



































































































































calculating flow rates by using a stop watch. Each test was started ten minutes after the prototype’s
battery recharged and cooled down period ended. Pressure bags were used to push distilled water through
the warmer at 300 mm Hg. Thermocouples (Type T, Omega, Stamford, CT) were placed at SPC’s inlet
and outlet sites as well as the catheter for monitoring temperature. The run was ended when the
temperature of the distilled water dropped below 32°C. Five runs were completed for each prototype.
Data for the inlet, outlet, and catheter temperatures were collected every 15 seconds using Labview
(Version 7.1) software. Flow rate was calculated based on time recordings every 100 mLs. The time and
total volume of fluid passing through fluid warmer was recorded at the end of experiment for determining
the thermal battery capacity of prototypes.

All data are presented as a group means + standard deviation. Normality tests were carried out before
further analysis. Statistics were performed using ANOVA. A p-value <0.05 was considered statistically
significant. Analyses were conducted using Statistical Analysis System (SAS) (version 9.3) software.

Results

No statistical significant difference between prototypes heating capabilities or flow rates using thermal
battery power (See figures 28 and 29). Under the test conditions described above, the thermal battery
capacity allowed an average mean of 2.1 liters of fluid to be warmed over a period of 12 minutes. The
fluid outlet temperature was measured at > 32°C for 100% of time and at > 35°C for 78% of time.
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Figure 28. Fluid Warmer bench performance testing comparing prototypes average flow rate. Devices
were run on thermal battery.
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Figure 29. Fluid Warmer bench performance testing comparing prototypes average outlet temperature.
Devices were run on thermal battery.

Bench Performance Study — Comparison Single Patient Cartridges

The comparison between cartridges was performed to determine if they were all identical in terms of heat
transfer and flow rate. The purpose was same as discussed in the bench performance study comparing
prototypes ran on continuous power. It was to demonstrate consistency for future manufacturing of SPCs
and allow interchanging of SPCs in bench performance testing, if no statistical difference was shown
between SPCs. This was necessary if one of the SPCs stopped functioning due to excessive repeated use
or possibility of leaking. The SPCs were designed for single use, although cartridges were found to hold
up generally well to repeated use. There were a few SPCs that leaked during the single helical channel
feasibility study and were replaced as needed with new cartridges.

Ten cartridges and one prototype were used in this study. Set up consisted of submerging one end of #16
silicon tubing (1.6 mm wall thickness, 3.1 mm inner diameter; Langer Instruments, Alpharetta, GA) into a
pan of distilled water and threading the tubing through a Longer BT300-2J peristaltic pump head (Langer
Instruments) with the other end connected to the inlet port of SPC. Two pre-pierced Y-site 32” extension
sets (Hospira) were connected together with a bubble trap in the center. One end of the extension set was
connected to the outlet port of the SPC anc the other end was connected to 14 gauge catheter. The
catheter end was placed inside a 1 Liter graduated cylinder for calculating flow rates by using a stop
watch. Thermocouples (Type T, Omega, Stamford, CT) were placed at SPC’s inlet and outlet sites for
monitoring temperature. Peristaltic pump was adjusted to 210 rpm to maintain a constant flow rate and
AC power was used to ensure continuous power to device. Each test was run for 1 hour in triplicate per
cartridge. Data for inlet, outlet, and catheter temperature was collected every 15 seconds using Labview
(Version 7.1) software. Flow rate was calculated based on time recordings every 1 liter.
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All data are presented as a group means + standard deviation. Normality tests were carried out before
further analysis. Statistics were performed using ANOVA. A p-value <0.05 was considered statistically
significant. Analyses were conducted using Statistical Analysis System (SAS) (version 9.3) software.

Results
No statistical significant difference between cartridges heating capabilities or flow rate using thermal

battery power (See figure 30 and 31).
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Figure 30. Fluid Warmer bench performance testing comparing cartridges flow rate
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Figure 31. Fluid Warmer bench performance testing comparing cartridges outlet temperature
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Bench Performance Study — Comparison of Rocky Research Portable Fluid Infusion Warmer to
othcr commercial fluid warmers

The primary objectives of this study were twofold. First, compare the performance of Rocky Research
Portable Fluid Infusion Warmer to currently available warmers used by the military. Second, demonstrate
thermal battery proof-of-concept by examining the device’s warming capabilities. A study performed by
Dubick et al.’ evaluated four commercial fluid warming devices for use in forward surgical and combat
areas. Rocky Research prototype was ran under the same testing conditions described in the study and the
data obtained from the prototype was compared to the published data reported in Dubick’s study. The
published study compared the Level 1 Model 1000 (Level 1 Technologies), FMS 2000 (Belmont
Instruments, Billerica, MA), Thermal Angel (Estill Medical Technologies, Dallas, TX), and Ranger
(Arizant Healthcare, Eden Praire, MN). In the published study, all the commercial devices were run at
low and high flow rates; except the Level 1 was run at high flow rate.

Rocky Research’s prototype was evaluated with lactated Ringer’s solution (LR) on thermal battery power.
The solution was used at two temperatures (ambient [20 —21°C] and cold [4 — 10°C]). The LR solution
was run through the warmer at two different pressures (150 and 300 mm/Hg) using a hand operated
pressure bag and connections were made using standard IV tubing (100” Y-type filtered blood set (0.12”
ID), and two connected pre-pierced Y-site 32” extension sets, Hospira) connected to an 18-gauge
catheter. The two pressures will be designated as low and high flow rates. Temperature probes were
placed 5 inches from inflow to warmer and outflow port of warmer as was described in Dubick’s study.
The run was ended when bag of LR was empty. Eight runs were completed for each test. Data for the
inlet and outlet temperatures were collected every 1 second using Labview (Version 7.1) software. Flow
rate measurements were taken for each test run. This was accomplished using a graduated cylinder and
timer. The following measurable outcomes were analyzed: time for instrument to reach a steady
temperature (warm-up time), change in temperature between inlet and outlet fluid temperature, average
flow rate, percent of time temperature readings were greater than or equal to 32°C or 35°C at each flow
rate. The two temperature points were chosen to meet minimum clinical standard (32°C) and the preferred
clinical temperature (35°C).

All data are presented as a group means + standard error. Normality tests were carried out before further
analysis. Statistics were performed using ANOVA and one way t test. A p-value <0.05 was considered

statistically significant. Analyses were conducted using Statistical Analysis System (SAS) (version 9.3)
software.

Results

e Comparison of Rocky Research prototype physical characteristics to Thermal Angel, Ranger,
Level 1, and FMS 2000 (See Table 4). Rocky Research is the only portable device that may be
operated by either high density thermal battery or AC power. Rocky Research prototype falls in
the middle of the four devices relative to weight and size.

e Rocky Research prototype’s thermal characteristics are compared to commercial 1V fluid
warmers (See Table 5). Rocky Research prototype was similar to Ranger in warm up time and
priming volume, The prototype was similar to Thermal Angel’s flow rates.
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¢ Rocky Research prototype effective warming was compared to commercial devices (See Table
6). Both the time to reach average outlet temperature and change in temperature between inlet and
outlet ports was evaluated.

o Rocky Research prototype was statistically significant in reaching average outlet
temperature faster than Thermal Angel with all test conditions, except it was similar at
low flow rate using ambient LR. The prototype was significantly faster than Ranger
using cold LR at both low and high flow rates, but similar using ambient LR at the two
flow rates. The prototype was significantly faster than Level 1 at high flow rate using
cold LR and significantly slower than Level 1 at high flow rate using ambient LR. The
prototype was similar to FMS 2000 with all test conditions, except it was significantly
slower at high flow rate using ambient LR.

o Rocky Research prototype significantly had a greater temperature change from inlet to
outlet ports than Thermal Angel with all test conditions except it was similar at low flow
rate using ambient LR. The prototype significantly had less change than Ranger and
Level 1 with all test conditions, except it was similar to Ranger at low flow rate using
ambient LR. The prototype had significantly less change than FMS 2000 with all test
conditions, except it was similar using ambient LR with both flow rates.

e Rocky Research prototype had a statistically significant lower flow rate at two different pressures
compared to other devices (See figures 32 and 33). i

¢ Rocky Research prototype average outlet temperature was compared to the commercial devices
(See figures 34 and 35). The prototype had a significantly higher outlet temperature than
Thermal Angel with all test conditions. It also had significantly higher outlet temperature than
Ranger with all test conditions except it was similar using ambient LR at low flow. The prototype
was significantly higher outlet temperature than Level 1 at high flow rate using both ambient and
cold LR. The prototype was significantly higher outlet temperature than FMS 2000 using ambient
LR at high flow rate. It was significantly lower than FMS 2000 using cold LR at high flow rate
and similar at the low flow rate using both ambient and cold LR.

e Compared proportion of time the outlet port temperature was > 32°C or > 35°C between Rocky
Research prototype and other commercial devices (See figure 36, 37, 38, and 39).

o The proportion of time the outlet port was > 32°C for the prototype compared to Thermal
Angel was significantly higher for all test conditions, except it was similar when using
ambient LR at high flow rate. The prototype was similar to Ranger and FMS 2000 for all
test conditions.

o The proportion of time the outlet port was > 35°C for the prototype compared to Thermal
Angel was significantly higher for all test conditions. The prototype was similar to
Ranger and FMS 2000 at low flow rate using ambient and cold LR. It was significantly
higher than Ranger and Level 1at high flow rate using cold LR. Rocky Research device
was significantly lower than FMS 2000 at high flow rate using cold LR.
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Table 4. Physical Characteristics

Rocky Research Thermal Ranger Level 1 FMS 2000
Angel
Mass, 1b (Kg) 21.5 0.56; battery 7.44 64 26
6.65
Dimensions 17X10X8 9X275X45 | 10X75X | 48X 13X10 | 135X 7.5X12
Inches 4.5
(L xWxH)
Power 110-120 V, 12 V battery 100 — 120V, 110V, 115V,
Requirements 50/60 Hz 50/60 Hz 50/60 Hz 50-400 Hz
or
Thermal Battery
Battery Yes Yes No No Yes w/out heat
AC Yes No Yes Yes Yes
Battery 25 minutes 14 hours _ _ 8 hours
Recharge Time
AC, alternating current
Table 5. Fluid Warmer Thermal Characteristics
Rocky Thermal Ranger Level 1 FMS 2000
Research Angel
Temperature set 37°C 38°C 41°C 417 + 37.5°C (50 - 500
point 0.3°C mL/min
39°C (10~ 50
mL/min)
Over-temperature 42°C _ 43°C 449 + 42°C
alarm 0.1°C
Under-temperature _ _ 33°C _ _
alarm
Over-temperature _ _ 46°C _ _
cut-off
Flow rates 2 —200%* 2-150 100 — 500 40 -500 10— 500,
{mL/min) (high flow set) 2.5 and 5 (no heat)
Warm-up time 1-3 45 seconds <2 minutes 4-8 15 seconds
minutes minutes
Priming Volume 112 25 120 56 230
(mL)

*variable with tubing set up and catheter size
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Table 6. Warming Effectiveness of Each Device at Each Flow Rate

Cold LR RTLR
High Flow
Time to reach average
temperature at outlet (s)
Rocky Research Prototype 86 + 16*"° 160 + 18*¢
Thermal Angel 320+ 6 287 +17.6
Ranger 173+ 18 177+ 18
Level 1 247 +20 03 +28
FMS 2000 80+15 60+0
High Flow
Change in temperature from
inlet to outlet port (°C) -
Rocky Research Prototype 254 +0.19*P<¢ 15.8 +0.3%>¢
Thermal Angel 158 +0.3 139+04
Ranger 287+33 17.1 £0.06
Level 1 29.7+0.2 16.7 +0.3
FMS 2000 32.1+03 16.3 £0.01
Low Flow
Time to reach average
temperature at outlet (s)
Rocky Research Prototype 107 + 14 160 + 23
Thermal Angel 337+26 163 +71
Ranger 213 £33 173 £33
FMS 2000 73+9 97+14.5
Low Flow
Change in temperature from
inlet to outlet port (°C)
Rocky Research Prototype 25.8 +0.3%>¢ 163 +0.8
Thermal Angel 203 +05 148 +2.7
Ranger 31.1+04 18 +0.1
FMS 2000 313+£0.8 16.4 +0.1

Data are expressed as mean + Standard Error (Rocky Research Prototype N =8, other devices N = 3).

RT =Room Temperature

®p <0.05 from Rocky Research vs. Thermal Angel
b p <0.05 from Rocky Research vs Ranger

“p <0.05 from Rocky Research vs. Level 1

4 <0.05 from Rocky Research vs. FMS 2000
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Figure 32. Rocky Research prototype comparison to commercial devices at low flow rate (150 mm Hg).
p<0.05 Rocky Research vs. all commercial devices.
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Figure 33. Rocky Research prototype comparison to commercial devices at high flow rate (300 mm Hg).
p < 0.05 Rocky Research vs. all commercial devices.

50



3
=
|

35
30
¥
‘E‘ 25 ® Rocky Research
g 20 ® Thermal Angel
a2 15 = Ranger
B
& i = FMS 2000

= WU

Cold LR Ambient LR

Figure 34. Rocky Research protctype comparison to commercial devices outflow temperature at low flow
rates (150 mm Hg). p <0.05 Rocky Research vs. Thermal Angel with ambient and cold LR. p < 0.05
Rocky Research vs. Ranger with cold LR. The Level 1 was excluded from low flow testing.
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Figure 35. Rocky Research protctype comparison to commercial devices outflow temperature at high
flow rates (300 mm Hg). p < 0.05 Rocky Research vs. all commercial devices with ambient and cold LR.
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Figure 36. Rocky Research prototype comparison to commercial devices at low flow (150 mm Hg).
Comparing proportion of time that the temperature at outlet port > 32°C. p <0.05 Rocky Research vs.
Thermal Angel with ambient and cold LR. The Level 1 was excluded from low flow testing.
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Figure 37. Rocky Research prototype comparison to commercial devices at high flow rate (300 mm Hg).
Comparing proportion of time that the temperature at outlet port was > 32°C. Thermal Angel was 0% with
cold LR. p < 0.05 Rocky Research vs. Thermal Angel with cold LR
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Figure 38. Rocky Research prototype comparison to commercial devices at low flow (150 mm Hg).
Comparing proportion of time that the temperature at outlet port > 35°C. Thermal Angel was 0% with

cold LR. p < 0.05 Rocky Research vs. Thermal Angel with ambient and cold LR. The Level 1 was
excluded from low flow testing.
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Figure 39. Rocky Research prototype comparison to commercial devices at high flow rate (300 mm Hg).
Comparing proportion of time that the temperature at outlet port was > 35°C. Thermal Angel was 0% with
cold LR. p<0.05 Rocky Research vs. Thermal Angel with ambient and cold LR. p <0.05 Rocky
Research vs. Ranger, Level 1 and FMS 2000 with cold LR.
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TECHNICAL ISSUES

UNSOM and Rocky Research

UNSOM and Rocky Research recognized the need to work with an established company who specializes
in medical temperature management products to assist in finishing work and commercializing of portable
infusion fluid warmer. Two companies were approached during the second year of this project with the
hope that one of the companies would be interested in a partnership. Each company sent representatives
to meet with Rocky Research and UNSOM to discuss the possibility of a partnership. Both companies
declined the offer of partnership after several months of discussions. In conversations with independent
medical device consultants, several consultants had indicated the current economic environment has not
been conducive to development of new devices and many commercial companies are not accepting
outside projects.

Rocky Research

Several complications arose causing a delay in the delivery schedule while assembling the fluid infusion
warmer prototypes. Multiple system components required redesign in order to improve system
performance, reliability, safety and ease of use. Essential device components were no longer obtainable
from the manufacturer due to manufacturer design changes. Specifically, the evaporator/condenser coil
modifications implemented resulted in the coil no longer being able to withstand the operating pressures
of the appliance. Consequently, a custom coil had to be designed, fabricated, and acquired. Furthermore,
the original machine shop utilized to fabricate the new helical channel SPCs went out of business,
resulting in a new shop having to be identified and a substantial time delay in the cartridge delivery
schedule. Furthermore, several issues associated with the PCB redesign resulted in a delay of the
prototype fabrication schedule.

The problematic issues associated with a multi-flow channel single patient cartridge heat exchanger were
a significant setback. It required that the heat exchanger be revamped and optimized to alleviate the
stagnant zones and mitigate the possibility of overheating the fluid or restricting flow. The new helical
channel design allowed for a reliable method in ensuring air has been purged from the system before
infusion. Elaborate investigation into optimizing a new flow channe! design required a significant
amount of time, ensuring that the new cartridge design was safe and effective in terms of maintainable
flow rates and optimum heat transfer into the infused fluid.

A discrepancy was encountered between the outlet temperature read by the previous rapid infusion
warmer prototype and the actual fluid outlet temperature being monitored via data acquisition. It was
found that this incongruity could be attributed to a variance in the measured resistance on the thermistor
at the outlet of the SPC. The discrepancy required extensive investigation into the root cause of the
observed behavior. Primarily, identifying whether the origin of the problem was software or hardware
related. A plausible explanation for the increased resistance on the thermistor, causing temperature
reading accuracy to deviate, correlates to repetitive use. If the cartridge is not completely drained after
bench top testing the outlet temperature thermistor is submerged in water. If the water penetrates the
epoxy on the leads of thermistor it can result in corrosion of the thermistor material and subsequently
increase resistance. Since cartridges are designed for a single use, degradation of thermistor accuracy for
practical infusion implementations is unlikely. Even so, separate thermistors of higher accuracy have
been identified and obtained for future cartridge implementation and evaluation. With the problem
isolated to the thermistor on the cartridge, methodology for appropriately addressing the issue has been
attained. Specifically, calibration of each thermistor on each cartridge is a necessity before utilization to
ensure proper temperature readings.
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Identifying and acquiring a new evaporator/condenser coil required a substantial amount of time. Not
having a reliable source for a coil has prolonged the latest prototype fabrication significantly. Without the
coil, the primary components of the heating subassembly could not be assembled. A large effort has been
put into developing a new coil with little impact on the design, sizing, and spacing of other system
components. Rocky Research worked closely with the manufacturer of the coils to expedite final
prototype assembly. Even so, prototype assembly was delayed approximately 4 weeks until the coils
were acquired, a significant delay.

The fabrication shop that machined the initial prototypes of the new helical SPC design went out of
business shortly after initial product delivery. Resultantly, Rocky Research was forced to look elsewhere
for a machine shop capable of producing the cartridges. The down time required to find a facility capable
of reliable cartridge fabrication was significant, and once a new shop was identified a low quantity run
had to be implemented for quality assurance purposes. Upon evaluating the cartridges, and deeming them
acceptable, a larger quantity of SPCs was acquired. The implications of the process resulted in a
substantial time delay.

Completely redesigning the control board required a considerable amount of time. After the board was
redesigned it had to be evaluated for functionality and reliability before prototype assembly could ensue.
With several issues identified during board assembly complete prototype fabrication had to be postponed
until the issues could be addressed, resulting in a delay to the schedule.

UNSOM

Assay optimization for the analysis of whole blood has revealed that several of the proposed tests required
fresh whole blood. Testing of > 24 hour old whole blood does not produce replicable test results.
UNSOM had approached United Blood Services (UBS) and the American Red Cross, as potential sources
of fresh whole blood (FWB). However blood bank regulations prevent the release of FWB prior to viral
testing (48hr minimum). A viable source of FWB was not secured and several of the proposed tests were
not optimized.

CONCLUSION/ FUTURE DIRECTION

The Rocky Research Portable Fluid Infusion Warmer prototype has been elaborately modified during the
last three years. These refinements have led to a much improved device. Fabricated prototypes have been
demonstrated to achieve objective infusion heating capacities, infusion rates, and the ability to accurately
maintain target fluid temperature. Modifications have been implemented to the SPC as well as the
functioning system in order to achieve such results. The PCB and control logic have been completely
redesigned to better accommodate a cohesively functional product. Although the appliance has been
drastically improved, there is still room to augment performance and reliability of the device. Future
system implementations would inevitably incorporate modifications to enhance cartridge integrity along
with ease and repeatability fabrication.

Four fluid warmer prototypes were delivered to UNSOM for bench performance testing and SPC’s
pRBCs feasibility testing. Three of the prototypes were used for bench performance studies and the fourth
prototype was used for feasibility testing. Bench performance studies were performed on the fluid
warmers and SPCs by evaluating flow rate and average outlet temperature. Three prototypes were
evaluated by both thermal battery and AC power. All three units were similar in their ability to warm
fluids to >37°C by AC power and > 36°C by thermal battery respectively. Battery capacity was similar
amongst the prototypes as well. SPCs were similar in heat transfer capabilities and pressure drop.
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During the commercial device comparison study, Rocky Research’s proof- of-concept thermal battery’s
heating capabilities generally performed better than or equal to other commercial fluid warmers (Thermal
Angel, Ranger, Level 1, and FMS 2000) using all test conditions. The only exception was the FMS 2000
under two test conditions. In reaching average outlet temperature the prototype was approximately 1
minute and 40 seconds slower than FMS 2000 when using ambient fluid at high flow rate. Proportion of
time the average outlet temperature was > 35°C using cold LR at high flow rate, the prototype was 19%
lower than FMS 2000. Rocky Research was the only portable device that may be operated by either high
density thermal battery or AC power. Rocky Research’s prototype fell in the middle of the four devices
relative to weight and size. The prototype was unable to reach the flow rates achieved by the other
commercial devices. However, tubing set ups may be varied to achieve higher flow rates.

A feasibility study was performed on the redesigned single helical channel SPC to determine safety and
efficacy in using pRBCs. Extracellular potassium, percent hemolysis, and PS externalization were used as
markers to determine global cellular damage of RBCs. CD47 expression was also measured as a marker
of cell health. The SPC exhibited no measurable damage to RBCs. Hematalogical parameters such as
RBC count and hematocrit were used as indicators of possible cell adherence to SPC’s internal wall.
There was a statistically significant decrease in RBC count and hematocrit indicating cell loss. Rocky
Research plans to anodize the surface of the SPC which may correct this problem.

Several FDA working documents were created for future 510(k) submission. An FDA 510(k) preliminary
review for Rocky Research Portable Fluid Infusion Warmer was compiled by a medical device consulting
company. The review identified detailed information required to show Substantial Equivalence. User
Requirements, Product Specification, and Biocompatibility Plan working documents were created by
medical device consultants for the fluid warmer. An FDA consulting firm was hired to assist UNSOM in
setting up a quality system to meet CFR Title 21 Part 820 requirements.

Currently, investors are being sought to continue funding the prototype’s progress towards
commercialization. Engineers at Rocky Research are acquiring type 111 colorless hard anodized cartridges
with a standard thickness of 0.001°” and a conservative thickness of 0.002"* for pursuing further
biocompatibility analysis. An FDA approved integrated medical device company will be selected to build
a finalized Portable Fluid Infusion Warmer for further FDA testing with the ultimate goal of achieving
future FDA 510K approval.

PRODUCTIVITY

Conference

Jones, M. Portable High Speed Blood and Fluid Transfusion Equipment: A Feasibility Study. The
American College of Surgeons’ Committee on Trauma 2012 Resident Trauma Papers Competition, 2011
Dec 3; Los Angeles, CA.
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Appendix A

Portable Fluid Infusion Warmer
Operating Instructions

A-1



The user interface for the fluid infusion warmer is depicted below. The power on and off buttons are
located on the right side of the unit and are labeled accordingly. The four line LCD display portrays
relevant information pertaining to the status of the appliance. Such implications are pertinent to
informing the user as to the state and operating mode of the device. The top line of the display is a status
indicator line to alert the user as to the current status of the device. It is also a prompt to the user to
inform them when certain tasks should be implemented, such as the start of fluid flow when preheating is
complete. Furthermore, the status indicator line is where errors are presented and provides information to
the user as to whether or not the SPC is properly seated. The second line of the display provides two sets
of information. First, it informs the user as to the operational mode of the device, “READY”,
“EXTERNAL POWER”, “BATTERY”, “RECHARGING”, or “COOLING DOWN?”. It also provides to
the user the available voltage from the DC battery. A fully charged battery should indicate an available
voltage of approximately 29.3V. The fourth line of the LCD display is to inform the user of fluid
temperatures throughout the SPC during an infusion. “O” indicates outlet temperature, “M” indicates the
fluid temperature at the center point of the path of the cartridge, and “I” is indicative of the fluid
temperature as it enters the appliance. Under most operating circumstances the outlet temperature will
yield the hottest fluid temperature. There are circumstances however, such as preheating and low flow
rates, when the outlet temperature is not necessarily the hottest temperature, and for that reason all three
temperatures are depicted on the display. The most prevalent temperature is the outlet temperature
because it is closest to the temperature that the fluid will enter the patient. The device has been designed,
developed, and implemented to regulate outlet fluid temperature at 37°C. Due to thermal gradients in the
sorber, the hottest location of the SPC for stagnant flow is generally located at the center. For that reason,
the outlet temperature is controlled to 37°C, but the hottest fluid temperature is modulated not to exceed
42°C, dangerously close to the possible hemolyzation temperature of blood at 45°C. Furthermore, the
audible alarm is triggered if fluid temperature at any location in the cartridge reaches the 42°C mark. The
system is designed to eliminate the possibility of fluid exceeding the 42°C temperature under any and all
operating conditions.

When the appliance is connected to external power the back light is continuously illuminated. When
operating on battery power, if the device is inactive for 3 minutes following any user input the device will
power off. Operating from either mode, if the user wishes to eliminate the backlighting from the LCD
display they can do so by selecting the “Blackout” button. Toggling the “Blackout” button will allow the
user to alternate between dimming and illuminating the backlight of the display.
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Powering on the Device

To power on the portable fluid infusion warmer select the “ON” button located on the right hand side of
the case. When power is turned on to the device the LCD will display “Rocky Research™ on the Status
line, “Bloodwarmer” on the operational mode line, and the software version on the sorber temperature
line. The LED’s on the keypad will be individually illuminated in a scroll through process to ensure
proper functionality. The sequential order for the LED illuminations is external power, battery, recharge
battery, select F, and then cartridge not seated. Additionally, the audible alarm will beep three times to
inform the user the alarm is fully operational. If the alarm does not beep or the LED’s on the keypad
don’t cycle the appliance should be further evaluated before operation.

Installing a SPC

Medical tubing can be configured and attached to a SPC before or after the cartridge is installed on the
fluid infusion warmer. If the medical tubing is connected before the cartridge is installed on the device
extra precautions should be taken to ensure that the tubing does not get kinked, or restrict flow in any way
when the cartridge is connected.

1) Open the heat shield on the case that isolates the sorber from the atmosphere by pivoting the
shield door to the right.

2) Unfasten the knob utilized to support and secure the top end of the sorber to the case. The knob
is spring loaded; upon unthreading the spring force will hold the latch in an open position.

3) Slide the cartridge onto the sorber. The cartridge should sit snugly over the sorber without
pushing down with excessive force. Unwarranted force can instigate damage to the electrical
contacts of the cartridge and compromise the integrity of the cartridge. The handle of the SPC
should be utilized in order to tightly force the SPC onto the sorber.

4) When proper contact with the cartridge to the appliance is accomplished the status line on the
LCD will display nothing. If a contact is compromised the line will display which contact is
missing, where “in” portrays the inlet temperature, “mid” portrays the middle temperature, and
“out” depicts the outlet infusion temperature.

5) Once the cartridge is properly seated, secure the end of the sorber by closing the support knob.
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6) The case cover must be open when the cartridge is installed to accommodate connecting of the
medical tubing.

Removing a SPC

SPCs are single use devices and must be interchanged between infusion patients. Removing the cartrldge
consists of the following procedure:

1) Unscrew the threaded knob supporting the sorber and cartridge.

2) Use the handle to pull the cartridge off of the sorber without utilizing excessive force.

3) If'the cartridge is tightly installed utilize a thumb as leverage on the top of the sorber, do not tug
on the handle or apply excessive force due to the risk of breaking the handle.

4) Remove the medical tubing once the cartridge has been removed from the sorber. DO NOT
remove the medical tubing while the cartridge is installed on the sorber. Risk of fluid
contamination to the appliance is a critical concern.

Heating utilizing external power

To implement an infusion utilizing AC power the appliance must be plugged into external power. If the
device is not connected to an external power source, and the user attempts an infusion by selecting the
“Start: External Power” button, the user will be prompted on the status line with a message stating, “Plug
into Ext. Power”. If the device has external electrical power available, the device will go into a
preheating state. When the hottest fluid temperature, as determined by the three thermistors located down
the length of the SPC, reaches 34°C the status line will instruct the user to start flow. Upon the user
initiating flow, and flow detected by the appliance, the status line will go to “Flow Detected”. “Flow
Detected” indicates an active control state. The appliance will stay in this mode until the stop button is
pressed. Upon pressing the stop key the device will go back to a ready state awaiting further user input.
A step by step procedure for performing an infusion utilizing external power is presented:

1) Turn the appliance on by selecting the “ON” button located on the right side of the device.
Powering on the device will initiate a quick test sequence to ensure proper system functionality as
described above in (Powering on the Device).

2) Ensure the operation mode depicts “READY?”, then install a single patient cartridge on the
absorber of the fluid infusion warmer (refer to Installing a SPC).

3) Connecting the medical infusion tubing to that of the cartridge and prime the cartridge.

4) Select the “Start: External Power” button. The appliance will go into a preheating state and
“Preheating” will be displayed on the status indicator line of the screen.

5) When the status indicator line displays “Start Flow” initiate flow. Initiating fluid flow before
preheating is complete will force the device into an active control mode just as if preheating had
been achieved. Starting an infusion before preheating is complete should be done only under the
guidance and discretion of qualified medical personnel.

6) When flow is started the device will recognize flow and the status line will indicate “Flow
Detected”. The indicator implies an active control mode for the device and the appliance will
automatically regulate infusion fluid delivery temperature. Continue the infusion as deemed
appropriate for the medical application at hand. 750 W of heating power is available utilizing the
electrical heaters, providing enough heat input to accommodate a water fluid flow rate of 325
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cc/min neglecting heat losses. A flow rate above 325 cc/min will undoubtedly result in a
degradation of obtainable fluid infusion temperature from the targeted 37°C.

7) Once the infusion is complete select the “STOP” button on the bottom of the keypad to cease heat
input to the SPC. The appliance will cycle back to a “READY” mode awaiting further user input.
Fluid flow should be haltered through the SPC before selecting the “STOP” button.

Heating utilizing TES

To implement an infusion utilizing the thermal battery the appliance must be unplugged. If the device is
connected to an external power source, and the user attempts an infusion by selecting the “Start: Battery”
button, the user will be prompted on the status line with a message stating, “Unplug Ext. Power”. If the
appliance is unplugged, the device will go into a preheating state. When the hottest fluid temperature, as
determined by the three thermistors located down the length of the SPC, reaches 34°C the status line will
instruct the user to start flow. Upon the user initiating flow, and flow detected by the appliance, the status
line will go to “Flow Detected”. “Flow Detected” indicates an active control state. The appliance will
stay in this mode until the stop button is pressed. Upon pressing the stop key the device will go back to a
ready state awaiting further user input. A step by step procedure for performing an infusion utilizing
external power is presented:

1) Turn the appliance on by selecting the “ON” button located on the right side of the device.
Powering on the device will initiate a quick test sequence to ensure proper system functionality as
described above in (Powering on the Device).

2) Install a single patient cartridge on the absorber of the fluid infusion warmer (refer to Installing a
SPC).

3) Connecting the medical infusion tubing to that of the cartridge and prime the cartridge.

4) Select the “Start: Battery” button.

5) A series of clicking sounds will be emitted from the device. The sound originates from pulsating
of the solenoid valve utilized to control ammonia flow during and absorption and is entirely
normal. The appliance will go into a preheating state and “Preheating” will be displayed on the
status indicator line of the screen.

6) When the status indicator line displays “Start Flow” initiate flow. Initiating fluid flow before
preheating is complete will force the device into an active control mode just as if preheating had
been achieved. Starting an infusion before preheating is complete should be done only under the
guidance and discretion of qualified medical personnel.

7) When fluid flow is started the device will recognize flow and the status line will indicate “Flow
Detected”. The indicator implies an active control mode for the device and the appliance will
automatically regulate infusion fluid delivery temperature. Continue the infusion as required for
the utilized application or until the loss in TES capacity results in the infused fluid temperature
dropping below acceptable temperature as allocated by medical personnel. Although the device
will control infusion temperatures to 37°C, sufficient delivery temperature is at the discretion of
the user once the storage capacity diminishes below that required to regulate at target
temperature.

8) Once the infusion is complete select the “Stop” button on the bottom of the keypad to cease heat
input to the SPC. The appliance will cycle back to a READY mode awaiting further user input.
The system must be recharged before again being utilized in heat battery mode.
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Recharging the System

In order to recharge the TES system the SPC must be removed from the device. If a cartridge is installed
and the user attempts a recharge they will be prompted with a message from the status line of the display
stating, “Remove Cartridge”. External electrical power must also be available in order to implement a
recharge of the TES system. If external power is not available the user will be informed via the status line
indicator with a message stating, “Plug into Ext. Power”. Once the cartridge has been removed the user is
capable of implementing a system recharge.

D
2)
3)

4)

3)

6)

Ensure external power is available by plugging in the device.

Remove the SPC from the unit (refer to Removing a SPC).

Select the “Start: Recharge Battery” button.

An initial click will be heard inside the appliance, indicative of the solenoid valve opening
allowing for the passage of ammonia vapor out of the sorber and back to the reservoir.

The sorber recharge algorithm is implemented to detect when the system is fully recharged. The
sorber will consistently reach temperatures of 195°C, so it is critical that the user does not come
in contact with the sorber during a TES recharge.

After the sorber is recharged the appliance, especially any METAL COMPONENTS WILL BE
VERY HOT. Do not touch any system components until the cool down is complete.

Cool Down Mode

1)
2)
3)
4)

3)

THE DEVICE CANNOT BE UTILIZED for an infusion until Cool Down mode is complete.
Furthermore, an SPC should not be placed on the appliance until cool down has commenced.
The appliance will go into a cooling down immediately upon the conclusion of a recharge. The
status indicator line of the appliance will display “Cooling Down”.
Upon entering cool down mode a small fan will turn on to circulate heat accumulated in the inner
heat shield of the appliance to the ambient environment.
Cool down will conclude once the sorber temperature drops to 35°C, a safe temperature for
implementing another infusion.
If a cool down is unintentionally interrupted before completion, the user can force a manual cool
down by implementing the following procedure:
i. Select the “Blackout” button and hold it down.
ii. Without releasing the “Blackout” button turn off the power to the device.
iii. Still holding the “Blackout” button, turn the power pack on to the device.
iv. Release the “Blackout™ button, the device should instantaneously initiate a cool
down and the user should hear the small fan operating to produce airflow across
the sorber.

NOTE: A cool down can only be instigated if the sorber internal temperature is above 35°C.

Additional Functionality and Buttons

The sequence for actively initiating cool down consists of holding down the blackout button, turning the
unit off, power the unit back on, then releasing the blackout button.
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Requested capability in terms of enhancing operation discreetness has been incorporated into the current
fluid infusion warmer prototypes via the “Blackout” mode. Selecting the “Blackout” button allows the
user to turn off the backlighting of the LCD display. Full system functionality is still available in
blackout mode. The objective of the blackout button is to allow users to operate the device covertly, so
that in a combat situation the appliance does not reveal the users location. Switching between blackout
mode and normal operational mode is achievable by selecting the button. If the button is toggled back
and forth the unit will dim and illuminate the display.

The device is capable of toggling the display temperature between degrees Celsius and degrees Fahrenheit
via the “Select: °F” button. By default all temperatures are portrayed in units of degrees Celsius. Press
the “Select: °F” button to display the temperature in degrees Fahrenheit. The LED associated with the
“Select: °F” button on the keypad is illuminated when the units are in degrees Fahrenheit. The unit
labeling is presented on the right side of the Sorber temperature line, the third line of the display. Press
the button again to switch display temperature units back to degrees Celsius. The LED light on the
keypad will turn off upon doing
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