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(57) ABSTRACT 

The present invention provides a method and apparatus for 
controlling the internal body temperature of a patient. 
According to the present invention, a catheter is inserted 
through an incision into a large blood vessel of a patient. By 
selectively heating or cooling a portion of the catheter lying 
Within the blood vessel, heat may be transferred to or from 
blood ?owing Within the vessel and the patient’s body 
temperature may thereby be increased or decreased as 
desired. The invention Will ?nd use in treating undesirable 
conditions of hypothermia and hyperthermia, or for inducing 
a condition of arti?cial hypothermia When desired. The 
method and system further provide for the cooling of 
initially hypothermic patients Whose blood or body tempera 
ture has been Warmed above the desired target level and the 
Warming of initially hyperthermic patients Whose blood or 
body temperature has been cooled beloW the desired target 
temperature. 
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METHOD AND APPARATUS FOR CONTROLLING 
A PATIENT’S BODY TEMPERATURE BY IN SITU 

BLOOD TEMPERATURE MODIFICATION 

[0001] The following application is a continuation-in-part 
of US. Pat. No. 5,486,208, dated Jan. 23, 1996 Which Was 
a continuation of application Ser. No. 08/015,774 ?led Feb. 
10, 1993, noW abandoned, the full disclosures of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to the selec 
tive modi?cation and control of a patient’s body tempera 
ture. More particularly, the present invention provides meth 
ods and apparatus for treating hypothermia or hyperthermia 
by inserting a catheter into a blood vessel of the patient and 
selectively transferring heat to or from blood flowing 
through the vessel. 

[0004] 2. Description of the Background Art 

[0005] Under ordinary circumstances the thermoregula 
tory system of the human body maintains a near constant 
temperature of about 37° C. (98.6° Heat lost to the 
environment is precisely balanced by heat produced Within 
the body. 

[0006] Hypothermia is a condition of abnormally loW 
body temperature. Hypothermia can be clinically de?ned as 
a core body temperature of 35° C. or less. Hypothermia is 
sometimes characteriZed further according to its severity. A 
body core temperature in the range from 32° C. to 35° C. is 
described as “mild” hypothermia, 30° C. to 32° C. is called 
“moderate,” 24° C. to 30° C. is described as “severe,” and 
a body temperature less than 24° C. constitutes “profound” 
hypothermia. Although the above ranges provide a useful 
basis for discussion, they are not absolutes and de?nitions 
vary Widely in the medical literature. 

[0007] Accidental hypothermia results When heat loss to 
the environment exceeds the body’s ability to produce heat 
internally. In many cases, thermoregulation and heat pro 
duction are normal but the patient becomes hypothermic due 
to overWhelming environmental cold stress. This is a rela 
tively common condition, often resulting from exposure to 
the elements. Hypothermia may also occur in patients 
exposed to mild cold stress Whose thermoregulatory ability 
has been lessened due to injury or illness. For example, this 
type of hypothermia sometimes occurs in patients suffering 
from trauma or as a complication in patients undergoing 
surgery. 

[0008] Hypothermia of either type is a dangerous condi 
tion Which can have serious medical consequences. In 
particular, hypothermia interferes With the ability of the 
heart to pump blood. Hypothermia may be fatal for this 
reason alone. Additionally, loW body temperature seriously 
interferes With the enZymatic reactions necessary for blood 
clotting. This sometimes results in bleeding that is very 
difficult to control, even When normal clotting factor levels 
are present. These effects and other adverse consequences of 
hypothermia lead to drastically increased mortality rates 
both among victims of trauma and in patients undergoing 
surgery. 
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[0009] Simple methods for treating hypothermia have 
been knoWn since very early times. Such methods include 
Wrapping the patient in blankets, administering Warm ?uids 
by mouth, and immersing the patient in a Warm Water bath. 
While these methods are very effective for mild hypother 
mia, more intrusive methods have been developed for treat 
ing severe and profound cases of hypothermia. In particular, 
methods have been devised to effect direct heating of a 
patient’s blood. Most commonly, blood is WithdraWn from 
patient’s circulation, passed through external Warming 
equipment, and reinfused back into the patient. Alterna 
tively, the use of heated catheters has been proposed, Where 
a catheter having a heating element near its distal end is 
inserted into the patient’s vasculature and heat directly 
transferred into the patient’s circulating blood. 

[0010] While the direct heating of patient blood can be 
highly effective, even in treating severe and profound cases 
of hypothermia, it has been observed by the inventor herein 
that the excess transfer of heat can cause the patient’s 
temperature to rise above normal body temperature, result 
ing in hyperthermia. Hyperthermia can occur, for example, 
When a hypothermic patient’s metabolism begins to produce 
substantial amounts of heat at the same time heat is being 
transferred directly to the blood. 

[0011] It Would therefore be desirable to provide methods 
for treating hypothermia Which further provide for treatment 
of accidental or incidental hyperthermia. In particular, it 
Would be desirable to develop systems and methods for 
transferring heat to the blood Where heat can be optionally 
removed if the patient blood or body temperature exceeds a 
target level. Such methods and devices Will preferably 
employ a catheter for direct heat transfer into circulating 
blood, but could also be useful With methods Where blood is 
heated externally from the patient’s body. Such systems and 
methods should further be useful for the treatment of 
patients Who are initially hyperthermic, Where the methods 
and systems provide for initial cooling of the blood and 
optional heating of the blood should the patient blood or 
body temperature fall beloW a target temperature. 

SUMMARY OF THE INVENTION 

[0012] The present invention provides apparatus and 
methods for restoring normal body temperature in patients 
initially suffering from hypothermia or hyperthermia. The 
apparatus includes a catheter and a control unit Which 
together permit selective heating and cooling of the patient’s 
circulating blood. For hypothermic patients, the method Will 
provide for initially heating the blood until a target blood or 
body temperature has been restored. Heating Will be stopped 
after reaching the target temperature. Even after the heating 
has been stopped, hoWever, the patient’s blood and/or body 
temperature Will continue to be monitored to assure that the 
blood or body temperature does not overshoot the target. As 
discussed above, an initially hypothermic patient can 
become hyperthermic if the total amount of heat experienced 
from both patient metabolism and external heating exceeds 
that necessary to restore normal body temperature. In the 
case of patients entering hyperthermia, the method of the 
present invention provides for cooling the patient’s blood, 
usually using the same intravascular catheter or other appa 
ratus Which has been used for heating. 

[0013] In the case of initially hyperthermic patients, the 
method of the present invention relies on cooling the 
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patient’s blood in order to reduce the blood and body 
temperature. Cooling Will stop after a target temperature has 
been reached. The patient’s blood and/or body temperature 
Will continue to be monitored, hoWever, and should the 
patient enter hypothermia, normal body temperature can 
then be restored by introducing an appropriate amount of 
heat to the circulating blood. 

[0014] According to a ?rst aspect of the present invention, 
a system for restoring normal body temperature to a patient 
comprises an intravascular catheter having at least one heat 
transfer surface, a temperature sensor, and a control unit 
connectable to the temperature sensor and the catheter. The 
control unit selectively transfers heat to or from the at least 
one heat transfer surface in order to achieve a desired target 
blood or body temperature. The intravascular catheter may 
comprise a single heat transfer surface for both heat gener 
ating and heat absorption, but Will usually comprise both a 
heat-generating surface and a separate heat-absorbing sur 
face. The heat-generating surface Will typically comprise a 
resistance heater, such as a Wire coil, and the heat-absorbing 
surface Will typically comprise a metal foil Wrapped around 
the catheter, typically having an exposed area of at least 
about 2 cm2. In such cases, the control unit may comprise an 
electrical current source connectable to the resistance heater 
and a thermal electric cooler connectable to the metal foil. 
In an alternative construction, the catheter may include at 
least one How lumen Which permits How of a heat exchange 
medium Within the catheter past the heat transfer surface. 
The control unit Will then include a heater, a cooler, and a 
controller for selectively activating the heater or cooler to 
transfer heat to the heat exchange medium in order to restore 
normal body temperature to the patient. The heater may be 
an electrical resistance heater and the cooler may be a 
thermoelectric cooler. 

[0015] The temperature sensor Will typically be on the 
catheter and measure the blood temperature. Alternatively or 
additionally, temperature sensor(s) may be separately attach 
able to the patient to measure body temperature. 

[0016] In a second aspect of the present invention, a 
catheter for restoring normal body temperature to a patient 
by selectively transferring heat to or from a patient’s blood 
flow comprises a catheter body having a proximal end and 
a distal end. The distal end is insertable into a blood vessel, 
and the heat-generating heat exchange surface and a heat 
absorbing heat exchange surface are both disposed near the 
distal end of the catheter body. Typically, the catheter body 
Will have a length in the range from about 15 cm to 50 cm 
and a diameter in the range from 1 mm to 5 mm. The 
heat-generating heat transfer surface Will usually comprise 
an electrical resistance heater, and the catheter Will further 
comprise a connector Which connects the resistance heater to 
an external current source. The heat-absorbing heat transfer 
surface Will typically comprise a metal foil Wrapped around 
the catheter body, and a heat-conductive element Will extend 
through the catheter body to near the proximal end to permit 
the heat-absorbing foil to be connected to a cooler in a 
separate control unit. The metal foil heat-absorbing surface 
Will typically have an area of at least 2 cm2, usually being 
from 4 cm2 to 80 cm2. The heat-conductive element could be 
either a continuation of the metal foil surface (preferably 
being insulated in portions Which Will not lie Within the 
blood circulation), or alternatively could be a metal core 
composed of a heat-conductive material. 
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[0017] According to the method of the present invention, 
normal body temperatures are restored to a patient by 
selectively introducing heat to the patient’s blood flow for 
hypothermic patients or removing heat from the blood flow 
for hyperthermic patients. Usually, the heat Will be intro 
duced or removed via an intravascular catheter Which is 
connected to an external control unit. Alternatively, the 
method of the present invention Will also comprise the direct 
extracorporeal heating and cooling of the blood. A tempera 
ture characteristic of the patient is monitored, typically 
being blood temperature and/or body temperature. If the 
temperature characteristic indicates that initially hypother 
mic patients have or are about to become hyperthermic, then 
heat Will be removed from the circulating blood to restore 
normal body temperature. Similarly, if the monitored tem 
perature characteristic indicates that initially hypothermic 
patients are about to become hyperthermic, then heat Will be 
removed from the blood of those patients until normal body 
temperature has been restored. 

[0018] The preferred intravascular catheters Will be 
inserted into a blood vessel, usually being the femoral artery 
or vein, or the jugular artery or vein. The heat-introducing 
step comprises introducing heat at a rate betWeen 10 W and 
500 W, usually betWeen 50 W and 250 W, While the heat 
removing step comprises removing heat at a rate from 1 W 
to 100 W. Preferably, the catheter and system described 
above Will be employed. 

[0019] For initially hypothermic patients, the temperature 
characteristic Will usually be blood temperature, and the 
target blood temperature, i.e., temperature at Which heating 
is stopped, Will be 36.9° C. Should the blood temperature 
exceed 39° C., then cooling Will commence. For initially 
hyperthermic patients, the preferred temperature character 
istic Will be blood temperature, and the target temperature at 
Which cooling Will be stopped Will be about 36.9° C. Should 
the blood continue to cool, typically to a temperature of 36° 
C. or beloW, then blood heating Will commence. Is should be 
appreciated, hoWever, that these temperature targets are 
nominal objectives, and the methods of the present invention 
can be practiced With target temperatures Which differ some 
What from those just set forth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 depicts a catheter according to the present 
invention inserted percutaneously into a blood vessel of a 
patient; 
[0021] FIG. 2 depicts a catheter suitable for increasing the 
temperature of a patient’s blood by electrical resistance 
heating; 
[0022] FIG. 3 depicts the distal end of a catheter having 
a resistance heating element and a temperature sensor; 

[0023] FIG. 4 depicts the distal end of a catheter having 
an optical Wave guide and an optical diffusing tip for 
converting laser energy into heat; 

[0024] FIG. 5 depicts a catheter in Which heat is trans 
ferred doWn a thermally conductive shaft betWeen the distal 
end of the catheter and heating or cooling apparatus at the 
proximal end of the shaft; 

[0025] FIG. 6 depicts a catheter in Which a heated or 
cooled ?uid ?oWs through a balloon, Which provides for an 
increased surface area at the distal end; 
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[0026] FIG. 7 depicts a catheter having a resistance heat 
ing element at its distal end and a balloon having longitu 
dinal ribs to further increase the heat transfer surface area; 

[0027] FIG. 8A depicts a catheter having longitudinal ?ns 
at the distal end of the catheter body; 

[0028] FIG. 8B depicts a catheter having radial ribs at the 
distal end of the catheter body; and 

[0029] FIG. 8C depicts a catheter having a spiral ?n to 
increase the heat transfer area at the distal end of the 
catheter. 

[0030] FIG. 9 illustrates a catheter having a resistance 
heater Which heats a ?uid ?lling a balloon. Current ?oWs 
through the ?uid from a pair of conduction Wires embedded 
in the catheter body. 

[0031] FIG. 10 illustrates the control schemes for raising 
body temperature in a patient suffering from hypothermia 
and loWering body temperature in a patient suffering from 
hyperthermia, respectively. 

[0032] FIG. 11 illustrates a preferred catheter for the 
selective heating and cooling of patient blood ?oW employ 
ing a Wire coil resistance heater and a metal foil cooling 
element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] The present invention provides methods and appa 
ratus for selectively modifying and controlling a patient’s 
body temperature by Warming or cooling the patient’s blood, 
usually using an intravascular catheter in situ. According to 
the preferred method of the present invention, the catheter is 
inserted through a puncture or incision into a blood vessel in 
the patient’s body. By Warming or cooling a portion of the 
catheter, heat may be transferred to or from blood ?oWing 
Within the vessel and the patient’s body temperature may 
thereby be increased or decreased as desired. During the 
procedure, the patient’s blood and/or body core temperature 
may be independently monitored and treatment may con 
tinue until the patient’s blood and/or body core temperature 
approaches the desired level, usually the normal body tem 
perature of about 37° C. Such methods Will ?nd use in 
treating undesirable conditions of hypothermia and hyper 
thermia and may also be used to induce an arti?cial condi 
tion of hypothermia When desired, e.g., to temporarily 
reduce a patient’s need for oxygen. In such a case, the 
patient’s temperature may be reduced several degrees Cel 
sius beloW the normal body temperature. 

[0034] In treating conditions of hypothermia and hyper 
thermia there is the possibility that the patient’s core body 
temperature Will “overshoot” the target normal body tem 
perature. The body’s metabolic response to the eXternal 
heating or cooling being applied, as described above, can 
result in overcompensation of the initial condition. In par 
ticular, When heating the patient’s body to treat hypothermia, 
the body’s oWn heat generation arising from internal meta 
bolic processes may raise the body temperature in an unpre 
dictable manner, resulting in a body temperature that can rise 
Well above normal body temperature. In such cases, the 
present invention provides for a reversal of the transfer of 
heat from or to the patient’s blood. In the case of an 
uncontrolled temperature rise, the system of the present 
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invention Will be sWitched so that heat Will be WithdraWn 
from the circulating blood. Conversely, in the case of 
overcooling of the patient’s body, the system Will be 
sWitched so that heat Will be introduced to the patient. 

[0035] FIG. 1 depicts a distal end 15 of a catheter 10 
according to the present invention. The catheter has been 
inserted through the patient’s skin into a blood vessel BV. 
Blood ?oW through the vessel is indicated by a set of How 
arroWs F. Preferably, the catheter Will be inserted into a 
relatively large blood vessel, e.g., the femoral artery or vein 
or the jugular vein. Use of these vessels is advantageous in 
that they are readily accessible, provide safe and convenient 
insertion sites, and have relatively large volumes of blood 
?oWing through them. In general, large blood ?oW rates 
facilitate quicker heat transfer into or out of the patient. 

[0036] For eXample, the jugular vein may have a diameter 
of about 22 French, or a bit more than 7 millimeters (1 
French=0.013 inches=0.33 A catheter suitable for 
insertion into a vessel of this siZe can be made quite large 
relative to catheters intended for insertion into other regions 
of the vascular system. Atherectomy or balloon angioplasty 
catheters are sometimes used to clear blockages from the 
coronary artery and similar vessels. These catheters com 
monly have eXternal diameters in the range betWeen 2 and 
8 French. 

[0037] In contrast, it is anticipated that a catheter accord 
ing to the present invention Will typically have an eXternal 
diameter of about 10 French or more, although this dimen 
sion may obviously be varied a great deal Without departing 
from the basic principles of the claimed invention. It is 
desirable that the catheter be small enough so that the 
puncture site can be entered using the percutaneous 
Seldinger technique, a technique Well knoWn to medical 
practitioners. To avoid vessel trauma, the catheter Will 
usually be less than 12 French in diameter upon insertion. 
Once in the vessel hoWever, the distal or Working end of the 
catheter can be eXpanded to any siZe so long as blood How 
is not unduly impeded. 

[0038] Additionally, the femoral artery and vein and the 
jugular vein are all relatively long and straight blood vessels. 
This Will alloW for the convenient insertion of a catheter 
having a temperature controlled region of considerable 
length. This is of course advantageous in that more heat may 
be transferred at a given temperature for a catheter of a given 
diameter if the length of the heat transfer region is increased. 

[0039] Techniques for inserting catheters into the above 
mentioned blood vessels are Well knoWn among medical 
personnel. Although the method of the present invention Will 
probably be most commonly employed in a hospital, the 
procedure need not be performed in an operating room. The 
apparatus and procedure are so simple that the catheter may 
be inserted and treatment may begin in some cases even in 
an ambulance or in the ?eld. 

[0040] The distal end 15 of the catheter may be heated or 
cooled as desired and held at a temperature either someWhat 
above or someWhat beloW the patient’s body temperature. 
Blood ?oWing through the vessel Will thereby be Warmed or 
cooled. That blood Will be circulated rapidly throughout the 
patient’s circulatory system. The bene?cial effect of Warm 
ing or cooling the patient’s blood in the vicinity of the 
catheter Will thereby be spread very quickly throughout the 
entire body of the patient. 
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[0041] FIGS. 2 and 3 depict a catheter suitable for treat 
ing hypothermia by increasing the temperature of a patient’s 
blood. As depicted in FIG. 2, the catheter has a preferably 
?exible catheter body 20. Disposed Within the catheter body 
are a pair of electrical conduction leads 22 and 23 and a 
temperature measurement lead 25. 

[0042] Electrical conduction leads 22 and 23 are con 
nected to a resistance heating element 28, as depicted in 
FIG. 3. Electrical current provided by a poWer source (not 
shoWn) is converted to heat Within the heating coil. That heat 
Warms distal end 15 of the catheter and is thereby transferred 
to blood ?oWing through the vessel. 

[0043] Temperature measurement lead 25 is connected to 
a temperature sensor 30. The temperature sensor facilitates 
the control of current ?oW through the heating coil. It is 
important to closely monitor the temperature of the distal 
end of the catheter and thus the ?oW of heat into the patient’s 
blood. Care must be taken not to overheat the blood While 
still providing an adequate rate of heat transfer into the 
patient. The provision of a sensitive temperature sensor at 
the distal end of the catheter Will help to achieve this goal. 

[0044] FIG. 4 depicts an alternate embodiment of a cath 
eter having means for transferring energy from an external 
poWer source to distal end 15 of catheter body 20. In this 
embodiment, laser energy from a laser light source (not 
shoWn) is transmitted along optical Wave guide 35. The 
Wave guide directs the laser energy into optical diffusing tip 
37, Which converts the laser energy to heat. From diffusing 
tip 37, the heat radiates outWard into distal end 15 of the 
catheter and from there into the patient’s blood stream. 

[0045] FIG. 5 depicts another catheter suitable for prac 
ticing the present invention. This embodiment has a ther 
mally conductive shaft 40 running the length of catheter 
body 20. Shaft 40 is made of a metal or other material having 
a high thermal conductivity. By heating or cooling the 
proximal end 42 of shaft 40 With an external heating or 
cooling apparatus 45, heat Will be caused to ?oW either into 
or out of the distal end 47 of the shaft. In the embodiment 
depicted, the distal end of the shaft is ?tted With heat transfer 
vanes 50, Which add to the surface area of the shaft and 
thereby promote more effective heat transfer betWeen the 
catheter and the patient’s blood stream. 

[0046] FIG. 6 depicts still another means for transferring 
heat to or from the distal end of a catheter. In this embodi 
ment, catheter body 20 has tWo lumens running through it. 
Fluid ?oWs from the proximal end of the catheter through 
in-?oW lumen 60, through a heat transfer region 62, and 
back out through out-?oW lumen 64. By supplying either 
Warmed or cooled ?uid through in?oW lumen 60, heat may 
be transferred either to or from the patient’s blood stream. 

[0047] In the embodiment depicted, heat transfer region 
62 is in the form of a balloon 70. Use of a balloon Will be 
advantageous in some embodiments to provide an increased 
surface area through Which heat transfer may take place. 
Balloon in?ation is maintained by a pressure difference in 
the ?uid as it ?oWs through in-?oW lumen 60 and out-?oW 
lumen 64. The balloon should be in?ated to a diameter 
someWhat less than that of the inside diameter of the blood 
vessel so as not to unduly impede the ?oW of blood through 
the vessel. 

[0048] FIG. 7 depicts a catheter having an internal resis 
tance heating element 28 and a balloon 70, Which is shoWn 
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in?ated. In this embodiment, the increased surface area 
provided by the in?ated balloon is further augmented by the 
presence of a set of longitudinal ?ns 75 on the surface of the 
balloon. Alternatively, longitudinal ?ns 75, radial ribs 77, or 
one or more spiral ?ns 79 may be disposed directly on the 
body 20 of a catheter as shoWn in FIGS. 8A, 8B and 8C. 
Ordinarily, longitudinal ribs Will be most advantageous 
because they restrict blood ?oW through the vessel less than 
other con?gurations. In fact, these ribs insure that the 
balloon Will not block the ?oW of blood through the vessel 
because a ?oW path Will alWays be maintained (betWeen the 
ribs) regardless of hoW much the balloon is in?ated. 

[0049] Inclusion of a balloon on a catheter employing 
resistance heating alloWs for designs in Which current is 
conducted through the ?uid Which ?lls the balloon. The 
catheter depicted in FIG. 9 has a catheter body 20 about 
Which is disposed an in?atable balloon 70. The balloon is 
in?ated by injecting a suitable ?uid into the balloon through 
central balloon in?ation lumen 80. In this embodiment, 
current ?oWs from an external source of electrical poWer 
(not shoWn) through conduction Wires 82 and 84 to elec 
trodes 86 and 88. 

[0050] A suitable ?uid Will alloW current to ?oW betWeen 
electrodes 86 and 88. Common saline solution, for example, 
contains dissolved ions Which can serve as charge conduc 
tors. Electrical resistance Within the ?uid Will cause the ?uid 
to be heated, thus providing the desired Warming of the 
catheter. The amount of Warming Will be dependant upon the 
voltage betWeen the electrodes, the distance betWeen them, 
and the resistivity of the ?uid. The relation betWeen these 
quantities is fairly simple; one skilled in the art Will have no 
dif?culty selecting appropriate values. 

[0051] Resistance heating catheters like those depicted in 
FIGS. 3, 7 and 9 may use DC or loW frequency AC poWer 
supplies. HoWever, it may be desirable to use a higher 
frequency poWer supply. For example, it is knoWn that the 
risk of adverse physiological response or electrocution 
response may be lessened at frequencies Within the range of 
about 100 kilohertZ to 1 megahertZ. PoWer supplies that 
operate at these frequencies are commonly referred to as 
radio-frequency, or RF, poWer supplies. 

[0052] A catheter according to the present invention 
should be designed to optimiZe the rate of heat transfer 
betWeen the catheter and blood ?oWing through the vessel. 
While a large surface area is desirable in order to maximiZe 
heat transfer, care must be taken so that the catheter does not 
unduly restrict blood ?oW through the vessel. Furthermore, 
the temperature of the catheter should be carefully con 
trolled to prevent undesirable chemical changes Within the 
blood. This is especially important When applying heat to the 
blood as blood is readily denatured by even moderately high 
temperatures. The exterior temperature of a catheter for 
Warming blood should generally not exceed about 42° 
C.-43° C. 

[0053] It is estimated that a catheter Whose surface tem 
perature is controlled betWeen 37° C. and 42° C. Will 
provide a body core Warming rate of approximately one to 
tWo degrees Celsius per hour in a patient starting out With 
severe hypothermia. This estimate is highly dependant on a 
number of factors including the rate of blood ?oW through 
the vessel, the initial body temperature of the patient, the 
external surface area of the catheter through Which heat is 
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conducted, etc. The actual rate achieved may vary substan 
tially from the above estimate. 

[0054] The above estimate provides a starting point for a 
rough estimate as to the level of poWer transferred from the 
catheter to the patient’s body and therefore of the siZe of the 
poWer supply required by the system. Regardless of the 
exact means of poWer transmission chosen, resistance heat 
ing coil, laser and diffusing tip, direct conduction or ?uid 
circulation, an appropriate poWer supply Will be required to 
provide heat to the system. 

[0055] The sum of heat entering and leaving a patient’s 
body can be Written as: 

Where AH is the sum of all heat transferred, Hc is the heat 
transferred from the catheter to the patient, Hi the heat 
produced by the patient internally, and He the heat lost from 
the patient to the environment. If one assumes, as Will 
ordinarily be the case in a healthy patient, that the body’s 
internal thermoregulatory system Will produce just enough 
heat to offset heat lost to the environment, then the equation 
is made simple: 

[0056] The above equation can be Written in terms of the 
change in the patient’s internal body temperature over time 
as folloWs: 

Where m is the body mass of the patient, c is the speci?c heat 
of the patient’s body, (AT/At) is the time rate of change of 
the patient’s internal body temperature, (AHc/At) is the time 
rate of heat delivery from the catheter to the patient. 

[0057] If one assumes a patient having a body mass of 75 
kilograms and a speci?c heat of 4186 joules/° C.-kg 
(assumes the speci?c heat of the human body to be the same 
as that of Water, the actual value Will be someWhat different), 
then a Warming rate of 1° C. per hour (3600 seconds) Will 
require the catheter to transfer heat to the patient at a rate of 
about 87 Watts (1 Watt=1 joule/sec). 

[0058] HoWever, as an estimate of the desirable siZe of a 
poWer supply to be used With a catheter of the present 
invention, this estimate is almost certainly too loW. This is 
true for a number of reasons. First, it Was assumed for the 
sake of convenience that the patient’s internal system Would 
produce an amount of heat equal to that lost to the environ 
ment. In a hypothermic patient this Will obviously not be the 
case. Almost by de?nition, hypothermia occurs When a 
person’s ability to produce heat internally is overWhelmed 
by heat lost to the environment. The catheter Will have to 
make up the difference so the poWer level required Will need 
to be greater for that reason alone. 

[0059] Additionally, the above estimate does not alloW for 
poWer losses betWeen the poWer supply and Whatever Warm 
ing means is utiliZed. Such losses could include resistance 
losses in electrical transmission lines betWeen the poWer 
supply and a resistance heating element, inherent inef?cien 
cies and other losses in a system having a laser and a 
diffusing tip, heat losses along a thermally conductive shaft 
or ?uid circulation lumen, and the like. Any such losses 
Which do occur Will need to be compensated for by addi 
tional poWer supply capacity. 

Feb. 9, 2006 

[0060] Furthermore, it Would be undesirable to limit the 
performance of a catheter according to the present invention 
by limiting the siZe of the poWer supply used. It Would be 
preferable instead to use a poWer supply capable of provid 
ing poWer considerably in excess of that actually needed and 
then controlling the delivery of that poWer according to the 
measured temperature of the catheter itself. As mentioned 
previously, this can be readily accomplished by including a 
sensitive temperature sensor Within the body of the catheter. 
Nevertheless, the above calculation can be used as a useful 
estimate of the likely loWer bound for siZing a poWer supply 
for use in a catheter according to the present invention. 

[0061] An alternative estimate can be made by comparing 
the likely performance of the various embodiments 
described herein With the poWer requirements for the exter 
nal blood Warming apparatus presently knoWn. Such exter 
nal Warming apparatus generally requires a supply of poWer 
on the order of 1000-1500 Watts and sometimes more. A 
device according to the present invention Will most likely 
require considerably less poWer than that. First, the present 
invention requires no external pump to circulate the blood; 
this function is provided by the patient’s oWn heart. Accord 
ingly, no poWer is needed to drive such a pump. Secondly, 
the present invention is considerably less complicated than 
external blood Warming systems. KnoWn systems circulate 
the blood over a relatively lengthy path from the patient, 
through the Warming element, and back into the patient. It is 
expected that more heat is lost over this lengthy path than 
Will be lost in any device according to the present invention. 

[0062] Thus, the poWer required by external blood circu 
lation and Warming systems of the type previously knoWn 
can be used as a rough estimate of the likely upper limit for 
poWer required by a system according to the present inven 
tion. It is most likely that such a system Will best be 
equipped With a poWer supply having a capacity someWhere 
betWeen the tWo rough estimates described above. It is 
therefore contemplated that a suitable poWer supply Will be 
capable of providing peak poWer someWhere in the range 
betWeen 100 and 1500 Watts, probably being in the range 
betWeen 300 and 1000 Watts. The ranges speci?ed are an 
estimate of suitable peak poWer capability. The poWer 
supply Will most commonly be thermostatically controlled 
in response to a temperature sensor in the body of the 
catheter. The actual effective poWer transmitted to the 
patient Will therefore typically be much less than the peak 
poWer capacity of the system poWer supply. 

[0063] With respect to a catheter for cooling, the tempera 
ture and poWer constraints are not as limiting as is the case 
in a catheter for Warming blood. Care should merely be 
taken to avoid freeZing the blood or inducing shock to the 
patient from too rapid cooling. Blood is essentially Water 
containing a number of suspended and dissolved substances. 
As such, its freeZing point is someWhat beloW 0° C. HoW 
ever, a catheter adapted to cool blood in a hyperthermic 
patient or to induce an arti?cial hypothermia Will usually not 
be operated at temperatures that loW. It is presently contem 
plated that the external surface of such a catheter may be 
held in the range betWeen about 20° C. and 24° C., although 
the actual temperature could vary betWeen about 0° C. and 
the patient’s current body temperature (someWhat in excess 
of 37° C.). 

[0064] Various embodiments of apparatus suitable for 
practicing the methods of the present invention have been 
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described. Other embodiments and modi?cations Will occur 
to those skilled in the art. For example, various means for 
heat transfer, e.g., resistance, including radio frequency, 
heating; laser energy; pumped ?uids; etc., may be combined 
With various means for increasing the effective heat transfer 
surface area, e.g., balloons, ?ns, ribs, etc., to optimiZe the 
function of a device according to the present invention. Also, 
a temperature sensor Will typically be used although for ease 
of illustration such a sensor is not depicted in all of the 
embodiments described. Furthermore, although most of the 
?gures depict embodiments in Which only a limited portion 
of the catheter is temperature controlled, no reason exists to 
prevent Warming or cooling substantially the Whole length 
of the catheter. 

[0065] Broadly stated, the present invention provides a 
method for modifying a patient’s body temperature by 
controlling the temperature of a catheter inserted into a 
blood vessel of the patient. Although several illustrative 
examples of means for practicing the invention are described 
above, these examples are by no means exhaustive of all 
possible means for practicing the invention. The scope of the 
invention should therefore be determined With reference to 
the appended claims, along With the full range of equivalents 
to Which those claims are entitled. 

[0066] The present invention thus provides methods for 
both raising the body temperature of initially hypothermic 
patients and loWering the body temperature of patients Who 
are initially hyperthermic or for Whom the body temperature 
is to be loWered beloW normal for some other purpose. In all 
cases, it is possible that the target body temperature Will be 
inadvertently exceeded due to an uncontrollable physiologic 
response of the patient, e.g., initially hypothermic patients 
may become hyperthermic and initially hyperthermic 
patients may become hypothermic. In such cases, the present 
invention speci?cally provides for reversing the heat transfer 
process so that patients passing into hyperthermia can be 
immediately cooled and patients passing into hypothermia 
can be immediately Warmed. The control schemes for both 
Warming initially hypothermic and cooling initially hyper 
thermic patients are set forth in FIG. 10. The initial, target, 
and overshoot temperatures for both initially hyperthermic 
and initially hypothermic patients are set forth in Table 1 
beloW. 

TABLE 1 

CONDITION Hypothermia Hyperthermia 

INITIAL BODY Below 35° C. Above 38° C. 
TEMPERATURE 
TARGET BODY 36° C. 37° C. 
TEMPERATURE 
TARGET BLOOD 36.9° C. 36.9° C. 
TEMPERATURE 
OVERSHOOT 39° C. 36° C. 
TEMPERATURE 

[0067] A preferred system for the selective Warming and 
cooling of patients is illustrated in FIG. 11. The system 
comprises a catheter 100 having a proximal end 102, a distal 
end 104, a heat-generating surface 106 near the distal end, 
and a heat-absorbing surface near the distal end 108. The 
heat-generating surface 106 can be any of the heat transfer 
components described above, but Will preferably be a Wire 
coil resistance heater having from 50 to 1000 Windings, 
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typically spaced-apart from 0.1 mm to 1 mm. The total 
length of the catheter Will typically be from 15 cm to 50 cm, 
and the diameter Will be from 1 mm to 5 mm. Usually, the 
Windings Will extend over a total distance in the range from 
10 cm to 20 cm near the distal end. 

[0068] The exemplary heat-absorbing surface Will be a 
thermally conductive metal foil, typically composed of a 
biologically compatible thermally conductive metal, such as 
gold, silver, aluminum, or the like. Copper Will also be 
useful, but Will have to be treated or encapsulated in order 
to enhance biocompatibility. The foil Will typically be thin in 
order to enhance ?exibility of the catheter body, typically 
having a thickness in the range from 0.001 mm to 0.01 mm. 

[0069] The heat-absorbing surface 108 Will be conduc 
tively coupled to a cooler located externally of the catheter, 
typically in a control unit 120 as described beloW. In the 
illustrated embodiment, the surface 108 is coupled by a 
thermally conductive core member 110 composed of a 
?exible rod or Wire formed from one of the thermally 
conductive metals described above. Alternatively, thermal 
coupling can be achieved by extending the surface 108 
proximally so that the proximal end of the surface can be 
coupled to the cooler. In the latter case, it Will be preferable 
that the proximal portions of the surface 108 be thermally 
insulated to prevent cooling outside of the blood circulation. 

[0070] The system Will further comprise a control unit 120 
Which typically provides both the heat-generator and the 
cooler for coupling to the catheter 100. The heat-generator 
Will usually comprise a direct current source for coupling to 
the resistance heater on the catheter. Usually, the direct 
current source Will be a commercially available, tempera 
ture-controlled DC poWer supply, typically operating at a 
voltage in the range from 10 VDC to 60 VDC and a current 
output in the range from 1 A to 2.5 A. Usually, the poWer 
supply Will be controlled to maintain the surface temperature 
of the heating surface 106 in the range from 40° C. to 42° 
C. As discussed above, the surface temperature should not 
exceed 42° C. in order to prevent damage to blood compo 
nents. Other desirable characteristics of the heat exchange 
surface are described above. 

[0071] Optionally, the temperature of the heat exchange 
surface can also be controlled based on measured blood 
temperature and/or measured body temperature. Blood tem 
perature can be measured by temperature sensors present on 
the catheter. For example, a temperature sensor 112 may be 
located on the catheter spaced-apart from the heat exchange 
surfaces 106 and 108. The temperature sensor 112 may be 
located either upstream or doWnstream from the heat 
exchange surfaces based on the direction of blood How and 
depending on the manner in Which the catheter is introduced 
to the patient. Optionally, a pair of temperature sensors could 
be provided, one disposed on each side of the heat exchange 
surfaces in order to measure both upstream and doWnstream 
blood temperatures. The catheter Will also include a tem 
perature sensor (not illustrated) coupled directly to the 
heat-generating surface 106 so that the temperature of the 
surface may be directly controlled. Other temperature sen 
sors (not illustrated) may be provided for directly measuring 
the patient’s core body temperature, With the core body 
temperatures being fed back into the control unit 120. 

[0072] The cooler in control unit 120 may be any type of 
refrigeration unit capable of removing heat from the heat 
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absorbing surface 106 at a rate sufficient to cool the blood at 
a desired rate. Typically, the cooler Will be rated at from 1 
W to 100 W. Preferably, the cooler Will be a thermoelectric 
cooler, such as those commercially available from Melcor 
Thermoelectrics, Trenton, N]. 08648. The cooler Will be 
directly coupled to the core element 110 so that direct heat 
conduction from the heat-absorbing surface 108 may be 
effected to the cooler in control unit 120. The temperature of 
the cooling surface 108 is less critical than that of the heating 
surface 106, but Will usually be maintained in the range from 
0° C. to 35° C. preferably being beloW 30° C. The tempera 
ture of the cooling surface may be directly controlled Within 
this range, or alternatively the system may be designed so 
that the cooling temperature operates approximately Within 
this range based on the total system characteristics. 

[0073] The control unit 120 Will further include one or 
more temperature controllers for controlling the temperature 
of the heat-generating surface 106 and the heat-absorbing 
surface 106 based on the blood temperature and/or the body 
temperature. At a minimum, the control unit 120 Will 
provide for control of the temperature of the heat-generating 
surface 106 Within the range set forth above, as Well as for 
monitoring at least one of the patient blood temperature and 
patient body temperature in order to reverse the heating or 
cooling mode as discussed above. In the exemplary embodi 
ment, as described in FIG. 10, the control scheme operates 
in an on-off mode, Where for example hypothermic patients 
are initially treated by Warming the blood at a constant 
surface temperature rate until a target temperature is 
reached. When the target temperature is reached, poWer to 
the heat-generating surface 106 is turned off. Monitoring of 
the blood and/or patient body temperature, hoWever, is 
maintained to assure that the patient temperature does not 
exceed a maximum Which is above the target temperature. 
Should the maximum be exceeded, then the system is 
operated in the cooling mode until the excess body tem 
perature is loWered. Usually, there Will be no need to again 
Warm the patient, but the present system Will provide for 
further cycles of Warming and cooling if necessary. For 
initially hyperthermic patients, the cooling and Warming 
modes are reversed. 

[0074] It Will be appreciated, for example, that the tem 
perature control schemes of the present invention could be 
substantially more sophisticated. For example, the poWer 
input to Warm the patient could be controlled based on 
proportional, derivative, or integral control schemes Which 
Will typically provide for a tapering of the heat transfer rate 
as the patient body temperature approaches the desired 
target level. Moreover, cascade control schemes based on 
both patient blood temperature and patient body temperature 
could be devised. Such control schemes, for example, could 
be adapted both for Warming the patient and cooling the 
patient, With mathematical models of typical patient physi 
ological characteristics being taken into account in preparing 
the control schemes. For the present, hoWever, it is believed 
that a simple off-on control scheme With provision for 
reversing the heat transfer mode if the target temperature is 
exceeded by more than a safe amount Will be sufficient. 

What is claimed is: 

1. A system for restoring normal body temperature to a 
patient, said system comprising: 
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an intravascular catheter having at least one heat transfer 

surface; 
a temperature sensor; and 

a control unit connectable to the temperature sensor and 
the catheter for selectively transferring heat to and from 
the at least one heat transfer surface to maintain normal 
body temperature. 

2. A system as in claim 1, Wherein the catheter includes at 
least a heat-generating surface and a separate heat-absorbing 
surface. 

3. A system as in claim 2, Wherein the heat-generating 
surface comprises a resistance heater and the heat-absorbing 
surface comprises a metal foil Wrapped around the catheter. 

4. A system as in claim 3, Wherein the resistance heater 
comprises a coil and the metal foil has an exposed area of at 
least 2 cm2. 

5. A system as in claim 4, Wherein the control unit 
comprises an electrical current source connectable to the 
resistance heater and a thermoelectric cooler connectable to 
the metal foil. 

6. A system as in claim 1, Wherein the catheter includes at 
least one How lumen Which permits How of a heat exchange 
medium past the heat transfer surface, and Wherein the 
control unit includes a heater, a cooler, and a controller for 
selectively activating the heater or the cooler to heat or cool 
the heat exchange medium and restore normal body tem 
perature to the patient. 

7. A system as in claim 6, Wherein the heater is an 
electrical resistance heater and the cooler is a thermoelectric 
cooler. 

8. Asystem as in claim 1, Wherein the temperature sensor 
is on the catheter and measures blood temperature. 

9. Asystem as in claim 1, Wherein the temperature sensor 
is separately attachable to the patient to measure body 
temperature. 

10. A catheter for restoring normal body temperature to a 
patient by selectively transferring heat to or from blood ?oW, 
said catheter comprising: 

a catheter body having a proximal end and a distal end 
Which is insertable into a blood vessel; 

a heat-generating heat exchange surface near the distal 
end of the catheter; and 

a heat-absorbing heat exchange surface near the distal end 
of the catheter. 

11. A catheter as in claim 10, Wherein the catheter body 
has a length in the range from 15 cm to 50 cm and a diameter 
in the range from 1 mm to 5 mm. 

12. A catheter as in claim 10, Wherein the heat-generating 
heat transfer surface comprises an electrical resistance 
heater and Wherein the catheter further comprises a connec 
tor Which connects the electrical resistance heat to an 
external current source. 

13. A catheter as in claim 10, Wherein the heat-absorbing 
heat transfer surface comprises a metal foil Wrapped around 
the catheter body. 

14. A catheter as in claim 13, Wherein the metal foil 
extends from near the distal end to near the proximal end of 
the catheter body and Wherein the proximal end of the foil 
is con?gured to engage an external cooler. 

15. A method for restoring normal body temperature to a 
patient having a body temperature above or beloW normal 
body temperature, said method comprising: 
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selectively introducing heat to the blood flow for hypo 
thermic patients or removing heat from the blood flow 
from hyperthermic patients; 

monitoring a temperature characteristic of the patient; and 

selectively removing heat through the catheter from the 
blood flow of initially hypothermic patients if the 
temperature characteristic indicates that the patient has 
or Will become hyperthermic or introducing heat 
through the catheter to the blood flow of initially 
hyperthermic patients if the temperature characteristic 
indicates that the patient has or Will become hypother 
mic. 

16. A method as in claim 15, Wherein the heat is trans 
ferred via a catheter inserted into a blood vessel selected 
from the group consisting of the femoral artery, the jugular 
artery, and the jugular vein. 

17. A method as in claim 15 , Wherein the heat introducing 
steps comprise introducing heat at a rate betWeen 10 W and 
250 W. 

18. A method as in claim 17, Wherein the heat introducing 
step comprises directing current through a resistance heater 
near the distal end of the catheter, passing radiofrequency 
current from the distal end of the catheter through the blood, 
circulating a heated medium through a heat exchanger near 
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the distal end of the catheter, or directing light energy 
through a Wave guide to the distal end of the catheter. 

19. A method as in claim 15, Wherein the heat removing 
steps comprise removing heat at a rate betWeen 1 W and 100 
W. 

20. A method as in claim 19, Wherein the heat removing 
step comprises (a) engaging a proXimal end of the catheter 
against a cooler in order to conductively remove heat from 
a distal portion of the catheter along a heat conductive path 
on the catheter and to the cooler or (b) circulating a cooling 
?uid from the proXimal end of the catheter, through a distal 
portion of the catheter, and back to the proXimal end. 

21. A method as in claim 15, Wherein the temperature 
characteristic monitoring step comprises monitoring at least 
one of body temperature and blood temperature. 

22. A method as in claim 15, Wherein the surface tem 
perature of the heating surface is maintained beloW 42° C. 

23. A method as in claim 15, Wherein blood is being 
heated, Wherein heating is stopped When the blood tempera 
ture reaches 36.9° C. 

24. A method as in claim 15, Wherein blood is being 
cooled, Wherein cooling is stopped When the blood tempera 
ture drops to 36.9° C. 

* * * * * 


