and avoiding cool intravenous fluids.  The use of radiant warmers, heating blankets and active external rewarming of truncal areas will generally not result in significant rapid rewarming but can help minimize further heat loss.7  For patients with severe hypothermia, more aggressive interventions such as cardiopulmonary bypass are required to raise the core temperature and avoid or minimize complications of hypothermia.

Physiological Response to Cold

Another concern regarding the effect of the thermal environment is the physiological response to cold.  Vasoconstriction in response to cold, with the resultant transfer of blood from the periphery to the central circulation, does not have a marked effect on cardiovascular function (Rowell, 1986).  The exact temperature associated with maximal vasoconstriction is not known; however in an unclothed man maximal vasoconstriction occurred with an air temperature of 25 to 27(C (Erikson & Krog, 1956).  Given that the cabin air temperature on the C-141 ranges from 8.7(C to 36(C, it is probable that a patient will be exposed to this stressor.  If vasoconstriction is inadequate to maintain core temperature, an increase in metabolic rate occurs, primarily due to shivering (Mansell & Macdonald, 1989; Tikuisis et al., 1991).

Shivering

In adults, shivering is the primary warming mechanism of the body, and is seen in early hypothermia (35-36(C).  The primary shivering center in the posterior hypothalamus is activated whenever heat loss is detected.  The threshold of body temperature below which shivering starts, is strongly influenced by skin temperature and gradients between the hypothalamic set point and the skin.  Skin-to-core gradients are widened by cooling the skin or by elevation of the set point in fever.  The skin receptors are dominant during exposure to cold, causing shivering before any central temperature changes occur.  When set point levels are raised by an infectious process, less cooling of the skin is necessary to stimulate shivering (Holtzclaw, 1993).  In addition, in a study of post-cardiac surgery patients, increased doses of nitroprusside (a vasodilator) were associated with an increased risk of shivering, which most likely represents the blockage of thermoregulatory vasoconstriction (Spaniol, Bond, Brengelmann, Savage, & Pozos, 1994).  This latter finding is important as the Critical Care Air Transport Teams (CCATT) are transporting an increasing number of patients receiving vasoactive medications, such as nitroprusside or nitroglycerin.

Shivering is not without risk as demonstrated by the findings that shivering only minimally increases body temperature (11%) (Horvath, Spurr, Hutt, & Hamilton, 1956), however, the metabolic rate (e.g., oxygen consumption) may increase three- to five fold (Holtzclaw, 1992; Holtzclaw, 1993).  In healthy subjects exposed to cool water (31.5(C), the metabolic rate increased 2 to 3 times compared to non-shivering state (Henker, 1993).  These latter data support the measurement of shivering and more specifically oxygen consumption as a part of this experiment.

Military Implications

A military concern is the ability to maintain body temperature of a wounded military member under adverse weather conditions or during long-distance aeromedical evacuation onboard a military cargo aircraft.  The average temperature during the winter in Afghanistan ranges from 20(F to 48(F, with an average of 34.4 ( 11(F.  In Kabul, the average winter temperature is 26(F.  During one winter operation it was anecdotally reported that the wounded were in the field for up to 6 to 12 hours.

Currently three cargo aircraft (C-17, C-141, and KC-135) are used for the long distance aeromedical transport of the injured.  The standard procedure for loading the aircraft is to place the most critically ill patients in the back of the aircraft (last on/first off).  However, evaluation of the thermal environment onboard the KC-135 and C-141 indicate that the aft cabin in the bottom litter tier is the coldest area of the aircraft.  On all three aircraft the bottom litter tier is approximately 1.0 ft off the deck.  For purposes of this research, temperature data from this area of the aircraft will be used to simulate the worst-case thermal environment in which a patient may be placed for a long-distance transport.  

Thermal Conditions: KC-135

	
	
	Aft Cabin ((F)

	HR
	FL/Cabin
	0.25ft
	1.0 ft
	2.5 ft
	4.0 ft

	0
	Pre-Flight
	78.2
	79.4
	83.0
	83.5

	1
	FL 350/7500
	68.8
	69.5
	69.1
	71.1

	2
	FL 350/7500
	53.8
	59.2
	70.1
	74.2

	3
	FL 350/7500
	51.9
	56.0
	68.9
	76.3

	4
	FL 350/7500
	53.4
	56.8
	69.6
	76.6

	5
	FL 350.7500
	49.9
	56.8
	66.8
	74.2

	6
	FL 350/7500
	27.9
	44.7
	49.6
	65.5

	7
	FL 320/1500
	35.6
	53.1
	53.1
	64.0


Wet Bulb Globe Temperature – C141 (Aft Position) ((F)

	Time (minutes)
	Mean (SD)
	Minimum
	Maximum
	Median

	Preflight
	70.6 (44.0)
	53.2
	96.7
	70.0

	0
	62.3 (41.5)
	51.4
	97.0
	56.2

	15
	60.6 (40.5)
	50.9
	86.9
	59.8

	30
	61.2 (39.4)
	53.6
	84.2
	59.1

	45
	62.9 (40.6)
	47.8
	88.5
	62.3

	60
	61.2 (42.6)
	47.3
	89.6
	59.4

	75
	58.7 (43.7)
	43.7
	95.4
	58.1

	90
	59.5 (42.8)
	46.9
	95.9
	58.4

	105
	61.9 (42.3)
	48.7
	96.1
	59.4

	120
	59.9 (42.6)
	48.7
	96.4
	58.2


For the KC-135, using the data from the 1.0 foot level, the average temperature over the period of the flight was 59.3 ( 10.6(F (range 44.7 – 79.4(F).  For the C-141, the data (n = 44) were collected over a one-year period (to capture seasonal variations in temperature).  Using the minimum WBGT values from the back of the aircraft (to reflect a worst-case scenario), the average minimum temperature on the C-141 was 49.2 ( 3.1(F (range 43.7 – 53.6(F).  Therefore, for testing purposes, the environment will be set at 50(F ( 2(F to simulate the AE environment.  

Air Flow – C141 (Aft Position) (m/sec)

	Time (minutes)
	Mean (SD)
	Minimum
	Maximum
	Median

	Preflight
	0.3 (0.5)
	0
	2.2
	0.2

	0
	0.4 (0.3)
	0
	1.0
	0.4

	15
	0.4 (0.3)
	0
	1.0
	0.4

	30
	0.4 (0.3)
	0.1
	0.9
	0.4

	45
	0.5 (0.3)
	0
	1.0
	0.4

	60
	0.4 (0.2)
	0
	0.8
	0.4

	75
	0.4 (0.3)
	0.1
	1.2
	0.4

	90
	0.4 (0.2)
	0
	0.8
	0.3

	105
	0.5 (0.6)
	0
	2
	0.4

	120
	0.3 (0.2)
	0
	1
	0.4


Average airflow over the period of the experiment in the back of the C-141 aircraft was 0.3 ( 0.1 m/sec.  The maximum average airflow was 1.1 ( 0.5 m/sec.  Therefore, for purposes of the study, airflow over the animal will be set at 1.0 ( 0.5 m/sec as measured by a thermoanemometer.

Two warming devices available for use in the field and aeromedical evacuation environment are under consideration.  


(1)
CASWARM is a new product being developed by Electro Plastics Inc.  The mat uses a self-regulating plastic heating element with no “hot-spots” (even temperature).  It is a lightweight portable unit (< 1.5 Lbs), battery-powered.  Integrates into existing thermal wraps.  No prior medical efficacy research has been conducted to date.  (See attached)


(2)
The ChillBuster blanket system is an electric blanket designed to treat hypothermia encountered in a field scenario.  Battery or AC can power the blanket.  The ChillBuster has received FDA clearance to market the product to treat hypothermia. (See attached)

In addition to meeting operational requirements (e.g., weight, energy source), AFMESA/AMC have requested an evaluation of the clinical efficacy of these products.  This research will evaluate the products under environmental conditions that mimic those of a field environment or during a long-term transport onboard a cargo aircraft.  To further improve the generalizability of the results, physiological conditions reflecting hemorrhagic shock followed by initial resuscitation (partial resuscitation to reflect field conditions or complete resuscitation reflecting care prior to placement into long-distance AE) and the environmental conditions (field – [e.g., Afghanistan] and AE [C-141 or KC-135]) will be created.  

     B.  Literature Search: A search of the Biomedical Research Database (BRD) is required. In addition, a search of EITHER the Federal Research in Progress (FEDRIP) OR the Computer Retrieval of Information of Scientific Projects (CRISP) databases is required.  Requirements for additional searches are at the discretion of the IACUC.
 
      1.
Literature Source(s) Searched: 
MEDLINE, DTIC, FEDRIP, BRD, Agricola

       

 
      2.
Date and Number of Search: 2 January 2003
 
      3.
Key Words of Search:  Caswarm, ChillBuster, patient warming, heat loss prevention, pigs, animal model

 
      4.
Results of Search: This research is not duplicative.  No previous research has been conducted on the safety and efficacy of the Caswarm, ChillBuster device in preventing heat loss during military unique deployments.
III.
OBJECTIVE\HYPOTHESIS: 

The purpose of this study is to evaluate the safety and efficacy of the Caswarm and ChillBuster patient warming devices in preventing heat loss in subjects exposed to environmental conditions common in aeromedical transport and forward deployed locations.  The following research questions will be addressed:

Primary Outcome Measure

1.
Is there a difference in the change in baseline core body temperature over a period of six hours between Caswarm, Chillbuster and a standard military blanket under conditions similar to those experienced in the field and aeromedical evacuation in:

a.
normothermic subjects with resuscitated hypovolemic shock

     (aeromedical transport)?

b.
mild hypothermic subjects with low volume resuscitated hypovolemic shock (forward deployed)?

2.
Describe the range of skin/device interface temperatures over a period of six hours?

Secondary Outcome Measures

3.
Is there a difference in the appearance/duration of shivering between subjects treated with Caswarm, Chillbuster and a standard military blanket alone?

4.
Is there a difference in the oxygen consumption between subjects treated with Caswarm, Chillbuster or blanket alone?

5.
Is there a difference in laboratory values (indicating coagulopathies associated with hypothermia) between subjects treated with Caswarm, Chillbuster and a standard military blanket?

IV.
MILITARY RELEVANCE: This study will determine the efficacy of a patient warming device currently being considered for use in military operations.  AFMESA/AMC have requested a head to head comparison of the clinical efficacy between the two warming devices projected for use either in the field or during AE transport.

V.
MATERIALS AND METHODS: 
Five groups will be studied.  Groups will be based on 

1) Mechanism of heat loss prevention (blanket, Caswarm, Chillbuster)

2) Treatment : hypovolemia with partial resuscitation or hypovolemia with complete resuscitation

3) Baseline body temperature (normothermic, hypothermic) 

4) Ambient temperature (Field or AE).  

The groups are outlined in the following table: 

	Group
	Heat Loss Prevention
	Injury
	Treatment
	Starting Body Temperature
	Ambient Temperature

	Aeromedical Evacuation Scenario

	1 Control

AE - Blanket
	Standard Military Blanket
	Class III Hypovolemia
	Hextend then

replacement of shed blood
	Normal
	50 ± 2 F

	2 AE -Caswarm
	Standard Military Blanket & Caswarm
	Class III Hypovolemia
	Hextend then

replacement of shed blood
	Normal
	50 ± 2 F

	3 AE -Chillbuster
	ChillBuster
	Class III Hypovolemia
	Hextend then

replacement of shed blood
	Normal
	50 ± 2 F

	Forward Deployed Scenario

	4 Control

Field - Blanket
	Standard Military Blanket
	Class III Hypovolemia
	Hextend then maintenance LR
	Hypothermia
	34 ± 2F

	5 Field Caswarm
	Standard Military Blanket & Caswarm
	Class III Hypovolemia
	Hextend then maintenance LR
	Hypothermia
	34 ± 2F


Dependent Variables:

1) Change in baseline core body temperature – as measured by pulmonary artery catheter.  Baseline temperature minus experimental temperature = change temperature (higher temperatures will be positive, lower temperatures will be negative)

2) Skin interface temperature –temperature between skin and either Caswarm device, ChillBuster or NATO litter.

3) Shivering – duration (minutes) of observed tonic/colonic skeletal muscle movements during the experiment.  The animal will be monitored every 15 minutes for the initiation of shivering.

4) Oxygen consumption – difference between arterial and (mixed) venous oxygen transport (mL/min).

Independent Variables:

1) Heat Loss Prevention Method – 

· Standard military blanket will be positioned on top of the pig lying on a NATO Litter.  The pig will be in a left side lying position.

· Caswarm device will be positioned under the pig lying on a NATO Litter.  The pig will be in a left side lying position with a standard military blanket positioned on top of the animal. Caswarm will be tested in both the AE and Forward Deployed scenario

· ChillBuster will be positioned on top of the pig lying on a NATO litter.  The pig will be in a left side lying position with a standard military blanket positioned on top of the ChillBuster.  Chillbuster will not be tested in the Forward Deployed scenario; Special Operations is not currently interested in using this device.

2) NATO litter configuration –

· AE Scenario: The NATO litter will be configured with a standard aerovac mattress for Groups 1-3 to mimic patient care environment of aeromedical evacuation.  (Mattress, Litter NSN: 6530-00-137-3016)

· Forward Deployed Scenario:  The NATO litter without an aerovac mattress will be used for groups 4-5 to mimic field conditions.

3) Baseline Core Body Temperature – as measured by PA catheter at the beginning of the study prior to implementation of heat loss intervention.

· Groups 1 – 3 Normal starting temperature - will be determined for each animal, anticipated temperature between 38.8 degrees Celsius (+ .3 C) / 101.8 degrees Fahrenheit (+ .5 F)

· Groups 4 & 5: Mild Hypothermia - two degrees Celsius lower than actual baseline core body temperature, anticipated temperature 36.8 (± 0.3 C) or 98.4 degrees Fahrenheit (± 0.5 F)

4)
Physiologic Model – Class III hypovolemic shock, 

· Groups 1 - 3: Complete Resuscitation (to simulate AE transport following stabilization): Hextend (500 ml) plus replacement of shed blood removed during creation of hypovolemia model

· Groups –4 & 5: Partial Resuscitation (to simulate field conditions): Hetastarch 6% (Hextend®) 500 ml (two doses) 

5)
Environmental Temperature 

· Field Environment ambient temperature of 34 ( 2(F as measured by the wet-bulb globe thermometer.

· AE Environment: Ambient temperature of 50 ± 2 (F as measured by the wet-bulb globe thermometer

Variables Held Constant:

1)
Airflow – airflow (1 ± 0.5 m/sec ) will be directed in the sagittal plane.

2)
Duration of Environmental Exposure – during preparation for cold temperature exposure, all animals will be kept at the baseline body temperature.  Following completion of instrumentation, model creation (hypothermia and/or hypovolemia), baseline data collection the animal will be placed into an environmental chamber with the temperature set at  environmental temperature will be held constant at 34 or 50 ± 2 (F for six hours.

 
A.
Experimental Design and General Procedures: 

1.
42 female Yorkshire swine weighing approximately 55-65 kg will be used.  Up to three animals will be used for technique development and the remaining 39 animals will be used under experimental conditions. The experimental animals will be randomly assigned to one of five treatment groups (Groups 1 – 3: 7 per group; Groups 4 & 5: 9 per group)

2.
Procedures common to all groups (1- 5)
Thirty minutes prior to instrumentation, each animal will be sedated, prepared, anesthetized (as described in section V.C.1.b.(1) of this protocol) and placed on mechanical ventilation.  Ventilations with PEEP = 3 cm H2O and FiO2 = 0.50.  Normo-ventilation with a pCO2 of 40 ± 5 mm Hg will be maintained (initial tidal volume = 7-10 ml/kg, initial respiratory rate 10-14 breaths per minute (bpm) animals will be maintained in a side lying position on a standard NATO litter throughout the study.  Rectal temperature will be obtained as soon as it is safe and feasible.  This temperature measurement will become the baseline measure.  Measures will be implemented to maintain this body temperature until the animal is ready to enter experimental (cold exposure) portion of the study.  Each animal will then be instrumented, as described in section V.C.3 of this protocol, for measurement of protocol parameters.  

Each animal will be instrumented for measurement of hemodynamic indices. The internal jugular vein will be accessed using a percutaneous Seldinger technique to place a 7.0 Fr introducer sheath followed by placement of a pulmonary artery catheter into the pulmonary artery through the sheath. If the vein cannot be accessed percutaneously, an incision will be made and the vein will be accessed under direct vision.  Pulmonary artery pressures and pulmonary artery occlusion pressure will be directly measured using this catheter.  Cardiac output will be obtained by thermodilution method and mixed venous oxygen saturation obtained by blood gas analysis.  Bilateral femoral vessels (artery/vein) will be accessed under direct visualization after surgical exposure. A 20 gauge catheter will be placed into one femoral artery to monitor arterial blood pressure and provide access for blood sampling.  The opposite femoral vessels (artery/vein) will be cannulated with intravenous extension tubing directly into the vessel providing large bore access for rapid hemorrhage (artery) and fluid administration (vein).  This procedure will require ligation of the femoral artery just distal to the cannulation site.  If difficulties prevent the use of the femoral vessel(s), the carotid artery or internal jugular may be similarly accessed.  

An 8-12 Fr. Foley catheter will be placed in the bladder to measure urine output.  

Placement of skin temperature sensor between dependent skin surface and either the NATO litter (blanket only groups 1, 4), Caswarm device (groups 2, 5) or ChillBuster (group 3). 

Following placement of intravascular catheters, the animals will be allowed to equilibrate for 15 minutes.  After a 15-minute stabilization period, the Ringer’s Lactate IV fluids will be discontinued and baseline measurements taken.  Baseline measurements include skin temperature, arterial blood pressure (BP), heart rate (HR), and core body temperature using pulmonary artery (PA) catheter temperature, and esophageal, rectal temperature probes.  

Laboratory studies will include, CBC, TEG (platelet function), and ABGs (arterial and mixed venous).  All laboratory studies will be drawn at baseline prior to initiation of the protocol, upon completion of induction of hypovolemia and every 60 minutes following initiation of rewarming.  

Hemodynamic indices will be measured every 5 minutes throughout the procedure.

Oxygen Consumption:  will be evaluated every 15 minutes.  Arterial and venous blood gases will be obtained along with thermodilution cardiac output measurements (iced solution).  These data will be used to calculate oxygen consumption using the Fick equation. 

Measurement of Shivering: will be evaluated every 15 minutes.

Ambient Environment:  The various environmental conditions will be created by placing the animal in the large refrigerator unit located in the 59th CRES.  This unit is normally used for storage of animal carcasses.  The unit has lighting and appropriate airflow.

3.
Procedures for heat loss prevention (ChillBuster, Caswarm and standard military blanket or blanket alone) 

A.
A standard military blanket (folded in half) will be placed on top of the animal side lying on a NATO litter and positioned to ensure maximal coverage. 

B.
Caswarm device will be positioned under the animal side lying on a NATO litter.  The device will be adjusted to ensure maximal contact with the side of the animal.  A standard wool military blanket will be placed on top of the pig.

C.
ChillBuster will be positioned on top of the animal.  A standard wool military blanket will be placed on top of the Chillbuster.

4.
Procedures for creating the hypovolemic shock model (Groups –1 – 

5)
The following procedure, which is based on a well developed model used at the 59th CRES, will be used to create a hypovolemic shock model to mimic a forward deployed environment (resuscitation without blood products – Forward Group) and an aeromedical transport environment (resuscitation with blood products – AE Group).  

a.
The animals will undergo hemorrhage via the femoral artery catheter by gravity or syringe at approximately 4ml/kg/min.  Hemorrhage at this rate will continue until the MAP decreases to 30 mmHg.  The MAP will be maintained at 30 mm Hg for 45 minutes by withdrawal of additional 5-10 ml. aliquots as necessary.  Blood will be collected in previously weighed, standard blood collection bags.  After 45 minutes with MAP at 30 mmHg, all hemorrhage will be stopped and the volume of blood removed determined by net weight in the collection bags. 

b.
Resuscitation: 

Groups 1 - 3 (AE).  Initial resuscitation will be with Hetastarch 6% (Hextend®) 500 ml.  All animals will be monitored for one-hour post infusion of Hetastarch at 70 F to simulate transport to second echelon of care.  Following the one-hour monitoring period, these animals will be further resuscitated by replacing shed blood removed during the controlled hemorrhage step.  The blood will be infused through the blood warmer (Belmont Instruments, FMS 2000) currently used in EMEDS.  The standard setting for this blood warmer is 37 C.  This step will simulate stabilization prior to aeromedical transportation.  Following replacement of the shed blood, a maintenance fluid of LR at 100 cc/hr (50 F) will be administered for the remainder of the study.  No attempt will be made to warm this fluid to further simulate care within the specified environment.
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Groups –4 & 5 (Field Conditions).  Initial resuscitation will be with Hetastarch 6% (Hextend®) 500 ml.  Following initial resuscitation the animals will receive a second administration of Hextend 500 ml.  Maintenance IV solution (LR at 10 ml/hr) will be administered for the duration of the study (in the field, limited maintenance IV fluids are available).  No attempt will be made to warm this fluid (the fluid will stored in 34 degree F ambient temperature prior to use) to further simulate care within the specified environment.
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5.
Procedures for creating the mild hypothermia model (Groups –4 & 5)

Following creation of the hypovolemic shock model, animals in groups 4 and 5 will also undergo creation of a mild hypothermia.

Model. - each animal will have hypothermia induced by placing the animal in an ice-water bath and monitoring core temperature (PA) until it reaches 2 C below baseline temperature (estimate 36.8 ± 0.3C).  Once the animal reaches the appropriate temperature range it will be immediately removed from the ice-water bath, dried off and transported to the study room where the appropriate heat prevention method will be applied.

The following measurements will be obtained.

(1)
Blood samples: (total blood drawn ~ 200 ml)

(a)
CBC:  Baseline, (as appropriate, after completion of initial hemorrhage, after 45 minutes of shock, after resuscitation, and after creation of hypothermia) and then hourly. (7 ml; total ~ 45 ml)

(b)
ABG (arterial and mixed venous): Baseline, (as appropriate, completion of initial hemorrhagic hypovolemia, after 45 minutes of shock, after resuscitation, after creation of hypothermia) and then every 15 minutes during the experimental warming phase. (2 ml; total ~ 50 ml) 

(c)
TEG (platelet function): Baseline, completion of hypothermia, and then every 30 minutes during the experimental warming phase. (7 ml, total ~ 100 ml)

Urine Output: Recorded at baseline, completion of hypothermia induction, then hourly.

Blood gas specimens will be run immediately on blood gas analyzer/co-oximeter (Radiometer ABL 625) to determine the following indices:  pH, bicarbonate level, base deficit, pCO2, pO2, hemoglobin, and oxygen saturation.

6.
Procedures for Measuring Accuracy and Precision

Measures of Temperature (Pulmonary Artery catheter, skin interface, esophageal and rectal temperature probes), will be compared to a standard scientific mercury thermometer.  Each temperature probe will be placed in water baths at 34, 36, 38 and 40 degrees Celsius.  Readings will be recorded.  Any probe with greater than +5% will not be used in the experiment.

Measures of blood pressure – transducer systems attached to the arterial and PA lines will be zeroed per the manufacturer’s recommendations.  The transducers do not require calibration.  All lines will be referenced and zeroed to the midsternum with the animal in the sidelying position.  

B.
Laboratory Animals Required and Justification:   

1.
Non-animal Alternatives Considered:  Alternatives to animals were considered however currently there are no computer models or other in-vitro system that can be used to obtain the information sought by this study.  A live animal model is required to provide the appropriate physiological and hemodynamic responses that are measured by this protocol.  Cell cultures or an isolated organ model would not provide the complete whole body physiological response required for this protocol.

2.
Animal Model and Species Justification: Swine are large enough to instrument easily and can still be handled without difficulty.  The swine is also ideal for this study since its cardiovascular system and responses closely mimic that of the human being.  Swine models have been well established in research involving hypothermia and hemorrhagic shock. (Kerby and Manifold/Knight Protocols conducted at WHMC)

3.
Laboratory Animals to be Used:   

a.
Genus & Species:  Sus scrofa

b.
Strain/Stock:  Yorkshire cross

c.
Source/Vendor:  K-Bar Livestock, Box 670, Sabinal, Tx  78881 (USDA#74-B-176).

d.
Age:  Appropriate for weight

e.
Weight:  55-65 kg (130 +/- 10 lbs)

f.
Sex:  Female (need female because of the intention to catheterize the urinary bladder).

g.
Special Considerations:  Clinically healthy and free from ecto- and endoparasites

h.
Other:  None.

4.
Total Number of Animals Required:  42

5.
Refinement, Reduction, Replacement:

a.
Refinement:  All animals will remain under anesthesia during all surgical and experimental procedures.  All animals will be euthanized at the completion of the experiment, without being allowed to recover from general anesthesia.  No other reasonable refinements were identified.

b.
Reduction:  In consulting the CRES statistician, the minimum number of animals will be used to obtain a statistically valid result. 



The study was redesigned to target the efficacy of the devices in preventing heat loss in specific military care scenarios.  Comparisons to well animals across all treatment scenarios were eliminated to reduce the number of animals used by 50%.

c.
Replacement:  Alternatives to animals were considered, however, there currently there is no computer model or other “in vitro” system that can be used to obtain the information sought in this study. The experimental data taken requires a whole body physiologic and hemodynamic response to hypothermia and ensuing resuscitation and rewarming.  

C.
Technical Methods:  

1.
Pain: 

a.
USDA (APHIS Form 7023) Pain category:   

(1)
No Pain:  0 animals (0%).

(2)
Alleviated Pain: 42 animals (100%).  

(3)
Unalleviated Pain or Distress: 0 animals (0%). 

b.
Pain Alleviation:

(1)
Anesthesia/Analgesia/Tranquilization:  

(a)
Pre-anesthetic:  Thirty minutes prior to instrumentation, the animal will be sedated with the following:

Ketamine IM (15-20 mg/kg)

Atropine IM (0.04-0.4 mg/kg).  

The pre-anesthetic will be given in the muscle in the caudal gluteal or distal lateral neck region with a 20 or 21 ga X 1 ¼ inch needle by a veterinary technologist or qualified technician under the direction of the attending anesthesia provider.  A 22 ga. to 18 ga. 1¼ inch intravenous catheter will be placed and secured in the auricular vein for venous access.  Ringer’s Lactate intravenous fluids will be administered at a rate of 7 - 10 ml/kg/hr until initiation of the experimental protocol.  

(b)
Induction:  Anesthesia will be induced by an attending veterinarian, the nurse anesthetist or a qualified technician under the anesthetist’s supervision using the following:

Mask induction with isoflurane (3.5% - 5%) in 40% oxygen and 60% air

Or, alternately

2.5% sodium thiopental (Pentothal, 6.6-25 mg/kg) intravenously.  

Following induction, the animal will be orally intubated with a 6.0-7.5 mm i.d. endotracheal tube.  Mechanical ventilation will be initiated and maintained at 10 ml/kg tidal volume and a rate of 8-10 breaths per minute.

Maintenance: Anesthesia will be maintained by a qualified technician under the anesthetist’s supervision using general anesthesia (2.0% - 2.5% isoflurane in 40% oxygen and 60% air).  A bolus of Fentanyl will be given at a dose of 50 mcg/kg IV followed by a continuous infusion of Fentanyl 30-200 mcg/kg/hr.  Once the fentanyl infusion has begun, the inhalation anesthetic will be stopped.  Maintenance will be via fentanyl infusion and supplemented with ketamine 4-10 mg/kg/hr IV.  

(2)  Paralytics: None.

c.
Alternatives to Painful Procedures: 

(1)
Source(s) Searched: MEDLINE, AGRICOLA, CAAT, AWIC.

(2)
Date of Search:  2 January 2003.

(3)
Key Words of Search: Pig/porcine, hypothermia, hypovolemia, animal model, pain, alternatives.

(4)
Results of Search: No non-painful or less painful alternatives to the painful procedures (arterial, venous cut-downs, exposure to cold temperatures) were found in review of the literature.

d.
Painful Procedure Justification: The Laboratory Animal Medical Officer (LAMO) was consulted in planning of the alleviated painful procedures in the protocol.  There are no unalleviated painful procedures.  The procedures within the protocol are those minimally required to complete the protocol; no other procedures will be accomplished.  Animals are under general anesthesia during all painful procedures (instrumentation, hypothermia).  Arterial and venous access is required to evaluate the efficacy of the protocol procedure.  Invasive monitors are needed to obtain maximum data with the fewest animals.  Without these procedures, evaluation of these rewarming procedures will not be possible.

2. 
Prolonged Restraint: None.

3.
Surgery:  

a.
Procedures:

Following induction of general anesthesia and placement of an endotracheal tube, the following procedures will be performed.

(1)
A cutdown will be performed to expose the femoral artery and vein of one limb.  Catheters will be placed into the femoral artery and vein.  The femoral arterial line will be used for arterial pressure monitoring and ABG sampling.  

(2)
The right internal jugular vein will be cannulated with an 8.0 Fr. introducer sheath and a PA catheter will be inserted to continually monitor pulmonary artery temperature. Should there be difficulty placing the sheath percutaneously, cutdown technique will be used.

(3)
An 8-12 Fr. Foley catheter will be placed to measure urine output.

(4)
Cooling Technique - Ice-Water Bath:  The animals will be placed on a mesh litter and immersed in an ice-water bath until they reach 38.3 – 38.9 C (PA Temperature).  

b.
Pre- and Postoperative Provisions: 

(1)
Pre-Operative Provisions: All animals will be housed at the clinical investigation facility prior to participation in the study.  Animals will be fed commercial swine ration and will have ad libitum access to water.  Animals will undergo a physical examination, CBC, chemistry profile, and routine antihelminthic treatment prior to use in the study.  Animals will be acclimated prior to use in the study.  Food will be withheld for 12 hours before surgery.  Water will be available up to the time of surgery.  All animals will remain under anesthesia for the duration of the study.  

(2)
Post-Operative Provisions: All animals will be euthanized at the conclusion of the experiment.  Postoperative provisions are not applicable.  

c.
Location:
59 CRES

d.
Multiple Survival Surgery Procedures: None.

4.
Animal Manipulations: 

a.
Injections:  Refer to section V.

b.
Biosamples:

(1)
Urine Output: Recorded at baseline, completion of hypothermia induction, then hourly.

(2)
Blood samples: (total blood drawn ~ 200 ml)

(a)
CBC:  Baseline, (as appropriate, completion of initial hypovolemia, after resuscitation, after creation of hypothermia) and then hourly. (7 ml; total ~ 45 ml)

(b)
ABG (arterial and mixed venous): Baseline, (as appropriate, completion of initial hypovolemia, after resuscitation, after creation of hypothermia) and then every 15 minutes during the experimental warming phase. (2 ml; total ~ 50 ml) 

(c)
TEG (platelet function): Baseline, completion of hypothermia, and then every 30 minutes during the experimental warming phase. (7 ml, total ~ 100 ml)

c.
Animal Identification:  Ear tags and cage cards as placed by the CRES veterinary technologists.

d.
Behavioral Studies:  None.

e.
Data Collection

(1)
Temperature:  Baseline and then every 5 minutes

(2)
Hemodynamic variables (HR, arterial pressures): Baseline and every 15 min throughout the experiment.  Cardiac output measures every 15 minutes.

5.
Adjuvants:  None.

6.
Study Endpoint: All animals will be exposed to six hours of cold temperature and then euthanized.

7.
Euthanasia:  IV administration of Euthanasia-5 solution® (at a rate of sodium pentobarbital of 100 mg/kg) into the auricular vein using an 18 or 20 ga 1 ¼ inch needle.  Euthanasia will be performed by the CRES attending veterinarian, veterinary technologist or qualified CRES surgical technician.

D.
Veterinary Care: 

1.
Husbandry Considerations: 


a.
General Husbandry: In accordance with WHMC CRS OI 40V-013 (Feeding and Watering of Animals) and 40V-014 (Quarantine and Stabilization of Animals).  All animals are housed in the WHMC CRES facilities.  


b.
Special Husbandry Provisions: none

c.
Study Room: All technique development and experimental procedures will be accomplished in the animal facility at 59 CRES.  Animals will not be housed in any of these areas for more than 12 hours.  

3.
Attending Veterinary Care: Provided by the WHMC CRES Laboratory Animal Medical Officer (LAMO) as he deems appropriate in accordance with all applicable OI’s.  Animals are observed daily by veterinary technologists for any signs of disease, and any signs of abnormality are brought to the attention of the attending veterinarian.  At any time an animal is deemed sick or moribund it will be removed from study and treated or euthanized in accordance with direction from the attending veterinarian as described above (Section V.C.7).

3.
Enrichment Strategy: Pigs are housed in groups and provided with hard rubber balls for entertainment.

a.
Dogs:  None.

b.
Nonhuman Primates:  None.

E.
Data Analysis: 

We wish to detect a one degree Celsius temperature difference between the heat loss treatments at the end of six hours.

Change in temperature from baseline will be analyzed using a one sided two factor RANOVA and t test.  A sample size calculation using NCSS Pass 2002 determined that for comparisons in the AE scenario 7 animals in each group (total 21) are necessary to have at least 80% power to detect a 1.5 SD difference among the three groups.  For the comparisons in the forward deployed scenario, 9 animals in each group (total 18) are needed to have at least an 80% chance to detect a 1.5 SD difference between the two groups.  

 
F.   Investigator & Technician Qualifications/Training: 
Name:  Joseph Schmelz
Procedure(s):
Hemodynamic and temperature measurements.

Qualifications:
12+ years Critical Care experience.

Name:  Elizabeth Bridges

Procedure(s):
Hemodynamic and temperature measurements.

Qualifications:
12+ years Critical Care experience

WHMC CRES has an ongoing program through which a staff veterinarian observe/assist and evaluate each investigator as he or she performs technical procedures on the animals as required by the protocol.  When this investigator has shown competence in performing the technical procedures described in this protocol, a certificate reflecting such will be placed in the study file.  In addition, WHMC CRES supplies support personnel who are trained in performing a wide variety of technical procedures on animals.  Records of their competencies are kept in their Competency Assessment Folders (CAF).  
VI.
BIOHAZARD/SAFETY: None
VII.     ASSURANCES: 

As the Primary Investigator on this protocol I acknowledge my responsibilities and provide assurances for the following: 

A.  Animal Use: The animals authorized for use in this protocol will be used only in the activities and in the manner described herein, unless a deviation is specifically approved by the IACUC.


B.   Duplication of Effort: I have made a reasonable, good faith effort to ensure that this protocol is not an unnecessary duplication of previous experiments. 


C.   Statistical Assurance: I assure that I have consulted with an individual who is qualified to evaluate the statistical design or strategy of this proposal, and that the "minimum number of animals needed for scientific validity are used." 


D.   Biohazard\Safety: I have taken into consideration, and I have made the proper coordination regarding all applicable rules and regulations regarding radiation protection, biosafety, recombinant issues, etc., in the preparation of this protocol.


E.    Training: I verify that the personnel performing the animal procedures/ manipulations described in this protocol are technically competent and have been properly trained to ensure that no unnecessary pain or distress will be caused as a result of the procedures/manipulations. 


F.    Responsibility: I acknowledge the inherent moral and administrative obligations associated with the performance of this animal use protocol, and I assure that all individuals associated with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the research animals.  Additionally, I pledge to conduct this study in the spirit of the fourth "R" which the DoD has embraced, namely, "Responsibility" for implementing animal use alternatives where feasible, and conducting humane and lawful research/training.


G.    Painful Procedures:   I am conducting biomedical experiments which may potentially cause more than momentary or slight pain or distress to animals that WILL / WILL NOT (CIRCLE ONE) be relieved with the use of anesthetics, analgesics and/or tranquilizers.  I have considered alternatives to such procedures.  However, using the methods and sources described in the protocol, I have determined that alternative procedures are not available to accomplish the objectives of the proposed experiment(s) or training.

Joseph o. Schmelz, PhD, RN, GS14, DAF

VIII.    ENCLOSURES:  Include the items listed below.  Also, you may include any references, OIs, or other documents pertinent to the protocol that you wish to add.

 
A.
References/Citations/Bibliography: Attached.

 
B.
WHMC Enclosure and Resources/Budget: Attached
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Enclosure B

WHMC ENCLOSURE and Resources/Budget

This protocol focuses on  Treatment

Does this protocol have readiness applications?  Yes_X_No___

1.
SUPPORT REQUIRED:

a.
CRES Lab Support:  


Description or Test Name
Type of Specimen
Number of Specimens

CBC

Blood
8 per animal


b.
Veterinary Pathology Support:  N/A


c.
WHMC Main Lab Support:  See attached lab support worksheet (if applicable).


TEG





Blood



8 per animal


d.
CRES Radiology Support:  N/A


e.
Pharmacy Support:  N/A


f.
Radioisotopes: N/A


g.
CRES Surgery Support: Anesthesia, instrumentation, model development, data collection


h.
Other Support:  N/A

2.
INVESTIGATION SCHEDULE:

a.
Date Investigation Will Begin:  Upon approval of the Institutional Animal Care and Use Committee  


b.
Duration: 1 year
3.
FUNDING:
	Budget for Entire Study
	ADDITIONAL YEARS OF SUPPORT REQUESTED (as needed)

	Budget Category
	1st FY 03
	2nd FY ____
	3rd FY ____

	Equipment
	$0
	$0
	$0

	Supplies
	$16,911
	$0
	$0

	Other Expenses

(animals)

_____________


	$12,600
	$0
	$0

	TOTAL COSTS
	$29,511
	$0
	$0

	TOTAL COSTS FOR ENTIRE PERIOD
	$29,511


a.  Funding - Itemized List of Funding Requested By Fiscal Year

FY 2002 

Equipment: N/A
Supplies:

	ITEM
	STOCK #
	U/I
	PRICE EA.
	QUANITY
	TOTAL PRICE

	#10 BLADE
	6515L101152
	CS
	$39.03 
	1
	$39.03 

	#11 BLADE
	6515L101153
	CS
	$39.03 
	1
	$39.03 

	1" SILK TAPE
	6510009268882AU
	EA
	$0.54 
	25
	$13.50 

	1000ML L.R. INJ.
	6505000836537JT
	EA
	$0.44 
	100
	$44.00 

	10CC SYRINGE
	6515013568511AU
	EA
	$0.10 
	100
	$10.00 

	18G ANGIOCATH
	6.515E+12
	BX
	$30.53 
	2
	$61.06 

	2-0 SILK ON CT-1
	6515BP6261007
	BX
	$109.84 
	2
	$219.68 

	2-0 SILK TIES
	6.515E+12
	BX
	$78.03 
	2
	$156.06 

	20CC SYRINGE
	6515012731803AU
	EA
	$0.22 
	100
	$22.00 

	4-WAY STOPCOCK
	6515ST9234004
	EA
	$0.44 
	165
	$72.00 

	60CC SYRINGE
	6515013520446AU
	EA
	$0.44 
	50
	$22.00 

	7.0 E.T. TUBE
	6515001050744AU
	EA
	$1.67 
	42
	$70.00 

	8.5FR INTRODUCER KIT
	6515ST3319001
	EA
	$18.99 
	42
	$978.00 

	ADULT ANESTH. CIRCUIT
	6515ST3363002
	CS
	$230.52 
	2
	$461.04 

	BLOOD BAGS CS/6
	6.51501E+12
	CS
	$183.50 
	8
	$1468.00 

	1CC SYRINGE
	6515009824206AU
	EA
	$0.05 
	400
	$20.00 

	BOVIE PAD
	6515011977649AU
	EA
	$3.06 
	42
	$129.00 

	BOVIE PENCIL
	6.51501E+12
	EA
	$8.17 
	42
	$343.00 

	CHUX
	6530013667671AU
	EA
	$0.16 
	250
	$40.00 

	CO INJECTATE KIT
	6.51501E+12
	EA
	$13.45 
	21
	$282.50 

	ECG PADS
	6515012672445AU
	BG
	$3.23 
	8
	$25.45 

	EUTHANASIA
	6505LP7132001
	BT
	$24.74 
	5
	$123.40 

	EXTENSION TUBING
	6.51501E+12
	BX
	$17.35 
	4
	$70.80 

	FOLEY CATHETER
	6.51501E+12
	EA
	$1.96 
	42
	$82.00 

	GLOVES, EXAM
	6515LP0045017
	CS
	$84.21 
	2
	$168.63 

	ISOFLURANE
	F0074329201
	BT
	$9.97 
	27
	$270.38 

	IV SET
	6515ST9234001
	EA
	$3.14 
	42
	$131.00 

	STRETCH GAUZE
	6515LP9144002
	BX
	$2.64 
	3
	$7.20 

	SWAN CATHETER
	834HF75
	BX
	$898.64 
	5
	$4493.40 

	TRIPLE TRANS. SET
	6515ST7016003
	EA
	$44.22 
	21
	$928.00 

	UNSTERILE 4X8 SPONGE
	6510007822699AU
	BG
	$11.76 
	3
	$35.56 

	VEIN PICK 100S
	6.51501E+12
	PG
	$84.00 
	1
	$84.00 

	VISISTAT STAPLER
	6515ST1311003
	BX
	$32.11 
	8
	$256.76 

	KETAMINE 100MG/ML 10ML
	6515ST9234001
	EA
	$3.14 
	60
	$188.80 

	ATROPINE 0.4MG/ML 20ML/500S
	63323023420
	CT
	$9.35 
	1
	$9.35 

	FENTANYL 5ML 10S
	6.50501E+12
	PG
	$2.87 
	1560
	$4477.40 

	BLOOD GASES X 800
	
	EA
	$3.00 
	400
	$1200.00 

	PURPLE TOP TUBE 5ML
	6630010612282AU
	EA
	$0.07 
	350
	$24.00 

	BLUE TOP TUBE 4.5ML
	6630011225964AU
	EA
	$0.07 
	350
	$25.00 

	
	
	
	
	
	

	
	
	
	
	TOTAL
	16,910.43


Contract Services:   N/A
Animals

	Species
	Cost Each
	Number Required
	Total

	Sus Scrofus
	300
	42
	12,600


4.  USE OF INVESTIGATIONAL DRUGS: N/A

5.  USE OF INVESTIGATIONAL DEVICES: N/A

6.  External Resources

6.a.  Items to be Proffered (Offers of Gift) to WHMC: N/A 

6b.  Loaned Equipment: (Complete if applicable, otherwise insert N/A)

List Item



# Provided
Caswarm Device


1

ChillBuster



1

1. Point of Contact at Company & Phone Number:

2. Exact Name and Mailing Address of Company:

6c.  Pharmaceutical Trial Covered by a Contract Between WHMC and Sponsor or Contract Research Organization (CRO) N/A
6d.  Grant N/A

7.  Medical Research Area:  

Readiness

Signature Section:  

Principal Investigator

I am aware that I am not authorized to accept any funds or other form of compensation for conducting research.  All research will be conducted in compliance with all applicable organizational, service, DoD and Federal regulations.  I agree to submit annual progress reports and a final report when the study is completed.

Joseph O. Schmelz, PhD, RN


Date of Protocol Submission:____________ (before approval)

STUDY INITIATION STATEMENT:  (Do not sign this block until you receive final  approval.)  With my signature I am activating this protocol, which has received IACUC and Higher Headquarters approval (as applicable).  I have read, understand, and signed my Letter of Compliance.  I understand I must complete a review of this protocol annually to prevent termination of the approval.  I will notify the protocol office prior to PCS/separations actions.

Joseph O. Schmelz, PhD, RN
    Date of Study Initiation: ____________





(must be after date of final approval)


