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(57) ABSTRACT 

A self-contained portable unit for heating physiological 
?uids is disclosed. A heat exchanger is disposable to ensure 
sterility, and the hot exchanger is attached to a heating 
system by inserting it between opposed ?uid connection 
elements. One of the ?uid connection elements is movable 
to permit the heat exchanger to be installed and removed 
easily by inserting one end of the heat exchanger in one of 
the ?uid connection units and moving the other ?uid con 
nection unit into contact with an opposite end of the heat 
exchanges. The heating ?uid is heated by an electric heating 
element and is circulated by an electric pump. 

20 Claims, 5 Drawing Sheets 
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HEATER FOR PHYSIOLOGICAL FLUIDS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application No. 
08/758,853?led Dec. 2, 1996, since abandoned, which is a 
continuation of application No. 08/571,706 ?led Dec. 6, 
1995, since abandoned, which is a continuation ofapplica 
tion No. 08/145,099 filed Nov. 3, 1993, since abandoned, 
which is a continuation ofapplication No. 07/979,434?led 
Nov. 20, 1992, since abandoned, which is a continuation of 
application No. 07/558,177 filed Jul. 26, 1990, since 
abandoned, which is a reissue ofapplication No. 06/866,910 
filed May 27, 1986, U.S. Pat. No. 4,759,749. 

FIELD OF THE INVENTION 

This invention relates to the art of devices used with 
physiological ?uids. In particular, the invention is an appa 
ratus for heating a physiological ?uid before introduction 
into a patient. 

BACKGROUND ART 

In many medical procedures, it is necessary that ?uids to 
be administered to a patient be heated. For example, whole 
blood and packed cells are stored in refrigerators at a 
temperature of approximately 40 C. These ?uids often are 
required to be administered to a patient within a short period 
of time, which necessitates warming them to a temperature 
approximately equal to that of the patient, i.e. 370 C. 

Great care must be exercised when heating ?uids such as 
whole blood or packed cells to avoid damaging the cells. For 
example, it is generally accepted that whole blood and 
packed cells should not be exposed to a temperature above 
440 C. This places a severe restriction on the techniques used 
to heat quickly ?uids which have been stored in a refrig 
erator and which must be administered to a patient within a 
short period of time. 

U.S. Pat. Nos. 3,614,385 (Horstmann), 3,629,552 
(Edging), 4,476,867 (Parks), and 4,532,414 (Shah et a1.) 
teach systems for heating blood prior to being administered 
to a patient. The Horstmann, Edging, and Parks devices use 
various heat exchangers whereby blood ?ows through a tube 
which communicates with a warming ?uid in a heat 
exchanger. It is quite di?icult to maintain sterility of the 
heating apparatus in these systems after the ?rst use because 
of the complexity of the heat exchangers. The Shah et a1. 
device is simply a heated plate having a groove therein for 
receiving a tube leading from the bag containing the ?uid to 
be administered. 

U.S. Pat. No. 2,910,981 (Wilson et at.) shows a device for 
conducting blood transfusions. A heat exchanger is in ?uid 
communication with a heating element, and the blood to be 
ministered passes through the heat ex. changer before being 
administered to the patient. The heat exchanger comprises a 
central tube surrounded by an outer tube, and the heating 
?uid passes through the space between the inner and outer 
tubes. The heat ex. changer is threadedly connected to valves 
at opposite ends. No structure is described for supporting the 
various elements described in the patent. 

SUMMARY OF THE INVENTION 

The invention is a self-contained, free standing system 
which permits controlled, but rapid heating of cellular ?uids 
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2 
as they are being administered to a patient. The heating of 
the cellular ?uids is controlled to prevent damage to the 
?uids from various causes including overheating. 
The system comprises two major parts. A ?rst part 

includes a heating element, a support pole, and a wheeled 
base. A second part comprises a heat exchanger and, 
optionally, a ?lter. The heat exchanger and ?lter are dispos 
able and are removably attached to the support pole. The 
heat exchanger is disposable to facilitate each patient’s use 
of a new, sterile heat exchanger. 

The heat exchanger is easily installed on the pole, which 
includes a ?xed mounting block and a movable mounting 
block. Opposite ends of the heat exchanger comprise nipples 
which are received in O-ring containing recesses in the 
mounting blocks. Thus, installation and removal of the 
disposable heat exchanger are quite easy. 
The system may also include a ?lter which would be 

attached to an outlet of the heat exchanger. Sensors on the 
pole detect when the heat exchanger or the ?lter is in a 
correct place to control operation of the heating system. The 
heating system comprises a tank and a heating element in the 
outlet line of the tank. A pump circulates a heating ?uid from 
the tank and heating element through the disposable heat 
exchanger. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded view of the apparatus in accordance 
with the invention. 

FIG. 2 is a longitudinal cross-section of the support pole. 
FIG. 3 is a longitudinal cross-section of the heat 

exchanger. 
FIG. 4 is an enlarged cross-section of an upper end of the 

support pole. 
FIG. 5 is an exploded perspective of a movable mounting 

block and the upper end of the support pole. 
FIG. 6 is a side view of the upper end of the support pole 

shown in FIG. 4. 

FIG. 7 is a perspective view of the heating element with 
the cover removed and the storage tank shown in phantom 
lines. 

FIG. 8 is a schematic view showing the preferred ?uid 
circuit. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is an exploded view of a preferred embodiment of 
the invention. Abase 2, which preferably has wheels for ease 
of mobility, supports a pole 4 and a heating unit 6. Pole 4 
removably receives a disposable unit 8 which includes a heat 
exchanger 10 and a ?lter 12. Tube 14 is in ?uid communi 
cation with one end of heat exchanger 10 and connects it to 
a pair of bags spikes 16. The bag spikes are known in the art 
and are used to puncture and allow the dispensing of a body 
?uid from a storage bag. Tube 18 connects a lower end of 
heat exchanger 10 to an upper end of ?lter 12 and tube 20 
connects a lower end of ?lter 12 to cannula 22 to allow ?uids 
to be introduced into a patient. As will be more fully 
described below, the entire unit 8 is manufactured of an 
inexpensive material and is disposable to ensure sterility. 

FIG. 2 is a longitudinal cross-section of pole 4 with heat 
exchanger 10 partially mounted thereon. Pole 4 includes a 
housing 24 which is attached to base 2 (FIG. 1) to extend 
substantially vertically. Housing 24 is preferably a hollow 
square tube, and hoses 26 and 28 extend along a hollow 
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portion of housing 24. Preferably, hoses 26 and 28 exit 
housing 24 via opening 30. In addition, electric conductor 32 
extends along the holloW portion of housing 24 and exits by 
Way of a second opening 34. 

Heat exchanger 10 is removably received by ?rst detach 
able ?uid connector 36 and second detachable ?uid connec 
tor 38. The structure of ?uid connectors 36 and 38 Will be 
more fully described With respect to FIGS. 4 and 5. Detach 
able ?uid connector 36 is mounted for vertical movement 
With respect to housing 24 to alloW heat exchanger 10 to be 
easily attached to pole 4 and detached. Accordion element 
40 is placed in hose 28 to permit ?uid connector 36 to move 
vertically. Sensor 42 detects When ?uid connector 36 is in its 
loWermost position (as shoWn in FIG. 4), sensor 44 detects 
When heat exchanger 10 is in an operable position, and 
sensor 46 detects When ?lter 12 is in operable position. 

Filter 12 is supported on pole 4 by U-shaped bracket 48. 
The distance betWeen the legs of the bracket is slightly less 
than the diameter of the ?lter so that it “snaps” into place. 
Similarly, a U-shaped bracket 49 is located betWeen con 
nectors 36 and 38. Bracket 49 holds heat exchanger 10 
aligned With connector 36 during insertion of the heat 
exchanger. 

FIG. 3 is a longitudinal cross-section of heat exchanger 
10. An inner tube 50 has ends 52 and 54 Which are adapted 
to be received in respective ?uid connectors 36 and 38. A 
central portion 56 of tube 50 is helically shaped to provide 
a helical groove on the exterior of tube 50. Tube 50 is 
preferably made of aluminum, and the helical surface is 
produced by tWisting the tube. 
An outer tube 58 ?ts over the inner tube 50 in a central 

portion thereof The space betWeen the helical central portion 
56 and the outer tube 58 forms a helical path extending 
betWeen opposite ends of outer tube 58. 
An inlet connector 60 is secured to one end of outer tube 

58 and includes connection 62 Which receives tube 14 (see 
FIG. 2). End 52 of inner tube 50 extends beyond the upper 
edge of inlet connector 60 to provide a nipple for engage 
ment With ?uid connectors 36 as Will be more fully 
described With respect to FIG. 4. 

Outlet connector 64 is secured to a second end of outer 
tube 58, provides connection 66 for attachment to tube 18, 
and alloWs end 54 to project to form a nipple for being 
received in ?uid connector 38. 

FIG. 4 is an enlarged cross section of an upper end of pole 
4. Housing 24 has a slot 68 in one side thereof for receiving 
a projection 70 from ?uid connector 36. Projection 70 has 
outWardly extending ears 72 (see FIG. 5) to secure the ?uid 
connector to the pole and yet to alloW it to move in the 
direction indicated by the arroW in FIG. 4. 
ElboW 74 is threadedly connected to projection 70 to 

connect hose 28 With inner passage 76. Recess 78 connects 
With passage 76 and receives nipple end 52 of heat 
exchanger 10. O-ring seal 80 is received in an enlarged 
portion of recess 78 to provide a ?uid-tight seal. It Will be 
appreciated that ?uid passing through hose 28 is thus 
connected to inner tube 50 of heat exchanger 10. 

FIG. 5 is an exploded vieW of the ?uid connector 36 and 
the upper portion of housing 24. 

Fluid connector 38 is similar to ?uid connector 36, except 
that connector 38 is secured to housing 24. 

It Will be appreciated that heat exchanger 10 may be easily 
attached to pole 4 by inserting end 54 into ?uid connector 38 
and by loWering ?uid connector 36 onto end [$2] 52. When 
this is accomplished, heat exchanger 10 Will be supported 
mainly by ?uid connectors 36 and 38. 
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4 
FIG. 6 is a side vieW of the top portion of pole 4 With a 

bracket 82 shoWn in cross-section. Bracket 82 has a hole 
therethrough for supporting a rod 84 Which in turn supports 
bags containing ?uids to be administered to a patient. A 
threaded stem 86 engages rod 84 to alloW rod 84 to be 
adjusted in height. 

FIG. 7 is a perspective vieW of heating unit 6, With a cover 
removed. FIG. 8 is a schematic ?oW diagram of the unit 
shoWn in FIG. 7 and these tWo Figures Will be discussed 
together. 
A base 88 supports electrical components 90, a pump 

motor 92, and a heater 94. A tank 96 sits on top ofheater 94, 
and ?lter 98 is located betWeen an outlet of the tank and an 
inlet of the heater. A ?ll port 100 is connected to the top of 
tank 96 to alloW circulating ?uid to be introduced into the 
system. Inlet 102 also connects to the top of tank 96 and 
receives circulating ?uid from either hose 26 or 28, and 
outlet 104 supplies heated ?uid to hose 28 or 26. 

The Warming ?uid is driven through the heat exchanger 
circuit by pump 106 Which is connected to the pump motor 
by magnetic clutch 108. 

With particular reference to FIG. 8, tank 96 includes an air 
vent and over?oW tube 110, and a ?oat sWitch 112. The ?oat 
sWitch is in turn connected to a control circuit 114 to permit 
operation of the device only When su?icient ?uid is present. 
Heater 94 comprises a tubular channel having an electric 
heating rod 116 therein, and the heating rod is connected to 
a temperature control circuit 118 Which is in turn also 
connected to control circuit 114. As ?uid ?oWs from tank 96 
through ?lter 98 and through heater 94, it is Warmed, and the 
temperature is measured by temperature probe 120, L] 
Which is located in the outlet of heater 94. Temperature 
control probe 120 is connected to temperature control circuit 
118 to control energiZation of heating rod 116. A second 
temperature control probe 122 is also located in the outlet of 
heater 94 and is connected to control circuit 114 to ensure 
that the temperature does not exceed a predetermined level. 
If the temperature of the Warming ?uid is too high, the blood 
cells could be destroyed, and it is thus important either to 
automatically shut doWn the heating system or to activate an 
alarm such as that shoWn at 124. 

PoWer is provided through poWer cord 126, and the 
voltage is adjusted by an isolation transformer 128. A sWitch 
130 activates the entire electrical system, and the operation 
of the system, including the ?uid temperature is displayed on 
panel 132. 

In operation of the apparatus is accordance With the 
invention, the unit is rolled to a location adjacent to a patient, 
and a sterile unit 8 is installed betWeen ?uid connectors 36 
and 38. Cannula 22 is attached to the patient, and bag spikes 
16 are inserted into appropriate bags containing the desired 
?uid to be administered to the patient. SWitch 130 is be 
Warmed by the heat exchanger. If ?lter 12 has been placed 
in the circuit, the Warmed body ?uid then passes through the 
?lter and into the patient. If ?lter 12 is not being used, tube 
18 is connected directly to the cannula 22 for direct admis 
sion of the Warm body ?uid to the patient. 

It Will be appreciated that a unique self-contained unit has 
been described Which provides sterility by use of an easily 
installed disposable heat exchanger circuit. Modi?cations 
Within the scope of the appended claims Will be apparent to 
those Who are skilled in the art. 
What is claimed is: 
1. In combination 
?rst and second ?uid connector means for removably 

receiving respective ?rst and second Warming ?uid 
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ports of a heat exchanger and for facilitating passage of 
a warming ?uid, and 

support means for supporting said ?rst and second ?uid 
connector means, 

each of said ?uid connector means comprising a passage 
Way for passing said Warming ?uid and means for 
engaging a respective said ?rst or second Warming ?uid 
port to alloW said Warming ?uid in said passageWay to 
communicate With said port and to physically support 
said heat exchanger in cooperation With the other of 
said ?uid connector means, 

?uid circulation means for circulating said Warming ?uid 
to said ?rst and second ?uid connector means, and 

temperature control means for controlling the temperature 
of said Warming ?uid, 

Wherein one of said ?rst and second ?uid connector 
means is movably mounted to said support means for 
movement With respect to said support means betWeen 
at least ?rst and second positions, [Wherein] such that 
said ?rst and second ?uid connector means [are spaced 
by a ?rst distance for engaging] engage said Warming 
?uid ports When said one of said ?uid connectors is in 
said ?rst position and [are spaced by a second distance 
for releasing] release said Warming ?uid ports When 
said one of said ?uid connectors is in said second 
position, 

wherein each of said means for engaging comprises 
meansfor removably receiving or releasing one ofsaid 
warming?uid ports in a single mechanical action. 

2. A combination according to claim 1 Wherein said means 
for [engaging] removably receiving or releasing comprises 
means forming a recess for receiving a said ?uid port. 

3. Acombination according to claim 2 Wherein said recess 
includes seal means for preventing leakage of said Warming 
?uid. 

4. A combination according to claim 3 Wherein said seal 
is an O-ring seal. 

5. A combination according to claim 1 Wherein said 
support means is elongated in a ?rst direction, said one of 
said ?rst and second connector means is mounted to said 
support means for linear movement in said direction toWard 
or aWay from the other of said ?rst and second connector 
means betWeen said ?rst and second positions, and said 
other of said ?rst and second connector means is ?xed With 
respect to said support means. 

6. A combination according to claim 5 Wherein said means 
for engaging comprises a cylindrical recess and Wherein said 
cylindrical recess of said ?rst ?uid connector means is 
axially aligned With said cylindrical recess of said second 
?uid connector means. 

7. A combination according to claim 2 Wherein a longi 
tudinal axis of said recess of said ?rst ?uid connector means 
is parallel to a longitudinal axis of said recess of said second 
?uid connector means, and said ?rst ?uid connector means 
is mounted for linear movement in the direction of said 
longitudinal axis. 

8. A combination according to claim 7 further comprising 
said heat exchanger, Wherein said heat exchanger comprises 
a central tube and an outer tube having a length shorter than 
that of said central tube Wherein said ?rst and second 
Warming ?uid ports comprise portions of said central tube 
Which extend beyond respective ends of said outer tube and 
said central and outer tubes form a passageWay for a ?uid to 
be Warmed. 

9. A combination according to claim 8 Wherein said heat 
exchanger further comprises ?rst and second end caps, each 
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6 
of said ?rst and second end caps having a ?rst part sealingly 
secured to an outer surface of a respective end of said outer 
tube and a second part extending aWay from said ?rst part 
and sealingly engaged to a side of said central tube. 

10. A combination according to claim 9 Wherein said 
second portion of said cap means comprises an open cylin 
der in contact With said side of said central tube. 

11. A combination according to claim 8 Wherein said 
temperature control means comprises heater means in ?uid 
communication With said Warming ?uid ports. 

12. A combination according to claim 11 Wherein said 
heater means comprises an electrical ?uid heating element, 
a storage tank containing said ?rst warming ?uid, and pump 
means for circulating said ?rst warming ?uid in a circuit 
including said heating element, said tank, and said central 
tube of said heat exchanger. 

13. A combination according to claim 12 Wherein said 
heater means and said support means are mounted on a 
common Wheeled base and further comprising sWitch means 
for detecting When said heat exchanger is operatively 
mounted on said support means. 

14. A combination according to claim 13 further com 
prising ?lter means in ?uid communication With said ?uid to 
be Warmed. 

[15. A sterile heat exchange for controlling the tempera 
ture of a physiological ?uid comprising a central tube having 
high heat conductivity for carrying a temperature-controlled 
?uid, an outer tube shorter than said central tube and 
surrounding a part of said central tube to form a passageWay 
for said physiological ?uid betWeen said central and outer 
tubes, and ?rst and second end caps, each of said end caps 
having a ?rst part extending axially along an outer surface 
of said outer tube and being sealed and secured to said outer 
surface and a second part sealingly engaging said central 
tube to ensure maintenance of sterility during operation, said 
second part comprising an elongate cylindrical opening 
engaging an outer surface of said central tube and extending 
aWay from said ?rst part and Wherein said inner tube extends 
beyond each of said second parts and forms tWo elongate 
connections for being slidingly received in an elongate 
recess.] 

16. A heat exchanger according to claim [15] 19 Wherein 
said central tube is of aluminum. 

17. A heat exchanger according to claim [15] 19 Wherein 
said central tube has an exterior surface providing increased 
surface area. 

18. A heat exchanger according to claim 17 Wherein said 
exterior surface is helical and a longitudinal axis of said 
central tube is straight. 

19. [A heat exchanger according to claim 15] A sterile 
heat exchanger for controlling the temperature of a physi 
ological?uid comprising a central tube having high heat 
conductivity for carrying a temperature-controlled ?uid, an 
outer tube shorter than said central tube and surrounding a 
part of said central tube to form a passageway for said 
physiological ?uid between said central and outer tubes, 
and?rst and second end caps, each ofsaid end caps having 
a first part extending axially along an outer surface of said 
outer tube and being sealed and secured to said outer 
surface and a second part sealingly engaging said central 
tube to ensure maintenance of sterility during operation, 
said second part comprising an elongate cylindrical open 
ing engaging an outer surface of said central tube and 
extending awayfrom said?rst part and wherein said inner 
tube extends beyond each of said second parts and forms two 
elongate connections for being slidingly received in an 
elongate recess, Wherein each of said end caps includes a 
port for communicating a ?uid to be Warmed With said 
passageWay. 
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20. In combination 

?rst and second ?uid connector means for removably 
receiving respective ?rst and second warming ?uid 
ports of a heat exchanger for receiving a warming ?uid, 
and support means for supporting said ?rst and second 
?uid connector means, 

each ofsaid?uid connector means comprising apassage 
way for passing said warming ?uid and means for 
engaging a respective said ?rst or second warming 
?uidport to allow said warming?uid in saidpassage 
way to communicate with said port and to physically 
support said heat exchanger in cooperation with the 
other ofsaid?uid connector means, 

?uid circulation meansfor circulating said warming?uid 
to said ?rst and second ?uid connector means, and 

temperature control means for controlling the tempera 
ture ofsaid warming?uid, 

wherein one of said ?rst and second ?uid connector 
means is movably mounted to said support means for 
movement with respect to said support means between 
at least ?rst and second positions, such that said ?rst 
and second ?uid connector means are spaced by a ?rst 

20 
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distance for engaging said warming ?uid ports when 
said one ofsaid?uid connectors is in said?rstposition 
and are spaced by a second distance for releasing said 
warming ?uid ports when said one ofsaid?uid con 
nectors is in said second position, said means for 
engaging comprises means forming a recess for receiv 
ing a said?uidport, said recess includes an O-ring seal 
for preventing leakage of said warming ?uid, and 
wherein said support means is elongated in a ?rst 
direction, said one ofsaid?rst and second connector 
means is mounted to said support means for linear 
movement in said direction toward or away from the 
other of said ?rst and second connector means between 
said?rst and second positions, and said other ofsaid 
?rst and second connector means is ?xed with respect 
to said support means. 

2]. A combination according to claim 20 wherein said 
means for engaging comprises a cylindrical recess and 
wherein said cylindrical recess of said ?rst ?uid connector 
means is axially aligned with said cylindrical recess ofsaid 
second ?uid connector means. 


