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(57) ABSTRACT 

The invention provides systems and methods for infusing a 
?uid into a patient. In one exemplary embodiment, a system 
comprises a volume of ?uid and a temperature altering 
device in close proximity to the volume of ?uid. The 
temperature altering device is employed to heat or cool the 
volume of ?uid to a desired temperature. Apositive pressure 
device is provided to place the volume of ?uid under 
positive pressure While at the desired temperature. Atransfer 
member is further provided to transfer at least some of the 
?uid into the patient While at the desired temperature. 
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INFUSION SYSTEMS AND METHODS FOR 
INTRODUCING FLUIDS INTO THE BODY 

WITHIN A DESIRED TEMPERATURE RANGE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to the intro 
duction of various ?uids into a patient, and more particularly 
to the alteration of the temperature of the ?uids prior to their 
introduction so that the ?uids are Within a desired tempera 
ture range When introduced. In one particular aspect, the 
?uids are pressuriZed to facilitate their introduction into the 
patient at a desired rate and volume, thereby alloWing the 
?uids to be introduced Without relying on the assistance of 
gravity. 

[0002] Various medical procedures rely on the introduc 
tion of different ?uids into the body, often directly into the 
blood stream. In many cases, it is desirable to have such 
?uids introduced While the temperature of the ?uids are 
Within a desired range. For eXample, as described in copend 
ing US. application Ser. No. 08/769,931, ?led Dec. 19, 1996 
(Attorney Docket No. 19766707), the complete disclosure of 
Which is herein incorporated by reference, heated or cooled 
?uids may be introduced into a patient suffering from 
hypothermia or hyperthermia, or for neuro protection. 
Copending US. application Ser. No. 08/769,931, ?led Dec. 
19, 1996, describes various catheter embodiments Which 
heat or cool a ?uid While the ?uid is Within the patient. In 
this manner, a ?uid may be heated to a desired temperature 
to raise the patient’s core body temperature and thereby 
reduce or eliminate the symptoms of hypothermia. Alterna 
tively, such catheter embodiments may be employed to cool 
the ?uid While Within the patient to loWer the patient’s core 
body temperature. Cooling of the ?uid While Within the 
patient may also be employed by such catheter embodiments 
to cool a speci?c region of tissue prior to performing a 
surgical procedure. 

[0003] In many cases the treatment of a patient requires 
urgent medical attention and may therefore limit the types of 
equipment that may be used for treatment. For instance, in 
cases Where the introduction of ?uids into the patient is a 
prescribed treatment, the ?uids must be introduced into the 
patient as quickly as possible. In such cases, it Would 
therefore be desirable to provide a portable system that 
could be used in the ?eld or in an ambulance to rapidly 
infuse various ?uids Which are Within a desired temperature 
range into the patient. 

[0004] Many eXisting ?uid introduction systems rely on a 
gravity feed system Where the ?uid is held Within a com 
pressible structure, such as an IV bag. HoWever, such gravity 
feed systems are often inconvenient in cases Where urgent 
treatment is required, such as in the ?eld or in tight spaces 
Where elevation of the IV bag is impossible, eg in an 
ambulance. For eXample, Without proper elevation, it is 
dif?cult to regulate the rate and volume of ?uid introduction. 

[0005] Another draWback of such gravity feed systems is 
the dif?culty in regulating the temperature of the ?uid Within 
the IV bag. Hence, With such systems it is dif?cult to ensure 
the ?uid is at the proper temperature When introduced into 
the patient. 

[0006] Hence, for these and other reasons, it Would be 
desirable to provide systems and methods Which Would 

Mar. 18, 2004 

place a ?uid Within a desired temperature range prior to its 
introduction into a patient. Such systems and methods 
should also be conducive to urgent care settings Which 
require mobility, manipulation in tight spaces and rapid 
preparation. Such systems and methods should also be able 
to precisely control the rate and volume of ?uid introduction 
into the patient. Further, in some cases it Would be desirable 
if the systems and methods Were able to place the ?uids 
Within the desired temperature range While the ?uids are 
Within conventional containers, such as IV bags. 

SUMMARY OF THE INVENTION 

[0007] The invention provides systems and methods for 
infusing ?uids into a patient. According to the invention, the 
?uids may be infused into the patient in a variety of Ways, 
including intraveneously, intra-arterially, peritoneally (intra 
abdominally), and the like. In one exemplary embodiment, 
a system is provided comprising a volume of ?uid, and a 
temperature altering device in close proximity to the volume 
of the ?uid to heat or cool the ?uid to a desired temperature. 
A positive pressure device is further provided to place the 
volume of ?uid under positive pressure While at the desired 
temperature. A transfer member is provided to transfer at 
least some of the ?uid into the patient While the ?uid is at the 
desired temperature. 

[0008] In one aspect of the system, the temperature alter 
ing device comprises a heater to heat the ?uid to a tempera 
ture Which is Within the range from about 36° C. to about 42° 
C. Alternatively, the temperature altering device may com 
prise a cooler to cool the ?uid to a temperature Within the 
range from about 00 C. to about 35° C. 

[0009] In another aspect, the system further includes a 
reservoir, such as a compressible bag, for holding the 
volume of ?uid. The transfer member is operably connected 
to the reservoir, and a ?oW regulator is provided to regulate 
the ?oW of ?uid from the reservoir and into the transfer 
member. The ?oW regulator preferably comprises a control 
ler Which regulate the application of pressure from the 
positive pressure device. In one particular aspect, the ?oW 
regulator Will preferably regulate both the rate and volume 
of the ?uid removed from the reservoir. 

[0010] In still another aspect, the transfer member com 
prises a length of tubing to Which an end dWelling device, 
such as a needle, catheter, sheath, or the like may be attached 
to infuse the ?uid into the patient. In still another aspect, a 
controller is provided to monitor the temperature of the 
volume of ?uid and to control actuation of the temperature 
altering device. 

[0011] In one particular aspect, the temperature altering 
device comprises a housing having inner Walls Which de?ne 
a chamber. The ?uid is held Within the chamber, and the 
housing includes temperature altering elements to heat or 
cool the inner Walls of the housing to alter the temperature 
of the ?uid. A variety of temperature altering elements may 
be provided to either heat or cool the inner Walls such as 
electrical resistors, chemicals, froZen liquids, heated liquids, 
heated gases, radio frequency electrodes, thermoelectric 
crystals, and the like. 

[0012] In another particular aspect, the positive pressure 
device comprises a plate and a compressor for moving the 
plate against the volume of ?uid to compress the ?uid. 
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Exemplary compressors for moving the plate include 
springs, hydraulics, solenoids, and the like. Alternatively, 
the positive pressure device may comprise a bladder and a 
pressure source to eXpand the bladder against the volume of 
?uid. 

[0013] The system may be employed to introduce a Wide 
variety of ?uids into the patient. Such ?uids may include, for 
eXample, blood, saline solutions, drugs, solutes and the like. 

[0014] The invention further provides an exemplary 
method for infusing a ?uid into a patient. According to the 
method, a volume of ?uid is provided and is at an initial 
temperature. The temperature of the ?uid is altered until the 
?uid is at a desired temperature. While at the desired 
temperature, the ?uid is pressuriZed to introduce the ?uid 
into the patient at the desired temperature. 

[0015] The pressure applied to the ?uid Will preferably be 
regulated so that the ?uid is introduced into the patient at a 
predetermined rate and volume. In one exemplary aspect, 
the pressuriZed liquid is ?oWed through a tube Which is 
intravenously inserted into the patient to introduce the ?uid 
directly into the patient’s blood stream. 

[0016] In a further aspect, the ?uid is heated to the desired 
temperature Which is Within the range from about 36° C. to 
about 42° C. Alternatively, the ?uid may be cooled to the 
desired temperature Which is in the range from about 0° C. 
to about 35° C. In one particularly preferable aspect, the 
temperature is altered by placing the volume of ?uid into a 
housing having inner Walls Which de?ne a chamber. The 
inner Walls are then heated or cooled to alter the temperature 
of the ?uid Within the chamber. 

[0017] In another particularly preferable aspect, the ?uid 
is pressuriZed by compressing the volume of liquid With a 
plate. Alternatively, the ?uid may be pressuriZed by in?ating 
a bladder Which presses against the volume of ?uid. The 
volume of ?uid may be selected from a Wide variety of ?uids 
including blood, saline solutions, drugs, solutes and the like. 
In one aspect, the volume of ?uid Will preferably be held 
Within a compressible bag, With the temperature of the ?uid 
being altered While Within the bag. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic vieW of an eXemplary system 
for infusing a ?uid Which is at a desired temperature into a 
patient according to the invention. 

[0019] FIG. 2 is a cross-sectional side vieW of the system 
of FIG. 1 shoWing a temperature regulating element to 
regulate the temperature of a reservoir of ?uid according to 
the invention. 

[0020] FIG. 3 illustrates the system of FIG. 2 With a 
compressor for pressuriZing the reservoir of ?uid according 
to the invention. 

[0021] FIG. 4 illustrates the system of FIG. 2 With an 
alternative compressor for pressuriZing the reservoir of ?uid 
according to the invention. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0022] The invention provides systems and methods for 
infusing various ?uids Which are at a desired temperature 
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into a patient. In this Way, the systems and methods may be 
used to treat a variety of ailments Which require the infusion 
of a ?uid While at a particular temperature. For eXample, the 
invention may be employed to heat a ?uid to a temperature 
in the range from about 36° C. to about 42° C. and then inject 
the ?uid directly into the blood stream to treat a patient 
suffering from hypothermia. Alternatively, the invention 
may be employed to cool a ?uid to a temperature in the range 
from about 0° C. to about 35° C. and then inject the ?uid 
directly into the blood stream to treat a patient suffering from 
hyperthermia. In an alternative aspect, the ?uid may be 
cooled to a temperature in the range from about 0° C. to 
about 35° C. and injected into a vessel Within the brain prior 
to a surgical procedure on the brain. Other applications With 
Which the invention may be used include hypovolemia, 
cardiac arrest, stroke, and the like. 

[0023] The systems and methods Will preferably rely on 
the application of positive pressure to infuse the ?uids into 
the patient’s body. The application of such pressure Will 
preferably be controlled so that the ?uid is introduced at a 
predetermined rate and volume. In this manner, the ?uids 
may be introduced Without relying on a gravity feed system, 
such as is commonly employed When elevating IV bags to 
intravenously infuse various solutes into a patient. Such 
systems and methods are therefore advantageous in that they 
may be used in urgent care settings such as in the ?eld or in 
an ambulance, Where elevation of the ?uid may be impos 
sible or impractical. 

[0024] The systems and methods of the invention Will 
preferably be compatible for use With ?uids Which are 
contained Within conventional storage containers, such as 
compressible bags, e.g. IV bags. In this manner, the ?uids do 
not need to be transferred to a separate holder or container 
to facilitate heating or cooling. Rather, the ?uids may be 
directly heated or cooled Within their respective containers, 
thereby minimiZing the time required to place the ?uids at 
the desired temperature. The systems and methods of the 
invention may be employed to infuse a Wide variety of ?uids 
into a patient, including blood, saline solutions, drugs, 
solutes, and the like. 

[0025] The system of the invention in some embodiments 
Will preferably be portable so that it may be useful in ?eld 
applications. In this manner, the systems may be transported 
to urgent care locations and used to treat the patient. Such 
portability may be provided by including a portable poWer 
supply, such as batteries, to supply poWer to the temperature 
altering device and to pressuriZe the ?uid. 

[0026] Referring noW to FIG. 1, and eXemplary system 10 
for infusing a ?uid into a patient Will be described. System 
10 includes a housing 12 into Which a ?uid is placed prior 
to introduction into the patient. The ?uid eXits housing 12 
through a tube 14. A needle 16 is conveniently provided to 
intravenously introduce the ?uid into the patient’s blood 
stream. It Will be appreciated, hoWever, that a Wide variety 
of end dWelling devices Which are knoWn in the art may be 
employed to place or infuse various ?uids into a patient’s 
body including, for example, sheaths, catheters, and the like. 
Such end dWelling devices may be employed to introduce 
the ?uids into arteries, veins, other body lumens and sinuses, 
the abdominal cavity, and the like. 

[0027] System 10 further includes a variety of sWitches, 
including a set volume sWitch 18, a set rate sWitch 20 and a 
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set temperature switch 22. Switches 18, 20 and 22 may 
conveniently be con?gured as toggle switches to increase or 
decrease numerical values Which are displayed on a screen 
24. In this manner, a caregiver can quickly set the volume 
and rate of ?uid ?oW as Well as the temperature of the ?uid 
using sWitches 18, 20 and 22. System 10 Will further include 
a processor (not shoWn) Which is in electrical communica 
tion With sWitches 18, 20 and 22 as Well as screen 24. The 
processor Will also be electrically connected to any pressure 
regulation devices used to control the volume and rate of 
?uid ?oW as Well as any temperature altering elements used 
to alter the temperature of the ?uid Within housing 12 as 
described in greater detail hereinafter. 

[0028] Referring noW to FIG. 2, a cross-sectional side 
vieW of system 10 Will be described. As shoWn, housing 12 
includes inner Walls 26 Which de?ne a chamber 28 into 
Which a reservoir 30 of ?uid is placed. Reservoir 30 is 
connected to tubing 14 to alloW the ?uid to exit housing 12 
through tubing 14. Reservoir 30 Will preferably comprise a 
conventional container, such as a compressible bag, e.g., an 
IV bag, so that generally available ?uids may rapidly be 
placed into housing 12 prior to their introduction into the 
patient. 

[0029] Formed Within housing 12 is a temperature altering 
element 32. As shoWn, temperature altering element 32 
comprises an electrically resistive Wire through Which cur 
rent may be passed to heat inner Walls 26. In turn, heat from 
inner Walls 26 is transferred to reservoir 30 to heat the ?uid 
to a desired temperature. PoWer may be provided to tem 
perature altering element 32 by a battery or by a separate AC 
or DC poWer source. Conveniently, a thermistor 34 is placed 
in contact With reservoir 30 to monitor the temperature of the 
?uid. Thermistor 34 Will be in electrical communication 
With the processor so that actuation of temperature altering 
element 32 may be controlled to precisely control the 
temperature of the ?uid Within reservoir 30. 

[0030] Although shoWn as an electrically resistive Wire, 
various other temperature altering elements may be included 
Within housing 12 to either heat or cool the ?uid Within 
reservoir 30. For example, other temperature altering ele 
ments may comprise various chemicals, froZen liquids, 
heated liquids, heated gases, radio frequency electrodes, 
thermoelectric crystals, and the like. One advantage of using 
various temperature altering elements is that certain ele 
ments may be used Which do not require a stationary poWer 
source. In this manner, system 10 may be con?gured to be 
a portable system Which may be used in the ?eld Without the 
need for connecting the system to a ?xed electrical poWer 
source. 

[0031] A variety of mechanisms may be employed to 
pressuriZe the ?uid Within reservoir 30 to control both the 
rate and volume of ?uid Which is infused into the patient. In 
this manner, ?uids may be infused into the patient regardless 
of the elevation of housing 12. One exemplary embodiment 
of a compressor 36 that is used to pressuriZe the ?uid Within 
reservoir 30 is illustrated in FIG. 3. Compressor 36 com 
prises a solenoid 38 Which is electrically connected to the 
processor by a Wire 40 to control actuation of solenoid 38. 
PoWer may be supplied to solenoid 38 by a battery or 
separate poWer source as needed. Solenoid 38 includes a rod 
42 Which is translated to move a plate 44 against reservoir 
30. The processor Will preferably be employed to control the 
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translation rate and displacement of rod 42 to control the rate 
at Which the ?uid is removed from reservoir 30 as Well as the 
total volume removed from reservoir 30. In this Way, once 
the ?uid is at the desired temperature, solenoid 38 may be 
actuated at a given rate and for a given time to control the 
rate at Which the ?uid is introduced to the patient as Well as 
the total volume of ?uid that is introduced. 

[0032] Referring to FIG. 4, an alternative embodiment of 
a compressor 46 for pressuriZing the ?uid Within reservoir 
30 Will be described. Compressor 46 comprises a bladder 
having an opening 48 into Which a ?uid may be introduced 
to expand the bladder. As the bladder is expanded, it comes 
into contact With reservoir 30 to pressuriZe the liquid Within 
reservoir 30. A source of pressuriZed ?uid (not shoWn) Will 
preferably be connected to opening 48 and Will be electri 
cally connected to the processor to control the total rate and 
volume of ?uid introduced into the bladder. In this Way, the 
rate and the volume of ?uid leaving reservoir 30 may be 
controlled. 

[0033] Although FIGS. 3 and 4 shoW tWo embodiments 
of compressors it Will be appreciated that other compressors 
for pressuriZing the ?uid Within reservoir 30 may be pro 
vided, including hydraulics, pressuriZed gases, electromag 
netic devices, and the like. 

[0034] The invention has noW been described in detail. 
HoWever, it Will be appreciated that certain changes and 
modi?cations may be made. Therefore, the scope and con 
tent of this invention are not limited by the foregoing 
description. Rather, the scope and content are to be de?ned 
by the folloWing claims. 

What is claimed is: 
1. A system for infusing a ?uid into a patient, the system 

comprising: 

a volume of ?uid; 

a temperature altering device in close proximity to the 
volume of ?uid to heat or cool the volume of ?uid to a 
desired temperature; 

a positive pressure device to place the volume of ?uid 
under positive pressure While at the desired tempera 
ture; and 

a transfer member to transfer at least some of the ?uid into 
the patient While at the desired temperature. 

2. Asystem as in claim 1, Wherein the temperature altering 
device comprises a heater, and Wherein the desired tempera 
ture is Within the range from about 36° C. to about 42° C. 

3. Asystem as in claim 1, Wherein the temperature altering 
device comprises a cooler, and Wherein the desired tempera 
ture is Within the range from about 0° C. to about 35° C. 

4. A system as in claim 1, further comprising a reservoir 
for holding the volume of ?uid, Wherein the transfer member 
is operably connected to the reservoir, and further compris 
ing a ?oW regulator to regulate the ?oW of the ?uid from the 
reservoir and into the transfer member. 

5. A system as in claim 4, Wherein the ?oW regulator 
comprises a controller Which regulates the application of 
pressure from the positive pressure device. 

6. A system as in claim 5, Wherein the ?oW regulator 
regulates both the rate and the volume of ?uid removed from 
the reservoir. 
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7. Asystem as in claim 4, wherein the reservoir comprises 
a compressible bag. 

8. A system as in claim 1, Wherein the transfer member 
comprises a length of tubing. 

9. A system as in claim 1, further comprising a controller 
to monitor the temperature of the volume of ?uid and to 
control actuation of the temperature altering device. 

10. A system as in claim 1, Wherein the temperature 
altering device comprises a housing having inner Walls 
Which de?ne a chamber, Wherein the ?uid is held Within the 
chamber, and Wherein the housing includes temperature 
altering elements to heat or cool the inner Walls of the 
housing to alter the temperature of the ?uid. 

11. A system as in claim 10, Wherein the temperature 
altering elements are selected from the group of elements 
consisting of electrical resistors, chemicals, froZen liquids, 
heated liquids, heated gases, radio frequency electrodes, and 
thermoelectric crystals. 

12. A system as in claim 1, Wherein the positive pressure 
device comprises a plate and a compressor for moving the 
plate against the volume of ?uid to compress the ?uid. 

13. A system as in claim 11, Wherein the compressor is 
selected from the group of compressors consisting of 
springs, hydraulics, and solenoids. 

14. A system as in claim 1, Wherein the positive pressure 
device comprises a bladder and a pressure source to expand 
the bladder against the volume of ?uid. 

15. Asystem as in claim 1, Wherein the volume of ?uid is 
selected from the group of ?uids consisting of blood, saline 
solutions, drugs, and solutes. 

16. Amethod for infusing a ?uid into a patient, the method 
comprising: 

providing a volume of liquid Which is at an initial tem 
perature; 

altering the temperature of the ?uid until the ?uid is at a 
desired temperature; and 
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pressuriZing the ?uid While at the desired temperature to 
introduce the ?uid into the patient at the desired tem 
perature. 

17. A method as in claim 16, further comprising regulat 
ing the pressure applied to the ?uid to introduce the ?uid into 
the patient at a predetermined rate and volume. 

18. A method as in claim 16, further comprising ?oWing 
the pressuriZed liquid through a tube Which is intravenously 
inserted to the patient to introduce the ?uid into the patient. 

19. A method as in claim 16, further comprising heating 
the ?uid to the desired temperature Which is Within the range 
from about 36° C. to about 42° C. 

20. A method as in claim 16, further comprising cooling 
the ?uid to the desired temperature Which is Within the range 
from about 0° C. to about 35° C. 

21. A method as in claim 16, Wherein the temperature 
altering step comprises placing the volume of ?uid into a 
housing having inner Walls Which de?ne and chamber and 
heating or cooling the inner Walls to alter the temperature of 
the ?uid. 

22. Amethod as in claim 16, Wherein the pressuriZing step 
comprises compressing the volume of liquid With a plate. 

23. Amethod as in claim 16, Wherein the pressuriZing step 
comprises in?ating a bladder Which presses against the 
volume of ?uid. 

24. A method as in claim 16, Wherein the volume of ?uid 
is selected from the group of ?uids consisting of blood, 
saline solutions, drugs, and solutes. 

25. A method as in claim 16, Wherein the volume of ?uid 
is held Within a compressible bag, and Wherein the tempera 
ture of the ?uid is altered While Within the bag. 


