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CRYOTREATMENT DEVICES AND METHODS OF 
FORMING CONDUCTION BLOCKS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to medical 
devices for ablating tissue at one or more target sites. More 
speci?cally, the present invention relates to cryotreatment 
devices and methods for inducing controlled necrosis of 
cardiac tissue Within the heart. 

BACKGROUND OF THE INVENTION 

[0002] Cardiac arrhythmias such as atrial ?brillation, 
bradycardia, ventricular tachycardia, ventricle ?brillation, 
and Wolff-Parkinson-White syndrome are common heart 
abnormalities that cause stroke, myocardial infarction, and 
other thromboembolic events Within the body. In patients 
With normal sinus rhythm, the heart is electrically excited to 
beat in a synchronous and patterned manner, typically at a 
rate of 60 to 100 beats per minute (bpm). In contrast, in 
patients With cardiac arrhythmia, abnormal regions of the 
cardiac tissue may aberrantly conduct to adjacent tissue, 
causing the heart to beat irregularly. In ventricular tachy 
cardia, for example, electrical signals may be errantly 
received in the loWer heart chamber (i.e. the ventricle) 
instead of the right, upper chamber (i.e. the atria), causing 
the heart to beat rapidly. In atrial ?brillation, the most 
common type of cardiac arrhythmia, the upper chambers of 
the heart beat at an uncontrolled rate of 350 to 600 bpm, 
Which results in a reduction of the pumping force of the 
heart. As a result of this reduced pumping force, blood in the 
heart chambers may become stagnant and pool, forming 
blood clots that can dislodge Within the body and cause 
stroke or other life threatening events. 

[0003] To treat cardiac arrhythmia, a number of therapeu 
tic procedures have been developed, including RF catheter 
ablation, chemical cardioversion, percutaneous myocardial 
revasculariZation (PMR), and suppression. Antiarrhythmic 
medications such as beta-blockers, calcium channel block 
ers, anticoagulants, and DIGOXIN have also been used 
successfully to treat some forms of cardiac arrhythmia. More 
recent trends have focused on the use of cryotreatment 
catheters to treat arrhythmias such as atrial ?brillation and 
ventricular tachycardia. Such devices provide a relatively 
non-invasive method of treatment in comparison to other 
surgical techniques. 

[0004] In one such method, for example, a catheter loaded 
With a cryogenic cooling ?uid may used to cryogenically 
cool cardiac tissue at strategic locations of the heart, such as 
the right and left atria, or the pulmonary veins. The catheter 
can be used to induce necrosis at one or more pre-mapped 
target sites Within the heart to create conduction blocks 
Within the aberrant electrical conduction pathWays. In atrial 
?brillation, for example, necrosis of one or more target sites 
Within the atrial cardiac muscle tissue can be used to block 
the electrical signals believed to cause and/or sustain the 
?brillation. 

[0005] In some techniques, the use of a cryotreatment 
device to form the required conduction block may be 
ineffective since there is no adequate means to control the 
transmural depth of the lesion, or the distance betWeen each 
lesion. To compensate for these shortcomings, many cry 
otreatment devices utiliZe relatively large catheter tips, 
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Which destroy more tissue than is necessary to form the 
conduction block and further reduce the already Weakened 
pumping force of the heart. It is therefore desirable to have 
a cryotreatment device capable of transmurally controlling 
the depth of each lesion and in a contiguous manner. 

SUMMARY OF THE INVENTION 

[0006] The present invention relates generally to cry 
otreatment devices and methods for reducing or eliminating 
arrhythmia by inducing controlled necrosis at one or more 
pre-mapped target sites Within the heart. A cryotreatment 
device in accordance With an exemplary embodiment of the 
present invention may comprise an elongated member hav 
ing a proximal portion, a distal portion, and one or more 
lumens therein in ?uid communication With a cooling ?uid 
adapted to cool the distal portion of the elongated member. 
The elongated member may include one or more needle-like 
ablation tips con?gured to pierce and necrotiZe cardiac 
tissue Within the heart, preventing the conduction of aberrant 
electrical signals through the tissue to one or more relay sites 
of arrthymogenic foci. The cryotreatment device may 
include one or more features con?gured to form an array of 
ablations Within the cardiac tissue, forming a contiguous line 
of conduction block. 

[0007] The ablation tips may be retractable Within the 
elongated member to control the penetration depth of the 
tips transmurally into the cardiac tissue. A pull cord opera 
tively coupled to the ablation tip can be used to retract the 
ablation tip from the cardiac tissue. An ultrasonic probe or 
other measuring device may also be provided to measure 
and control the insertion depth of the cryotreatment device 
Within the cardiac tissue. 

[0008] A cryosurgical method in accordance With the 
present invention may comprise the steps of providing a 
cryotreatment device to a target site Within the heart, and 
necrotiZing one or more locations Within the cardiac tissue 
to form a contiguous line of conduction block. A cooling 
?uid such as liquid nitrous oxide can be injected through an 
inner lumen extending to the distal portion of the cryotreat 
ment device to cool the surrounding tissue adjacent the 
ablation tips. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is an illustration of a cryotreatment device 
in accordance With an exemplary embodiment of the present 
invention, Wherein the device is shoWn inserted through the 
septal Wall of the heart and advanced to a target site at or 
near one or more relay points; 

[0010] FIG. 2 is a partial cross-sectional vieW of the 
cryotreatment device of FIG. 1; 

[0011] FIG. 3 is a detailed vieW of the cryotreatment 
device of FIGS. 1-2, Wherein the device includes an ultra 
sonic probe adapted measure and control the transmural 
depth of the device into the cardiac tissue; 

[0012] FIG. 4 is another detailed vieW illustrating mul 
tiple cryotreatment devices coupled together using a cou 
pling member; 
[0013] FIG. 5 is a vieW of a cryotreatment device in 
accordance With an exemplary embodiment of the present 
invention, Wherein the cryotreatment device includes a lin 
ear array of ablation tips; 
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[0014] FIG. 6 is a partial cross-sectional vieW of a cry 
otreatment device in accordance With an exemplary embodi 
ment of the present invention, Wherein the cryotreatment 
device includes several retractable cryogenic tips con?gured 
to form a circumferential line of conduction block Within the 
heart; and 

[0015] FIG. 7 is a partial cross-sectional vieW of a cry 
otreatment device in accordance With another exemplary 
embodiment of the present invention, Wherein the cryotreat 
ment devices includes an enlarged distal portion With 
retractable ablation tips. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The folloWing description should be read With 
reference to the draWings, in Which like elements in different 
draWings are numbered in like fashion. The draWings, Which 
are not necessarily to scale, depict selected embodiments 
and are not intended to limit the scope of the invention. 
Although examples of construction, dimensions, and mate 
rials are illustrated for the various elements, those skilled in 
the art Will recogniZe that many of the examples provided 
have suitable alternatives that may be utiliZed. 

[0017] FIG. 1 is an illustrative vieW of a cryotreatment 
device 10 in accordance With an exemplary embodiment of 
the present invention for inducing controlled necrosis at one 
or more pre-mapped target sites Within the heart. A guide 
Wire 12 inserted percutaneously into the femoral or jugular 
veins is shoWn advanced through the septal Wall 14 and into 
the upper chambers 16,18 of a heart 20. Using knoWn 
manipulation techniques in the art, guideWire 12 can be 
advanced to a location distal a target site 22 determined to 
cause electrical interference With one or more doWnstream 

arrythmogenic foci 24. A guide catheter 26 suf?ciently siZed 
to receive cryotreatment device 10 can be used to advance 
the cryotreatment device 10 to a location at or near the target 
site 22. 

[0018] Arrhythmias such as atrial ?utter, atrial ?brillation 
and ventricular tachycardia are typically caused When abnor 
mal regions of the heart transmit aberrant electrical signals 
vis-a-vis arrythmogenic foci. To treat such arrhythmias, a 
cryotreatment device in accordance With the present inven 
tion can be inserted into cardiac tissue at a pre-mapped target 
site and cooled to a temperature of about —40 to —100° C. to 
induce necrosis at one or more locations 28,30,32,34 Within 
the heart, such as the pulmonary vein 36. The cryotreatment 
device can be inserted at the various locations 28,30,32,34 
to form a line of conduction block that prevents certain 
electrical signals from being sent from the foci points 24. In 
necrotiZing the cardiac tissue at several locations, thereby 
forming a line of conduction block in the pulmonary vein 36, 
the transmission of aberrant signals believed to cause the 
arrhythmia can be reduced or in some cases altogether 
eliminated. 

[0019] FIG. 2 is a partial cross-sectional vieW of the 
cryotreatment device 10 of FIG. 1, shoWing the distal 
portion 38 of the device 10 in greater detail. In the exem 
plary embodiment of FIGS. 1-2, cryotreatment device 10 
comprises a multiple lumen catheter body 40 having an 
outer shaft 42 con?gured to pierce and cool the cardiac 
tissue, and an inner shaft 44 de?ning an inner lumen 46 in 
?uid communication With a cooling ?uid. The outer shaft 42 
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of catheter body 40 may have a transverse cross-sectional 
area that is substantially circular in shape, extending from a 
proximal end (not shoWn) located outside of the patient’s 
body to a transition region 48 on the catheter body 40. At 
transition region 48, catheter body 40 tapers distally to a 
needle-like ablation tip 50 con?gured to pierce and contact 
cardiac tissue. 

[0020] To cool the distal portion 38 of cryotreatment 
device 10 to a suf?ciently loW temperature to induce necro 
sis When inserted into cardiac tissue, cryotreatment device 
10 can be placed in ?uid communication With a cooling ?uid 
such as liquid nitrogen, nitrous oxide (N20), carbon dioxide 
(C20), chlorodi?uoromethane, polydimethysiloxane, ethyl 
alcohol, chloro?uorocarbons (Freon), or other suitable ?uid. 
The cooling ?uid can be delivered in either a liquid or gas 
state through inner lumen 46, and injected into the annular 
space 52 betWeen the outer and inner shafts 42,44 through 
several apertures 54 disposed in the inner shaft 44. In one 
embodiment, for example, pressuriZed liquid nitrous oxide 
can be ?uidly coupled to the inner lumen 46 of catheter body 
40, and ejected through several apertures 54 disposed in the 
inner lumen 44. Using the Joule-Thompson cooling effect, 
the apertures 54 are adapted to act as a throttling element 
(eg a throttling noZZle) for the cryogen, producing isenthal 
pic cooling as the ?uid is expended from a relatively high 
pressure Within the inner lumen 46 to a loWer pressure as it 
enters the annular space 52. As the cryogenic ?uid expands 
as it passes through the apertures 54, it transitions to a gas 
and impinges upon the interior Wall 56 of the outer shaft 42 
cooling the distal portion 38 of the catheter body 40. This 
temperature drop is then thermally transferred through the 
catheter body 40 and into the surrounding cardiac tissue 58, 
inducing necrosis at the target site 22. The cryogenic ?uid is 
subsequently returned through annular lumen 52 to the 
proximal end of the device 10. 

[0021] The number of apertures 54 can be varied to 
provide a desired temperature decrease to the distal portion 
38 of the catheter body 40. The type of cryogen used and the 
pressure and/or volume at Which the cryogen is delivered 
through the inner lumen 46 can also be selected to impart a 
particular cooling characteristic to the device 10, as desired. 
In the exemplary embodiment of FIGS. 1-2, cryotreatment 
device 10 includes several equidistantly spaced apertures 54 
con?gured to provide uniform cooling through the distal 
portion 38 of the catheter body 40. It should be recogniZed, 
hoWever, that the apertures 54 could be placed at any 
number of strategic locations, at either equidistant or non 
equidistant intervals, to direct the cryogenic ?uid to a 
particular location Within the device 10. 

[0022] The outer and inner shafts 42,44 of cryotreatment 
device 10 may be fabricated from materials having certain 
desirable ?exibility and thermodynamic properties. For 
example, the outer and inner shafts 42,44 may each be 
formed of a superelastic material such as nickel-titanium 
alloy (Nitinol) to permit the cryotreatment device 10 to be 
inserted through relatively tortuous locations of the body 
Without kinking. Other suitable biocompatible materials 
such stainless steel or a polymer/metal composition may 
also be utiliZed, depending on the particular application. 

[0023] Referring noW to FIG. 3, methods of using cry 
otreatment device 10 Will noW be described in the context of 
a cryosurgical procedure to necrotiZe cardiac tissue 58 
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Within a body lumen such as a pulmonary vein 36. Cry 
otreatment device 10 can be inserted through a previously 
positioned guide catheter 26 and advanced to a pre-mapped 
target site 22 Within the heart believed to transmit aberrant 
electrical signals to one or more relay points. As shoWn in 
FIG. 3, needle-like ablation tip 50 of device 10 can be 
con?gured to pierce and contact the cardiac tissue 58 of 
pulmonary vein 36, alloWing the distal portion 38 of catheter 
body 40 to be inserted into the cardiac tissue 58. A curved 
portion 60 on the catheter body 40 may be adapted to orient 
the needle-like ablation tip 50 in a direction substantially 
perpendicular to the tissue Wall 58. 

[0024] In one aspect of the present invention, cryotreat 
ment device 10 can be con?gured to measure and control the 
transmural depth at Which the device is inserted into the 
cardiac tissue 58. Controlled insertion of the needle-tip 
ablation tip 50 into the cardiac tissue 58 prevents distension 
of the vein 36 from occurring, and prevents the ablation of 
cardiac tissue not necessary to form the conduction block. 
Controlled insertion of the needle-like ablation tip 50 into 
the cardiac tissue 58 also ensures that the cryotreatment 
device 10 is inserted at a sufficient depth to form the desired 
conduction block. 

[0025] An ultrasonic probe 62 or other measurement 
device may be utiliZed to measure the precise depth at Which 
cryotreatment device 10 is inserted into the cardiac tissue 58. 
The ultrasonic probe 62 can be coupled to catheter body 40 
a predetermined distance from the needle-like ablation tip 
50, and engaged to acoustically measure the depth at Which 
the distal portion 38 is inserted into the cardiac tissue 58. 
The ultrasonic probe 62 may be coupled to the catheter body 
40, or may be formed as a separate element that can be 
advanced along the catheter body 40 and positioned proXi 
mal the cardiac tissue 58. In one exemplary embodiment, the 
ultrasonic probe 62 may act as a guiding member for the 
device 10, eliminating the need for a separate guide catheter. 
Those of skill in the art Will readily recogniZe that other 
suitable devices for measuring the insertion depth of the 
cryotreatment device 10 may be employed, including, for 
eXample, the use of an optical probe, acoustic re?ective 
coatings, distal bipolar electrodes, or through the use radio 
graphic techniques such as ?uoroscopic marker bands. 

[0026] In operation, a ?uid controller or other similar 
device can be coupled to the proXimal end of the cryotreat 
ment device 10 and used to inject a controlled ?oW of 
cryogenic ?uid (e. g. liquid N20) through the inner lumen 46. 
One or more temperature sensors (not shoWn) on the distal 
portion 38 of catheter body 40 may also optionally be used 
to monitor the temperature of the device 10 and adjust the 
?oW rate via the ?uid controller, as necessary. An insulated 
sleeve 64 surrounding the catheter body 40 may be utiliZed 
to thermally isolate the catheter body 40 proXimal the distal 
portion 38 to prevent ablating other areas of the body. 

[0027] In certain embodiments, the cryotreatment device 
may include a coupling member con?gured to couple mul 
tiple ablation tips together in an array. As shoWn in FIG. 4, 
for eXample, a coupling member 66 can be used to connect 
multiple cryotreatment devices 10 together, forming a linear 
array of needle-like ablation tips 50 that, When thermally 
cooled via a cryogenic ?uid, create a line of contiguous 
conduction block along the cardiac tissue 58 at the target site 
22. The coupling member 66 can be con?gured to couple 
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together any number of cryotreatment devices together in 
any desired array or pattern. The multiple cooling members 
10 applied in a sequential cooling method Will alloW the 
lesions to be made in a stitched like fashion to ensure 
contiguous connection of all the lesions. The method of 
stitching is accomplished by moving one needle 50 While the 
other needle 50‘ is anchored and froZe into the tissue. The 
sequence of operation Would be as folloWs: 

[0028] 1. Insert tWo needles at start point and apply 
maXimum freeze; 

0029 2. ThaW the roXimal needle and reduce tem P 
perature on distal needle; 

[0030] 3. Retract proXimal needle and rotate around 
anchored distal needle; 

[0031] 4. Apply maXimum cooling on both needles 
and repeat steps 2-4. 

[0032] FIG. 5 is a vieW of a cryotreatment device 68 in 
accordance With another exemplary embodiment of the 
present invention. Cryotreatment 68 comprises a catheter 
body 70 having several linearly disposed ablation tips 72 
along a distal portion 74 that, When placed into ?uid 
communication With a cryogenic cooling ?uid, are con?g 
ured to form a line of conduction block Within a target site 
of the heart. Each ablation tip 72 may be con?gured similar 
to tip 50 described above, having a needle-like shape con 
?gured to pierce and contact the cardiac tissue When 
inserted. The number of needles 72 and lumens 76 may be 
the same as shoWn, or may be as feW as tWo needles 72 for 
any number of lumens 76 in the method previously 
described. An inner lumen 76 in ?uid communication With 
a source of pressuriZed cryogen at or near the proXimal end 
of the device 70 is con?gured to cool each ablation tip 72 in 
a manner similar that described above With respect to 
cryotreatment device 10. The cryotreatment device 70 may 
also optionally include an ultrasonic probe or other mea 
surement means (not shoWn) for measuring the precise depth 
at Which the ablations tips 72 are transmurally inserted into 
the cardiac tissue. An insulation layer 78 surrounding the 
catheter body 70 thermally insulates the body 70 from 
ablating other areas of the body. 

[0033] To form a line of conduction block Within a target 
site of the heart, ablation tips 72 can be aligned With a 
portion of the cardiac tissue believed to transfer the aberrant 
electrical signal(s) to one or more doWnstream relay points, 
and inserted into the tissue at a controlled depth. Apressur 
iZed cryogenic ?uid can be delivered through the catheter 
body 70, causing the ablation tips 72 on the distal portion 74 
to undergo a temperature drop to a temperature of about —40 
to —100° C., inducing necrosis in the surrounding cardiac 
tissue. 

[0034] The destruction of more tissue than is necessary to 
form the conduction block may be mitigated through the use 
of a series of smaller ablation tips. Moreover, the number, 
shape and arrangement of the ablation tips may be varied in 
accordance With the particular application. In certain appli 
cations, for eXample, a cryotreatment device in accordance 
With the present invention may be con?gured to form a 
circumferential line of conduction blocks at a target site 
Within the heart. 

[0035] In one eXemplary embodiment shoWn in FIG. 6, a 
cryotreatment device 80 in accordance With the present 
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invention may include a catheter body 82 having several 
needle-like ablation tips 84 on distal end 86 that, When 
thermally cooled via a supplied source of cryogenic ?uid, 
form a circumferential line of conduction block at a target 
site Within the heart (eg about a pulmonary vein). Cry 
otreatment device 80 may comprise an outer shaft 88, and an 
inner shaft 90 disposed Within the outer shaft 88. The inner 
shaft 90 can be con?gured to deliver a pressuriZed source of 
cryogenic ?uid such as liquid nitrogen or N20 through 
aperture 92 toWards the interior surface 94 of distal end 86, 
causing the interior surface 94 of the distal end 86 of catheter 
body 82 to cool and conduct heat. 

[0036] Each of the needle-like ablation tips 84 can be 
con?gured to retract through several openings 96 disposed 
on the distal end 86 of the catheter body 82. A control Wire 
98 extending proximally from each ablation tip 84 to a 
location outside of the patient’s body may be used to retract 
each tip 84 through its respective opening 96, alloWing the 
operator to adjust the precise depth at Which the tip 84 is 
inserted the cardiac tissue. A ?ange 100 coupled to each 
ablation tip 84 prevents the tip 84 from being pulled proxi 
mally through opening 96 as control Wire 98 is retracted. As 
With any of the other embodiments described herein, an 
ultrasonic probe or other suitable device can be utiliZed to 
measure and, if necessary, control the penetration depth of 
the ablation tips 84 Within the tissue. 

[0037] In use, cryotreatment device 80 can be advanced to 
a target site Within the heart, and, With the ablation tips 84 
initially in a fully deployed position, inserted into the cardiac 
tissue. Once the device 80 is inserted into the tissue, the 
operator can retract the control Wire 98 proximally a dis 
tance, causing the ablation tips 84 to retract from Within the 
tissue a slight distance (e.g. 0.5-3.0 cm). An ultrasonic probe 
or other suitable device may be used to measure the precise 
depth at Which the ablation tips 84 are inserted into the 
cardiac tissue. At the desired depth, a pressuriZed ?oW of 
cryogen is then delivered through the device, causing the 
distal end 86 of the device, including the ablation tips 84, to 
cool to a temperature of about —40 to —100° C., forming a 
circumferential line of conduction block Within the body. 

[0038] FIG. 7 is a partial cross-sectional vieW of a cry 
otreatment device 102 in accordance With another exem 
plary embodiment of the present invention. Cryotreatment 
device 102 comprises an outer shaft 104 having a proximal 
portion (not shoWn), a distal portion 106, and an inner lumen 
108 in ?uid communication With a cooling ?uid such as 
liquid N20. The distal portion 106 of cryotreatment device 
102 may be enlarged slightly, orienting several retractable 
needle-like ablation tips 110 in a Wider radial array, permit 
ting the formation of a circumferential line of conduction 
block at larger target sites. A control Wire 112 operatively 
coupled to each ablation tip 110 can be utiliZed to adjust the 
transmural depth of the tip 110 into the cardiac tissue. A 
?anged portion 114 on each ablation tip 110 prevents the 
operator from pulling the ablation tip 110 proximally 
through the tip openings 116 on the distal portion 106 of the 
outer shaft 104. 

[0039] Having thus described the several embodiments of 
the present invention, those of skill in the art Will readily 
appreciate that other embodiments may be made and used 
Which fall Within the scope of the claims attached hereto. 
Numerous advantages of the invention covered by this 
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document have been set forth in the foregoing description. 
It Will be understood that this disclosure is, in many respects, 
only illustrative. Changes may be made in details, particu 
larly in matters of shape, siZe and arrangement of parts 
Without exceeding the scope of the invention. 

What is claimed is: 
1. A medical device for inducing controlled necrosis at a 

target site Within the body, comprising: 

an elongated member having a proximal portion, a distal 
portion, and at least one lumen therein in ?uid com 
munication With a cooling ?uid; 

at least one ablation tip coupled to the distal portion of 
said elongated member con?gured to contact and ablate 
tissue; and 

means for controlling the transmural depth of said at least 
one ablation tip into the tissue. 

2. The medical device of claim 1, Wherein said elongated 
member includes an inner shaft de?ning an intake lumen for 
said cooling ?uid, and an outer shaft de?ning an exhaust 
lumen for said cooling ?uid. 

3. The medical device of claim 2, Wherein said inner shaft 
includes at least one aperture con?gured to eject cooling 
?uid from said intake lumen into said exhaust lumen. 

4. The medical device of claim 3, Wherein said at least one 
aperture comprises a throttling element. 

5. The medical device of claim 1, Wherein said cooling 
?uid is a cryogen. 

6. The medical device of claim 5, Wherein said cryogen is 
liquid nitrous oxide. 

7. The medical device of claim 5, Wherein said cryogen is 
selected from the group consisting of liquid nitrogen, carbon 
dioxide, chlorodi?uoromethane, polydimethysiloxane, ethyl 
alcohol, and chloro?uorocarbons. 

8. The medical device of claim 1, Wherein said means for 
controlling the transmural depth of said at least one ablation 
tip comprises an ultrasonic probe. 

9. The medical device of claim 1, Wherein said means for 
controlling the transmural depth of said at least one ablation 
tip comprises a control Wire. 

10. The medical device of claim 1, Wherein said at least 
one ablation tip is a needle-like ablation tip. 

11. The medical device of claim 1, Wherein said at least 
one ablation tip comprises a plurality of ablation tips. 

12. The medical device of claim 11, Wherein said plurality 
of ablation tips is retractable Within the distal portion of said 
elongated member. 

13. The medical device of claim 11, Wherein said plurality 
of ablation tips is linearly arranged along the distal portion 
of said elongated member. 

14. The medical device of claim 11, Wherein said plurality 
of ablation tips is radially arranged about the distal portion 
of said elongated member. 

15. The medical device of claim 11, Wherein said plurality 
of ablation tips is con?gured to form a line of conduction 
block at said target site. 

16. The medical device of claim 1, Wherein the distal 
portion of said elongated member is radially enlarged. 

17. The medical device of claim 1, further comprising a 
guiding member con?gured to transport said elongated 
member to the target site. 
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18. A medical device for inducing controlled necrosis at 
a target site Within the body, comprising: 

an elongated member having a proximal portion, a distal 
portion, and at least one lumen therein in ?uid com 
munication With a cooling ?uid; 

a plurality of ablation tips coupled to the distal portion of 
said elongated member con?gured to contact and ablate 
tissue, said plurality of ablation tips con?gured to form 
a line of conduction block at said target site; and 

means for controlling the transmural depth of said plu 
rality of ablation tips into the tissue. 

19. The medical device of claim 18, Wherein said elon 
gated member includes an inner shaft de?ning an intake 
lumen for said cooling ?uid, and an outer shaft de?ning an 
exhaust lumen for said cooling ?uid. 

20. The medical device of claim 19, Wherein said inner 
shaft includes at least one aperture con?gured to eject 
cooling ?uid from said intake lumen into said exhaust 
lumen. 

21. The medical device of claim 20, Wherein said at least 
one aperture comprises a throttling element. 

22. The medical device of claim 18, Wherein said cooling 
?uid is a cryogen. 

23. The medical device of claim 22, Wherein said cryogen 
is liquid nitrous oxide. 

24. The medical device of claim 22, Wherein said cryogen 
is selected from the group consisting of liquid nitrogen, 
carbon dioxide, chlorodi?uoromethane, polydimethysilox 
ane, ethyl alcohol, and chloro?uorocarbons. 

25. The medical device of claim 18, Wherein said means 
for controlling the transmural depth of said plurality of 
ablation tips comprises an ultrasonic probe. 

26. The medical device of claim 18, Wherein said means 
for controlling the transmural depth of said at least one 
ablation tip comprises a control Wire. 

27. The medical device of claim 18, Wherein each of said 
plurality of ablation tips are needle-like ablation tips. 

28. The medical device of claim 18, Wherein each said 
plurality of ablation tips are retractable Within the distal 
portion of said elongated member. 

29. The medical device of claim 18, Wherein said plurality 
of ablation tips is linearly arranged along the distal portion 
of said elongated member. 

30. The medical device of claim 18, Wherein said plurality 
of ablation tips is radially arranged about the distal portion 
of said elongated member. 

31. The medical device of claim 18, Wherein the distal 
portion of said elongated member is radially enlarged. 

32. The medical device of claim 18, further comprising a 
guiding member con?gured to transport said elongated 
member to the target site. 

33. A medical device for inducing controlled necrosis at 
a target site Within the body, comprising: 

an elongated member having a proximal portion, a distal 
portion, and at least one lumen therein in ?uid com 
munication With a cooling ?uid; 

at least one retractable ablation tip coupled to the distal 
portion of said elongated member, said at least one 
retractable ablation tip being con?gured to contact and 
ablate tissue; and 
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at least one control Wire con?gured to retract said at least 
one retractable ablation tip Within said tissue. 

34. A cryosurgical method for inducing controlled necro 
sis at a target site Within the heart, comprising the steps of: 

providing a cryotreatment device having a proximal por 
tion, a distal portion, and at least one lumen therein in 
?uid communication With a cryogenic ?uid, the distal 
portion of said cryotreatment device including at least 
one ablation tip con?gured to contact and ablate tissue; 

advancing the cryotreatment device to the target site and 
inserting said at least one ablation tip into the tissue; 

controlling the transmural depth of said at least one 
ablation tip into the tissue; and 

injecting the cryogenic ?uid through said at least one 
lumen to the distal portion of the cryotreatment device. 

35. The method of claim 34, Wherein the step of control 
ling the transmural depth of said at least one ablation tip into 
the tissue comprises the steps of: 

providing an ultrasonic probe at or near the target site 
proximal said at least one ablation tip; and 

acoustically measuring the penetration depth of said at 
least one ablation tip into the tissue. 

36. The method of claim 34, Wherein the steps of creating 
transmural necrosis are accomplished by inserting one abla 
tion tip into the tissue to a controlled depth and anchoring by 
freeZing to the tissue then connectively placing the next. 

37. The method of claim 34, Wherein said at least one 
ablation tip comprises a plurality of ablation tips con?gured 
to form a line of conduction block at the target site. 

38. The method of claim 34, Wherein the step of injecting 
the cryogenic ?uid through said at least one lumen to the 
distal portion of the cryotreatment device comprises the 
steps of: 

supplying cryogenic ?uid through an intake lumen to the 
distal portion of the cryotreatment device; and 

ejecting the cryogenic ?uid through one or more apertures 
into an exhaust lumen, said one or more apertures 
con?gured to cool the cryogenic ?uid. 

39. A cryosurgical method for inducing controlled necro 
sis at a target site Within the heart, comprising the steps of: 

providing a cryotreatment device having a proximal por 
tion, a distal portion, and at least one lumen therein in 
?uid communication With a cryogenic ?uid, the distal 
portion of said cryotreatment device including a plu 
rality of linearly-disposed ablation tips con?gured to 
contact and ablate tissue; 

advancing the cryotreatment device to the target site; 

inserting said plurality of ablation tips into the tissue; 

controlling the transmural depth of said plurality of abla 
tion tips into the tissue; and 

injecting the cryogenic ?uid through said at least one 
lumen to the distal portion of the cryotreatment device 
to form a line of conduction block at the target site. 
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40. The method of claim 39, wherein the step of control 
ling the transmural depth of said plurality of ablation tips 
into the tissue comprises the steps of: 

providing an ultrasonic probe at or near the target site 
proXimal said plurality of ablation tips; and 

acoustically measuring the penetration depth of said plu 
rality of ablation tips into the tissue. 

41. The method of claim 39, Wherein the step of injecting 
the cryogenic ?uid through said at least one lumen to the 
distal portion of the cryotreatment device comprises the 
steps of: 

supplying cryogenic ?uid through an intake lumen to the 
distal portion of the cryotreatment device; and 

ejecting the cryogenic ?uid through one or more apertures 
into an exhaust lumen, said one or more apertures 
con?gured to cool the cryogenic ?uid. 

42. A cryosurgical method for inducing controlled necro 
sis at a target site Within the heart, comprising the steps of: 

providing a cryotreatment device having a proXimal por 
tion, a distal portion, and at least one lumen therein in 
?uid communication With a cryogenic ?uid, the distal 
portion of said cryotreatment device including a plu 
rality of radially-disposed ablation tips con?gured to 
contact and ablate tissue; 

advancing the cryotreatment device to the target site; 

inserting said plurality of ablation tips into the tissue; 

controlling the transmural depth of said plurality of abla 
tion tips into the tissue; and 

Oct. 14, 2004 

injecting the cryogenic ?uid through said at least one 
lumen to the distal portion of the cryotreatment device 
to form a circumferential line of conduction block at 
the target site. 

43. A cryosurgical method for inducing controlled necro 
sis at a target site Within the heart, comprising the steps of: 

providing a cryotreatment device having a proXimal por 
tion, a distal portion, and at least one lumen therein in 
?uid communication With a cryogenic ?uid, the distal 
portion of said cryotreatment device including a plu 
rality of ablation tips con?gured to contact and ablate 
tissue; 

advancing the cryotreatment device along a guiding mem 
ber to the target site and inserting said plurality of 
ablation tips into the tissue; 

providing an ultrasonic probe at or near the target site 
proXimal said plurality of ablation tips and acoustically 
measuring the penetration depth of said plurality of 
ablation tips into the tissue; and 

injecting the cryogenic ?uid through said at least one 
lumen to the distal portion of the cryotreatment device, 
thereby forming a conduction block Within the target 
site blocking electrical signals to one or more relay 
points Within the heart. 

44. The method of claim 43, Wherein said guiding mem 
ber comprises a guide catheter disposed along a guideWire. 


