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(57) ABSTRACT 

Aheat exchange catheter has a catheter body With an in?oW 

lumen, an out?oW lumen, and an infusion lumen. A?rst heat 

exchange balloon helically Wraps around at least a portion of 
the catheter body in ?uid communication With the in?oW 
lumen. A second heat exchange balloon helically Wraps 
around at least a portion of the catheter body in ?uid 

communication With the out?oW lumen. The ?rst and second 

balloons form a gap there betWeen to facilitate infusion of 

?uid into the blood stream of the patient via an infusion port 

formed Within the gap. 
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HEAT EXCHANGE CATHETER HAVING A 
HELICALLY WRAPPED HEAT EXCHANGER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation application of US. patent 
application Ser. No. 09/791,391, ?led Feb. 22, 2001, the 
disclosures of Which are incorporated herein by reference in 
their entirety. 

FILED OF THE INVENTION 

[0002] This invention relates to heat exchange catheters, 
and particularly to catheters that exchange heat With the 
blood stream of a patient. 

BACKGROUND 

[0003] Heat exchange catheters are used in many instances 
for a variety of reasons. Some surgeries, for example, are 
better performed When the patient cools to a hypothermic 
state. In other instances, a patient may suffer from accidental 
hypothermia and may need to be Warmed to a normothermic 
temperature eg 98.6 F. Some heat exchange catheters 
include the capability of infusing ?uids such as nutrition, 
medicine and contrast agents into the blood. 

[0004] Post surgical patients risk infection and fever. A 
fever can be controlled through the use of a heat exchange 
system having an intravascular heat exchange catheter. One 
such system is disclosed in US. Pat. No. 6,146,411. This US 
Patent is incorporated herein by reference and teaches an 
exemplary system used to achieve patient normothermia. 

[0005] The principals of heat exchange applicable to any 
?oWing medium (including blood) dictates the amount of 
heat transfer. In blood, the heat transferred depends on many 
things including the volumetric ?oW rate of the blood, the 
geometry of the heat exchanger and the temperature differ 
ence betWeen the heat exchanger and the blood. 

[0006] Various heat exchange catheter designs have been 
developed. US. Pat. No. 6,126,684, for example, teaches a 
heat exchange catheter having tubular balloons in serial 
alignment to exchange heat With the blood stream of a 
patient. This US. Patent is incorporated herein by reference. 
The balloons alloW for a relatively large surface area of 
contact for heat exchange. Infusion lumen exit ports are 
de?ned betWeen the balloons. Unfortunately, these exit port 
regions limit the effective heat exchange surface area. 

[0007] Heat exchange catheter balloons can be siZed hav 
ing an external volume that optimally exchanges heat With 
the ?oWing blood. The balloon internal volume, hoWever, is 
large enough to inhibit optimal mixing of the heat exchange 
?uid. Boundary layers of heat exchange ?uid can form in the 
interior of such balloons, loWering the temperature gradient 
betWeen the heat exchange ?uid at the balloon internal 
surface and ultimately reducing the effective rate of heat 
transfer betWeen the heat transfer ?uid and the ?oWing 
blood. 

[0008] Heat exchange catheters have been developed that 
deliver the heat exchange ?uid to the distal end of the 
catheter via an insulated delivery lumen, causing the heat 
exchange ?uid to maintain a relatively uniform temperature 
until the heat exchange ?uid returns via a return lumen to 
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exchange heat With the ?oWing blood. This improves the 
temperature gradient betWeen the heat exchange ?uid Within 
the interior balloon Walls and the ?oWing blood, unfortu 
nately, the residence time that the heat exchange ?uid 
interacts With the ?oWing blood is limited. 

[0009] Blood has a maximum desirable heating limit 
because above certain temperatures blood proteins can 
degenerate and coagulation may occurr. This limits the 
maximum operating temperature of knoWn intravasculature 
catheters. Because the operating temperature of an intravas 
cular catheter is limited, the catheter geometry takes on an 
increased importance to effectuate overall heat transfer. 

[0010] What is desired is a heat exchange catheter having 
a geometry that is optimally designed for transferring heat to 
?oWing blood. 

SUMMARY 

[0011] A heat exchange catheter includes a catheter body 
having an in?oW lumen, an out?oW lumen, a proximal 
region and a distal region. A ?rst balloon helically Wraps 
around at least a portion of the catheter body and maintains 
?uid communication With the in?oW lumen. A second bal 
loon helically Wraps around at least a portion of the catheter 
body and maintains in ?uid communication With the out?oW 
lumen. The ?rst and second balloons forming a ?uid circuit 
to facilitate circulation of a heat exchange ?uid through the 
?rst balloon and the second balloon. 

[0012] Optimally, the ?rst and second balloons are in?at 
able from a ?attened con?guration Where the balloons lie 
?ush With the catheter body to an operational con?guration 
Where the heat exchange ?uid in?ates the balloons. The 
?attened con?guration facilitates insertion of the catheter 
into the body of a patient. Preferably, the catheter inserts into 
the central vasculature. 

[0013] The catheter body de?nes a core extending 
betWeen the proximal region and the distal region. The 
in?oW lumen and the out?oW lumen being de?ned Within 
the core in the proximal region. The balloons further de?ne 
the in?oW and out?oW lumens in the distal region. The core 
also de?nes a guideWire lumen. 

[0014] The ?rst balloon and second balloon Wrap around 
the distal region. According to one aspect of the invention, 
the balloons de?ne a gap there betWeen. According to an 
alternate aspect of the invention, the balloons tightly Wrap 
and forms a gap only to expose an exit port. Both of these 
aspects of the invention include the catheter body de?ning at 
least one infusion lumen having an exit port located in the 
gall 

[0015] According to one aspect of the invention, the ?rst 
balloon and second balloon Wrap tightly around the distal 
region of the core Without a gap betWeen the ?rst and second 
balloon. 

[0016] According to another aspect of the invention, a 
sheath surrounds the ?rst and second balloons to inhibit 
coagulate formation. The sheath is distanced from the ?rst 
and second balloons according to a variation of the inven 
tion. The sheath contacts the ?rst and second balloons 
according to an alternate variation of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 shoWs a heat exchange catheter in accor 
dance With the present invention. 
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[0018] FIG. 2A shows a cross-section of the catheter as 
seen along line A-A of FIG. 1 

[0019] FIG. 2B shoWs a cross-section of the catheter as 
seen along line B-B of FIG. 1. 

[0020] FIG. 2C shoWs a cross-section of the catheter as 
seen along line C-C of FIG. 1. 

[0021] FIG. 3 shoWs a partial longitudinal-section of the 
distal region per FIG. 1. 

[0022] FIG. 4 shoWs an embodiment of the distal region 
in accordance With the invention. 

[0023] FIG. 5 shoWs an embodiment of the distal region 
in accordance With the invention. 

[0024] FIG. 6 shoWs an embodiment of the distal region 
in accordance With the invention. 

DETAILED DESCRIPTION 

[0025] FIG. 1 shoWs a heat exchange catheter, generally 
designated With the reference numeral 10. The catheter 10 
includes a catheter body 12 having an in?oW lumen 14, an 
out?oW lumen 16, a proximal region 18, a distal region 20, 
and a distal tip 22. The catheter 10 also includes a ?rst 
balloon 24 helically Wrapping around the distal region 20 of 
the catheter body 12 and being in ?uid communication With 
the in?oW lumen 14. The catheter 10 further includes a 
second balloon 26 helically Wrapping around the distal 
region 20 of the catheter body 12 and being in ?uid 
communication With the out?oW lumen 16. The ?rst balloon 
24 and the second balloon 26 connect in ?uid communica 
tion in the tip 22 of the catheter body 12 to form a ?uid 
circuit. 

[0026] The catheter 10 includes an infusion lumen 30 and 
an infusion lumen 32, Which terminate at infusion port 34 
and infusion port 36, respectively. The ?rst balloon 24 and 
the second balloon 26 Wrap in a helical pattern to form a 
helical gap there betWeen. Infusion port 34 and infusion port 
36 are located in the helical gap. The infusion lumens 30 and 
32 facilitate infusion of ?uids such as nutrients, medicines, 
contrast agents and the like through the infusion ports 34 and 
36. According to one aspect of the invention, the catheter 10 
de?nes a centrally located guideWire lumen that also func 
tions to facilitate infusion of ?uids. 

[0027] A heat exchange ?uid is pumped via the in?oW 
lumen 14 into the ?rst balloon 24. The heat exchange ?uid 
reaches the tip 22 of the catheter body 12. From the tip 22, 
the heat exchange ?uid returns via the second balloon 26 and 
the out?oW lumen 16. 

[0028] The temperature, pressure, and ?oW rate of the heat 
exchange ?uid is regulated externally. It can be appreciated, 
hoWever, that the catheter 10 can be equipped With sensors 
and supplemental heating/cooling elements to further moni 
tor and regulate the temperature, pressure and ?oW rate of 
the heat exchange ?uid. Optimally, the catheter 10 is 
designed for intravascular use. It is conceivable, hoWever, 
that the catheter 10 can be used in various internal regions 
of the body. 

[0029] The catheter body 12 de?nes a core 27 extending 
betWeen the proximal region 18 and the distal region 20. The 
in?oW lumen 14 and the out?oW lumen 16 are de?ned Within 
the core, in the proximal region 18. 
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[0030] FIG. 2A shoWs a cross-section of the proximal 
region 18 of the catheter body 12. The proximal region 18 
de?nes a guideWire lumen 28, tWo infusion lumens 30 and 
32. The in?oW lumen 14 and the out?oW lumen 16 are 
de?ned Within the catheter body 12. 

[0031] FIG. 2B shoWs a cross-section of the distal region 
20 of the catheter body 12. The balloons 24 and 26 are 
in?atable from a ?attened con?guration Where the balloons 
lie ?ush With the catheter body to an operational con?gu 
ration. As shoWn, the balloons 24 and 26 are ?lled With heat 
exchange ?uid 38, Which in?ates the balloons 24 and 26 
during operation of the heat exchange catheter 10. 

[0032] FIG. 2C shoWs a cross-section of the distal tip 22 
of the catheter body 12. The distal tip 22 includes the 
guideWire lumen 28 and a transition region 40. The transi 
tion region 40 joins the in?oW lumen and the out?oW lumen 
in ?uid communication. 

[0033] FIG. 3 shoWs a portion of the distal region 20. The 
balloon 24 carries the heat exchange ?uid in the direction of 
the arroW 42, toWards the distal tip 22. The balloon 26 
carries heat exchange ?uid in the direction of the arroW 44, 
aWay from the distal tip 22. The balloon 24 and the balloon 
26 de?ne a gap 46 there betWeen. The gap 46 extends along 
a helical path betWeen the balloons 24 and 26. The infusion 
ports 34 and 36 are formed on the distal region 20, Within the 
gap 46. 

[0034] The gap 46 distances the balloons 24 and 26 to 
maximize the surface area of the balloons 24 and 26 for heat 
transfer. Typically blood from a patient’s blood stream 
Would ?oW by the balloons 24 and 26 to heat or cool the 
patient’s body. The gap 46 also enables positioning of the 
infusion ports 34 and 36 at any desired location along the 
proximal region 20. According to one aspect of the inven 
tion, the guideWire lumen 28 functions to infuse ?uids 
through the distal tip 22. 

[0035] FIG. 4 shoWs a sheath 50 surrounding the balloon 
24. The sheath 50 prevents coagulum from forming Within 
the gap 46. The sheath 50 is distanced from the balloon 24 
in a radial direction from the distal region 20 according to 
one aspect of the invention. According to an alternate aspect 
of the invention, the sheath 50 contacts the balloon 24. 
According to a further aspect of the invention, an infusion 
port or ports can be formed Within the gap 46. 

[0036] FIG. 5 shoWs a single balloon 26 on the distal 
region 20. The balloon 26 has ends 60 and 62 and is helically 
Wrapped to form a gap 46 betWeen successive coils. The gap 
46 extends along a helical path betWeen the ends 60 and 62. 
Infusion ports 34 and 36 are positioned near each end 60 and 
62 of the balloon 26, and Within the gap 46. 

[0037] FIG. 6 shoWs a single balloon 36 on the distal 
region 20. The balloon 36 Wraps tightly around the distal 
region 20, maintaining contact With itself Without forming a 
helical gap. It can be appreciated that When an infusion port 
formed on the catheter 10 requires exposure, the balloon 36 
is conformed With a small gap to expose the infusion port. 

IN OPERATION 

[0038] A method of circulating ?uid Within a heat 
exchange catheter includes inserting the heat exchange 
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catheter into the central vasculature of a patient. The proxi 
mal portion of the catheter is secured to the patient to 
prevent catheter movement. 

[0039] The next step includes circulating a heat exchange 
?uid through the in?oW lumen of a heat exchange catheter. 
The heat exchange ?uid circulates along a helical path to 
exchange heat With the blood stream of a patient. One 
bene?t of circulating the heat exchange ?uid along a helical 
path is that the residence time that the heat exchange ?uid 
transfers heat is increased compared With tubular heat 
exchanger systems. Another bene?t circulating the heat 
exchange ?uid along a helical path is that the helical path 
causes ?uid mixing Within the catheter. This mixing causes 
vortices, Which disrupts the heat exchange ?uid at the 
boundary layer located at the Wall of the in?oW and out ?oW 
lumens. Further, the helical shape causes blood to ?oW, 
turbulently under some conditions, past the heat exchange 
catheter to improve heat transfer betWeen the heat exchange 
catheter and the blood. 

[0040] To add medicine, nutrition, contrast agents and the 
like, the step of infusing ?uid into the blood stream via the 
heat exchange catheter is performed. 

[0041] According to one aspect of the invention, the heat 
exchange occurs through dual helical balloons. One helical 
balloon circulates ?uid from the in?oW lumen, the other 
circulates ?uid through the out?oW lumen along a helical 
path. The heat exchange ?uid in?ates both balloons from a 
?attened con?guration to an operational con?guration. Pref 
erably, the operational con?guration includes in?ating the 
balloons to a round or an oval cross-sectional con?guration. 

[0042] It can be appreciated that the core of the catheter 
can in?oW heat exchange ?uid to the distally mounted heat 
exchange balloon(s). Alternatively, the balloon(s) can in?oW 
the heat exchange ?uid and the core can out?oW the heat 
exchange ?uid. Optimally, hoWever, the present invention 
includes tWo helical balloons, one in?oWs heat exchange 
?uid and the other out?oWs the heat exchange ?uid. Many 
variations of this concept are possible. Accordingly, the 
present invention should be limited only by the folloWing 
claims. 

1. A heat exchange catheter comprising: 

a catheter body having a core, an in?oW lumen, an out?oW 
lumen, a proximal region and a distal region; 

a balloon helically Wrapping around at least a portion of 
the catheter body and being in ?uid communication 
With the core and at least one of the in?oW lumen or the 

out?oW lumen; 

Feb. 27, 2003 

the core ?uidly communicating With the other of the at 
least one of the in?oW lumen or the out?oW lumen; 

the balloon and the core forming a ?uid circuit to facilitate 
circulation of a heat exchange ?uid through the balloon 
and the core to exchange heat With a patient. 

2. The heat exchange catheter of claim 1 Wherein the 
balloon is in ?uid communication With the in?oW lumen. 

33. The heat exchange catheter of claim 1 Wherein the 
balloon is in ?uid communication With the out?oW lumen. 

4. The heat exchange catheter of claim 1 further compris 
ing at least one infusion port on the catheter body for 
infusing a ?uid such as nutrients, medication or saline into 
the patient. 

5. The heat exchange catheter of claim 1 Wherein the 
distal portion includes a distal tip comprising a port opening 
located on the distal tip for infusing a ?uid such as nutrients, 
medication or saline into the patient or for accommodating 
a guideWire. 

6. A method of circulating a heat exchange ?uid Within a 
heat exchange catheter, comprising: 

circulating the heat exchange ?uid through the catheter to 
exchange heat With the blood stream of a patient, the 
heat exchange ?uid being circulated from a ?uid source 
external to the catheter; 

returning the heat exchange ?uid through the core of the 
catheter to the ?uid source; and 

infusing an infusion ?uid into the blood stream of the 
patient via the catheter. 

7. The method of claim 6 Wherein the heat exchange ?uid 
through the catheter is circulated along a helical path. 

8. The method of claim 6 Wherein the heat exchange ?uid 
through the catheter is circulated along the balloon. 

9. A method of circulating a heat exchange ?uid Within a 
heat exchange catheter, comprising: 

circulating the heat exchange ?uid through the core of the 
catheter to exchange heat With the blood stream of a 
patient, the heat exchange ?uid being circulated from a 
?uid source external to the catheter; 

returning the heat exchange ?uid through the balloon of 
the catheter to the ?uid source; and 

infusing an infusion ?uid into the blood stream of the 
patient via the catheter. 

10. The method of claim 9 Wherein the heat exchange 
?uid is circulated at least partially through along a helical 
path. 


