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(57) ABSTRACT 
A cooling device includes a target fluid inlet, a target fluid 
outlet, an inner conduit, and a chamber Surrounding the inner 
conduit. The inner conduit communicates with the target fluid 
inlet and the target fluid outlet, and provides a flow path for a 
target fluid to be cooled. The chamber contains a first endot 
hermic reactant and includes a reactant inlet selectively alter 
able from a closed state to an open state. When the reactant 
inlet is in the closed state, the first endothermic reactant is 
isolated from a second endothermic reactant and no endot 
hermic reaction occurs. When the reactant inlet is in the open 
state, the reactant inlet provides a flow path for enabling the 
second endothermic reactant to come into contact with the 
first endothermic reactant in the chamber for initiating the 
endothermic reaction and cooling the target fluid in the inner 
conduit. 
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RAPID FLUID COOLING DEVICES AND 
METHODS FOR COOLING FLUIDS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 14/054,315, filed Oct. 15, 
2013 and titled RAPIDFLUID COOLING DEVICES AND 
METHODS FOR COOLING FLUIDS, which claims the 
benefit of U.S. patent application Ser. No. 12/711,749, filed 
Feb. 24, 2010, titled “RAPID FLUID COOLING DEVICES 
AND METHODS FOR COOLING FLUIDS,” and patented 
as U.S. Pat. No. 8,608,696, which claims the benefit of U.S. 
Provisional Patent Application Ser. No. 61/154,972, filed 
Feb. 24, 2009, titled “RAPID FLUID COOLING DEVICES 
AND METHODS FOR COOLING FLUIDS: the contents 
of which are incorporated by reference herein in their entire 
ties. 

TECHNICAL FIELD 

0002 The present invention relates generally to fluid cool 
ing devices. More particularly, the present invention relates to 
the cooling of fluids by endothermic reaction. 

BACKGROUND 

0003. The cooling of core body temperature, such as for 
inducing hypothermia, is a medical treatment increasingly 
being used to treat patients as part of various medical-related 
procedures. Administering cooled intravenous fluids to 
induce hypothermia in cardiac arrest patients in the pre-hos 
pital setting has been found to improve the likelihood of those 
patients being Subsequently discharged from the hospital 
neurologically intact. Induced hypothermia therapy has 
proven effective in postponing damage to tissues caused by 
insufficient blood flow and oxygen deprivation. The smaller 
the time difference between cardiac arrest and induced hypo 
thermia, the higher the likelihood of successful treatment. 
While there are in-hospital products available for inducing 
hypothermia, these products are not feasible for use in the 
pre-hospital setting. 
0004. The cooling of intravenous fluids for use in the 
pre-hospital setting is currently achieved though the use of 
conventional, bulky refrigeration units or simply ice-filled 
containers. Primary responders are typically unable to carry 
both conventional refrigerators and cardiac arrest patients 
simultaneously on-board a vehicle (e.g., ambulance, helicop 
ter, etc.), or at least it is impractical to do so, for various 
reasons such as the space required for the refrigeration unit or 
ice-filled container and the fact that induced hypothermia as a 
treatment will be indicated in only a small fraction of the 
emergency situations encountered. Consequently, a second 
emergency vehicle carrying a refrigeration unit is required to 
intercept the primary responder and Supply the primary 
responder with cooled intravenous fluids to administer to the 
patient. Once the cooled fluids are taken out of the refrigerator 
or ice-filled container, the fluids immediately begin to warm 
and there is currently no method available to effectively stop 
the warming process. 
0005. In recent years, there has been evidence supporting 
the use of induced hypothermia therapy in various other 
medical applications, including cardiac Surgery and stroke 
recovery. As more medical discoveries are made, the potential 
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uses of cooled fluids are likely to increase in both the pre 
hospital and in-hospital settings. 
0006. In view of the foregoing, there is an ongoing need 
for cost-effective, efficient, portable, and compact fluid cool 
ing devices for use in the medical field in general, and for use 
in rapidly cooling intravenous fluids in particular such as for 
inducing hypothermia in patients requiring medical attention, 
as well as for use in various non-medical fields. 

SUMMARY 

0007 To address the foregoing problems, in whole or in 
part, and/or other problems that may have been observed by 
persons skilled in the art, the present disclosure provides 
methods, processes, systems, apparatus, instruments, and/or 
devices, as described by way of example in implementations 
set forth below. 
0008 According to one implementation, a cooling device 
includes a target fluid inlet, a target fluid outlet, an inner 
conduit, and a chamber Surrounding the inner conduit. The 
inner conduit fluidly communicates with the target fluid inlet 
and the target fluid outlet, and provides a flow path for a target 
fluid to be cooled. The chamber surrounding the inner conduit 
contains a first endothermic reactant and includes a reactant 
inlet selectively alterable from a closed state to an open state. 
When the reactant inlet is in the closed state, the first endot 
hermic reactant is isolated from a second endothermic reac 
tant and no endothermic reaction occurs. When the reactant 
inlet is in the open state, the reactantinlet provides a flow path 
for enabling the second endothermic reactant to come into 
contact with the first endothermic reactant in the chamber for 
initiating the endothermic reaction and cooling the target 
fluid in the inner conduit. 
0009. According to another implementation, the reactant 
inlet of the cooling device may further include a barrier. When 
the reactant inlet is in the closed state, the barrier may divide 
the chamber into a first region containing the first endother 
mic reactant, and a second region containing the second 
endothermic reactant. The cooling device may include an 
actuator configured to open the barrier wherein the reactant 
inlet is altered to the open state. 
0010. According to another implementation, the cooling 
device includes a pressure release valve adapted to commu 
nicate with the chamber, wherein the pressure release valve 
allows flow from the chamber to a receptacle adapted to 
communicate with the pressure release valve when the pres 
Sure in the chamber increases to a predetermined critical 
pressure. 
0011. According to another implementation, at least a por 
tion of the chamber is flexible such that the Volume of the 
chamber is expandable. 
0012. According to another implementation, the cooling 
device includes an insulating material Surrounding the cham 
ber. 
0013. According to another implementation, the target 
fluid includes Saline Solution. In another implementation, the 
target fluid further includes a therapeutically active drug. 
0014. According to another implementation, the reactant 
inlet comprises a fitting configured for connection to an exter 
nal source of the second endothermic reactant. In another 
implementation, the reactant inlet comprises a valve. 
0015. According to another implementation, an intrave 
nous target fluid delivery system includes an IV target fluid 
reservoir, a cooling device, and a cooled IV target fluid receiv 
ing tube. The IV target fluid reservoir contains an IV target 
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fluid to be cooled in the cooling device. The IV target fluid 
reservoir fluidly communicates with a target fluid inlet of the 
cooling device. The cooled IV target fluid receiving tube 
fluidly communicates with a target fluid outlet of the cooling 
device, and is configured for intravenously administering the 
cooled IV target fluid to a patient. 
0016. According to another implementation, the first 
endothermic reactant includes an inorganic salt Such as, for 
example, ammonium nitrate, ammonium chloride, potassium 
chloride, etc. The second endothermic reactant may, for 
example, include water. 
0017. According to another implementation, the reactant 
inlet includes a barrier and in the closed state, the barrier 
divides the chamber into a first region containing the first 
endothermic reactant, and a second region containing the 
second endothermic reactant. In some implementations, an 
actuator is configured to open the barrier wherein the reactant 
inlet is altered to an open state. The actuator may be config 
ured to puncture the barrier. Alternatively, the actuator may be 
configured to move at least a portion of the barrier to create an 
opening therethrough. 
0018. In some implementations, the IV target fluid reser 
voir may include an IV bag. The cooled IV target fluid receiv 
ing tube may include an IV catheter. 
0019. According to another implementation, a method is 
provided for cooling a target fluid. In the method, a target fluid 
is flowed from a target fluid inlet of a cooling device, through 
the cooling device, and to a target fluid outlet of the cooling 
device. While flowing the target fluid, heat is removed from 
the target fluid by conducting an endothermic reaction in the 
cooling device. 
0020. According to another implementation, a method is 
provided for treating a patient. A target fluid to be cooled is 
flowed from a reservoir through a target fluid inlet of a cooling 
device, and into an inner conduit of the cooling device. The 
cooling device includes a chamber Surrounding the inner 
conduit and containing a first endothermic reactant. The 
chamber includes a reactant inlet selectively alterable from a 
closed state to an open state, wherein in the closed State, the 
first endothermic reactant is isolated from a second endother 
mic reactant and no endothermic reaction occurs. The endot 
hermic reaction is initiated and the target fluid in the inner 
conduit is cooled by altering the reactant inlet from the closed 
state to the open state, wherein the reactant inlet provides a 
flow path for enabling the second endothermic reactant to 
come into contact with the first endothermic reactant in the 
chamber. The cooled target fluid is flowed through a target 
fluid outlet of the cooling device into a cooled-fluid-receiving 
tube. The cooled target fluid is administered to the patient 
intravenously to reduce the patient’s core body temperature. 
0021. In some implementations, the target fluid includes 
saline solution. In further implementations, the target fluid 
further comprises a therapeutically active drug. 
0022. Other devices, apparatus, systems, methods, fea 
tures and advantages of the invention will be or will become 
apparent to one with skill in the art upon examination of the 
following figures and detailed description. It is intended that 
all Such additional systems, methods, features and advantages 
be included within this description, be within the scope of the 
invention, and be protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The invention can be better understood by referring 
to the following figures. The components in the figures are not 
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necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. In the figures, like 
reference numerals designate corresponding parts throughout 
the different views. 
0024 FIG. 1 is a simplified perspective view of an 
example of a fluid cooling device according to the present 
teachings. 
0025 FIG. 2 is an exploded perspective view of an 
example of a fluid cooling device according to the present 
teachings. 
0026 FIG. 3 is a cut-away view of a portion of a chamber 
Surrounding inner helical conduits according to the present 
teachings. 
0027 FIG. 4 is a cross-sectional elevation view of another 
example of a fluid cooling device according to the present 
teachings that illustrates a barrier within the chamber. 
0028 FIG. 5 is a flow diagram illustrating a method for 
cooling a target fluid according to the present teachings. 
0029 FIG. 6 is a flow diagram illustrating a method for 
treating a patient according to the present teachings. 
0030 FIG. 7 is a schematic of an intravenous target fluid 
delivery system according to the present teachings. 

DETAILED DESCRIPTION 

0031. By way of example, FIGS. 1-7 illustrate various 
implementations of a fluid cooling device, a method for cool 
ing a target fluid, a method for treating a patient, and a related 
system. The various implementations provide a highly effec 
tive, compact, transportable, and efficient solution for rapidly 
cooling a target fluid for use, as for example, in the pre 
hospital setting for intravenously inducing hypothermia or 
otherwise significantly reducing the core body temperature in 
cardiac arrest patients as well as for other medical uses and 
non-medical uses. As noted above, the less the difference in 
time between cardiac arrest and induced hypothermia, the 
higher the likelihood of success in Subsequently discharging 
cardiac arrest patients from the hospital neurologically intact. 
Hypothermia is defined as a body temperature significantly 
below 37°C., and there are various levels of hypothermia. For 
example, mild hypothermia is defined as a body temperature 
of about 34°C., moderate hypothermia is defined as a body 
temperature of about 23-32°C. and profound hypothermia is 
defined as a body temperature of about 12-20° C. See Sted 
man's Medical Dictionary, 26" Edition, 1995. A fluid cooling 
device consistent with the present teachings has experimen 
tally demonstrated Superior performance in providing a 
cooled target fluid for use in the pre-hospital setting, as com 
pared with the current method of cooling fluids in the pre 
hospital setting via conventional refrigeration. For example, a 
fluid cooling device according to the present teachings has 
experimentally cooled a target fluid (i.e., saline solution) 
from room temperature to about 4°C. in about 1.5 to 2.0 
minutes, wherein ammonium nitrate and water were utilized 
as the endothermic reactants in the cooling device. The cool 
ing device according to the present teachings may be sized 
and configured for compatibility with associated fluid deliv 
ery components. For example, the cooling device may be 
easily connected to standardized intravenous delivery equip 
ment to function as an in-line, on-demand chilling device. All 
or part of the cooling device may be sterilizable and reusable, 
or alternatively may be configured as a disposable single-use 
device. 
0032 FIG. 1 is a simplified perspective view of an 
example of a fluid cooling device 100 according to the present 
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teachings. The cooling device 100 generally includes a target 
fluid inlet 102 through which a target fluid (e.g., saline solu 
tion) to be cooled may enter the cooling device 100, and a 
target fluid outlet 104 through which the target fluid may exit 
the cooling device 100. The cooling device 100 also generally 
includes a chamber 106 Surrounding one or more inner con 
duits (not shown in FIG. 1) between the target fluid inlet 102 
and the target fluid outlet 104, and containing a first endot 
hermic reactant (e.g., ammonium nitrate, ammonium chlo 
ride, potassium chloride, or the like). The first endothermic 
reactant may, for example, be packed into the chamber 106 in 
any suitable form Such as powder, pellets, grains, gel, colloid, 
Suspension, liquid, or the like, and may fill the Volume in the 
chamber 106 around the inner conduit or conduits. The inner 
conduit fluidly communicates with the target fluid inlet 102 
and the target fluid outlet 104, and provides one or more flow 
paths for a target fluid to be cooled. An example of an inner 
conduit provided as one or more inner helical conduits is 
described below with respect to FIGS. 2 and 3. Those skilled 
in the art will appreciate that the inner conduit(s) may be 
constructed of various materials (e.g., medical grade metals, 
thermally conductive plastics, and the like) and may include 
various shapes and cross-sectional areas so as to optimize the 
available surface area for heat transfer. The target fluid inlet 
102 may generally be configured to accommodate the size of 
any inlet tubing or fitting connected to the target fluid inlet 
102. The target fluid outlet 104 may generally be configured 
to accommodate the size of any outlet tubing or fitting con 
nected to the target fluid outlet 104. The chamber 106 also 
generally includes a reactant inlet 108 that is selectively alter 
able from a closed state to an open state. The reactant inlet 108 
may include, for example, a Luer-LockTM port or any valve or 
fitting Switchable between closed and open states, oran open 
able or frangible barrier. In the closed state, the first endot 
hermic reactant is isolated from a second endothermic reac 
tant and no endothermic reaction occurs. In the open state, the 
reactant inlet 108 provides a flow path for enabling the second 
endothermic reactant to come into contact with the first 
endothermic reactant in the chamber 106 for initiating the 
endothermic reaction and consequently cooling the target 
fluid in the inner conduit. As in the case of the first endother 
mic reactant, the second endothermic reactant may be pro 
vided in any Suitable form (e.g., Solid, semi-solid, colloidal, 
liquid, etc.). Moreover, the first and/or second endothermic 
reactant may include any suitable additive that promotes or 
optimizes the endothermic reaction. 
0033. As appreciated by persons skilled in the art, various 
types of endothermic reactions exist and thus the specific 
reactants utilized in the cooling device 100 will depend on the 
particular endothermic reaction being implemented. As 
examples, ammonium nitrate, ammonium chloride, or potas 
sium chloride may be utilized as the first endothermic reac 
tant, and in each case, water may be utilized as the flowable 
second endothermic reactant. Other flowable materials may 
also be suitable for serving as the second endothermic reac 
tant. Generally, the cooling device 100 may employ any com 
bination of reactants that, when combined, result in an endot 
hermic reaction Suitable for rapid cooling of a selected target 
fluid Such as, for example, saline solution. The second endot 
hermic reactant may be flowed into the chamber 106 via the 
reactant inlet 108 by any suitable means such as, for example, 
utilizing a Syringe (not shown) or other external source of 
reactant. Alternatively, the second endothermic reactant may 
be provided internally within the cooling device as described 
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by example below in conjunction with FIG. 4. Those skilled 
in the art will appreciate that in Some implementations, the 
first endothermic reactant may not be pre-loaded in the cham 
ber 106. For example, both the first and second endothermic 
reactants may be supplied from external sources (e.g., 
syringes) into the chamber 106 via the reactant inlet 108 in 
any order (or from two separate reactant inlets) for initiating 
the endothermic reaction. Having the first endothermic reac 
tant and/or the second endothermic reactant preloaded in the 
chamber 106 may be particularly useful in implementations 
in which the cooling device 100 is utilized to rapidly cool 
intravenous fluids in the pre-hospital setting, for example. 
0034. In the present example, the chamber 106 may be 
constructed of, for example, PVC plastic. At each end of the 
chamber 106, an end plate 110 may be attached to the cham 
ber 106 by any suitable means, and may be constructed to 
accommodate the ends of the inner conduits. An end cap 112 
may also be secured by any suitable means to the end plate 
110 and/or chamber 106 at each end of the chamber 106. The 
end caps 112 may be tapered or otherwise configured to 
accommodate the positions of the inner conduit(s) and/or the 
flow transitions between the inner conduit(s) of the chamber 
106 and the target fluid inlet 102 and target fluid outlet 104. 
Both the end plates 110 and the end caps 112 may be con 
structed of, for example, ABS plastic. In some implementa 
tions, a pressure release valve 114 may optionally be provided 
to communicate with the chamber 106 such that pressure may 
release from the chamber 106 to, for example, a receptacle 
(not shown) adapted to communicate with the pressure 
release valve 114 when the pressure in the chamber 106 
increases to a predetermined critical pressure. For example, if 
a syringe is used to admit the second endothermic reactant 
into the chamber 106 via the reactant inlet 108, the pressure 
release valve 114 may be used to release any excess pressure 
in the chamber 106 resulting from utilization of the syringe. 
The use of a receptacle at the pressure release valve 114 
maintains the cooling device 100 as a closed system and 
ensures that the endothermic reactants remain isolated from 
the environment. Alternatively, element 114 may represent a 
fluid connection to a flexible chamber that allows for expan 
sion. As a further alternative, at least a portion of the chamber 
106 may be flexible to allow for expansion. The chamber 106 
may also be surrounded by an insulating material (e.g., 
polypropylene foam covered in vinyl fabric) to ensure a mini 
mum amount of heat transfer into the cooling device 100 from 
the outside environment. 

0035. The cooling device 100 in FIG. 1 may be used to 
rapidly, effectively and reliably supply cooled fluids in a 
manner which does not require the aid of any other device. In 
one specific yet non-limiting example, the cooling device 100 
may be utilized to quickly Supply cooled Saline solution for 
intravenous administration to cardiac arrest patients in the 
pre-hospital setting, so as to reduce the core body temperature 
of the patients. The cooling device 100 is completely isolated 
from the external environment, ensuring no contamination of 
the target liquid, any potential user, and any potential patient 
while the cooling device 100 is in use. The cooling device 100 
may also be utilized in various other settings, e.g., stroke 
therapy and cardiac Surgery. More generally, the cooling 
device 100 may be utilized in a wide variety of non-medical as 
well as medical applications for cooling various liquids, 
gases, vapors, Suspensions, etc. The cooling device 100 may 
be portable, easily storable and easily disposed of after use. 
The cooling device 100 may be easily connected to input 
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tubing and output tubing for use as an in-line device, as 
described in further detail below with respect to FIG. 7. The 
cooling device 100 according to the present teachings may be 
manufactured in varying sizes and dimensions So as to allow 
for various temperatures of the target fluid at the target fluid 
outlet 104 of the cooling device 100. For example, reducing 
the length of the cooling device 100 may result in a higher 
temperature of the target fluid at the target fluid outlet 104 as 
a result of a decrease in surface area utilized for heat transfer. 
As another example, the cooling device 100 according to the 
present teachings may be manufactured with varying 
amounts of the first endothermic reactant so as to allow for 
various temperatures of the target fluid at the target fluid 
outlet 104 of the cooling device 100. As yet another example, 
different cooling devices 100 according to the present teach 
ings may be manufactured with different endothermic reac 
tants so as to allow for various temperatures of the target fluid 
at the target fluid outlet 104 of the cooling devices 100. In 
Some implementations a target fluid flowing through the cool 
ing device 100 may be cooled from room temperature downto 
about 3 or 4°C. upon exit from the cooling device 100. The 
time required for this amount of cooling to occur from the 
target fluid inlet 102 to the target fluid outlet 104 will depend 
on a variety of factors, including for example the Volume of 
the chamber 106 and of the reactant loaded therein, the inter 
nal diameter and length of the inner conduit(s) and thus the 
resulting flow rate and residence time of the target fluid in the 
chamber 106, as well as the specific endothermic reactants 
utilized. 

0036 FIG. 2 is an exploded perspective view of an 
example of the fluid cooling device 100 discussed above. The 
fluid cooling device 100 may be utilized as described above 
with respect to FIG.1, or as otherwise described in the present 
teachings. The cooling device 100 also includes the chamber 
106 containing the first endothermic reactant. As an example, 
during assembly the first endothermic reactant may be loaded 
through one of the initially open ends of the chamber 106. The 
cooling device 100 may also include an inner conduit 216 
through which the target fluid flows from the target fluid inlet 
102 to the target fluid outlet 104 in thermal communication 
with, but fluidly isolated from, the endothermic reactants 
present in the chamber 106. The inner conduit 216 may be 
configured to increase the Surface area available for heat 
transfer. Thus, in the present example, the inner conduit 216 
may include one or more inner helical conduits 216. When the 
cooling device 100 is assembled, the inner helical conduits 
216 fluidly communicate with the target fluid inlet 102 and 
the target fluid outlet 104, and provide flow paths for the target 
fluid to be cooled. When the cooling device 100 is assembled, 
the chamber 106 surrounds the inner helical conduits 216 as 
illustrated in FIG.3. As an alternative to the illustrated helical 
configuration, the inner conduits 216 may have any other 
Suitable configuration, shape or profile that increases their 
lengths, increases their outer Surface areas, and/or maximizes 
their thermal contact with the endothermic reactants. 

0037. In the present example, the inner helical conduits 
216 may be constructed of a thermally conductive material 
providing adequate heat transfer Such as, for example, various 
metals, e.g., stainless steel, titanium, aluminum, or brass, and 
certain thermally conductive plastics. In some implementa 
tions, the inner helical conduits 216 may be constructed of 
medical grade conductive materials to ensure against con 
tamination of the target fluid for medical uses. If needed, the 
inside and/or outside surfaces of the inner helical conduits 
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216 may be coated with biocompatible or protective barrier 
films, as appreciated by persons skilled in the art. When the 
cooling device 100 is assembled, an end plate 110 may be 
attached to the chamber 106 at each end of the chamber 106, 
and may be constructed to accommodate the ends of the inner 
helical conduits 216 and support the inner helical conduits 
216 in the chamber 106 in a fixed manner. For instance, in the 
present example in which three inner helical conduits 216 are 
utilized, each end plate 110 may include three through-bores 
respectively communicating with the three inner helical con 
duits 216 to facilitate flow-splitting from the target fluid inlet 
102 and flow-merging to the target fluid outlet 104. An end 
cap 112 may also be secured by any Suitable means (e.g., 
through the use of an adhesive) to the outside of the end plate 
110 and/or the chamber 106 at each end of the chamber 106 
when the cooling device 100 is assembled. As also noted 
above, the chamber 106 may also be surrounded by an insu 
lating material (not specifically shown) to ensure a minimum 
amount of heat transfer into the cooling device 100 from the 
outside environment. 

0038 FIG. 3 is a cut-away view of a portion of the fluid 
cooling device 100. Specifically, FIG. 3 illustrates the three 
inner helical conduits 216 of the present example after instal 
lation in the surrounding chamber 106. In this example, the 
total amount of heat removed from the target fluid as it flows 
from the inlet side to the outlet side of the chamber 106, and 
the rate of heat removal, are increased by splitting the flow 
into more than one inner conduit 216 and by coiling the inner 
conduits 216 so as to increase their lengths from inlet to 
outlet. The coiled or helical shapes are but one example; other 
examples include serpentine shapes and various other multi 
turn configurations. As another example, the inner conduits 
216 may be provided with cooling fins. Generally, no limita 
tion is placed on the internal diameter(s) of the inner conduit 
(s) 216, so long as target fluid flow therethrough is unimpeded 
and travel time is sufficient to ensure a desired amount of heat 
rejection to the surrounding chamber 106. It can also be seen 
in FIG. 3 that an ample volume is provided around and 
between the inner conduits 216 for filling the chamber 106 
with the selected endothermic reactants. Upon initiation of 
the endothermic reaction in the chamber 106, thermal gradi 
ents are established from the inner conduits 216 and outward 
in a multitude of directions. 

0039 FIG. 4 is a cross-sectional elevation view of another 
example of a fluid cooling device 400 according to the present 
teachings. As in the previous example, the cooling device 400 
includes a target fluid inlet 102 and a target fluid outlet 104, 
which in this example include female and male Luer-type 
fittings, respectively. The cooling device 400 also includes 
inner helical conduits 216 fluidly communicating with the 
target fluid inlet 102 and the target fluid outlet 104 and pro 
viding flow paths for the target fluid to be cooled. The cooling 
device 400 includes a chamber 106 surrounding the inner 
helical conduits 216 and containing a first endothermic reac 
tant. FIG. 4 also illustrates an insulation layer 436 surround 
ing the chamber 106 which may be included in the cooling 
device 400, as described above. The chamber 106 further 
includes a reactant inlet 414 selectively alterable from a 
closed State to an open state. In this example, the reactant inlet 
414 includes afrangible or openable barrier 420 spanning the 
internal cross-section of the chamber 106. In the closed state, 
the barrier 420 may divide the chamber 106 into a first region 
432 containing the first endothermic reactant (e.g., ammo 
nium nitrate) and a second region 428 containing the second 
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endothermic reactant (e.g., water). In the closed State, the first 
endothermic reactant is isolated from the second endothermic 
reactant by the barrier 420 and thus no endothermic reaction 
occurs. When the reactant inlet 414 is altered to the open state, 
Such as by breaking, puncturing or otherwise opening the 
barrier 420, an opening 440 is created to provide a flow path 
for enabling the second endothermic reactant to come into 
contact with the first endothermic reactant for initiating the 
endothermic reaction and cooling the target fluid in the inner 
helical conduits 216. Alternatively, the first endothermic reac 
tant may flow from the first region 432 into the second region 
428 and thus into contact with the second endothermic reac 
tant. More generally, at least one of the reactants is flowable 
so that interaction among the reactants occurs after the open 
ing 440 in the barrier 420 has been formed. 
0040. In the present example, the barrier 420 may be 
opened by any Suitable user-actuated opening mechanism 
424. For example, the mechanism 424 may include a button or 
knob that, when actuated by the user (e.g., pressed, pulled, 
slid, rotated, etc.), actuates a puncturing device 438 that 
breaks the barrier 420 and hence alters the reactant inlet 414 
to the open state by creating the opening 440, which allows 
the first and second endothermic reactants to mix or combine 
within the chamber 106. As used herein, terms such as “mix” 
and "combine' encompass any type of contact or interaction 
between reactants that results in the endothermic reaction 
utilized as the cooling mechanism according to the present 
teachings. The exact mechanics of the interaction between the 
endothermic reactants and the particular reaction kinetics will 
depend on the type of endothermic reaction conducted in a 
given implementation, one non-limiting example being the 
dissolution of certain nitrates orchlorides in a suitable solvent 
Such as water as noted above. As another example, the mecha 
nism 424 may include or operate as a Switch that, when 
actuated by the user, moves the barrier 420 or a portion 
thereof (e.g., a valve, shutter, or sliding mechanism) to an 
open state, thereby creating the opening 440 and allowing the 
second endothermic reactant to flow. In this latter case, the 
element 438 may represent any Suitable mechanical linkage 
between the mechanism 424 and the barrier 420. For instance, 
the mechanism 424 may be linked to the barrier 420 such that 
pushing or pulling the mechanism 424 translates or rotates all 
or part of the barrier 420 to create the opening 440. As another 
alternative, the mechanism 424 may be configured such that 
sliding the mechanism 424 a short distance causes the barrier 
420 to open in the manner of a shutter. In all of the foregoing 
alternatives, the term “breaking as used in conjunction with 
altering the barrier 420 encompasses any means by which the 
opening 440 may be created (e.g., puncturing, moving the 
barrier 420 or a portion thereof, etc.), and thus in this context 
terms such as “breaking and “opening are used inter 
changeably. Moreover, in conjunction with breaking or open 
ing the barrier 420, the cooling device 400 may be shaken or 
agitated by the user to promote the mixing of the reactants. 
0041 FIG. 5 is a flow diagram illustrating an example of a 
method for cooling a target fluid according to the present 
teachings. The method may be implemented by utilizing a 
cooling device 100 or 400 such as described above and illus 
trated in FIGS. 1-4. The first step 502 in the method generally 
includes flowing the target fluid through a target fluid inlet 
into an inner conduit or conduits of a cooling device. The 
target fluid may include, for example, saline solution or any 
other fluid desired to be cooled in aparticular application. The 
cooling device of the present example may include a chamber 
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Surrounding the inner conduit and containing a first endother 
mic reactant (e.g., ammonium nitrate). The chamber may 
include a reactant inlet that is selectively alterable from a 
closed State to an open state. The reactant inlet may be internal 
or external to the chamber as described above. When the 
reactant inlet is in the closed state, the first endothermic 
reactant is isolated from a second endothermic reactant and 
no endothermic reaction occurs. The second step 504 in the 
present example includes altering the reactant inlet from the 
closed State to the open state. Consequently, the reactant inlet 
provides a flow path for enabling the second endothermic 
reactant (e.g., water) to come into contact with the first endot 
hermic reactant in the chamber for initiating the endothermic 
reaction and cooling the target fluid in the inner conduit. The 
target fluid may be cooled to a temperature of for example, 3 
to 4 degrees Celsius, or a variety of other temperatures, 
depending on the particular application of the method. In 
Some implementations, the second step 504 may be per 
formed prior to carrying out the first step 504, so as to allow 
the reaction to begin before flowing the target fluid through 
the target fluid inlet. The third step 506 in the present example 
includes flowing the target fluid through a target fluid outlet of 
the cooling device to a selected destination for the cooled 
target fluid Such as into a receiving tube. In one example of 
one implementation of the present teachings, the cooled 
fluid-receiving tube may include IV tubing for use in the 
medical field. 

0042 FIG. 6 is a flow diagram illustrating an example of a 
method for treating a patient according to the present teach 
ings. The present method may be used, for example, in the 
treatment of cardiac arrest patients in the pre-hospital or 
in-hospital settings. The present method may also be used, as 
another example, in stroke recovery therapy. The first step 
602 in the method generally includes flowing a target fluid to 
be cooled from a reservoir. The target fluid reservoir may 
include, for example, an IV bag containing a Suitable intra 
venous fluid Such as saline Solution, and which may addition 
ally include a therapeutically active drug if indicated for the 
specific situation. Alternatively, a drug may be added to the 
saline solution after the saline solution has exited a cooling 
device. The second step 604 in the method includes flowing 
the target fluid through a target fluid inlet and into an inner 
conduit(s) of the cooling device, as described above in con 
junction with FIG. 5. The third step 606 in the method 
includes altering a reactantinlet from a closed state to an open 
state, as described above. As discussed above in conjunction 
with FIG. 5, the reactant inlet may be altered from the closed 
state to the open state prior to flowing the target fluid through 
the target fluid inlet of the cooling device, so as to allow the 
reaction to commence prior to the target fluid entering the 
inner conduit(s) of the cooling device. The fourth step 608 in 
the method includes flowing the target fluid through a target 
fluid outlet of the cooling device into a cooled-fluid-receiving 
tube, as described above. The fifth step 610 includes admin 
istering to the patient the target fluid in the cooled-fluid 
receiving tube intravenously until, for example, a state of 
hypothermia is reached in the patient. Administering the 
cooled target fluid to the patient may include adding thera 
peutically active drugs to the cooled target fluid. As another 
example of an implementation of the present teachings, the 
fifth step 610 may include administering the cooled target 
fluid to the patient to begin induced hypothermia therapy in 
the pre-hospital setting, although a state of induced hypoth 
ermia in the patient may not be reached until the patient is, for 
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example, in the in-hospital setting. As yet another example, 
the fifth step 610 may include intravenously administering the 
cooled target fluid to the patient in order to significantly 
reduce the core body temperature of the patient, with or 
without the patient ever reaching a state of hypothermia. 
0043 FIG. 7 is a schematic of an intravenous target fluid 
delivery system 700 according to the present teachings. The 
intravenous target fluid delivery system 700 includes an IV 
target fluid reservoir 702, a cooling device 704, and a cooled 
IV target fluid receiving tube 708. The IV target fluid reser 
voir 702 contains an IV target fluid to be cooled in the cooling 
device 704. The IV target fluid reservoir 702 may include a 
standard IV bag, for example. The IV target fluid may include 
saline Solution, and the Saline solution may include therapeu 
tically active drugs. The IV target fluid reservoir 702 fluidly 
communicates with a target fluid inlet of the cooling device 
704. The target fluid inlet may generally be configured to 
accommodate the size of any inlet tubing or fitting that fluidly 
couples the IV target fluid reservoir 702 to the target fluid inlet 
of the cooling device 704. The cooling device 704 may gen 
erally be configured as discussed above with respect to FIGS. 
1 through 4. For example, the cooling device 704 may include 
the target fluid inlet through which the IV target fluid to be 
cooled may enter the cooling device 704, and a target fluid 
outlet through which the cooled IV target fluid may exit the 
cooling device 704, the target fluid outlet being in fluid com 
munication with the cooled IV target fluid receiving tube 708. 
The cooling device 704 includes a chamber surrounding one 
or more inner conduits between the target fluid inlet and the 
target fluid outlet, and contains a first endothermic reactant. 
The inner conduit(s) fluidly communicates with the target 
fluid inlet and the target fluid outlet, and provides one or more 
flow paths for the IV target fluid to be cooled. The chamber 
includes a reactant inlet that is selectively alterable from a 
closed State to an open state. In the closed State, the first 
endothermic reactant is isolated from a second endothermic 
reactant and no endothermic reaction occurs. In the open 
state, the reactant inlet provides a flow path for enabling the 
second endothermic reactant to come into contact with the 
first endothermic reactant in the chamber for initiating the 
endothermic reaction and consequently cooling the IV target 
fluid in the inner conduit(s). In the present example, the 
second endothermic reactant may be flowed into the chamber 
via the reactant inlet by, for example, an external second 
endothermic reactant Supply 706 (e.g., a syringe or other 
external source of the second endothermic reactant). Alterna 
tively, the second endothermic reactant may be provided 
internally within the cooling device 704 as described above in 
conjunction with FIG. 4. In some implementations, the first 
endothermic reactant may not be preloaded in the chamber 
and may be flowed into the chamber via the reactant inlet by, 
for example, an external first endothermic reactant Supply. 
The cooled IV target fluid receiving tube 708 is configured for 
intravenously administering the cooled IV target fluid to a 
patient. The cooled IV target fluid receiving tube 708 may 
include, for example, an IV catheter or any other suitable IV 
fluid delivery device for administering the cooled IV target 
fluid to the patient. Therapeutically active drugs may be 
added to the cooled IV target fluid prior to administering the 
cooled IV target fluid to the patient. The cooled IV target fluid 
may be utilized to reduce the core body temperature of the 
patient. In one example, the cooled IV target fluid may be 
administered to the patient until the patient reaches a state of 
hypothermia. 
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0044. In general, terms such as “communicate” and “in . . 
... communication with (for example, a first component “com 
municates with or “is in communication with a second 
component) are used herein to indicate a structural, func 
tional, mechanical, electrical, signal, optical, magnetic, elec 
tromagnetic, ionic or fluidic relationship between two or 
more components or elements. As such, the fact that one 
component is said to communicate with a second component 
is not intended to exclude the possibility that additional com 
ponents may be present between, and/or operatively associ 
ated or engaged with, the first and second components. 
0045. It will be understood that various aspects or details 
of the invention may be changed without departing from the 
Scope of the invention. Furthermore, the foregoing descrip 
tion is for the purpose of illustration only, and not for the 
purpose of limitation the invention being defined by the 
claims. 

What is claimed is: 
1. A cooling device comprising: 
a target fluid inlet; 
a target fluid outlet; 
an inner conduit fluidly communicating with the target 

fluid inlet and the target fluid outlet, the inner conduit 
providing a flow path for a target fluid to be cooled; and 

a chamber Surrounding the inner conduit and containing a 
first endothermic reactant, the chamber including a reac 
tant inlet selectively alterable from a closed state to an 
open state, wherein: 
in the closed State, the first endothermic reactant is iso 

lated from a second endothermic reactant and no 
endothermic reaction occurs; and 

in the open state, the reactant inlet provides a flow path 
for enabling the second endothermic reactant to come 
into contact with the first endothermic reactant in the 
chamber for initiating the endothermic reaction and 
cooling the target fluid in the inner conduit. 

2. The cooling device of claim 1, wherein the reactant inlet 
comprises a fitting configured for connection to an external 
Source of the second endothermic reactant. 

3. The cooling device of claim 1, wherein the first endot 
hermic reactant comprises an inorganic salt. 

4. The cooling device of claim3, wherein the second endot 
hermic reactant comprises water. 

5. The cooling device of claim 1, wherein the inner conduit 
is one of a plurality of inner conduits fluidly communicating 
with the target fluid inlet and the target fluid outlet and pro 
viding a plurality of respective flow paths for the target fluid. 

6. The cooling device of claim 5, wherein at least a portion 
of each inner conduit is helical. 

7. The cooling device of claim 1, wherein the reactant inlet 
comprises a barrier and in the closed state, the barrier divides 
the chamber into a first region containing the first endother 
mic reactant, and a second region containing the second 
endothermic reactant. 

8. The cooling device of claim 7, further comprising an 
actuator configured to open the barrier wherein the reactant 
inlet is altered to the open state. 

9. The cooling device of claim 8, wherein the actuator is 
configured to puncture the barrier. 

10. The cooling device of claim 8, wherein the actuator is 
configured to move at least a portion of the barrier to create an 
opening therethrough. 
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11. An intravenous target fluid delivery system comprising: 
an IV target fluid reservoir including an IV target fluid to be 

cooled; 
a cooling device including: 

a target fluid inlet fluidly communicating with the IV 
target fluid reservoir; 

a target fluid outlet; 
an inner conduit fluidly communicating with the target 

fluid inlet and the target fluid outlet, the inner conduit 
providing a flow path for the IV target fluid to be 
cooled; and 

a chamber Surrounding the inner conduit and containing 
a first endothermic reactant, the chamber including a 
reactant inlet selectively alterable from a closed state 
to an open state, wherein in the closed State, the first 
endothermic reactant is isolated from a second endot 
hermic reactant and no endothermic reaction occurs, 
and in the open state, the reactant inlet provides a flow 
path for enabling the second endothermic reactant to 
come into contact with the first endothermic reactant 
in the chamber for initiating the endothermic reaction 
and cooling the IV target fluid in the inner conduit; 
and 

a cooled IV target fluid receiving tube fluidly communicat 
ing with the target fluid outlet, wherein the cooled IV 
target fluid receiving tube is configured for intrave 
nously administering the cooled IV target fluid to a 
patient. 
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12. The intravenous target fluid delivery system of claim 
11, wherein the IV target fluid comprises saline solution. 

13. The intravenous target fluid delivery system of claim 
12, wherein the IV target fluid further comprises a therapeu 
tically active drug. 

14. The intravenous target fluid delivery system of claim 
11, wherein the reactant inlet comprises a fitting configured 
for connection to an external source of the second endother 
mic reactant. 

15. The intravenous target fluid delivery system of claim 
11, wherein the inner conduit is one of a plurality of inner 
conduits fluidly communicating with the target fluid inlet and 
the target fluid outlet and providing a plurality of respective 
flow paths for the target fluid. 

16. The intravenous target fluid delivery system of claim 
11, wherein the reactant inlet comprises a barrier and in the 
closed state, the barrier divides the chamber into a first region 
containing the first endothermic reactant, and a second region 
containing the second endothermic reactant. 

17. The intravenous target fluid delivery system of claim 
16, further comprising an actuator configured to open the 
barrier wherein the reactant inlet is altered to an open state. 

18. The intravenous target fluid delivery system of claim 
11, wherein the cooled IV target fluid receiving tube includes 
an IV catheter. 


