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USE OF ENDOVASCULAR HYPOTHERMIA Another approach has been to obtain some types of organs 
IN ORGAN AND / OR TISSUE from human cadaveric donors who have been declared dead 

TRANSPLANTATIONS by traditional cardiac death criteria as opposed to brain death 
criteria . However , a number of important transplantable 
organs ( e . g . , hearts ) can not typically be harvested from Matter enclosed in heavy brackets [ ] appears in the cadaveric donors more than just a few minutes after the original patent but forms no part of this reissue specifica cardiac death has occurred because the viability of the organ tion ; matter printed in italics indicates the additions is lost . made by reissue ; a claim printed with strikethrough On Jan . 6 , 2001 The United Network for Organ Sharing indicates that the claim was canceled , disclaimed , or held 10 a ( UNOS ) national patient waiting list for organ transplant invalid by a prior post - patent action or proceeding . included the following : 

RELATED APPLICATIONS 
Type of Transplant Patients Waiting for Transplant 

This is a division of U . S . Reissue application Ser . No . 15 – 
11 / 351 , 216 filed Feb . 8 , 2006 , which is based on U . S . Pat . kidney transplant 47 , 689 

liver transplant 16 , 815 No . 6 , 692 , 519 , which issued Feb . 17 , 2004 from application pancreas transplant 1 , 033 
Ser . No . 09 / 923 , 683 filed Aug . 6 , 2001 . pancreas islet cell transplant 178 

kidney - pancreas transplant 2 , 457 
FIELD OF THE INVENTION intestine transplant 147 

heart transplant 4 , 152 
heart - lung transplant 206 

This invention relates generally to methods for human or lung transplant 3 , 676 
veterinary medical treatment and more particularly to a ) the 
endovascular application of hypothermia to beating heart * Total Patients Total * 73 , 989 
donors prior to harvesting of organ ( s ) and / or tissue ( s ) for 25 – 
transplantation to avoid hypoxic damage to the organ ( s ) However , because of the shortage of suitable donor 
and / or tissue ( s ) and b ) the endovascular ( e . g . , intravascular ) organs , the number of organ transplants that will actually be 
application of hypothermia to transplant recipients during performed during the year 2001 is likely to be substantially 
and / or after transplantation of organ ( s ) and / or tissue ( s ) to lower than the number of patients on the waiting list . During 
reduce acute inflammatory response and help avoid acute 30 the year 2000 , the number of transplants actually performed 
transplant rejection and / or other complications . in the United States were as follows : 

20 

48 

BACKGROUND OF THE INVENTION 
Type of Transplant Number 

In the early days of organ transplantation , all cadaveric 35 - 
13 , 290 ( non - living ) organ donors were pronounced dead by loss of kidney alone transplants 

( 5 , 227 were living donors ) heart function or “ cardiac death ” criteria . However , in the liver transplants 4 , 934 
late 1960 ' s and early 1970 ' s “ brain death ” criteria were pancreas alone transplants 436 
developed that allowed organs to be harvested from donors kidney - pancreas transplants 914 
who ' s hearts were still beating but who had been pro - 40 intestine transplants 79 

heart transplants 2 , 197 nounced dead based on the irreversible cessation of all brain heart - lung transplants 
activity . Additionally , it was learned that organ transplanta lung transplants 956 
tion was more successful in cases where the donor ' s respi 
ration and circulation were supported by artificial means Total 22 , 854 
( e . g . , the use of mechanical ventilation and the administra - 45 
tion of pharmacologic or mechanical support of cardiac Apart from the fact that the pool of potential organ donors 
activity ) after brain death had occurred until the organs is relatively small compared to the demand for transplant 
could be removed for transplantation . This “ beating heart able organs , the shortage of organs is further exacerbated by 
donor ” technique enables oxygenated blood to continue to the fact that sometimes , even after a potential donors family 
flow through the organs until immediately before they are 50 has agreed to organ donation , that donor ' s organs are lost 
harvested from the donor , thereby enhancing the organs ' because the donors cardiac activity can not be maintained 
viability . for sufficient time to allow the necessary testing to establish 

Every day , approximately ten people die in the United and certify brain - death and to arrange for the arrival of the 
States while awaiting an organ transplant , simply because team of surgeons who are trained to remove the desired 
suitable donor organs are not available for them in time . 55 organ ( s ) from the donor ' s body . In view of these facts , there 
Various approaches have been proposed for making trans remains a need in the art for the development of new 
plantable organs more readily available to patients in need of techniques to facilitate the harvesting of viable organs for 
transplants . For example , research is underway to develop transplantation so that more organs may be made available . 
genetically or immunologically modified animals who ' s 
organs may be suitable for xenotransplantation ( i . e . , trans - 60 SUMMARY OF THE INVENTION 
plantation of an organ or tissue from one species of animal 
into another species of animal ) in humans . However , it The present invention provides methods for decreasing 
remains uncertain as to whether xenotransplantation the potential for hypoxic damage to transplantable organs in 
research will ultimately give rise to universally useable brain dead “ beating heart ” organ donors . The present inven 
organs of all needed types and even if the current research 65 tion also provides methods for preventing or treating epi 
is successful , the potential clinical implementation of xeno - sodes of acute transplant rejection in patients who have 
transplantation techniques remains many years away . received organ or tissue transplants . 
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In accordance with one embodiment of the present inven organ of the donor or patient may be monitored and the 
tion , a heat exchange apparatus is inserted into the vascu temperature of the heat exchange apparatus may be modified 
lature of a potential organ donor who is believed to be brain periodically or continuously in response to the monitored 
dead , but who has not yet been declared brain dead . The heat temperature to prevent significant overshoot beyond the 
exchange apparatus is then used to cool the blood flowing 5 desired temperature and to thereafter maintain the tempera 
through the potential donor ' s vasculature , thus cooling all of ture of the body or portion thereof at the desired temperature 
a portion of the donor ' s body to a desired temperature below or within a range of desired temperatures , such as about 33° 
normothermia ( e . g . , from about 37° C . to about 35° C . or C . to about 30° C . An automated controller may be con 
less , often as low as 30º ) , thereby decreasing the oxygen nected to temperature sensor ( s ) used to monitor the core 
demand of the tissues or organs to be transplanted and thus 10 body temperature or the temperature of the desired organ or 
decreasing the likelihood that such tissues or organs will portion of the donor ' s or patient ' s body . Also , such control 
suffer hypoxic damage as a result of a hypoxic event while ler may be operatively connected to an apparatus that 
the patient is undergoing the necessary evaluation of his / her changes the temperature of the thermal exchange fluid being 
suitability as an organ donor , during the performance of circulated through the heat exchange apparatus and / or the 
testing necessary to confirm brain death ( i . e . , the “ brain 15 rate at which such thermal exchange fluid is circulated 
death work - up " ) and until such time as brain death has been through the heat exchange apparatus . Based on the signal ( s ) 
certified and any organs deemed suitable for transplantation received from the temperature sensor ( s ) , the controller will 
have been harvested from the donor ' s body . The types of then modify the temperature and / or rate of the thermal 
hypoxic events that may occur during this period of time exchange fluid to optimize the cooling and maintenance of 
include periods of cardiac arrest where the donor ' s heart 20 the temperature of the donor ' s or patient ' s body or portion 
ceases to beat for a period of time , periods of extreme thereof . 
hypotension or periods where the mechanical ventilation is Further aspects and advantages of the present invention 
inadvertently or purposely interrupted . will become apparent to those of skill in the art upon reading 

Further in accordance with the present invention , a heat and understanding the detailed descriptions of certain 
exchange apparatus is may be inserted into the vasculature 25 embodiments of the invention set forth herebelow and in the 
of a potential organ donor who has already been declared accompanying drawings . 
brain dead but from whose body the organs or tissues desired 
for transplantation have not yet been harvested . The heat BRIEF DESCRIPTION OF THE DRAWINGS 
exchange apparatus is then used to cool the blood flowing 
through the potential donor ' s vasculature , thus cooling all of 30 FIG . 1 is a perspective drawing of an embodiment of the 
a portion of the donor ' s body to a desired temperature below catheter of the invention . 
normothermia ( e . g . , from about 37° C . to about 35° C . or FIG . 1A is a perspective drawing of an alternative tie 
less ) , thereby decreasing the oxygen demand of the tissues down at the proximal end of the catheter shown in FIG . 1 . 
or organs to be transplanted and thus decreasing the likeli FIG . 2 is a cross - sectional drawing of the shaft of the 
hood that such tissues or organs will suffer hypoxic damage 35 catheter taken along the line 2 – 2 in FIG . 1 . 
as a result of a hypoxic event while the patient is undergoing FIG . 3 is a cross - sectional drawing of the heat exchange 
the necessary evaluation of his / her suitability as an organ region of the catheter taken along the line 343 in FIG . 1 . 
donor and until such time as brain death has been certified FIG . 3A is a cross - sectional view through line 3A - 3A of 
and any organs deemed suitable for transplantation have FIG . 1 . 
been harvested from the donor ' s body . The types of hypoxic 40 FIG . 4 is a perspective drawing of a segment of the heat 
events that may occur during this period of time include exchange region of the catheter within the circle 44 in FIG . 
periods of cardiac arrest where the donor ' s heart ceases to 1 . 
beat for a period of time , periods of extreme hypotension or FIG . 5 is a cross - sectional drawing of the heat exchange 
periods where the mechanical ventilation is inadvertently or region of the catheter taken along the line 5 5 in FIG . 1 
purposely interrupted . 45 FIG . 6 is a perspective drawing of a segment of the heat 

Still further in accordance with the present invention , the exchange region of the catheter within the circle 6 6 in 
heat exchange apparatus may be a pliable or flexible struc FIG . 1 . 
ture that is formed or mounted and configured to expand FIG . 7 is a perspective drawing of the multi - lobed balloon 
when filled with thermal exchange fluid . One or more of one embodiment of the invention . 
lumens may extend through the catheter to permit infusion 50 FIG . 8 is a perspective drawing of the distal portion of the 
or circulation of thermal exchange fluid through the heat shaft of one embodiment of the invention . 
exchange apparatus in situ . The catheter may be initially FIG . 9 is a perspective drawing of the heat exchange 
inserted into the vasculature of the donor or recipient patient region formed by the shaft and multi - lobed balloon of FIGS . 
using well known percutaneous catheter insertion tech - 7 and 8 . 
niques and the catheter may then be advanced through the 55 FIG . 10 is an expanded view of the attachment of the 
vasculature to a position where the heat exchange apparatus central lumen of the balloon to the shaft of the catheter of 
is situated at a desired location . The heat exchange apparatus FIG . 9 showing the region within the circle 10 — 10 in FIG . 
may comprise a balloon or inflatable structure that is 9 . 
attached to one or more lumens of the catheter such that FIG . 10A is an expanded view of the plug between the 
cooled thermal exchange fluid may be infused into or 60 shaft and the central lumen of the balloon of the catheter of 
circulated through the heat exchange apparatus in situ . FIG . 9 showing the region within the circle 10A - 10A in 
Blood flowing in heat exchanging proximity to the heat FIG . 9 . 
exchange apparatus will thereby become cooled . The sub - FIG . 11 is a perspective view of a portion of a multi - lobed , 
sequent circulation of the cooled blood will then cool all or curvilinear heat exchange balloon that forms a portion of 
a selected portion of the donor ' s or patient ' s body to the 65 one embodiment of the invention . 
desired temperature below normothermia . The core body FIG . 11A is a cross sectional view of the heat exchange 
temperature or the temperature of a particular body part or region taken along the line 11A - 11A in FIG . 11 . 
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FIG . 12 is a sectional view of the proximal portion of the exchange fluid may be directed in through the inflow lumen , 
heat exchange region of one embodiment of the invention . return through the outer lobes of the balloon in heat 

FIG . 12A is a cross - sectional view of a portion of the heat exchange proximity with blood flowing over the outside of 
exchange region taken along the line 12A – 12A of FIG . 12 . the balloon , and then out through the outflow lumens , as will 

FIG . 12B is a cross - sectional view of a portion of the heat 5 be described in greater detail below . 
exchange region taken along the line 12B - 12B of FIG . 12 . The catheter is attached at its proximal end to a hub 78 . 

FIG . 12C is a cross - sectional view of a portion of the heat At the hub , the guide wire lumen 56 communicates with a 
exchange region taken along the line 12C12C of FIG . 12 . guide wire port 80 , the inflow lumen 52 is in fluid commu 

FIG . 13 is a sectional view of the distal portion of the heat nication with an inflow port 82 , and the outflow lumen 54 is 
exchange region of one embodiment of the invention . 10 in communication with an outflow port 84 . Attached at the 

FIG . 13A is a cross - sectional view of a portion of the heat hub and surrounding the proximal shaft is a length of strain 
exchange region taken through line 13A 13A of FIG . 13 . relief tubing 86 which may be , for example , a length of heat 

FIG . 13B is a cross - sectional view of a portion of the heat shrink tubing . The strain relief tubing may be provided with 
exchange region taken through line 13B13B FIG . 13 . suture tie - downs 88 , 90 . Alternatively , a butterfly tie - down 

FIG . 14 is a general flow diagram of a method of the 15 92 may be provided . ( See FIG . 1A ) . 
present invention wherein endovascular hypothermia is used Between the strain relief tubing 86 and the proximal end 
in a beating heart organ dead donor to minimize the likeli - of the balloon 74 , the shaft 50 is extruded with an outer 
hood of hypoxic damage to the donor ' s organs between the diameter of about 0 . 118 inches . The internal configuration is 
time the donor is pronounced brain dead and the time the as shown in cross - section in FIG . 2 . Immediately proximal 
organs are actually harvested from the donor ' s body . 20 of the balloon attachment 74 , the shaft is necked down 94 . 

FIG . 15 is a general flow diagram of a method of the The outer diameter of the shaft is reduced to about 0 . 100 to 
present invention wherein endovascular hypothermia is used 0 . 110 inches , but the internal configuration with the three 
in a beating heart but brain dead organ donor to minimize the lumens is maintained . Compare , for example , the shaft 
likelihood of hypoxic damage to the donor ' s organs from the cross - section of FIG . 2 with the cross - section of the shaft 
time brain death is suspected to have occurred , during the 25 shown in FIG . 3 . This length of reduced diameter shaft 
time the brain death work - up is performed and until the remains at approximately constant diameter of about 0 . 100 
organs are actually harvested from the donor ' s body . to 0 . 110 inches between the necked down location at 94 and 

FIG . 16 is a general flow diagram of the present invention a distal location 96 where the outflow lumen is sealed and 
wherein endovascular hypothermia is used in a beating heart the guide wire extension tube 98 is attached as will be 
but brain dead organ donor to cool potentially transplantable 30 described . 
organs or tissue while simultaneously maintaining other At the necked down location 94 , a proximal balloon 
tissue at a higher temperature . marker band 102 is attached around the shaft . The marker 

band is a radiopaque material such as a platinum or gold 
DETAILED DESCRIPTION OF EMBODIMENTS band or radiopaque paint , and is useful for locating the 

35 proximal end of the balloon by means of fluoroscopy while 
The following detailed description is provided for the the catheter is within the body of the patient . 

purpose of describing only certain embodiments or At the location marked by the marker band , all four lobes 
examples of the invention and is not intended to describe all of the balloon are reduced down and fastened around the 
possible embodiments and examples of the invention . inner member 67 in a fluid - tight seal . This may be accom 

40 plished by folding the outer lobes of the balloon 58 , 60 , 62 
A . A Preferred Intravascular Heat Exchange down around the inner lumen 64 , placing a sleeve , for 

Catheter System Useable To Perform the Methods example a short length of tubing , snugly over the folded 
of This Invention down outer lumens of the balloon and inserting adhesive , for 

example by wicking the adhesive , around the entire inner 
Referring to FIGS . 1 through 10A , in one embodiment , 45 circumference of the sleeve . The inner lumen is then fas 

the catheter is comprised of a shaft 50 with a heat exchange tened to the shaft using a second short length of tubing . The 
region 100 thereon . The shaft has two roughly parallel second short length for example 1 mm , of intermediate 
lumens running through the proximal shaft , an inflow lumen tubing 104 is heat welded to the inside of the inner lumen . 
52 and an outflow lumen 54 . The shaft generally also The intermediate tube has an outer diameter approximately 
comprises a working lumen 56 running therethrough for the 50 the same as the inner diameter of the inner lumen . The 
insertion of a guide wire , or the application of drugs , intermediate tube is then slid over the shaft at about the 
radiographic dye , or the like to the distal end of the catheter . location of the neck - down region near the proximal marker 
The heat exchange region comprises a four - lumen balloon , 102 , and adhesive 106 is wicked into the space between the 
with three outer lumens 58 , 60 , 62 disposed around an inner inside of the intermediate tubing and the outer surface of the 
lumen 64 in a helical pattern . In the particular embodiment 55 shaft 50 . A similar process may be used to attach the distal 
shown , the balloon preferably makes one full rotation about end of the balloon , as will be described , except that the distal 
the inner lumen 64 for each 2 to 4 inches of length . All four end of the balloon is attached down around the guide wire 
lumens 58 , 60 , 62 and 64 are thin walled balloons and each extension tube 98 rather than the shaft . 
outer lumen 58 , 60 , 62 shares a common thin wall segment Just distal of the proximal balloon seal , under the balloon 
66 , 68 , 70 with the inner lumen . The balloon is approxi - 60 within the inner lumen , an elongated window 108 is cut 
mately twenty - five centimeters long , and when inflated has through the wall of the outflow lumen in the shaft . Along the 
an outer circumference 72 of approximately 0 . 328 in . When proximal portion of the balloon above this window , five slits , 
deflated , the profile is generally about 9 French ( 3 French is e . g . 110 , are cut into the common wall between each of the 
1 mm in diameter ) . When the balloon portion is installed on outer lumens 58 , 60 , 62 and the inner lumen 64 . Because the 
the shaft , both the proximal end 74 of the balloon and the 65 outer lumens are twined about the inner lumen in a helical 
distal end 76 of the balloon are sealed around the shaft in fashion , each of the outer tubes passes over the outflow 
fluid tight seals , as described more fully herebelow . Heat lumen of the inner shaft member at a slightly different 
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location along the length of the inner shaft and , therefore , an down the inner lumen , thence through slits 116 between the 
elongated window 108 is cut into the outflow lumen of the inner lumen 64 and the three outer lumens 58 , 60 , 62 . 
shaft so that each outer lumen has at least one slit e . g . 110 The heat exchange fluid then travels back through the 
that is located over the window in the shaft . Additionally , three outer lumens of the balloon to the proximal end of the 
there is sufficient clearance between the outer surface of the 5 balloon . Since outer lumens are wound in a helical pattern 
shaft and the wall of the inner lumen to allow relatively around the inner lumen , at some point along the length of the 
unrestricted flow of heat exchange fluid through all 5 slits in balloon near the proximal end and proximal of the plug , each 
each outer lumen , around the shaft , and through the elongate outer lumen is located over the portion of the shaft having 
window 108 into the outflow lumen 54 in the shaft 50 . the window to the outflow lumen 108 . There is also sufficient 

Distal of the elongated window in the outflow lumen , the 10 clearance between the wall of the inner lumen and the shaft , 
inner lumen 64 of the four - lumen balloon is sealed around as illustrated in FIG . 3 , that even the slits that are not directly 
the shaft in a fluid tight plug . Referring to FIG . 10a , the plug over the window 108 allow fluid to flow into the space 
is formed by , for example shrinking a relatively thick length between the wall of the inner lumen and the outer wall of the 
of PET tubing to form a length of plug tubing 112 where the shaft 50 and then through the window 108 and into the 
inner diameter of the length of plug tubing is approximately 15 outflow lumen . The heat exchange fluid then flows down the 
the same as the outer diameter of the shaft at the location outflow lumen and out the outflow port 84 . At a fluid 
where the plug is to be formed . The plug tubing is slid over pressure of 41 pounds per square inch , flow of as much as 
the shaft and fits snugly against the shaft . The shaft is 500 milliliters per minute may be achieved with this design . 
generally formed of a material that is not heat shrinkable . As Counter - current circulation between the blood and the 
may be seen in FIG . 10A and FIG . 3 , some clearance exists 20 heat exchange fluid is highly desirable for efficient heat 
between the outer wall of the shaft and the inner wall of the exchange between the blood and the heat exchange fluid . 
inner lumen 64 . The walls of the inner lumen are composed Thus if the balloon is positioned in a vessel where the blood 
of thin heat shrinkable material , for example PET . A probe flow is in the direction from proximal toward the distal end 
with a resistance heater on the distal end of the probe is of the catheter , for example if it were placed from the 
inserted into the guide wire lumen of the shaft and located 25 femoral vein into the Inferior Vena Cava ( IVC ) cava , it is 
with the heater under the plug tubing . The probe is heated , desirable to have the heat exchange fluid in the outer balloon 
causing the heat shrink wall of the inner lumen to shrink lumens flowing in the direction from the distal end toward 
down against the plug tubing , and the plug tubing to shrink the proximal end of the catheter . This is the arrangement 
slightly down against the shaft . The resultant mechanical fit described above . It is to be readily appreciated , however , 
is sufficiently fluid tight to prevent the outflow lumen and the 30 that if the balloon were placed so that the blood was flowing 
space between the shaft and the wall of the inner lumen from along the catheter in the direction from distal to proximal , 
being in fluid communication directly with the inner mem - for example if the catheter was placed into the IVC from a 
ber or the inflow lumen distal of the plug except through the jugular insertion , it would be desirable to have the heat 
outer lumens as will be detailed below . exchange fluid circulate in the outer balloon lumens from the 

Just distal of the plug , the outflow lumen is closed by 35 proximal end to the distal end . Although in the construction 
means of a heat seal 99 , and the inflow lumen is skived to shown this is not optimal and would result is somewhat less 
form an opening 101 to the inner member . This may be effective circulation ; this could be accomplished by revers 
accomplished by necking down the shaft at 96 , attaching a ing which port is used for inflow direction and which for 
guide wire extension tube 98 to the guide wire lumen , and outflow . 
simultaneously opening the inflow lumen 101 to the interior 40 Where heat exchange fluid is circulated through the 
of the inner lumen and heat sealing the outflow lumen shut balloon that is colder than the blood in the vessel into which 
101 . The guide wire extension tube continues through the the balloon is located , heat will be exchanged between the 
inner lumen , beyond the distal seal of the balloon ( described blood and the heat exchange fluid through the outer walls of 
below ) to the distal end of the catheter 114 and thereby the outer lumens , so that heat is absorbed from the blood . If 
creates communication between the guide wire port 80 and 45 the temperature difference between the blood and the heat 
the vessel distal of the catheter for using a guide wire to exchange fluid ( sometimes called “ AT ” ) , for example if the 
place the catheter or for infusing drugs , radiographic dye , or blood of the patient is about 37° C . and the temperature of 
the like beyond the distal end of the catheter . the heat exchange fluid is about 0° C . , and if the walls of the 

The distal end of the balloon 76 is sealed around the guide outer lumens conduct sufficient heat , for example if they are 
wire extension tube in essentially the same manner as the 50 of very thin ( 0 . 002 inches or less ) plastic material such as 
proximal end 74 is sealed down around the shaft . Just polyethylene terephthalate ( PET ) , enough heat may be 
proximal of the distal seal , five slits 116 are cut into the exchanged ( for example about 200 watts ) to lower the blood 
common wall between each of the three outer lumens 58 , 60 temperature sufficiently to effect hypothermic anti - platelet 
62 of the balloon and the inner lumen 64 so that each of the activity , and to cool the temperature downstream of the 
outer lumens is in fluid communication with the inner 55 catheter , for example of the heart , sufficiently for therapeutic 
lumen . inhibition of platelet activation , aggregation and / or adhe 

Just distal of the balloon , near the distal seal , a distal sion . If the cooling catheter is left in place long enough for 
marker band 118 is placed around the guide wire extension example for over half an hour , the entire body temperature 
tube . A flexible length of tube 120 may be joined onto the of the patient may be cooled sufficiently for hypothermic 
distal end of the guide wire tube to provide a soft tip to the 60 anti - platelet activity . In this way , for example , blood to the 
catheter as a whole . brain and even the brain tissue itself may be cooled suffi 

In use , the catheter is inserted into the body of a patient ciently for therapeutic hypothermic anti - platelet effect . 
so that the balloon is within a blood vessel , for example in The helical structure of the outer lumens has the advan 
the inferior vena cava ( IVC ) . Heat exchange fluid is circu - tage over straight lumens of providing greater length of heat 
lated into the inflow port 82 , travels down the inflow lumen 65 exchange fluid path for each length of the heat exchange 
52 and into the inner lumen 64 distal of the plug tube 112 . region . This creates additional heat exchange surface 
The heat exchange fluid fills the inner lumen and travels between the blood and the heat exchange fluid for a given 
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length of balloon . It may also provide for enhanced flow heat bonded at 270 to a guide wire extension tube 272 
patterns for heat exchange between flowing liquids . The fact generally centered within the central tube 220 . 
that the heat exchange region is in the form of an inflatable fluid circulation path is illustrated by arrows in FIG . 12 
balloon also allows for a minimal insertion profile , for and generally comprises fluid passing distally through the 
example 9 French or less , while the heat exchange region 5 inflow lumen 254 and then through the entirety of the central 
may be inflated once inside the vessel for maximum diam - lumen 222 . The heat exchange fluid is directed from the 
eter of the heat exchange region in operation . central lumen 222 to the intermediate and outer tubes as will 
Automated control of the process is optional . Examples of be described below , and returns through the lumens 226a , 

apparatus and techniques that may be used for automated 226b , and 230a , 230b of the intermediate and outer tubes 
control of the process are described in U . S . pat . Nos . " 224a , 224b , and 228a , 228b , respectively , and enters reser 
6 , 149 , 673 and 6 , 149 , 676 and co - pending U . S . patent appli voirs 274 and 275 . Alternatively , two windows may be 
cation Ser . No . 09 / 138 , 830 , the entireties of which are formed 276 and a counterpart not shown in FIG . 12 one 
expressly incorporated herein by reference . helical twist farther down the shaft , between each side of the 

Referring now to FIGS . 11 through 13B , in another 15 twisted ribbon ( i . e . , lumens 224a and 224b on one side , and 
example of a preferred embodiment , the heat exchange 228a and 228b on the other side ) . In this way , one reservoir 
region is in the form of a series of five lumens arranged from each side of the twisted ribbon is formed in fluid 
side - by - side in a configuration that may be loosely described communication with the outflow lumen 256 ( configuration 
as a twisted ribbon . The heat transfer fluid circulates to and not shown ) . Fluid then enters the outflow lumen 256 through 
from the heat exchange region 202 via channels formed in 20 apertures , e . g . , 276 , provided in the central tube 220 and a 
the shaft 206 in much the same manner as previously longitudinal port 278 formed in the wall of the shaft . 
described for shaft 50 . Indeed , although not depicted , the A distal manifold of the heat exchange region 202 is 
shaft has a similar internal configuration as the shaft previ - shown and described with respect to FIGS . 13 and 13A - 13B . 
ously described with an inflow lumen , an outflow lumen , The outer tubes 228a , 228b taper down to meet and seal 
and a working lumen . Although also not depicted , a hub is 25 against the central tube 220 which , in turn , tapers down and 
attached at the proximal end of the shaft which is maintained seals against the guide wire extension tube 272 . Fluid 
outside the body ; the hub has a guide wire port communi - flowing distally through the central lumen 222 passes radi 
cating with the working lumen , an inflow port communi ally outward through a plurality of apertures 280 provided in 
cating with the inflow lumen , and an outflow port commu - the central tube 220 . The apertures 280 open to a distal 
nicating with the outflow lumen . Heat exchange fluid is 30 reservoir 282 in fluid communication with lumens 226a , 
directed into the catheter through the inflow port and 226b , and a distal reservoir 281 in fluid communication with 
removed from the catheter through the outflow port . A guide lumens 230a , 230b of the intermediate and outer tubes 224a , 
wire , or alternatively medicaments , radiographic fluid or the 224b , and 228a , 228b . 
like are introduced through the guide wire port and may thus W ith this construction , heat exchange fluid [ introduced 
be directed to the distal end of the catheter . 35 into the input port 240 will ] circulates through the inflow 

FIGS . 11 and 11A illustrate this embodiment of a heat lumen 254 , into the central lumen 222 , out through the 
exchange region 202 comprising a plurality of tubular inflow lumen 254 , into the central lumen 222 , out through 
members that are stacked in a helical plane . More specifi - the apertures 280 , and into the distal reservoir 282 . From 
cally , a central tube 220 defines a central lumen 222 there - there , the heat exchange fluid will travel proximally through 
within . A pair of smaller intermediate tubes 224a , 224b 40 both intermediate lumens 226a , 226b and outer lumens 
attaches to the exterior of the central tube 220 at diametri - 230a , 230b to the proximal reservoirs 274 and 275 . Fluid 
cally opposed locations . Each of the smaller tubes 224a , then passes radially inwardly through the apertures 276 and 
224b defines a fluid lumen 226a , 226b therewithin . A pair of port 278 into the outflow lumen 256 . Then the fluid circu 
outer tubes 228a , 228b attaches to the exterior of the lates back down the shaft 206 and out [ the ] of an outlet port 
intermediate tubes 224a , 224b in alignment with the aligned 45 [ 242 ] . 
axes of the central tube 220 and intermediate tubes 224a , The ribbon configuration of FIGS . 11 - 13B is advanta 
224b . Each of the outer tubes 228a , 228b defines a fluid geous for several reasons . First , the relatively flat ribbon 
lumen 230a , 230b within . By twisting the intermediate and does not take up a significant cross - sectional area of a vessel 
outer tubes 224a , 224b , 228a , 228b around the central tube into which it is inserted . The twisted configuration further 
220 , the helical ribbon - like configuration of FIG . 11 is 50 prevents blockage of flow through the vessel when the heat 
formed . exchange region 202 is in place . The helical configuration of 
Now with reference to FIGS . 12 and 12A - 12C , a proximal the tubes 224a , 224 , 228a , 228b also aids to center the heat 

manifold of the heat exchange region 202 will be described . exchange region 202 within a vessel by preventing the heat 
The shaft 206 extends a short distance , desirably about 3 cm , exchange region from lying flat against the wall of the vessel 
within the central tube 220 and is thermally or adhesively 55 along any significant length of the vessel . This maximizes 
sealed to the interior wall of the central tube as seen at 250 . heat exchange between the lumens and the blood flowing 
As seen in FIG . 12A , the shaft 206 includes a planar next to the tubes . Because of these features , the twisted 
bulkhead or web 252 that generally evenly divides the ribbon configuration is ideal for maximum heat exchange 
interior space of the shaft 206 into an inflow lumen 254 and and blood flow in a relatively small vessel such as the carotid 
an outflow lumen 256 . A working or guide wire lumen 260 60 artery . As seen in FIG . 11A , an exemplary cross - section has 
is defined within a guide wire tube 262 that is located on one a maximum diameter 300 of about 5 mm , permitting treat 
side of the shaft 206 in line with the bulkhead 252 . Desir - ment of relatively small vessels . The helical pattern of the 
ably , the shaft 206 is formed by extrusion . The outflow balloon in the fluid flow may act to induce a gentle mixing 
lumen 256 is sealed by a plug 264 or other seal at the action of the flowing blood to enhance heat exchange 
terminal end of the shaft 206 . The inflow lumen 254 remains 65 between the heat exchange surface and the blood without 
open to the central lumen 222 of heat exchange region 202 . inducing hemolytic damage that would result from more 
The guide wire tube 262 continues a short distance and is violent churning action . 
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The deflated profile of the heat exchange region is small formally declared or pronounced brain dead . In the example 
enough to make an advantageous insertion profile , as small of FIG . 15 , the endovascular hypothermia is initiated in an 
as 7 French for some applications . Even with this low organ donor who is suspected to be brain dead but who has 
insertion profile , the heat exchange region is efficient enough not yet been declared or pronounced brain dead , and such 
to adequately exchange heat with blood flowing past the heat 5 hypothermia is maintained while the potential donor is 
exchange region to alter the temperature of the blood subjected to the tests and evaluations necessary to make a 
sufficient for anti - platelet action and affect the temperature clinical determination of brain death . 
of tissue downstream of the heat exchange region . Because Additionally , even after the declaration or pronouncement 
of its smaller profile , it is possible to affect the temperature of brain death has been made , there may be substantial 
of blood in smaller vessels and thereby provide treatment to 10 further delays before the organs or tissues can be harvested 
more localized body areas . from the donor ' s body . This is especially true in cases where 

This configuration has a further advantage when the heat a time - critical organ such as the heart has been matched to 
exchange region is placed in a tubular conduit such as a a recipient who is located far away from the donor and it is 
blood vessel , especially where the diameter of the vessel is necessary to wait until a surgical team has been flown in 
approximately that of the major axis ( width ) of the cross 15 from the recipient ' s location to perform the organ harvest 
section of the heat exchange region . The configuration tends and to then transport the critical organ to the location where 
to cause the heat exchange region to center itself in the the transplant surgery is to be conducted . Accordingly , in 
middle of the vessel . This creates two roughly semicircular such cases , the provision of endovascular hypothermia even 
flow channels within the vessel , with the blood flow chan after the brain death declaration or pronouncement has been 
nels divided by the relatively flat ribbon configuration of the 20 made may be beneficial in avoiding hypoxic damage to 
heat exchange region . It has been found that the means for donor ' s the organs or tissues . 
providing maximum surface for heat exchange while creat Moreover , a substantial period of time may be required 
ing minimum restriction to flow is this configuration , a before the brain death declaration or pronouncement may be 
relatively flat heat exchange surface that retains two made , as it is often necessary for heath care workers to locate 
approximately equal semi - circular cross - sections . This can 25 and obtain written consent from the donor ' s family and to 
be seen in reference to FIG . 11A if the functional diameter perform extensive tests and evaluations to confirm that the 
of the dashed circle 300 is essentially the same as the donor is in fact brain dead . The exact criteria by which brain 
luminal diameter of a vessel into which the twisted ribbon is death may be declared or pronounced may differ from state 
placed . Two roughly semi - circular flow paths 302 , 304 are to state , country to country , or even institution to institution . 
defined by the relatively flat ribbon configuration of the heat 30 In many jurisdictions , a declaration or pronouncement of 
exchange region , i . e . the width or major axis ( from the outer brain death can only be made after numerous tests and 
edge of 228a to the outer edge of 228b ) is at least two times evaluations have been completed ( collectively referred to 
longer than the height , or minor axis ( in this example , the herein as the “ brain death work - up ” ) . These required tests 
diameter of the inner tube 222 ) of the overall configuration and evaluations may include a clinical assessment to estab 
of the heat exchange region . It has been found that if the heat 35 lish the lack of neurological responses and reflexes , hypoxia 
exchange region occupies no more than about 50 % of the test ( s ) to confirm that the spontaneous respiratory drive is 
overall cross - sectional area of the circular conduit , a highly absent , and multiple electroencephalograms ( EEGS ) taken at 
advantageous arrangement of heat exchange to flow is time points separated by a prescribed waiting period ( e . g . , 24 
created . The semi - circular configuration of the cross - section hours ) . In at least some institutions , the declaration or 
of the flow channels is advantageous in that , relative to a 40 pronouncement of brain death must be made by no fewer 
round cross - sectioned heat exchange region ( as would result than two ( 2 ) physicians . Thus , the time period required to 
from , for example , a sausage shaped heat exchange region ) obtain the requisite consent and complete the entire brain 
the flow channels created minimize the surface to fluid death work up may span 48 hours or even longer . The 
interface in a way that minimizes the creation of laminarflow provision of endovascular hypothermia during the brain 
and maximizes mixing . Maximum blood flow is important 45 death work up period in accordance with the method of FIG . 
for two reasons . The first is that flow downstream to the 15 may be extremely beneficial in such cases to , for 
tissue is important , especially if there is obstruction in the example , protect potential donor organs and tissue . 
blood flow to the tissue . The second reason is that heat Specifically referring to the method of FIG . 14 , in a case 
exchange is highly dependent on the rate of blood flow past where the potential organ donor has already been declared or 
the heat exchange region , with the maximum heat exchange 50 pronounced brain dead in accordance with the applicable 
occurring with maximum blood flow , so maximum blood criteria , an endovascular heat exchange apparatus is inserted 
flow is important to maximizing heat transfer . B . Examples into the patient ' s vasculature and used to cool blood flowing 
of Methods for Preventing Hypoxic Damage to Organs and though the vasculature such that all or a portion of the 
Tissues in a Beating Heart Organ Donor : donor ' s body is cooled to a temperature below 37° C . ( i . e . , 
FIGS . 14 , 15 and 16 are flow diagrams that illustrate 55 below normothermia ) . In many cases , the desired tempera 

examples of methods wherein endovascular hypothermia is ture will be in the range of about 34° C . through about 28° 
used in beating heart organ donors , prior to the harvesting of C . and preferably about 30° C . Generally the lower the 
organs and / or tissues for transplantation , in order to decrease temperature , the more protective it is of the donor organs or 
the potential for hypoxic damage to the transplantable tissue , but below a temperature of about 25° C . the heart 
organs and tissues in the event of an hypoxic episode . The 60 function may be adversely affected . In order to accomplish 
types of hypoxic episodes that may occur in beating heart endovascular hypothermia , the heart must generally be 
organ donors include ; cardiac arrest , ventricular arrhythmia , pumping effectively , so a body temperature of about 30° C . 
periods of hypotension , disruption of ventilation due to will effectively protect the organ or tissue for preservation 
inadvertent disconnection of ventilator tubing , hypoxia sec - and at the same time , will not adversely affect cardiac 
ondary to pulmonary embolus , etc . 65 function . The endovascular heat exchange device may com 

In the example of FIG . 14 , the endovascular hypothermia prise a catheter of the type shown in FIGS . 1 - 13C and 
is initiated in an organ donor after the organ donor has been described hereabove . The endovascular heat exchange 
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device may further be used in conjunction with a controller might be used , for example a cooling catheter might be 
and / or related equipment useable to monitor and control the placed in the artery for each kidney , and a warming catheter 
temperature of the catheter and / or the patient . Examples of in each of the veins coming from the kidneys , and a warming 
heat exchange catheters and related devices & controllers catheter in IVC all to keep the heart warm enough to 
that might be useable in this step of the method are described 5 function effectively as a pump , and yet cool the target organ 
in PCT International Application No . PCT / US99 / 18939 and or tissue . This method of persevering organs or tissue is 
U . S . Pat . Nos . 5 , 486 , 208 ( Ginsburg ) , 6 , 149 , 676 ( Ginsburg ) , illustrated in the flow chart of FIG . 16 . 
6 , 149 , 673 ( Ginsburg ) , 5 , 957 , 963 ( Dobak III ) , 6 , 096 , 608 Although several illustrative examples of means for prac 
( Dobak III , et al . ) , 6 , 110 , 168 ( Ginsburg ) , 6 , 126 , 684 ( Gobin , ticing the invention are described above , these examples are 
et al . ) and 6 , 264 , 679 ( Keller , et al . ) , the entire disclosures of 10 by no means exhaustive of all possible means for practicing 
which expressly incorporated herein by reference . In par - the invention . The scope of the invention should therefore be 
ticular , one presently preferred intravascular heat exchange determined with reference to the appended claims , along 
catheter system for use in the present invention is described with the full range of equivalents to which those clams are 
in U . S . application Ser . No . 09 / 777 , 612 the entirety of which entitled . 
is expressly incorporated herein by reference and portions of 15 What is claimed is : 
which are set forth in the paragraphs herebelow . In cases ( 1 . A method for preventing hypoxic damage to a poten 
where it is desired to cool the donor ' s entire body such that tially transplantable organ or tissue prior to explantation of 
the donor ' s core body temperature is in the desired range , the organ or tissue from the body of a mammalian donor ; 
the endovascular temperature exchange device may be posi said method comprising the steps of : 
tioned in the inferior vena cava near the right atrium of the 20 a . placing an intravascular heat exchange apparatus within 
donor ' s heart such that venous blood that is cooled by the a blood vessel of the donor such that the donor ' s blood 
heat exchange apparatus will subsequently be pumped continues to circulate through that blood vessel and 
throughout the donor ' s body by the donor ' s the heart , heat is exchanged between the circulating blood and the 
cooling the entire body in the process . In other cases where intravascular heat exchange apparatus ; and , 
it is desired to selectively cool only a specific body portion 25 b . using the intravascular heat exchange apparatus to cool 
( e . g . , a limb , organ or group of organs ) to a temperature the donor ' s flowing blood , thereby lowering the 
within the desired target range , the heat exchange apparatus donor ' s core body temperature to a temperature that is 
may be positioned within a blood vessel through which below normothermia . ] 
blood flows into the specific body portion ( e . g . , a limb , organ [ 2 . A method according to claim 1 wherein Step a com 
or group of organs ) and that heat exchange apparatus may 30 prises inserting a heat exchange catheter having a heat 
then be used to cool blood flowing into the specific organ or exchange region into the vasculature of a donor and posi 
specific portion of the body , thereby also cooling the paren - tioning the catheter such that blood flowing to at least the 
chyma of that specific organ or specific portion of the body potentially transplantable organ or tissue passes within heat 
to the desired target temperature . A temperature monitoring exchange proximity to the heat exchange region and wherein 
probe or thermocouple may be placed within the specific 35 Step b comprises exchangeing heat with the blood that 
body portion ( e . g . , a limb , organ or group of organs ) to passes in heat exchange proximity to the heat exchange 
facilitate the controlled cooling of that specific body portion region for a period of time sufficient to cool at least the 
( e . g . , a limb , organ or group of organs ) to the desired target potentially transplantable organ or tissue to a temperature 
temperature without significant over - shoot and to thereafter below normothermia . ] 
maintain the specific body portion ( e . g . , a limb , organ or 40 [ 3 . A method according to claim 1 wherein performance 
group of organs ) at the target temperature for the desired of the method is begun before any declaration of donor brain 
period of time . Some incidental cooling of other portions of death has been made . ] 
the body may or may not occur concurrently with the 4 . A method according to claim 1 wherein performance 
selective cooling of the specific body portion ( e . g . , a limb , of the method is begun after a declaration of donor brain 
organ or group of organs ) to the desired target temperature 45 death has been made . ] 
and subsequent maintenance of that target temperature . [ 5 . A method according to claim 1 wherein the tempera 

In cases where it is desired to minimize or prevent cooling ture is between approximately 30° C . and approximately 36° 
of portions of the body other than the selected body portion C . ] 
( e . g . , a limb , organ or group of organs ) , a second heat [ 6 . A method according to claim 1 wherein the intravas 
exchange apparatus may be placed in one or more other 50 cular heat exchange device is an elongate flexible catheter 
blood vessels from which blood flows out of or away from having a heat exchange region formed on a portion of the 
the selected body portion ( e . g . , a limb , organ or group of catheter that becomes inserted into the donor ' s vasculature . ] 
organs ) and the second heat exchange apparatus may be used 7 . A method according to claim 6 wherein the heat 
to rewarm blood that flows out of or away from the selected exchange region of the catheter occupies less than the full 
body portion ( e . g . , a limb , organ or group of organs or blood 55 length of the catheter portion that becomes inserted in the 
flowing from the heart ) , thereby preventing the remainder of donor ' s vasculature . ] 
the body or at least the heart from becoming as hypothermic [ 8 . A method according to claim 1 wherein the heat 
as the tissue or organ desired for transplantation . In this exchange apparatus is placed in the donor ' s venous vascu 
manner it is possible to cool the organ or tissue for trans - lature . 
plantation well below the 25° C . temperature at which the 60 [ 9 . A method according to claim 8 wherein the heat 
heart begins to experience fibrillation or other adverse exchange apparatus is placed in the donor ' s vena cava . ] 
events , and yet keep the heart above that temperature to [ 10 . A method according to claim 9 wherein the heat 
maintain effective cardiac function . For example , a first , exchange apparatus is placed in the donor ' s inferior vena 
cooling catheter might be placed in the renal artery to cool cava . ] 
a kidney and a second warming catheter be placed in the 65 [ 11 . A method according to claim 9 wherein the heat so 
renal vein or the IVC to warm blood returning from the exchange apparatus is placed in the donor ' s superior vena 
kidneys to the heart . In fact , several additional catheters cava . ] 

nas 
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[ 12 . A method according to claim 1 wherein the donor ' s adjusting the step of exchanging heat with the blood in 
entire body is cooled to a temperature below normothermia . ] response to the sensed temperature . ] 

[ 13 . A method according to claim 1 wherein the core body [ 26 . A method according to claim 25 wherein the tem 
temperature is cooled to a desired temperature below nor - perature sensed is the temperature of the donor ' s blood at a 
mothermia and the remainder of the donor ' s body is either 5 location that is not within heat exchange proximity to the 
hypothermic , normothermic or hyperthermic . ] intravascular heat exchange apparatus . ] 

114 . A method according to claim 13 wherein at least one [ 27 . A method according to claim 25 wherein the tem 
raised area is formed on the heat exchange apparatus to perature sensed is the donor ' s body temperature as measured 

at the donor ' s tympanic membrane . ] increase its heat exchange surface area . ] 
[ 15 . A method according to claim 14 wherein said raised sed 10 [ 28 . A method according to claim 25 wherein the tem 

perature sensed is the donor ' s rectal temperature . ] area comprises a structure selected from the group consist [ 29 . A method according to claim 25 wherein the tem ing of a fin , a projection , a bulge , a hollow raised area and perature sensed is representative of the whole body tem 
a solid raised area . ] perature of the donor . ] 

110 . A method according to claim [ 16 . A method according to claim 1 wherein performance wherein performance 15 [ 30 . A method according to claim 25 comprising the of the method is continued until explantation of the poten additional steps of selecting a target temperature below 
tially transplantable organ or tissue . ] normothermia and maintaining the temperature of at least 

[ 17 . A method according to claim 1 wherein the organ or the potentially transplantable tissue or organ at the target 
tissue is selected from the group consisting of : temperature after said target temperature has been reached . ] 

heart ; [ 31 . A method according to claim 30 comprising the 
lung ; additional steps of adding heat when the sensed temperature 
liver ; is below the target temperature , and removing heat from the 
kidney ; blood when the sensed temperature is above the target 
nervous tissue ; temperature . ] 
tendon ; 25 [ 32 . A method as in claim 2 further comprising the steps 
bone ; of inserting a second heat exchange catheter in heat 
a limb ; exchange proximity to the blood flowing away from the 
a finger ; potentially transplantable organ or tissue to maintain at least 
a toe ; a portion of the patient ' s body other than the potentially 
skin ; 30 transplantable organ or tissue at a temperature different than 
cornea ; the potentially transplantable organ or tissue . ] 
bone marrow ; and , [ 33 . A method as in claim 32 wherein the potentially 
intestine . ] transplantable organ or tissue is maintained at a temperature 
[ 18 . A method according to claim 1 further comprising the below 30° C . and the heart is maintained at a temperature at 

steps of : 35 least as high as 30° C . ] 
monitoring the temperature of at least a portion of the [ 34 . A method according to claim 32 wherein the poten 

donor ' s body and adjusting the heat exchange between tially transplantable organ or tissue is selected from the 
the heat exchanger and the donor ' s blood to maintain group consisting of : 
the monitored temperature within a desired range . ] kidney ; 

[ 19 . A method according to claim 1 wherein the heat 40 
exchange device comprises a heat exchanger through which 
heat exchange fluid is circulated . ] nervous tissue ; 

[ 20 . A method according to claim 19 wherein said heat tendon ; 
exchanger comprises a heat exchange balloon . ] bone ; 

[ 21 . A method according to claim 20 wherein the balloon 45 a limb ; 
is a single - lobed balloon . ] a finger ; 

22 . A method according to claim 20 wherein the balloon a toe ; 
is a multi - lobed balloon . ] skin ; 

[ 23 . A method according to claim 1 wherein the heat cornea ; 
exchange apparatus comprises a heat exchanger that is 50 bone marrow ; and , 
metallic . ] intestine . ] 

24 . A method according to claim 1 wherein the heat [ 35 . A method according to claim 1 wherein Step A 
exchange apparatus comprises a balloon catheter , the bal - comprises inserting a heat exchange catheter having a heat 
loon catheter comprising a catheter shaft and a balloon exchange region into the vasculature of a donor and posi 
located on the catheter shaft , the balloon functioning as a 55 tioning the catheter such that it exchanges heat with blood 
heat exchanger , said balloon having an interior space and an flowing to the heart to maintain the temperature of the heart 
exterior surface , the exterior surface of the balloon being in above the temperature that which cardiac arrest or signifi 
heat exchange proximity to blood that flows past it , the shaft cant cardiac dysfunction occurs , and further including a 
having an inflow lumen and an outflow lumen wherein the second catheter positioned in the vasculature and exchang 
inflow lumen is in fluid communication with the interior 60 ing heat with the blood after it has exited the heart and is 
space of said balloon and the outflow lumen is in fluid flowing to the potentially transplantable organ or tissue to 
communication with the interior space of said balloon , and cool at least the potentially transplantable organ or tissue to 
wherein heat exchange fluid is circulated into the balloon a temperature below the temperature at which the heart is 
through the inflow lumen and out of the balloon through the maintained . ] 
outflow lumen . ] 65 36 . A method for deterring rejection of a transplanted 

[ 25 . A method according to claim 1 comprising the organ or tissue in a body of a mammalian transplant 
additional step of sensing the temperature of the donor , and recipient , said method comprising the steps of : 

lung ; 
liver ; 

mo 
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a . placing an intravascular heat exchange apparatus bone ; 
within a blood vessel of the recipient such that the a limb ; 
recipient ' s blood continues to circulate through that a finger ; 
blood vessel and heat is exchanged between the circu a toe ; 
lating blood and the intravascular heat exchange appa - 5 skin ; 
ratus ; and , cornea ; 

b . using the intravascular heat exchange apparatus to bone marrow ; and , 
cool the recipient ' s flowing blood , thereby lowering the intestine . recipient ' s core body temperature to a temperature that 50 . A method according to claim 36 further comprising is below normothermia . the steps of : 37 . A method according to claim 36 wherein Step a monitoring the temperature of at least a portion of the comprises inserting a heat exchange catheter having a heat 

exchange region into the vasculature of the recipient and recipient ' s body and adjusting the heat exchange 
positioning the catheter such that blood flowing to at least between the heat exchanger and the recipient ' s blood to 
the transplanted organ or tissue passes within heat exchange 15 maintain the monitored temperature within a desired 
proximity to the heat exchange region and wherein Step b range . 
comprises exchanging heat with the blood that passes in 51 . A method according to claim 36 wherein the heat 
heat exchange proximity to the heat exchange region for a exchange device comprises a heat exchanger through which 
period of time sufficient to cool at least the transplanted heat exchange fluid is circulated . 
organ or tissue to a temperature below normothermia . 20 52 . A method according to claim 36 wherein said heat 

38 . A method as in claim 37 further comprising the steps exchanger comprises a heat exchange balloon . 
of inserting a second heat exchange catheter in heat 53 . A method according to claim 36 wherein the heat 
exchange proximity to the blood flowing away from the exchange apparatus comprises a balloon catheter , the bal 
transplanted organ or tissue to maintain at least a portion loon catheter comprising a catheter shaft and a balloon 
of the recipient ' s body other than the translanted organ or 25 located on the catheter shaft , the balloon functioning as a 
tissue at a temperature different than the organ or tissue . heat exchanger , said balloon having an interior space and 

39 . A method according to claim 36 wherein the tempera an exterior surface , the exterior surface of the balloon being ture is between approximately 30° C . and approximately 360 in heat exchange proximity to blood that flows past it , the 
shaft having an inflow lumen and an outflow lumen wherein 40 . A method according to claim 36 wherein the intra - 30 the inflow lumen is in fluid communication with the interior vascular heat exchange apparatus is an elongate flexible space of said balloon and the outflow lumen is in fluid catheter having a heat exchange region formed on a portion communication with the interior space of said balloon , and of the catheter that becomes inserted into the recipient ' s wherein heat exchange fluid is circulated into the balloon vasculature . 

41 . A method according to claim 40 wherein the heat 35 thro est 35 through the inflow lumen and out of the balloon through the 
exchange region of the catheter occupies less than the full outflow lumen . 
length of the catheter portion that becomes inserted in the 54 . A method according to claim 36 comprising the 
recipient ' s vasculature . additional step of sensing the temperature of the recipient , 

42 . A method according to claim 36 wherein the heat and adjusting the step of exchanging heat with the blood in 
exchange apparatus is placed in the recipient ' s venous 40 response to the sensed temperature . 
vasculature . 55 . A method according to claim 54 wherein the tempera 

43 . A method according to claim 42 wherein the heat ture sensed is the temperature of the recipient ' s blood at a 
exchange apparatus is placed in the recipient ' s vena cava . location that is not within heat exchange proximity to the 

44 . A method according to claim 43 wherein the heat intravascular heat exchange apparatus . 
exchange apparatus is placed in the recipient ' s inferior vena 45 56 . A method according to claim 54 wherein the tempera 
Ca?? . ture sensed is the recipient ' s body temperature as measured 

45 . A method according to claim 44 wherein the heat at the recipient ' s tympanic membrane . 
exchange apparatus is placed in the recipient ' s superior 57 . A method according to claim 54 wherein the tempera 
vena cava . ture sensed is the recipient ' s rectal temperature . 

46 . A method according to claim 36 wherein the recipi - 50 58 . A method according to claim 54 wherein the tempera 
ent ' s entire body is cooled to a temperature below normo - ture sensed is representative of the whole body temperature 
thermia . of the recipient . 

47 . A method according to claim 36 wherein the core body 59 . A method according to claim 54 comprising the 
temperature is cooled to a desired temperature below nor - additional steps of selecting a target temperature below 
mothermia and the remainder of the recipient ' s body is 55 normothermia and maintaining the temperature of at least 
either hypothermic , normothermic or hyperthermic . the tissue or organ at the target temperature after said target 

48 . A method according to claim 36 wherein at least one temperature has been reached . 
raised area is formed on the heat exchange apparatus to 60 . A method according to claim 59 comprising the 
increase its heat exchange surface area . additional steps of adding heat when the sensed temperature 
49 . A method according to claim 36 wherein the organ or 60 is below the target temperature , and removing heat from the 

tissue is selected from the group consisting of : blood when the sensed temperature is above the target 
heart ; temperature . 
lung ; 61 . A method according to claim 36 wherein Step a 
liver ; comprises inserting a heat exchange catheter having a heat 

65 exchange region into the vasculature of a recipient and 
nervous tissue ; positioning the catheter such that it exchanges heat with 
tendon ; blood flowing to the organ or tissue to maintain the tem 

kidney ; 
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perature of the organ or tissue at about the temperature at 
which significant anti - platelet activity is effected . 

* * * * * 


