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This includes a holloW guideWire disposed Within a catheter 
having helical loops contacting tissue. A coolant delivery tube 

(21) APPi- NOJ 12/796,537 disposed Within can have a coolant delivered from a proximal 
end into the guideWire lumen. The coolant ?oWs back proxi 

(22) Filed Jun 8 2010 mally through the guideWire While cooling the guideWire 
' ' ’ surface and cooling or cryogenically ablating the contacting 

tissue. To minimize guideWire exposure to surrounding ?uids 
Related US, Application Data or tissue, insulative barriers can be attached to the guideWire. 

_ _ _ _ A coolant delivery tube and return lumen can be integrated 
(63) Continuation of application NO- 10/494,487, ?led on from a single extrusion in various con?gurations. Expandable 

Aug. 16, 2004, noW Pat. No. 7,758,571, ?led as appli 
cation No. PCT/US2002/ 035092 on Nov. 1, 2002, said 
application No. 10/494,487 is a continuation-in-part of 
application No. 10/010,399, ?led on Dec. 5, 2001, noW 
abandoned. 

balloons can also be used to expand the loops of the guideWire 
to contact the tissue. Also, helical loops With a coolant deliv 
ery tube or stem disposed longitudinally Within the loops can 
be used and the loops can also have a variable collapsible 
cooling region. 
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METHODS AND APPARATUS FOR 
CRYO-THERAPY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/494,487, ?led on Aug. 16, 2004, 
Which claims the bene?t under 35 USC 371 of International 
Patent Application Ser. No. PCT/US2002/035092 ?led Nov. 
1, 2002 Which claims the bene?t of US. Provisional Patent 
Application Ser. No. 60/350,177 ?led Nov. 2, 2001; 10/494, 
487 is also a continuation-in-part of US. patent application 
Ser. No. 10/010,399 ?led Dec. 5, 2001, noW abandoned, 
Which claims the bene?t of US. Provisional Patent Applica 
tion Ser. No. 60/350,177 ?led Nov. 2, 2001, the content of 
each of Which are incorporated herein by reference in its 
entirety. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates to cryo-therapy. More 
particularly, the present invention relates to methods and 
apparatus for endovascularly cooling and/or freezing prese 
lected regions of tissue. 

BACKGROUND OF THE INVENTION 

[0003] Acute ischemic syndromes involving arterial blood 
vessels, such as myocardial infarction, or heart attack, and 
stroke, frequently occur When atherosclerotic plaque rup 
tures, triggering the formation of blood clots, or thrombosis. 
Plaque that is in?amed is particularly unstable and vulnerable 
to disruption, With potentially devastating consequences. 
Therefore, there is a strong need to detect and locate this type 
of plaque so that treatment can be initiated before the plaque 
undergoes disruption and induces sub sequent life-threatening 
clotting. 
[0004] Researchers, acting on the theory that in?ammation 
is a factor in the development of atherosclerosis, have discov 
ered that local variations of temperature along arterial Walls 
can indicate the presence of in?amed plaque. The tempera 
ture at the site of in?ammation, i.e., the unstable plaque, is 
elevated relative to adjacent plaque-free arterial Walls. 
[0005] Using a tiny thermal sensor at the end of a catheter, 
the temperature at multiple locations along an arterial Wall 
Were measured in people With and Without atherosclerotic 
arteries. In people free of heart disease, the temperature Was 
substantially homogeneous Wherever measured: an average 
of 065° F. (036° C.) Above the oral temperature. In people 
With stable angina, the temperature of their plaques averaged 
019° F. (011° C.) above the temperature of their unaffected 
artery Walls. The average temperature increase in people With 
unstable angina Was 123° F. (068° C.). The increase Was 
265° F. (147° C.) in people Who had just suffered a heart 
attack. Furthermore, temperature variation at different points 
at the plaque site itself Was found to be greatest in people Who 
had just had a heart attack. There Was progressively less 
variation in people With unstable angina and stable angina. 
[0006] The temperature heterogeneity discussed above can 
be exploited to detect and locate in?amed, unstable plaque 
through the use of cavity Wall pro?ling apparatus. Once 
located, treatment can then be initiated upon the in?amed, 
unstable plaque region. 
[0007] One such method of treatment involves cryo 
therapy in Which regions of tissue may be cooled to tempera 
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tures as loW as —112° F. (—80° C.) by catheters inserted 
endovascularly into a patient. This form of treatment delivers 
energy to ablate the tissue in a manner Which is generally 
safer and more effective than other conventional methods of 
treatment. 

[0008] Various conventional endovascular catheters used 
for freeZing, heating, or ablating tissue are Well knoWn. Cer 
tain catheters used for cooling and/ or freeZing typically 
employ one of several methods. One such method takes 
advantage of cooling by use of a phase change refrigerant 
Which may enter a patient’s body at ambient temperature and 
attains cooling by expansion Within a cooling chamber dis 
posed Within the catheter body located at the selected treat 
ment site. The Wall of the cooling chamber is typically placed 
in contact With adjacent tissue to effect conduction cooling or 
ablation. 
[0009] Another method involves utiliZing the expansion of 
a phase change or high pressure coolant exiting from a noZZle 
Within the catheter tip to create a highly turbulent ?oW region. 
[0010] HoWever, problems exist With conventional cooling 
and cryo-treatment devices. One such problem is that con 
ventional devices usually exert an undue amount of force on 
the region of interest. If the region of interest cannot With 
stand these forces, it may be damaged. The inside Walls of a 
healthy human artery are vulnerable to such damage. Further 
more, if in?amed, unstable plaque is present it may be rup 
tured by such forces. 
[0011] Another problem With conventional devices is that 
they can only treat tissue at one speci?c location. In order to 
treat an entire tissue region of interest, one Would need to 
move the cooling apparatus from location to location. If the 
cooling apparatus Were placed on an angioplasty balloon, for 
instance, the balloon Would need to be de?ated, placed at the 
desired location, in?ated and placed in contact With the tissue, 
and cooled, and so on for each treatment location. This can be 
very tedious, can increase the risk of damaging the vessel Wall 
or rupturing vulnerable plaque, and may not treat the entire 
region of tissue. 
[0012] Accordingly, there exists a need for a device Which 
is able to cryogenically treat a predetermined region of tissue, 
such as a region of unstable plaque, e?iciently and effectively 
Without damaging the surrounding and underlying tissue. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Cryo-therapy of tissue involves many different 
device variations and methods. One variation involves having 
a holloW ablating tool or a holloW guideWire con?gured to 
form multiple loosely spaced helical loops. The guideWire 
itself may be formed of a thin Wire Wound into small helical 
coils of a predetermined diameter that may lie tightly adjacent 
to one another forming a central passageWay. The guideWire 
may have a ?rst straightened con?guration When constrained 
Within a catheter and a second relaxed con?guration self 
forming or springing into the helical loops upon being 
removed from the catheter. Accordingly, the guideWire may 
be made of a material such as spring steel or a superelastic 
alloy With shape memory characteristics, e.g., nitinol. 
[0014] In this variation, the device may be advanced to a 
region of tissue to be cryogenically treated and the helical 
loops may be WithdraWn to radially extend into contact With 
the targeted tissue. Within the holloW guideWire, a coolant 
delivery tube may be disposed to extend entirely to the distal 
end of the guideWire or near the distal end. Alternatively, the 
coolant delivery tube may be anchored to the distal end of the 
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guideWire. Within the delivery tube, a coolant or refrigerant 
may be pumped from a proximal end, either by a positive or 
negative pressure pump and regulator located proximally. 
The delivered coolant may pass into the guideWire lumen 
through one or multiple delivery ports de?ned along the deliv 
ery tube surface at or near the delivery tube distal end. Once 
the coolant passes into the guideWire lumen, it may travel 
proximally through the guideWire While cooling the 
guideWire surface and subsequently cooling or cryogenically 
ablating the contacting tissue. 
[0015] After the desired tissue has been treated, the 
guideWire may be WithdraWn into the catheter and the cath 
eter assembly moved to the next treatment site. Alternatively, 
the guideWire may be sloWly WithdraWn into the catheter 
While the catheter is held stationary relative to the tissue; the 
guideWire in this case may cool or ablate the tissue While in 
motion, i.e., While being deployed or WithdraWn. 
[0016] The tip or cap of the guideWire may be made of a 
thermally conductive material, such as stainless steel or niti 
nol, to effect a speci?ed contacting region for treatment of the 
tissue. Also, a lining or elastic membrane capable of With 
standing loW temperatures may be disposed over the 
guideWire, either Within the guideWire lumen or on an outer 
surface of the guideWire to help contain the coolant Within the 
device. The refrigerant or coolant used may be in either liquid 
or gas form and may include a number of different chemicals 
and compounds such as nitrogen, nitrous oxide, carbon diox 
ide, chilled saline, ?uorinated hydrocarbon (FluorinertTM), 
and liquid chlorodi?uoromethane, among others. 
[0017] Alternatively, a coolant having a loW boiling point 
may be used to alloW delivery through a delivery tube in a 
liquid form. Once this coolant is pumped into the guideWire 
lumen, by virtue of the heat transferred from the surrounding 
tissue, blood, or ?uid around the guideWire, the liquid coolant 
may undergo a phase transition into a gas and subsequently be 
pumped back proximally through the guideWire lumen While 
cooling the guideWire. Another alternative is to pass the cool 
ant through a valve located at the distal end of the delivery 
tube. As the coolant passes through the valve, it expands into 
a cooling gas by What is known as the Joule-Thompson effect. 
Fluids such as nitrogen, nitrous oxide, or carbon dioxide may 
be suitable for such a mode of heat transfer. 

[0018] To minimiZe the exposure of the guideWire to blood, 
?uids, or other tissue, insulative barriers or shingles may be 
attached to at least a portion of the loops to help insulate the 
guideWire. Reducing the heat transfer area of the guideWire to 
tissue or blood not being treated may aid in optimiZing the 
e?iciency of the coolant during treatment. 
[0019] Different variations on the guideWire itself may be 
utiliZed to ef?ciently cool or ablate tissue. For instance, a 
guideWire may have both a coolant delivery tube and expan 
sion or coolant return lumen integrated from a single extru 
sion. Alternatively, separate delivery tubes may be integrated 
With a coolant expansion/return lumen to form an integral 
tubular structure. Other variations may include having a cen 
tral coolant delivery lumen surrounded by a plurality of insu 
lating and coolant return lumens. Conduction members may 
optionally be embedded into the Wall of the guideWire such 
that the conduction members contact the coolant to effect a 
thermal circuit for optimal heat transfer. 
[0020] Different modes of deployment may also be uti 
liZed. The guideWire may simply be WithdraWn from the 
catheter and left to self-form or radially extend until it con 
tacts the tissue Walls. But expansion devices such as expand 
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able balloons, e.g., angioplasty balloons, may be utiliZed by 
placing one Within the loops of the guideWire and expanding 
it to move the loops of the guideWire into contact With the 
tissue. Once contact is achieved, the balloon may be de?ated 
and removed from the area. Also, the helical loops of a 
guideWire may also be integrally formed in, e.g., a bilayered 
balloon having an integrated return channel or lumen for the 
spent coolant to pass through. Such an expandable balloon 
preferably has a throughpath or ?oWthrough channel Which 
Would alloW blood or other ?uids to continue ?oWing unin 
terrupted through the vasculature. 
[0021] Furthermore, self-forming helical loops may also be 
utiliZed With a coolant delivery tube or stem disposed longi 
tudinally Within the loops. This device may be rotatably With 
draWn or advanced through a catheter as a unit and may 
facilitate placement of the device upon the region of tissue to 
be treated. And other variations also may be used Which have 
a variable collapsible cooling region. Such a cooling region 
may be manipulated at its proximal end to concentrate or 
disperse the heat transfer area contacting the targeted ?ssile 
depending upon the desired mode of treatment. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0022] FIG. 1 shoWs a cryo-therapy device positioned 
Within an arterial blood vessel With several helical guideWire 
loops deployed. 
[0023] FIG. 2 shoWs a representative side vieW of a varia 
tion of the cryo-therapy device With the guideWire partially 
WithdraWn. 
[0024] FIG. 3A shoWs a detailed cross-sectional side vieW 
of a variation on the guideWire distal end. 
[0025] FIG. 3B shoWs a detailed cross-sectional side vieW 
of another variation on the guideWire distal end. 
[0026] FIG. 3C shoWs cross-section 30-30 of the variation 
from FIG. 3B. 
[0027] FIG. 3D shoWs a detailed cross-sectional side vieW 
of another variation on the guideWire distal end. 
[0028] FIG. 3E shoWs a detailed cross-sectional side vieW 
of yet another variation on the guideWire distal end having 
variable coolant delivery ports. 
[0029] FIG. 4 shoWs a variation on the cryo-therapy device 
having insulative barriers attached to the guideWire. 
[0030] FIG. 5A shoWs an isometric vieW of a representative 
section of a variation on the tubing for delivering coolant. 
[0031] FIG. 5B shoWs a longitudinal cross-section of the 
interior of the tubing from FIG. 5A. 
[0032] FIG. 6 shoWs another variation on the tubing for 
delivering coolant. 
[0033] FIG. 7 shoWs a cross-sectioned vieW of another 
variation on the tubing for delivering coolant. 
[0034] FIG. 8 shoWs a cross-sectioned vieW of yet another 
variation on the tubing for delivering coolant. 
[0035] FIG. 9 shoWs a cross-sectioned side vieW of a par 
tially WithdraWn guideWire contacting a region of tissue to be 
treated. 

[0036] FIGS. 10A to 10C shoW a variation on the deploy 
ment of a cryo-therapy device Within a vessel using an angio 
plasty balloon. 
[0037] FIG. 11 shoWs a variation on the cryo-therapy 
device in Which the coolant delivery tube is helically disposed 
Within an expandable bilayered balloon. 
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[0038] FIG. 12 shows another variation on the cryo-therapy 
device in Which the coolant delivery tube is disposed Within 
an expandable balloon having embedded conduction con 
tacts. 

[0039] FIG. 13 shoWs a representative cross-section of a 
variation on the cryo-therapy device having an expandable 
?oWthrough balloon. 
[0040] FIG. 14 shoWs another variation on the cryo-therapy 
device in Which the helical loops are in ?uid communication 
With a translatable and rotatable coolant delivery stem. 
[0041] FIGS. 15A and 15B shoW yet another variation on 
the cryo -therapy device in Which an expandable balloon may 
be disposed Within the guideWire lumen prior to deployment. 
[0042] FIG. 16 shoWs yet another variation on the cryo 
therapy device in Which the helically looped guideWire may 
be longitudinally variable. 

DETAILED DESCRIPTION OF THE INVENTION 

[0043] Cryogenic treatment of tissue may involve many 
different device variations and methods. As shoWn in FIG. 1, 
cryo-therapy device 10 is shoWn positioned Within arterial 
blood vessel 12, Which has its Wall partially removed for 
clarity. One variation of the device 10 is shoWn as having a 
holloW guideWire 20 con?gured to form multiple loosely 
spaced helical loops 22. GuideWire 20 is preferably made of 
a thin Wire Which may be Wound into small helical coils of a 
predetermined diameter that may lie tightly adjacent to one 
another to form a holloW guideWire 20 de?ning a central 
passageway. These loops 22 may be held Within lumened 
catheter 18 in a ?rst con?guration While being delivered to the 
desired treatment site. 
[0044] Once ejected or pushed from catheter 18, guideWire 
20 may be self-deploying or self-forming such that When it is 
unconstrained, it recon?gures itself into a second con?gura 
tion. This may be accomplished by having guideWire 20 
self-form or spring into helical loops 22 upon being removed 
from catheter 18 or guideWire 20 may form into helical loops 
22 upon exposure to the vessel 12 environment. Accordingly, 
guideWire 20 may be formed from a metal such as spring steel 
that can be deformed into a ?rst straight con?guration to 
spring into a second looped con?guration When WithdraWn 
from catheter 18. GuideWire 20 may alternatively be made 
from a superelastic metal, such as nitinol, Which may auto 
matically form into the looped con?guration from a straight 
one upon WithdraWal from catheter 18. Furthermore, 
guideWire 20 may also be made from a superelastic metal, 
again such as nitinol having shape memory alloy character 
istics. Thus, guideWire 20 may be initially inserted through 
catheter 18 at an initial loWer temperature, e.g., by injecting 
cold saline solution over guideWire 20. Upon WithdraWal 
from catheter 18 Within the body lumen of vessel 12, the 
ambient heat from the surrounding environment such as the 
blood or tissue may transform guideWire 20 into helical loops 
22. 
[0045] GuideWire 20 may also be made from a composite 
such as a nitinol tube disposed Within the guideWire structure. 
In this manner, the martensitic or superelastic properties of 
nitinol may be combined With spring steel characteristics. 
GuideWire 20 may also be made from other biocompatible 
materials such as copper, constantan, chromel, or alumel. 
[0046] As further seen in FIG. 1, once guideWire 20 is 
WithdraWn from catheter 18, the helical loops 22 preferably 
recon?gure themselves such that they extend radially to come 
into gentle contact With the inner Wall or endothelium 14 of 
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vessel 12. Helical loops 22 are preferably positioned Within 
vessel 12 such that they come into contact With a location of 
the tissue to be treated, such as plaque 16. Once the desired 
region of treatment, such as plaque 16, is contacted or in close 
proximity to guideWire 20, the cryogenic treatment may be 
effected by cryotherapy device 1 0. After the desired tissue has 
been treated, guideWire 20 may be WithdraWn and catheter 18 
may be moved to the next treatment site. Alternatively, 
guideWire 20 may be sloWly WithdraWn into catheter 18 While 
catheter 18 is held stationary relative to the tissue; guideWire 
20 in this case may cool or ablate the tissue While in motion, 
i.e., While being deployed or WithdraWn. 
[0047] Variations of the guideWire 20 as Well as various 
methods and devices for sensing and measuring characteris 
tics of regions of tissue, such as plaque 16, are discussed in 
further detail in each of the following US. patent applica 
tions. Each application is currently co-pending, have all been 
?led on Jul. 12, 2001, and are all incorporated herein by 
reference in their entirety: US. patent application Ser. No. 
09/904,012 entitled “Expandable Device For Sensing Tem 
perature Pro?le Of A HolloW Body Organ”; US. patent appli 
cation Ser. No. 09/904,080 entitled “Method For Sensing 
Temperature Pro?le Of A HolloW Body Organ”; US. patent 
application Ser. No. 09/ 904,212 entitled “Device For Sensing 
Temperature Pro?le Of A HolloW Body Organ”; US. patent 
application Ser. No. 09/904,024 entitled “Method For Sens 
ing And Mapping Temperature Pro?le Of A HolloW Body 
Organ”; US. patent application Ser. No. 09/ 903,960 entitled 
“Method For Mapping Temperature Pro?le Of A HolloW 
Body Organ”; US. patent application Ser. No. 09/904,220 
entitled “Expandable Device For Mapping Temperature Pro 
?le Of A HolloW Body Organ”. 
[0048] FIG. 2 shoWs a close-up representation of guideWire 
20 partially WithdraWn from catheter 18. GuideWire 20 has 
been partially extended from catheter 18 through lumen 30. 
Catheter 18 may have multiple access lumens through Which 
a variety of devices, e. g., temperature pro?ling devices, opti 
cal devices, etc., may be accessible, although a single lumen 
30 is presently shoWn. The guideWire distal end 32 is shoWn 
partially removed for clarity to reveal a variation of the cool 
ing structure. As seen, guideWire 20 may be formed by Wound 
Wire 36 such that guideWire lumen 34 is de?ned Within. A cap 
or tip 38 may be placed at the distal end of guideWire 20 to 
cover guideWire lumen 34 and may be made of a variety of 
biocompatible conductive materials, such as stainless steel or 
nitinol. Cap 38 may also be made of a variety of polymeric 
materials capable of Withstanding loW temperatures. 
[0049] In this variation, coolant delivery tube 40 may be 
placed at least partially Within guideWire lumen 34. Tube 40 
preferably extends throughout the length of lumen 34 such 
that the distal end 54 of delivery tube 40 is just proximal of 
cap 38. A lining or elastic membrane 44 may be formed to 
cover the inner surface of Wire 36 and held by, e. g., an adhe 
sive 45, to ensure that coolants or refrigerants ?oWing Within 
guideWire 20 are fully contained Within. Membrane 44 may 
be made of various materials capable of Withstanding loW 
temperatures, e.g., silicone, polyethylene (PE), ?uoroplastics 
such as polytetra?uoroethylene (PTFE), ?uorinated ethylene 
polymer (FEP), per?uoroalkoxy (PFA), and thermoplastic 
polymers, such as polyurethane (PU), etc. The distal section 
of delivery tube 40 may have at least one delivery ports 42 and 
preferably a number of ports 42 spaced along the distal 
length. A refrigerant or coolant may be pumped from a proxi 
mal end of delivery tube 40 doWn to its distal end such that the 
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coolant passes through delivery ports 42 near the guideWire 
distal end 32. The coolant pumped into guideWire lumen 34 
through delivery ports 42 may then be channeled back 
through to the proximal end of guideWire 20 and catheter 18 
meanWhile cryogenically cooling the guideWire 20 surface 
Which subsequently cools or ablates the targeted tissue Which 
guideWire 20 contacts. Delivery tube 40 may be inserted into 
guideWire lumen 34 and deployed Within vessel 12 either With 
guideWire 20 or it may be inserted separately into lumen 34 
after guideWire 20 has already been deployed. Accordingly, 
lumen 34 may be used for other purposes as Well, e. g., holding 
a temperature sensing device for measuring the temperature 
of the Wall of vessel 12 prior to the cryogenic treatment. 
[0050] To regulate the coolant pumped through device 10, a 
regulator (not shoWn) connected to the proximal end of device 
10 may be used to control the amount of pressure Within the 
coil. A positive pressure pump may be used to deliver the 
coolant through device 10 via tube 40, but a negative pressure 
pump may also be used to draW the coolant through guideWire 
lumen 34. Use of negative pressure may also aid in ensuring 
that excess coolant does not escape into a patient’s body if a 
leak or failure in the structure of guideWire 20 Were to ever 
occur. 

[0051] The refrigerant or coolant used may variously be in 
liquid, gas, or mixed form and may include a number of 
different chemicals and compounds such as nitrogen, nitrous 
oxide, carbon dioxide, chilled saline, FluorinertTM, and liquid 
chlorodi?uoromethane, among others. Alternatively, a cool 
ant having a loW boiling point may be used to alloW delivery 
through tube 40 in liquid form. Once this coolant is pumped 
into guideWire lumen 34, by virtue of the heat transferred 
from the surrounding tissue, blood, or ?uid around guideWire 
20 and/or by the rapid expansion of the coolant, the liquid 
coolant may undergo a phase transition into a gas and subse 
quently be pumped back proximally through lumen 34 While 
cooling guideWire 20. The coolant may also be passed 
through a valve 51 located at the distal end of delivery tube 40. 
As the coolant passes through valve 51, it may expand into a 
cooling gas by What is knoWn as the Joule-Thompson effect 
and this gas may be used to cool the device and ablate the 
tissue. Temperatures Which may be used to effect the desired 
results may be as loW as 140 F. to 410 F. (—l0° C. to 5° C.), or 
even loWer. Fluids such as nitrogen or nitrous oxide may be 
suitable for such a mode of heat transfer. Accordingly, tube 40 
is preferably formed of a metal or polymeric material capable 
of Withstanding extremely loW temperatures. Such materials 
may include metals such as nitinol and stainless steel, as Well 
as polymers such as silicone, PE, PTFE, FEP, PFA, and ther 
moplastic polymers, such as PU, etc. 
[0052] To determine the preferable ?oW rates of the coolant 
through guideWire 20 to have effective cooling and tissue 
treatment, as Well as the amount of heat transfer necessary for 
cooling the tissue, a standard equation for calculating con 
vective heat transfer from the tissue may be used. The equa 
tion (1) is shoWn beloW: 

Where, qCIthe heat transferred from the contacting tissue; 
hc?he convection heat transfer coef?cient; A?he surface 
area the coolant is exposed to; T1 and T2 represent the tem 
perature differences through the various media Which the heat 
is transferred. 

[0053] Various methods of coolant delivery may be 
employed. For instance, FIG. 3A shoWs one variation of a 
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detailed cross-sectional vieW of guideWire distal end 32 from 
FIG. 2. As seen, delivery tube 40 may be disposed Within 
guideWire lumen 34 such that the delivery tube distal end 54 
is located in apposition to cap 38. As coolant is pumped in 50 
through tube 40, it may optionally pass through delivery ports 
42 and/or delivery tube distal end 54. The coolant How 52 may 
then be passed proximally back through guideWire lumen 34. 
For a given device, such as that shoWn in FIG. 2 as device 10, 
the coolant ?oWing through delivery tube 40 may have a How 
rate of about 40 cm3/min. (cc/min.) To drop the temperature 
to an effective level for treatment. As coolant 52 passes over 
membrane 44 and Wire 36, coolant 52 becomes spent While 
transferring heat and loWering the temperature of Wire 36. 
Cap 38 may also be made of thermally conductive materials 
such as biocompatible metals like stainless steels. A ther 
mally conductive cap 38 may aid in cooling the cap 38 tem 
perature to alloW for direct or selective tissue ablation via cap 
38. Delivery tube 40 may also be selectively placed Within 
guideWire lumen 34 such that cooling of selective portions of 
guideWire 20 occurs Where the delivery tube distal end 54 is 
located. 

[0054] Another variation on the guideWire distal end 32 is 
seen in FIGS. 3B and 3C. FIG. 313 shoWs a cross-sectioned 
side vieW of an alternative coolant delivery method. An 
anchored coolant delivery tube 55 may be disposed Within 
lumen 34 of guideWire 20. Delivery tube 55 may have an 
anchoring end 56 Which may be formed integrally With 
anchoring cap 38' or by a variety of other methods. Having 
anchoring end 56 formed With cap 38' may facilitate the 
cooling of cap 38' if coolant is channeled through tube 55. 
Delivery tube 55 may be formed of a polymeric tube capable 
of Withstanding loW temperatures for extended periods of 
time. Alternatively, tube 55 may be formed of Wound Wire 
strands 57 forming a holloW central lumen through Which the 
coolant may be delivered, as seen in FIG. 3C Which is the 
cross-section 3c-3c taken from FIG. 3B. Coolant may be 
delivered through delivery ports 42 such that the coolant 
contacts Wire 36 and is passed proximally through guideWire 
lumen 34 subsequently cooling the guideWire 20 as the cool 
ant passes through. 
[0055] FIG. 3D shoWs another variation on the guideWire 
distal end 32. As shoWn, an elastic membrane or coating 58 
may be applied exteriorly of Wound Wire 36. Membrane 58 is 
preferably made of any of the polymeric materials described 
above Which are capable of Withstanding loW temperatures 
and may be placed exteriorly of Wire 36 to aid With the 
lubricity of the device as Well as containing the coolant Within 
guideWire lumen 34. In this variation, coolant delivery tube 
61 may be disposed Within guideWire lumen 34 such that 
coolant 50 delivered therethrough Would exit the tube 61 
distal end, as shoWn by exiting coolant 52, at expansion 
region 59 and preferably in contact With expanded cap 38". In 
this variation, expanded cap 38" may be made of a thermally 
conductive material, e.g., stainless steel, such that cooling 
may be facilitated and cap 38" may be used for selective tissue 
contact and ablation. Although delivery tube 61 is shoWn With 
coolant 52 exiting the distal tip portion to expand in expan 
sion region 59 and effectively cool cap 38", tube 61 may also 
have delivery ports de?ned in its Walls as in the other varia 
tions described above. 

[0056] FIG. 3E shoWs yet another variation on the 
guideWire distal end 32. This variation is similar to that shoWn 
in FIG. 3A, but coolant delivery tube 63 may have delivery 
ports of variable siZes and diameters. As shoWn, delivery 
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ports 65 located closer towards the proximal end of delivery 
tube 63 may have diameters Which are relatively smaller than 
the diameters of distally located delivery ports 67. The farther 
distally delivery ports 67 are located, the larger they may 
become in diameter relative to proximal delivery ports 65 to 
aid in the distribution of passing coolant 52 under even pres 
sure throughout the guideWire. 
[0057] Measures may be taken to optimiZe the heat transfer 
betWeen the tissue and the guideWire While minimiZing heat 
transfer to otherparts of the body during treatment. As seen in 
the cross-section of FIG. 4, holloW guideWire 20 With coolant 
delivery tube 40 disposed Within is shoWn WithdraWn from 
catheter 18 and forming helical loops 22 in contact With inner 
Wall 64 of vessel 12. While loops 22 are in contact With vessel 
Wall 64, the contacted area may be ablated by the cooled loops 
22. HoWever, the blood 60 ?oWing past the loops 22 may also 
be cooled, thereby reducing the e?iciency of the coolant in 
ablating the tissue since the heat transfer is occurring over a 
larger area of the loops 22. Thus, insulative barriers or 
shingles 62 may be attached to a portion of the loops 22 facing 
the blood How 60. Barriers 62 may be attached over the entire 
exposed loops 22 facing the blood How 60, as shoWn, or over 
portions of loops 22 and may be made of a variety of com 
pressible, thermally insulative materials preferably deliver 
able through a catheter 18. Such materials may include any of 
the polymers described above, e.g., silicone, polyethylene 
(PE), ?uoroplastics such as polytetra?uoroethylene (PTFE), 
?uorinated ethylene polymer (FEP), per?uoroalkoxy (PFA), 
and thermoplastic polymers, such as polyurethane (PU), etc. 
[0058] Other variations of the guideWire coil itself may be 
used to deliver coolants and refrigerants therethrough. Rather 
than having a separate coolant delivery tube disposed Within 
a holloW guideWire coil, a variation of the guideWire coil 
shoWn in FIGS. 5A and 58 may alternatively be used. As seen 
in FIG. 5A, the Wire used to form the holloW guideWire may 
itself be formed from a single extrusion shoWn in the repre 
sentative section of delivery tube 70. Such a tube may be 
made of a variety of materials capable of Withstanding loW 
temperatures, e. g., stainless steel, nitinol, etc. Alternatively, a 
slightly larger version of the integral delivery tube 70 may be 
formed directly into the helical loops. In either case, such a 
tube 70 is preferably a single-piece tube having a coolant 
lumen 72 and an expansion lumen 76 formed integrally 
Within tube Wall 74. 

[0059] FIG. 5B shoWs a longitudinally cross-sectioned 
vieW of the interior of integral delivery tube 70. Coolant 
delivery ports 78 de?ned along coolant lumen 72 may place 
coolant lumen 72 in ?uid communication With expansion 
lumen 76. In operation, coolant delivered through lumen 72 
may pass or expand through delivery ports 78 into expansion 
lumen 76, Where the larger surface area may be utiliZed to 
effect a more e?icient heat transfer. Delivery ports 78 may be 
positioned at predetermined locations along coolant lumen 72 
such that When tube 70 is formed into helical loops, the 
contact betWeen tube 70 and the desired region of tissue for 
treatment is optimiZed. 
[0060] FIG. 6 shoWs another variation of the guideWire coil 
in the isometric vieW of a section of tube 80. In this variation, 
tube 80 may be formed over separate integral delivery tubes 
82 formed Within tube Wall 84. Delivery tubes 82 may be 
formed from separately extruded Wires or tubes and then 
tubing Wall 84 may be formed With delivery tubes 82. As 
above, delivery tubes 82 may be used to deliver coolant for 
expansion and/ or return through expansion/retum lumen 86. 
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Alternatively, delivery tubes 82 may be used to complete a 
circuit of delivered and returning spent coolant While lumen 
86 may be used as an access channel for other applications 
and devices. Separate expansion lumen 86 is preferably 
formed integrally Within tube 80 in this variation. 

[0061] Another alternative variation for a guideWire coil is 
shoWn in FIG. 7. Here, a representative cross-section of 
guideWire 90 is seen having coolant 94 delivered through 
coolant delivery lumen 92. There may be any number of 
additional lumens 96 having smaller diameters than lumen 92 
and surrounding delivery lumen 92, as shoWn. GuideWire 90 
in this variation may be extruded to form an integral Wire or 
tubing having the number of different channels. Additional 
lumens 96 may be ?lled With air or they may be evacuated to 
provide additional insulation as coolant 94 is delivered 
through guideWire 90. The coolant may be channeled back to 
the proximal end of guideWire 90 by any number of coolant 
return lines 98, Which may be located Within at least some of 
lumens 96 or the coolant may be channeled back directly 
Within lumens 96. As the coolant is returned to the proximal 
end of guideWire 90, cooling at the distal end and along the 
outer surface of the guideWire 90 may be effected to treat 
contacting tissue, as described above. 
[0062] FIG. 8 shoWs another variation for a guideWire coil 
in the representative cross-section of guideWire 100. As 
shoWn, guideWire 100 may have a coolant delivery lumen 102 
for transporting coolant 104 Within. There may be any prede 
termined number of heat transfer channels 106 radially dis 
posed around and in ?uid communication With delivery 
lumen 102 through corresponding coolant channels 108. 
Channels 106 may be located along the length of guideWire 
100 at selected locations to optimiZe the heat transfer at 
speci?ed locations. As coolant is delivered through delivery 
lumen 102, it may enter heat transfer channels 106. A con 
duction member 112 may be embedded Within Wall 110 such 
that it contacts the coolant in channels 106 to transfer heat 
from the outer surface of guideWire 100 to or from the coolant 
contained Within channels 106 to effect ablation. Conduction 
member 112 is preferably a biocompatible and thermally 
conductive material such as stainless steel, nitinol, etc. Also, 
member 112 may be formed in various con?gurations such as 
curves, straight lines, etc. Over the outer surface of guideWire 
100 depending upon the desired range of contact With the 
surrounding tissue and the area to be cooled or ablated. 

[0063] FIG. 9 shoWs a variation of device 10 in operation. 
As shoWn, the cross-sectioned guideWire 20 is partially With 
draWn from catheter 18 and is recon?gured to a helical con 
?guration Within vessel 12, Which is also cross-sectioned for 
clarity. As guideWire 20 recon?gures itself, it may contact the 
targeted region for treatment, in this case, unstable plaque 1 6. 
GuideWire 20 may gently contact plaque 16 at contact region 
120, as shoWn. Once the targeted area of tissue is contacted, 
coolant may be delivered through delivery tube 40 disposed 
Within guideWire lumen 34. As the coolant passes through 
delivery ports 42 and/or delivery tube distal end 54, it may 
?oW proximally through guideWire lumen 34 While cooling 
the guideWire 20, cap 38, and contacted plaque 16 at contact 
region 120. The tissue at region 120 may be ablated by the 
cooled guideWire 20 by keeping the temperature betWeen 
about 35° To 77° F. (20 to 25° C.) For a period ofabout 1 to 25 
minutes. The use of a helically looped guideWire for cooling 
the tissue alloWs for the blood How to remain relatively unin 
terrupted Within the vessel 12 during the treatment time. 



US 2010/0249766 A1 

[0064] An alternative deployment method may include the 
use of angioplasty balloons, as seen in FIGS. 10A to 10C, 
particularly for vessels Which may have a relatively Wide 
diameter. FIG. 10A shoWs cryotherapy device 130 positioned 
Within vessel 12 With holloW guideWire 132 deployed and 
recon?gured into helical loops 134. To facilitate extending 
loops 134 radially, an expandable balloon, e.g., angioplasty 
balloon 138, may be introduced into vessel 12 and inbetWeen 
loops 134. Balloon 138 may be introduced separately via 
another catheter, or it may be introduced through the same 
catheter through Which guideWire 132 is introduced. Once 
positioned Within loops 134, balloon 138 may be expanded 
sloWly to further radially extend loops 134 until they gently 
contact inner Wall 14 ofvessel 12, as seen in FIG. 10B. During 
the expansion of balloon 138, blood ?oW 136 through vessel 
12 may be occluded temporarily until balloon 138 is col 
lapsed. Once loops 134 are in gentle contact With inner Wall 
14, balloon 138 may be removed and treatment to the tissue 
may occur, as described above. FIG. 10C shoWs loops 134 
contacting inner Wall 14 With blood ?oW 136 resumed. 
[0065] Another variation for deploying a helically-shaped 
coolant delivery tube is shoWn in FIG. 11. This variation 
employs a bilayered expandable balloon 140 having a heli 
cally Wound coolant delivery tube 142 disposed Within a 
helical coolant return channel 144. Coolant delivery tube 142 
preferably releases coolant near the tube distal end 146 
through delivery ports 148 Which ?oWs back proximally 
toWards balloon proximal end 150 through return channel 144 
and through coolant return lumen 152. During deployment, 
balloon 140 may be in a de?ated state until it is positioned at 
the tissue to be treated. Balloon 140 may then be in?ated such 
that return channel 144 contacts the tissue and coolant may be 
pumped into delivery tube 142 such that the tissue contacting 
balloon 140 is cooled or ablated. It may be desirable to main 
tain blood ?oW through the vessel in Which balloon 140 is 
treating tissue, thus a throughpath 154 may be de?ned 
through balloon 140 to facilitate such a blood or ?uid ?oW 
path When balloon 140 is in an expanded state. 

[0066] In addition to the expandable balloon 140 in FIG. 
11, another variation on an expandable balloon 160 is seen in 
FIG. 12. Balloon 160 may also de?ne a throughpath 162 
throughout the device for facilitating blood or ?uid ?oW 
through the balloon 160 for When it is in an expanded state 
Within a vessel lumen. This variation shoWs coolant delivery 
tube 164 disposed Within balloon 160. Any number of con 
duction contacts 170 may be embedded Within the surface of 
balloon 160 to effect optimal conductive heat transfer. Con 
tacts 170 are preferably made of a biocompatible metal Which 
is thermally conductive, e.g., stainless steel, nitinol, etc. 
When coolant is pumped into the balloon 160 through coolant 
ports 166, the coolant may spread throughout balloon 160 and 
thermally conduct heat through contacts 170 from the con 
tacting tissue Wall before being draWn through coolant return 
lumen 168. 

[0067] FIG. 13 shoWs a representative cross section of one 
variation on an expandable ?oWthrough balloon 180 Which 
may be used With a number of variations. Balloon 180 is 
shoWn in cross section disposed Within vessel 12. This varia 
tion may have an expandable membrane con?gured to expand 
in at least tWo directions. A coolant delivery tube 190 may be 
located Within the expandable membrane Which may be made 
of thinned membranes 182 for contacting vessel 12 and insu 
lative membranes 184 Which may insulate the coolant from 
blood and ?uids passing through ?oW channel 194. As cool 
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ant is passed through delivery tube 190, the coolant may ?oW 
through delivery ports 192 and expand into expansion region 
186. As more coolant ?oWs into region 186, the membrane 
may expand and contact vessel 12 at thinned membranes 182 
creating conductive regions 188. Although this variation 
shoWs tWo apposed expanding regions, any number of 
expandable areas may be implemented depending upon the 
desired effect and area for cooling. 

[0068] A further variation on having a helically shaped 
cooling guideWire or coil is shoWn in FIG. 14. Delivery cath 
eter 200 may have a rotatable coolant delivery stem 202 
Which may be WithdraWn from lumen 206. A number of 
helically Wound loops 204 in ?uid communication With a 
distal end of delivery stem 202 may Wind about stem 202 to 
transport coolant back toWards a proximal end of catheter 
200. In operation, catheter 200 may be advanced Within a 
vessel to a treatment site. Both stem 202 and loops 204 may be 
WithdraWn from catheter 206 and loops 204 may be alloWed 
to extend radially so that they come into contact With the 
tissue. Coolant may then be delivered through delivery stem 
202 and back through loops 204 to effect treatment to the 
tissue contacting loops 204, as described above. Stem 202 and 
loops 204 may be independently rotatable and translatable 
relative to catheter 200 to enable effective placement of the 
device. Once treatment is concluded, stem 202 and loops 204 
may be WithdraWn back into catheter lumen 206 and removed 
from the region. 
[0069] Another variation on an expandable balloon is 
shoWn in FIGS. 15A and 15B. This variation may be disposed 
at the end of any of the helically Wound guideWires described 
above to effect localiZed treatment at the distal end of the 
guideWire. Alternatively, this variation may also be utiliZed 
independently to cool or ablate tissue. FIG. 15B shoWs hol 
loW guideWire 21 0 having an everted and de?ated balloon 216 
WithdraWn proximally Within guideWire lumen 214 and cre 
ating recessed cavity 218. The end of balloon membrane 216 
is preferably attached to guideWire Walls 212 at balloon 
attachment region 224. Coolant delivery tube 222 may be 
seen attached at its distal end to the end of balloon membrane 
216 at attachment point 220. After guideWire 210 is radially 
extended into helical loops and is adjacent to the region of 
tissue to be treated, as described above, stem 222 may be 
advanced distally. Advancing stem 222 forces balloon mem 
brane 216 to evert because of attachment point 220 and With 
draWs membrane 216 from recessed cavity 218. Once balloon 
membrane 216 has been extended, coolant may be delivered 
through stem 222 and passed through delivery ports 226 into 
balloon membrane 216. The coolant may then force balloon 
membrane 216 to expand, as shoWn in FIG. 15B, causing 
membrane 216 to contact the tissue Wall for treatment. The 
spent coolant may then return proximally through return 
channel 228. 

[0070] FIG. 16 shoWs another variation in Which the heli 
cally looped guideWire may be longitudinally variable. Col 
lapsible guideWire device 230 is shoWn as having coolant 
delivery tube 234 disposed Within guideWire 232, as in some 
of the other variations above. A portion of guideWire 232 may 
be partially insulated With insulation 23 6 and control member 
238 may be positioned longitudinally Within the loops of 
guideWire 232. The distal end of member 238 may be attached 
to the distal tip of guideWire 232 at attachment point 240. 
Control member 238 may be a Wire or stiff member and is 
preferably manipulated at its proximal end to move guideWire 
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232 in the direction of movement shown by arrow 244 to 
variably collapse or expand device 230 longitudinally. This 
variability in longitudinally contracting or expanding device 
230 creates a collapsible region 242 in Which the loops of 
guideWire 232 may be concentrated or dispersed to control 
the heat transfer area contacting the targeted tissue. 

[0071] The applications of the cryo-therapy devices dis 
cussed above are not limited to endovascular treatments but 
may include any number of further treatment applications. 
Other treatment sites may include areas or regions of the body 
such as organ bodies or spaces betWeen the body cavity. 
Modi?cation of the above-described assemblies and methods 
for carrying out the invention, and variations of aspects of the 
invention that are obvious to those of skill in the art are 
intended to be Within the scope of the claims. 
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We claim: 
1. An apparatus for thermally treating a holloW body organ 

comprising: 
a catheter having a proximal end and a distal end and 

de?ning at least one lumen therebetWeen; 
a guideWire de?ning at least one passageWay therein, 

Wherein the guideWire is con?gured to have a ?rst con 
?guration When disposed Within the lumen and a second 
radially extended con?guration When WithdraWn from 
the lumen; and 

a delivery tube disposable Within the guideWire passage 
Way for transporting a ?uid, Wherein the delivery tube 
de?nes at least one exit port near a distal end of the 
delivery tube through Which the ?uid passes. 

* * * * * 


