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(57) ABSTRACT 

Devices and methods for creating a series of percutaneous 
myocardial revascularization (PMR) channels in the heart. 
One method includes forming a pattern of channels in the 
myocardium leading from healthy tissue to hibernating tis 
sue. Suitable channel patterns include lines and arrays. One 
method includes anchoring a radiopaque marker to a position 
in the ventricle Wall, then using ?uoroscopy repeatedly to 
guide positioning of a cutting tip in the formation of multiple 
channels. Another method uses radiopaque material injected 
into each channel formed, as a marker. Yet another method 
utilizes an anchorable, rotatable cutting probe for channel 
formation about an anchor member, Where the cutting probe 
can vary in radial distance from the anchor. Still another 
method utilizes a multiple Wire radio frequency burning 
probe, for formation of multiple channels simultaneously. 
Still another method utilizes liquid nitrogen to cause local 
ized tissue death. 
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PERCUTANEOUS MYOCARDIAL 
REVASCULARIZATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a Continuation of appli 
cation Ser. No. 10/231,033, ?led Aug. 30, 2002, Which is a 
Continuation of application Ser. No. 09/536,068, ?led on 
Mar. 24, 2000, now US. Pat. No. 6,491,689 B1, and claims 
the bene?t of U. S. Provisional Patent Application No. 60/064, 
169, ?led Nov. 4, 1997. 

FIELD OF THE INVENTION 

[0002] The present application is related to devices and 
methods for promoting blood circulation to the heart muscle. 
Speci?cally, the present invention is related to percutaneous 
myocardial revasculariZation (PMR) devices and methods for 
forming multiple channels in the myocardium. 

BACKGROUND OF THE INVENTION 

[0003] A number of techniques are available for treating 
cardiovascular disease such as cardiovascular by-pass sur 
gery, coronary angioplasty, laser angioplasty and atherec 
tomy. These techniques are generally applied to by-pass or 
open lesions in coronary vessels to restore and increase blood 
How to the heart muscle. In some patients, the number of 
lesions are so great, or the location so remote in the patient 
vasculature that restoring blood How to the heart muscle is 
dif?cult. Percutaneous myocardial revasculariZation (PMR) 
has been developed as an alternative to these techniques 
Which are directed at by-passing or removing lesions. 

[0004] Heart muscle may be classi?ed as healthy, hibemat 
ing and “dead”. Dead tissue is not dead but is scarred, not 
contracting, and no longer capable of contracting even if it 
Were supplied adequately With blood. Hibernating tissue is 
not contracting muscle tissue but is capable of contracting, 
should it be adequately re-supplied With blood. PMR is per 
formed by boring channels directly into the myocardium of 
the heart. 

[0005] PMR Was inspired in part by observations that rep 
tilian hearts muscle is supplied primarily by blood perfusing 
directly from Within heart chambers to the heart muscle. This 
contrasts With the human heart, Which is supplied by coronary 
vessels receiving blood from the aorta. Positive results have 
been demonstrated in some human patients receiving PMR 
treatments. These results are believed to be caused in part by 
blood ?oWing from Within a heart chamber through patent 
channels formed by PMR to the myocardial tissue. Suitable 
PMR channels have been burned by laser, cut by mechanical 
means, and burned by radio frequency current devices. 
Increased blood How to the myocardium is also believed to be 
caused in part by the healing response to Wound formation. 
Speci?cally, the formation of neW blood vessels is believed to 
occur in response to the neWly created Wound. 

[0006] What remains to be provided are improved methods 
and devices for increasing blood perfusion to the myocardial 
tissue. What remains to be provided are methods and devices 
for increasing blood How to myocardial tissue through con 
trolled formation of channel patterns in the myocardium. 

SUMMARY OF THE INVENTION 

[0007] The present invention includes devices and methods 
for creation of multiple holes in the myocardium of a human 
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heart for percutaneous myocardial revasculariZation. A pat 
tern of holes is optimally created extending from healthy 
tissue to hibernating tissue, thereby increasing the supply of 
blood to hibernating heart muscle tissue. Creating a con 
trolled pattern of channels rather than simply a plurality of 
channels of unknown location can be accomplished using 
various methods and devices. Holes can be considered the 
space left after a volumetric removal of material from the 
heart Wall. Channels have a depth greater than their Width and 
craters have a Width greater than their depth. 

[0008] One method includes marking a ?rst location in the 
heart muscle Wall With a radiopaque marker, then positioning 
a radiopaque cutting tip relative to the radiopaque marker 
using ?uoroscopy and cutting channels in the myocardium 
Where appropriate. Suitable markers can be secured to the 
endocardium mechanically With barbs or pigtails or injected 
into the myocardium. Suitable channel patterns include lines, 
arrays, and circular clusters of channels. 

[0009] Another method includes injecting radiopaque 
material into the neWly formed channels, thereby marking the 
positions of the channels already formed. The radiopaque 
material should be held in place With polymeric adhesives for 
the duration of the treatment. The channels formed can be 
vieWed under ?uoroscopy using this method. The marker can 
remain throughout the procedure or only long enough to 
record the position for mapping. 

[0010] Yet another method can be accomplished by provid 
ing a myocardial channel forming device having an anchoring 
member, a treatment member With a cutting tip, means for 
rotating the cutting member about the anchoring member, and 
means for controlling the radial displacement of the cutting 
tip from the anchoring member. The anchoring member can 
be implanted in a heart chamber Wall using a pigtail, and the 
radial and rotational displacement of the cutting tip controlled 
to sequentially form a circular cluster of channels about the 
anchoring member. The circular cluster preferably includes 
both healthy and hibernating tissue areas, Which can be 
mapped using conventional techniques. A variant of this tech 
nique utiliZes a device having a spline and corresponding star 
shaft, Which restricts the number of possible rotational angles 
and provide predictable arc rotations around the spline for the 
treatment member about the anchoring shaft. 

[0011] Still another method utiliZes a bundle of ?bers 
Within a sheath as the cutting device. Preferred ?bers are 
formed of Nitinol Wire and carry radio frequency current to 
effect burning channels in the myocardium. Optical ?bers 
carrying laser light for burning are used in another embodi 
ment. The splay of ?bers out of the distal end of the sheath can 
be controlled by controlling the bias of the ?bers. The bias of 
the ?bers can be controlled by utiliZing shape memory mate 
rials, such as Nitinol Wire. The splay of ?bers can also be 
controlled by controlling the length of ?ber exposed at the 
distal end, by controlling the retraction of the sheath over the 
?bers. 

[0012] A variant device utiliZes a magnetically responsive 
anchoring member, Which can be pulled against the heart Wall 
by an external magnetic force. The heart Wall can have move 
ment lessened during this procedure and other procedures 
generally, by inserting a catheter having a magnetically 
responsive distal region into a coronary artery. Force can be 
brought to bear upon the heart Wall region having the catheter 
disposed Within by applying a magnetic force on the catheter. 
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The applied force can exert a pulling force on the catheter, 
reducing movement of the beating heart Wall in that region. 

[0013] Another device includes an outer positioning tube 
having several side channels in the distal region and means for 
securing the distal region against movement Within the heart 
chamber. One securing means includes a suction ori?ce near 
the distal end supplied With vacuum by a vacuum lumen 
extending the length of the outer tube. Another securing 
means includes a magnetically responsive portion of the outer 
tube. The suction ori?ce can be secured to the heart chamber 
Wall by applying vacuum and the magnetically responsive 
portion can be forced into the chamber Wall by applying an 
external magnet ?eld. The inner tube can contain an interme 
diate guide tube and the guide tube can contain an inner PMR 
cutting Wire With a arcuate biased distal region. As the arcuate 
distal region is moved through the outer tube distal region and 
over the side channels, the PMR Wire distal region can extend 
through a side channel and to the heart chamber Wall. The 
PMR Wire can be moved past undesired side holes by rotating 
the Wire such that the arcuate Wire region is oriented aWay 
from the side holes. 

[0014] Another device includes a tube-in-a-tube con?gura 
tion, having an outer tube disposed about an intermediate tube 
disposed about an inner PMR cutting probe. The inner PMR 
probe can be preformed to have a distal region arcuate or 
angled bias, bent aWay from the longitudinal axis of the 
probe. The PMR probe distal region can extend through a side 
channel in the distal region of the intermediate tube and is 
slidable Within the intermediate tube, thereby exposing a 
varying length of distal PMR probe outside of the intermedi 
ate tube. The intermediate tube is slidably disposed Within the 
outer tube Which has an elongate slot to alloW passage of the 
PMR probe therethrough. Thus, the radial extent or length of 
extending PMR probe can be varied by sliding the PMR probe 
Within the intermediate and outer tubes, the longitudinal po si 
tion of the PMR probe can be varied by sliding the interme 
diate tube Within the outer tube, and the rotational position 
can be varied by rotating the outer tube from the proximal 
end. Varying the amount of a preformed, bent PMR probe 
extending from the intermediate tube can also change the 
longitudinal position of the PMR probe distal end. 

[0015] Another device includes an elongate rod having a 
distal region secured to an outer collar, such that the outer 
collar can be pushed and pulled. The outer collar is slidably 
disposed over an intermediate tube. An inner PMR cutting 
probe is slidably disposed Within the intermediate tube. The 
inner PMR probe and intermediate tube together have a distal 
region arcuate or bent bias or preform, such that distally 
advancing the outer collar over the intermediate tube straight 
ens out the intermediate tube and proximally retracting the 
outer collar alloWs the arcuate bias or bend to be exhibited in 
the distal region shape of PMR probe and intermediate tube. 
The preform can exist in the PMR probe, intermediate tube, or 
both. The device includes means for anchoring the device to 
the ventricle Wall. Circles or arcs of myocardial channels can 
be formed by rotating the outer tube, extending the inner 
PMR probe, and varying the amount of arc to form distal of 
the outer collar. 

[0016] Yet another device includes an anchoring member 
and a positionable cryanoblative treatment tube. The treat 
ment tube can be formed of metal and be either closed or open 
ended. In use, the device is anchored Within a heart chamber 
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and a cryogenic substance such a liquid nitrogen delivered 
through the tube and to the tube distal end. The liquid nitrogen 
can cause localiZed tissue death, bringing about the desired 
healing response. Still another device includes a plurality of 
splayed, cryanoblative tubes Within a sheath. The tubes can be 
supplied With liquid nitrogen, Which can be delivered through 
the tube lumens to the tube distal ends so as to cause localiZed 
myocardial tissue death at multiple sites substantially simul 
taneously. 

[0017] In yet another embodiment, a catheter assembly is 
provided including a guide Wire having a proximal end and a 
distal end. An expandable member, Which may be a Wire loop, 
is disposed at the distal end of the guide Wire. The expandable 
member is moveable betWeen a ?rst position and a second 
position. In the ?rst position, the member is collapsed to move 
through a lumen of a guide catheter. In a second position, the 
expandable member has a transverse diameter, With respect to 
the length of the guide Wire, greater than the transverse diam 
eter of the guide catheter lumen. An elongate catheter having 
a proximal end and a distal end is disposed on the guide Wire. 
A therapeutic device is connected to the distal end of the 
catheter. The therapeutic device can be a needle, hypotube, 
electrode or abrasive burr to form holes or craters in the 
myocardium of the patient’s heart. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a fragmentary, side, cutaWay vieW of a left 
ventricle having an anchorable, positionable PMR device 
Within; 
[0019] FIG. 2 is a fragmentary, side vieW of the PMR device 
of FIG. 1, shoWing anchor and treatment members is phantom 
Within a catheter shaft; 

[0020] FIG. 3 is a top vieW of the PMR catheter and ven 
tricle of FIG. 1, shoWing a transverse cross-sectional vieW of 
the PMR catheter and a fragmentary cross-section and pro 
jection of the ventricle Wall; 

[0021] FIG. 4 is a fragmentary, perspective vieW of a mul 
tiple-tip PMR treatment device according to the present 
invention; 
[0022] FIG. 5 is an end vieW of the multiple-tip PMR treat 
ment device of FIG. 4; 

[0023] FIG. 6 is a fragmentary, side, cutaWay vieW of a left 
ventricle having a magnetically anchorable, positionable 
PMR device Within; 

[0024] FIG. 7 is cutaWay, perspective vieW of a heart having 
a magnetically positionable PMR cutting tip Within the left 
ventricle Wall; 

[0025] FIG. 8 is a perspective vieW of a heart having a 
magnetic, heart Wall stabiliZing catheter disposed Within the 
left coronary artery, shoWn in phantom; 

[0026] FIG. 9 is a perspective vieW of a multiple channel 
positioning device for forming multiple myocardial channels 
in a ventricle Wall, having distal anchoring means and con 
taining a guide catheter containing a PMR cutting Wire, both 
draWn in phantom; 

[0027] FIG. 10 is a fragmentary, perspective vieW of a 
device related to the device of FIG. 9, illustrated Without 
distal anchoring means, better illustrating a shape member 
Within the device; 
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[0028] FIG. 11 is a perspective vieW of a tube-in-a-tube 
positioning device for positioning a PMR cutting probe, hav 
ing an outer tube containing an inner tube containing a PMR 
cutting probe; 
[0029] FIG. 12 is a fragmentary, perspective vieW of a 
section through the PMR probe of FIG. 11, better illustrating 
the shape member; 

[0030] FIG. 13 is a perspective vieW of an extendable collar 
device for positioning a PMR probe, having a slidable collar 
over an intermediate tube over a PMR cutting probe; 

[0031] FIG. 14 is a fragmentary, side, cutaWay vieW of a left 
ventricle having an anchorable, positionable cryanoblative 
PMR device Within; 

[0032] FIG. 15 is a fragmentary, perspective vieW of a 
multiple-tip cryanoblative PMR treatment device according 
to the present invention; 

[0033] FIG. 16 is a perspective vieW of yet another embodi 
ment of the device in accordance With the present invention; 

[0034] FIG. 17 is a vieW of the device of FIG. 16 in use; 

[0035] FIG. 18 is an alternate embodiment of the device of 
FIG. 16; 

[0036] FIG. 19 is an alternate embodiment of the device of 
FIG. 16; and 

[0037] FIG. 20 is an alternate embodiment of the device of 
FIG. 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] FIG. 1 illustrates an anchorable percutaneous myo 
cardial revasculariZation (PMR) treatment catheter 20 dis 
posed Within a left ventricle 34. PMR catheter 20 includes an 
inner star shaft 24 disposed Within an outer catheter shaft 22, 
an anchoring shaft 26 disposed Within star shaft 24, and a 
treatment shaft or probe 30 disposed Within catheter shaft 22. 
Catheter shaft 22 has been cut aWay proximally in FIG. 1, 
illustrating inner star shaft 24 Within. Anchoring shaft 26 has 
an anchor 28 disposed at the distal end. In a preferred embodi 
ment, anchor 28 has a pigtail or corkscreW con?guration, 
capable of reversibly securing itself to the ventricular Wall 
through rotation of anchoring shaft 26. One embodiment 
anchor includes a distal barb, capable of securing itself to the 
ventricular Wall through translation of anchoring shaft 26, not 
requiring shaft rotation for anchoring. In another embodi 
ment, anchoring shaft 26 includes a vacuum lumen there 
through terminating in a distal ori?ce or suction tip (not 
shoWn). Treatment shaft 30 has a distal cutting tip 32, shoWn 
embedded Within a section of a left ventricular Wall 36. The 
term “cutting” as used herein includes penetrating and chan 
nel forming by other means. 

[0039] Referring noW to FIG. 2, PMR catheter 20 is illus 
trated in more detail. Anchor shaft 26, extending through 
outer catheter shaft 22, includes a distal radiopaque marker 
38. Treatment shaft 30, extending through catheter tube 22, 
preferably includes an arcuate, distal region 33 and a distal 
radiopaque marker 40. Radiopaque markers 38 and 40 can aid 
in determining the positions of the anchoring and treatment 
shafts under ?uoroscopy. Suitable radiopaque materials are 
Well knoWn to those skilled in the art, including barium, 
bismuth, tungsten and platinum. Referring noW to FIG. 3, 

Dec. 25, 2008 

PMR catheter 20 is illustrated in a top, cross-sectional vieW 
taken through the catheter. In a preferred embodiment, 
anchoring shaft 26 is contained Within an anchor shaft lumen 
27. Anchor shaft lumen 27 is preferably slidably disposed 
Within an inner shaft such as star shaft 24. Inner shaft 24 
preferably has a star shape and is disposed Within a star lumen 
25 having internal splines corresponding to the vertices of star 
shaft 24. Treatment shaft 30 is preferably slidably disposed 
Within a treatment shaft lumen 31 Within the Wall of PMR 
outer shaft 22. As illustrated, treatment shaft 3 0 cutting end 32 
has formed several channels 42 in the myocardium of ven 
tricular Wall 36. 

[0040] The use of PMR device 20 may noW be discussed, 
With reference to FIGS. 1, 2 and 3. Several degrees of freedom 
of movement of cutting tip 32 are possible With the present 
invention. Treatment shaft distal region 33 is preferably 
biased to assume a more radially extended position When 
unconstrained by lumen 31. Cutting tip 32 may be seen to 
have a radial distance “R” from anchoring shaft 26, as indi 
cated in FIG. 2. Holding the axial displacement of anchoring 
shaft 26 and treatment shaft 30 ?xed While distally, axially 
sliding catheter outer shaft 22 over both shafts 26 and 30 
causes more of treatment shaft distal region 33 to be draWn 
into outer shaft 22, thereby decreasing the radial distance R of 
cutting tip 32 from anchoring shaft 26. Thus, by proximally 
?xing the longitudinal positions of anchoring shaft 26 and 
treatment shaft 30, and sliding outer shaft 26 over a range of 
motion, a series of channels along a line extending radially 
outward from anchoring shaft 26 can be created. It Will be 
recogniZed that, to the extent the inner ventricular Wall does 
not match the arcuate shape of treatment shaft distal region 
33, it may be necessary to adjust the longitudinal displace 
ment of treatment shaft 30 Within outer shaft 22 as Well, to 
enable cutting tip 32 to reach the endocardium. 

[0041] In addition to cutting a series of channels radially 
outWard from anchoring shaft 26, cutting tip 32 can also 
describe an arc about treatment shaft lumen 31, best visual 
iZed With reference to FIG. 3. By rotating treatment shaft 30 
Within lumen 31, cutting tip 32 can sWeep through an arc, 
cutting a regular series of channels into the myocardium. By 
varying radial distance R and the rotation of treatment shaft 
30, a regular series of arcs of channels can be formed, With the 
arcs having increasing radial distance from outer shaft 22. 

[0042] Outer shaft 22 can also be rotated relative to anchor 
ing shaft 26, thereby enabling the cutting of a regular series of 
channels in a circle about anchoring shaft 26. In a preferred 
embodiment, an intermediate star shaft such as shaft 24 is 
disposed betWeen anchoring shaft 26 and outer shaft 22. Star 
shaft 24 can serve to restrict the rotational positions possible 
for outer shaft 22 relative to inner, anchoring shaft 26. Outer 
shaft 22 having internal splines, is not freely rotatable about 
the vertices of start shaft 24. In order for outer shaft 22 and 
carried treatment shaft 3 0, to be rotated about anchor shaft 26, 
star shaft 24 can be star shaped only is a limited distal region, 
and outer shaft 22 only splined in a limited distal region. In a 
preferred embodiment, star shaft 24 and outer shaft 22, at a 
location proximal of the cross section of FIG. 3, have smooth 
outer and inner surfaces, respectively. The smooth surfaces 
alloW star shaft 24 to be rotated Within outer shaft 22 When 
star shaft 24 has been retracted proximally into the smooth 
region. After rotation, star shaft 24 can be advanced distally, 
sliding Within a spline of outer shaft 22. The rotation of outer 
shaft 22 can thus be restricted When desired and enabled When 
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desired. When enabled, rotation of shaft 22 can thus be 
restricted to a discrete set of rotational angles. Another 
embodiment of the invention dispenses With intermediate, 
start shaft 24, allowing outer shaft 22 to rotate directly about 
inner, anchoring shaft 26. In this embodiment, the rotation of 
outer shaft 22 about anchoring shaft 26 is not restricted to a set 
of discrete rotational angles. 

[0043] Cutting tip 32 can form a substantially regular pat 
tern of channels. Cutting tip 32 preferably is formed of a Wire 
such as Nitinol or elgiloy or stainless steel, and is capable of 
delivering the radio frequency current used for cutting chan 
nels in the myocardium. A suitable device for radio frequency 
cutting is described in co-pending U. S. patent application Ser. 
No. 08/ 810,830, ?led Mar. 6, 1997, entitled RADIOFRE 
QUENCY TRANSMYOCARDIAL REVASCULARIZA 
TION APPARATUS AND METHOD. By restricting the 
movement of cutting tip 32 to movements relative to anchor 
tip 28, a more regular pattern of channels can be formed, even 
With limited ?uoroscopic feedback, relative to the pattern 
formed by a cutting tip operating independent of the anchor 
ing tip. 

[0044] Referring noW to FIG. 4, a multi-?ber treatment 
probe 50 is illustrated. Treatment probe 50 includes a plural 
ity of Wires or optical ?bers 54, having distal cutting tips 56, 
and enclosed Within a sheath 52. FIG. 5 illustrates and end 
vieW of multi-?ber probe 50, shoWing distal cutting tips 56 in 
the pattern they Would have approaching the myocardium. 
Probe 50 alloWs a pattern of channels to be formed in the 
myocardium at the same time, not requiring repeated re 
positioning of a single cutting tip such as cutting tip 32 of FIG. 
2. Wires 54 are preferably formed of Nitinol Wire. Use of a 
bundle of ?bers including metal Wires or optical ?bers alloWs 
use of RF or laser cutting means, respectively. RF and laser 
cutting alloWs use of ?bers relatively close together, as illus 
trated in FIG. 5. Mechanical cutting tips, such as those using 
rotating cutting blades, can require more space betWeen cut 
ting tips, not alloWing the dense coverage of FIG. 5. In one 
embodiment, the cutting tips have an outside diameter “D” 
and an average inter-strand distance “I”, as illustrated in FIG. 
5, Where I is about 2 to 3 times the value of D. The pattern of 
cutting tips can be controlled by utiliZing radially outWardly 
biased cutting tips, Which splay outWard as illustrated in FIG. 
4. The amount of splay is controlled in one embodiment by 
alloWing the enclosing sheath to retract, alloWing the cutting 
tips to splay further outWard. Sheath 52 can prevent uncon 
trolled ?opping of distal cutting tips 56, Which can present a 
problem When large inter-strand distances are required, as 
With some mechanical cutting tips. The coverage of the cut 
ting tips in FIG. 5 alloWs creation of a complete pattern of 
channels in the myocardium Without requiring repositioning 
of the cutting tips. 

[0045] In use, probe 50 can be positioned near the ventricle 
Wall region to be revasculariZed, and RF current delivered 
through distal cutting tips 56. The resulting myocardial chan 
nels can be formed substantially at the same time, and a 
similar pattern delivered to an adjacent ventricular Wall area 
soon thereafter. 

[0046] In another embodiment of the invention, not requir 
ing illustration, a radiopaque marker can be delivered and 
secured to a position in the ventricular Wall. Suitable radio 
paque materials include barium, bismuth, tungsten and plati 
num. Markers believed suitable include metal markers having 
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barbs or pigtails to securely engage the ventricle Wall. Other 
markers, such as radiopaque gels injected into the ventricular 
Wall, are suitable provided they stay in place for the length of 
the procedure. Such markers are preferably injected from 
Within the ventricle utiliZing a catheter. A preferred method 
utiliZes the cutting tip to ?rst plant or inject a marker, folloWed 
by the cutting of a series of channels in the myocardium. By 
utiliZing a radiopaque distal cutting tip and a ?xed, implanted 
radiopaque marker, the relative positions of the tWo can be 
vieWed ?uoroscopically and adjusted ?uoroscopically, 
thereby alloWing formation of a controlled pattern of chan 
nels. The radiopaque marker provides a reference point for 
forming a pattern of channels in the myocardium. 

[0047] In another embodiment of the invention, the cutting 
tip injects radiopaque material in conjunction With the cutting 
of a channel. In this embodiment, as each channel is formed, 
a radiopaque marker is left, creating a pattern of radiopaque 
markers vieWable ?uoroscopically. The pattern of channels 
formed in the myocardium are thus immediately vieWable, 
giving feedback to the treating physician as to the progress 
and scope of the pattern of channels. Suitable materials for 
injection into the myocardium are preferably biodegradable 
or absorbable into the body soon after the procedure, alloWing 
the myocardial channels to be perfused With blood. A device 
suitable for cutting and injection of material is described in 
copending US. patent application Ser. No. 08/812,425, ?led 
Mar. 16, 1997, entitled TRANSMYOCARDIAL CATH 
ETER AND METHOD, herein incorporated by reference. 

[0048] Referring noW to FIG. 6, left ventricle 34 having a 
magnetically anchorable, positionable PMR device 86 device 
Within is illustrated. PMR device 86 is similar in some 
respects to PMR device 20 illustrated in FIG. 1, With device 
86 differing primarily at the distal end of anchoring shaft 26. 
Anchoring shaft 26 has a magnetically responsive portion 80 
at the anchoring shaft distal end. “Magnetically responsive” 
as used herein refers to a material capable of being attracted or 
repelled by a magnet. Magnetically responsive portion 80 can 
be used in conjunction With external magnets to position 
anchoring shaft 26 against the ventricle Wall. External mag 
nets such as magnet 84 can be disposed external to the body, 
positioned to direct the distal end of anchoring shaft 26 into 
the center of a target area in the heart. In one embodiment, the 
external magnets are rare earth magnets. In another embodi 
ment, the external magnets are superconducting magnets. In 
a preferred embodiment, several magnets 84 are used to direct 
anchoring shaft 26 into the heart Wall. 

[0049] In use, magnets 84 can be used in conjunction With 
axially moving anchoring shaft 26 to plant anchoring shaft 26 
in the desired location. Pairs of magnets in all three dimen 
sions may not be required as the goal is to pull the anchoring 
shaft against a ventricle Wall, not necessarily to suspend it in 
place using the magnets. The magnets, in conjunction With a 
radiopaque anchoring shaft tip and ?uoroscopy, can be used 
to guide the anchoring shaft into position and maintain posi 
tion during treatment. In the embodiment illustrated, an 
anchoring spike 82 lies at the distal end of anchoring shaft 26. 
Anchoring spike 82, draWn larger in FIG. 6 than in the pre 
ferred embodiment, is used to stabiliZe the position of the 
anchoring shaft distal end once the desired position has been 
reached. Another embodiment terminates anchoring shaft 26 
Without any spike, rather ending With magnet 80. Still another 
embodiment terminates anchoring shaft 26 With an ori?ce, 
such as a suction tip, in communication With a vacuum lumen 
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Within shaft 26, allowing anchoring shaft 26 to be held in 
place by applying vacuum to the vacuum lumen and ori?ce, 
thereby securing the distal tip of shaft 26 With vacuum pulling 
against the heart chamber Wall. 

[0050] Referring noW to FIG. 7, a heart 35 having a PMR 
catheter 90 disposed Within. PMR catheter 90 includes a shaft 
92, illustrated extending through the aorta and into left ven 
tricle 34. A magnetically response distal portion 94 is located 
near a distal cutting tip 96 on PMR catheter 90. As illustrated, 
cutting tip 96 has been guided into left ventricular Wall 36 and 
has cut a channel in the Wall. External magnets 84 can be used 
to position cutting tip 96 into the desired position With the aid 
of ?uoroscopy. Distal portion 94 is preferably radiopaque, to 
aid in guiding cutting tip 96 into position. As PMR catheter 
shaft 92 provides some degree of support to cutting tip 96, and 
as the primary goal is to pull cutting tip 96 into the ventricular 
Wall, pairs of magnets in all three dimensions may not be 
required. External magnets 84 serve to position cutting tip 96, 
and, With the assistance of catheter shaft 92, can serve to pull 
cutting tip 96 into the ventricular Wall. 

[0051] Referring noW to FIG. 8, a magnetically responsive 
catheter 100 is illustrated, disposed Within heart 35, being 
extended through aorta 102 into a left coronary artery 104. 
Catheter 100 includes a magnetically responsive distal region 
106, Which can be attracted by external magnets 84. Catheter 
100 can be used in conjunction With external magnets to 
stabiliZe regions of the heart, lessening the amount of Wall 
movement due to the beat of the heart. 

[0052] In use, magnetically responsive catheter 100 can be 
advanced With aid of ?uoroscopy through the aorta and into a 
coronary artery. Catheter distal region 106 preferably 
includes radiopaque materials to aid positioning under ?uo 
roscopy. Once in position, distal region 106 is effectively 
located in the heart Wall. When stabiliZation is desired, exter 
nal magnets such as magnet 84 can be positioned near cath 
eter distal region 106. By exerting a strong pull on distal 
region 106, the movement of the heart Wall in the vicinity of 
catheter distal region 106 can be lessened. 

[0053] Stabilization can be used during intravascular PMR 
procedures, minimally invasive PMR procedures, and heart 
procedures generally. When used during PMR procedures, 
the stabiliZation can serve to lessen heart Wall movement in 
the area being cut. When used during other medical proce 
dures, the stabiliZation can serve to minimize heart Wall 
movement in areas being operated on or otherWise treated. 
When used during intravascular PMR procedures, a second, 
PMR catheter should be provided. 

[0054] Referring noW to FIG. 9, a multiple-channeled PMR 
positioning device or guiding tube 120 is illustrated. Position 
ing tube 120 includes a distal end 122, a distal region 124, a 
proximal end 126, a plurality of channels 138 Within distal 
region 124, and a lumen 128 therethrough. A distal anchoring 
means 130 is preferably located distal of distal region 124 and 
can serve to ?x the position of distal end 122 to the Wall of the 
left ventricle or other heart chamber. In one embodiment, 
anchoring means 130 includes an ori?ce or suction tip in 
communication With a vacuum lumen 148, such that anchor 
ing means 130 can be held in place against a heart chamber 
Wall once positioned near the Wall. In another embodiment, 
anchoring means 130 includes a magnetically responsive 
material such that an externally applied magnetic ?eld can 
force anchoring means 130 into a heart chamber Wall. In this 

Dec. 25, 2008 

magnetically responsive embodiment, anchoring means 130 
can be similar to distal portion 94 illustrated in FIG. 7. In 
another embodiment, tube distal region 124 is magnetically 
responsive and can be similar to magnetically responsive 
region 106 illustrated in FIG. 8. Distal tip 122 is preferably 
formed of soft, atraumatic material and distal region 124 
formed of suf?ciently pliable material so as to alloW distal 
region 124 to conform to a ventricle Wall. 

[0055] Disposed Within positioning tube 120 is a guide 
catheter 142 extending from positioning tube proximal end 
126 to distal region 124. Disposed Within guide catheter 142 
is a PMR cutting Wire 132, proximally electrically connected 
to an RF energy source 136 and terminating distally in a 
cutting tip 33. PMR Wire 132 includes a distal arcuate or bent 
region 144 proximate distal cutting tip 33. Arcuate region 144 
can be bent or arced so as to have a preformed shape or bias to 
extend laterally aWay from the longitudinal axis of the PMR 
Wire. In one embodiment, PMR Wire lies Within positioning 
tube 120 directly, Without a guide catheter. In a preferred 
embodiment, a guide catheter such as guide catheter 142 is 
disposed about the PMR Wire. PMR Wire 132 is slidably 
disposed Within guide catheter 142 and can be rotated by 
applying torque to the proximal end. 

[0056] In use, positioning tube 120 can be preloaded With 
guide catheter 142 containing PMR Wire 132. PMR Wire 132 
can be retracted such that arcuate region 144 is retracted 
either to a position proximal of channels 138 or Within posi 
tioning tube distal region 124 but retracted Within guide cath 
eter 142. In this retracted position, PMR Wire arcuate region 
144 does not extent from channels 138. With PMR Wire 
retracted, positioning tube 120 can be advanced through the 
vasculature into a heart chamber such as the left ventricle. 
Positioning tube distal end 122 can be advanced doWn into the 
ventricle and up a ventricular Wall. With distal end 122 in a 
desired position, anchoring means 130 can be used to anchor 
distal end 122 to the ventricular Wall. In embodiments Where 
anchoring means 130 is magnetically responsive or Where 
positioning tube distal region 124 is magnetically responsive, 
an external magnetic force can be applied to pull or push 
anchoring means 130 and distal region 124 into the Wall. In 
embodiments Where anchoring means 130 is a suction tip, 
vacuum can be applied to the vacuum lumen in communica 
tion With the suction tip. 

[0057] With positioning tube distal region 124 in place, 
guide catheter 142 containing PMR Wire 132 can be advanced 
to push tube distal end 122 and PMR Wire arcuate region 144 
distally out of guide catheter 142. PMR Wire 132 can be 
rotated such that cutting tip 33 is oriented toWard channels 
138, and guide catheter 142 and PMR Wire 132 retracted 
together until cutting tip 33 can be pushed out of channel 138. 
Cutting tip 33 can be advanced through channel 138 and a 
channel cut into the myocardium. In a preferred embodiment, 
PMR Wire 132 has a depth stop 146 proximal of arcuate 
region 144 that limits the length of Wire passed through chan 
nels 138, such that the depth of a PMR formed myocardial 
channel is limited. After myocardial channel formation, PMR 
Wire 132 can be retracted through the channel and the next, 
more proximal channel entered. In a preferred embodiment, 
arcuate region 144 is radiopaque and a series of radiopaque 
marker bands separate channels 138 to aid in positioning 
cutting tip 33. In one embodiment, PMR Wire 132 can be 
rotated to cut more than one myocardial channel per position 
ing tube channel. In this manner, a series of myocardial chan 
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nels in a regular pattern can be formed over the length of 
positioning tube distal region 124. 

[0058] Referring noW to FIG. 10, another embodiment 
positioning tube 160 is illustrated. Positioning tube 160 has a 
shape member 164 Which can assist in forming the U-shape of 
tube 160 illustrated in FIG. 10. In one embodiment, shape 
member 164 is formed of a shape memory material such as 
Nitinol and embedded Within the Wall of tube 160 to impart a 
shape to the tube once tube 160 is Within a ventricle and is no 
longer as restrained as When disposed Within a blood vessel or 
guide catheter. In another embodiment, shape member 164 is 
a pull Wire slidably disposed Within a lumen Within tube 160 
and ?xedly attached to a distal portion of the tube as indicated 
at 166. In this embodiment, shape member 164 can be pushed 
and pulled from a proximal location outside of the patient’s 
body so as to assist in imparting a shape to tube distal region 
124. In FIG. 10, the distal most portion oftube 160, including 
anchoring means 130, has been omitted from the draWing to 
more clearly illustrate the distal termination of shape member 
164. From inspection of FIG. 10, it may be seen that, by 
rotating positioning tube 1 60 to different anchoring positions, 
and by advancing PMR Wire 132 to various tube channels, a 
large expanse of ventricular Wall can be covered and have 
myocardial channels formed therein. 

[0059] Referring noW to FIG. 11, a tube-in-a-tube embodi 
ment positioning device 180 is illustrated. Positioning device 
180 includes an inner PMR cutting probe 182 slidably dis 
posed Within an intermediate tube 184 Which is slidably dis 
posed Within an outer tube 186. PMR probe 182 has a cutting 
tip 188 and preferably has radiopaque marker bands 190. 
Marker bands 190 aid in positioning the PMR probe under 
?uoroscopy. PMR probe 182 is preferably preformed to have 
an arcuate or bent distal region 192. 

[0060] Intermediate tube 184 has a channel 194 formed 
through the tube Wall suf?ciently large to alloW passage of 
PMR probe 182. In a preferred embodiment, channel 194 is 
formed in a side tube Wall in a distal portion of intermediate 
tube 184, as illustrated in FIG. 11. Outer tube 186 has an 
anchoring tip 200 and a slot 196, With slot 196 illustrated 
extending along the longitudinal axis of the outer tube. Slot 
196 is suf?ciently Wide to alloW passage of PMR probe 182 
therethrough. In one embodiment, anchoring tip 200 is 
formed of a soft material and held in place by axial force 
directed along the longitudinal axis of device 180. In another 
embodiment, anchoring tip 200 contains a magnetically 
responsive material and is held in place at least partially by 
externally applied magnetic forces. Referring noW to FIG. 12, 
a section of PMR probe 182 is further illustrated, shoWing one 
structure for imparting a preformed arc or bend to the probe. 
PMR probe 182 can include a tube Wall 199 having a preform 
Wire 198 embedded therein. Preform Wire 198 is preferably 
formed of a shape memory material such as Nitinol, such that 
the arcuate or bent shape is reformed upon exit from the 
constraint of intermediate tube 184. 

[0061] Referring again to FIG. 11, the Wide range of motion 
possible for cutting tip 188 may be discussed. The radial 
extent of cutting tip 188, the distance from the center longi 
tudinal axis of outer tube 186, can be varied by extending 
PMR probe 182, thereby forcing a longer extent of exposed 
probe through intermediate tube channel 194 and through 
outer tube slot 196. As PMR probe 182 has arcuate region 192 
in a preferred embodiment, extending PMR probe also 
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changes the longitudinal position of the cutting tip as more arc 
is exposed. Sliding intermediate tube 184 Within outer tube 
186 also changes the longitudinal position of cutting tip 188. 
Cutting tip 188 is illustrated at a ?rst positionA in FIG. 11, a 
second, more distal position B, and a third, still more distal 
position C, as intermediate tube 184 is advanced distally 
Within outer tube 186. Finally, outer tube 186 can be rotated 
about its center, longitudinal axis, thereby extending the 
range of coverage of cutting tip 188. 

[0062] In use, PMR positioning device 180 can be 
advanced into the left ventricle and anchoring tip 200 forced 
against some portion of the vermicular Wall. Intermediate 
tube 184 can be slid Within outer tube 186 to a desired posi 
tion. Inner PMR probe 182 can be advanced out of channel 
194 until the desired length of PMR probe is exposed. A 
desired position of cutting tip 188 can be reached by adjusting 
the length of PMR probe 182 exposed, the length of interme 
diate tube 184 advanced into outer tube 186, and the rotation 
of outer tube 186. In one method, a series of arcs of myocar 
dial channels are formed substantially transverse to the lon 
gitudinal axis of positioning device 180. In this method, outer 
tube 186 is rotated such that cutting tip 188 describes an arc. 
As each arc is completed, intermediate tube 184 is slid rela 
tive to outer tube 186 and a neW arc of channels is burned into 
the ventricular Wall. 

[0063] Referring noW to FIG. 13, an extendable collar 
embodiment PMR positioning device 220 is illustrated. 
Device 220 includes inner PMR probe 182 disposed Within an 
intermediate tube or sleeve 222 Which is slidably disposed 
Within an outer collar 224. Intermediate sleeve 222 includes a 
distal end 240 and has a lumen 242 extending therethrough. 
Inner PMR probe 182 is preferably slidable Within interme 
diate sleeve 222. Device 220 includes an elongate rod 226 
having a distal region 228 secured to outer collar 224. In a one 
embodiment, elongate rod 226 is capable of both pulling and 
pushing outer collar 224 over intermediate sleeve 222. An 
elongate anchoring member 230 includes a proximal region 
236, a distal end 234, a distal anchoring means such as pigtail 
234, and can be slidably and rotatably secured to outer collar 
224. 

[0064] In one embodiment, elongate rod 226 and anchoring 
member 230 are both slidably disposed in a dual lumen tube 
227 substantially coextensive With intermediate tube 222. 
Dual lumen tube 227 can terminate the lumen containing 
elongate rod 226 in a skived portion 229, continuing the tube 
as a single lumen portion 231. Single lumen portion 231 
alloWs elongate rod 226 to freely travel With outer collar 224. 
Outer collar 224 preferably is slidably disposed over single 
lumen portion 231. 

[0065] Intermediate sleeve 238 and inner PMR probe 182 
together have an arcuate or bent bias or preform, as illustrated 
at 238. In one embodiment, intermediate sleeve 222 has a 
preformed shape Which can be imparted With an embedded 
shape Wire as illustrated by Wire 189 in FIG. 12. In another 
embodiment, PMR probe 182 has an arcuate bias suf?ciently 
strong to impart a distal bend to both intermediate sleeve 238 
and PMR probe 182 When outer collar 224 is retracted. PMR 
probe 182 can include Nitinol or other shape memory mate 
rial to impart this arcuate bias. In yet another embodiment, 
both inner PMR probe and intermediate sleeve 238 have a 
preformed arcuate or bent distal shape. 

[0066] In one embodiment, intermediate tube 222 can be 
rotated Within outer collar 224. In another embodiment, inter 
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mediate tube is restricted in rotation corresponding ridges and 
grooves betWeen outer collar 224 and intermediate tube 222. 
In one embodiment, outer collar has internal ridges ?tting 
Within external grooves in a region of intermediate tube 222. 
Restricting the rotation of intermediate tube 222 Within collar 
224 can aid in causing rotation about anchoring member 230 
rather than about the center of outer collar 224. 

[0067] In use, outer collar 224 can be extended distally over 
intermediate sleeve 222, such that collar 224 is proximate 
intermediate sleeve distal end 240. Inner PMR probe 182 can 
be preloaded Within intermediate sleeve 222. With outer col 
lar 224 distally extended, arcuate region 238 is substantially 
restrained and straightened. Device 220 can be advanced 
Within the vasculature and into a heart chamber such as the 
left ventricle. Elongate anchoring member 230 can be 
advanced distally and rotated, thereby rotating pigtail 232 
into the ventricle Wall and securing anchoring member 230. 
With intermediate sleeve 222 and PMR cutting tip 188 posi 
tioned as indicated at “E” in FIG. 13, the extent of PMR probe 
exposed can be adjusted by axially sliding PMR probe 182 
Within intermediate sleeve 222. The extent of intermediate 
sleeve extending distally beyond collar 224 can be adjusted in 
some embodiments by advancing or retracting sleeve 222 
Within collar 224. With PMR cutting tip 188 in position, 
intermediate sleeve 222 can be rotated about anchor member 
230 and a circular pattern of myocardial channels can be 
burned about the pigtail. In a variant method, possible in 
devices alloWing rotation of intermediate sleeve 222 Within 
outer collar 224, intermediate sleeve 222 can be rotated about 
the center axis of outer collar 224. With one circle completed, 
outer collar 224 can be retracted, alloWing more of the pre 
formed shape of sleeve 22 and PMR probe 182 to appear, as 
illustrated, for example, at “D” in FIG. 13. As collar 224 is 
retracted, PMR probe 182 can be advanced to describe circu 
lar paths of increasing radius over the inner ventricle Walls. In 
this Way, a series of circular paths of myocardial channels 
about the anchoring point can be formed in the ventricle 
Walls. In one embodiment, elongate member 226 is capable of 
only retracting collar 224, Which, once retracted Within the 
ventricle, cannot be advanced Within the ventricle. In another 
embodiment, elongate member 226 is capable of both 
advancing and retracting collar 224 over intermediate sleeve 
222. With the formation of myocardial channels complete, 
anchoring member 226 can be rotated opposite the initial 
rotation, thereby releasing pigtail 232 from the ventricle Wall. 

[0068] FIG. 14 illustrates an anchorable, cryanoblative 
PMR treatment catheter 320 disposed Within a left ventricle 
34. The term “cryanoblative”, as used herein, refers to the 
delivery of cold su?icient to cause tissue death. Similarly 
numbered elements are discussed With respect to FIG. 1. 
Cryanoblative catheter 320 includes an inner star shaft 24 
disposed Within an outer catheter shaft 22, an anchoring shaft 
26 disposed Within star shaft 24, and a cryanoblative treat 
ment tube 330 disposed Within catheter shaft 22. Cryanobla 
tive treatment tube 330 is preferably formed of metal and can 
include a distal cryanoblative tip 332 and a lumen through 
Which a cold substance, such as liquid nitrogen, is delivered. 

[0069] In one embodiment, distal cryanoblative tip 332 
includes a distal ori?ce in communication With the treatment 
shaft lumen, such that liquid nitrogen can be delivered 
through the ori?ce and to the heart chamber Wall. In another 
embodiment, tube 330 is close ended and initially under 
vacuum, alloWing liquid nitrogen to be delivered to the tube 
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distal region, causing the tube to become very cold Without 
alloWing liquid nitrogen to enter the myocardium. The cry 
anoblative tip can be inserted into the heart chamber Wall, 
penetrating the Wall, and into the myocardium prior to deliv 
ery of liquid nitrogen. The delivery of liquid nitrogen to the 
heart chamber Wall can cause localiZed tissue death, bringing 
about the same healing response as laser and radio-frequency 
current PMR. 

[0070] Referring noW to FIG. 15, a multi-tube, cryanobla 
tive treatment probe 350 is illustrated. Treatment probe 350 
includes a plurality of cryanoblative tubes 354, having distal 
cryanoblative cutting tips 356, and enclosed Within a sheath 
52. In one embodiment, tubes 354 are feed from a common 
supply Within sheath 52, such that tubes 354 have a short 
length, With most of the length lying distal of the sheath. 
Probe 350 alloWs a pattern of channels to be formed in the 
myocardium at the same time, not requiring repeated reposi 
tioning of a single cutting tip such as cutting tip 332 of FIG. 
14. The pattern of cutting tips can be controlled by utiliZing 
radially outWardly biased cutting tips, Which splay outWard as 
illustrated in FIG. 15. The amount of splay is controlled in one 
embodiment by alloWing the enclosing sheath to retract, 
alloWing the cutting tips to splay further outWard. Sheath 52 
can prevent uncontrolled ?opping of distal cutting tips 356, 
Which can present a problem When large inter-strand dis 
tances arc required, as With some mechanical cutting tips. 

[0071] The coverage of the cutting tips in FIG. 15 alloWs 
creation of a complete pattern of channels in the myocardium 
Without requiring repositioning of the cutting tips. The result 
ing myocardial channels can be formed substantially at the 
same time, and a similar pattern delivered to an adjacent 
ventricular Wall area soon thereafter. As discussed With 
respect to FIG. 14, cryanoblative tubes 354 can be formed of 
metal and be either closed or open ended. 

[0072] In a variation of the methods previously described, a 
radiopaque contrast media is used to determine the depth of 
channels formed in the myocardium. The contrast medium is 
injected or “puffed” into or near the channel formed in the 
myocardium. The heart can be visualiZed under ?uoroscopy 
to determine the depth of the channel formed thus far. After 
visualiZation, the channel can be further deepened. The cycle 
of channel formation, contrast medium puf?ng, and ?uoro 
scopic visualiZation can be repeated until the channel has the 
desired depth. 

[0073] Contrast medium could be injected using a lumen 
such as the lumen of guide catheter 142 of FIG. 9. A lumen 
such as the lumen in tube 330 ofFIG. 14 could also be used to 
deliver contrast medium. The lumens previously discussed 
With respect to injecting liquid nitrogen could be used to 
deliver contrast medium. 

[0074] In addition to using the device as described herein 
above to form channels in the myocardium, the device could 
be used to form craters in the myocardium. That is, to form a 
Wound in the myocardium having a Width greater than its 
depth. The crater can be formed by controlling the depth of 
insertion of, for example, a radiofrequency device and/or 
controlling the poWer delivered to the distal tip of the device 
such that a crater is formed. Those skilled in the art can also 
appreciate that mechanical devices, laser devices or the like 
could be used to form craters. 

[0075] Inuse, the above methods and devices can be used to 
form a pattern of channels leading from healthy myocardial 
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tissue to hibernating tissue. This can operate by multiple 
mechanisms to supply hibernating tissue With an increased 
blood supply. First, channels in the myocardium can perfuse 
tissue directly from the ventricle, through the patent channel 
formed by the cutting tip. Second, the channels formed by the 
cutting tip can become neWly vasculariZed by operation of a 
healing response to the channel injury. The neW blood vessels 
thereby increase further the supply of hibernating tissue by 
ventricular blood. Third, the series of neWly formed vessels 
caused by the healing response can form interconnections or 
anastomoses betWeen the series of injured areas, forming a 
netWork of blood vessels, Which, by connecting With healthy 
area vessels, can be supplied by blood originating from coro 
nary arteries in addition to blood supplied directly by the 
ventricle. 

[0076] FIG. 16 shoWs yet another embodiment of the 
present invention in the form of catheter assembly 400. Here 
only the distal end of catheter assembly 400 is shoWn dis 
posed Within the left ventricle of a patient’s heart. Those 
skilled in the art Will appreciate the various con?gurations 
possible for the proximal end of the catheter in vieW of the 
description of the distal end Which folloWs. Catheter assem 
bly 400 includes an elongate guide Wire 402 having a distal 
end and a proximal end. A collapsible loop 404 is hingably 
connected to the distal end of guide Wire 402. A retraction 
member 406 is hingably connected to loop 404 opposite the 
connection to guide Wire 402. Therapeutic catheter 408, 
Which has a lumen extending therethrough, is shoWn 
advanced over guide Wire 402. Catheter 408 has a distal end 
and a proximal end, and proximate the distal end of catheter 
408 is a therapeutic member 410. Therapeutic member 410 
can be an elongate electrode having a ball tip. In a preferred 
embodiment, a conductor extends through catheter 408 to 
deliver RF energy to electrode 410. Electrode 410 can be 
hingably connected to catheter 408 such that catheter assem 
bly 400 can be advanced through a guide catheter 412. 

[0077] The materials to be used, and the methods of fabri 
cation, to make catheter assembly 400 Will be knoWn to one 
skilled in the art in vieW of the uses to Which catheter assem 
bly 400 are put. As shoWn in FIG. 16, loop 404 is disposed in 
a ?rst collapsed position A. In collapsed position A, loop 404 
is advancable to left ventricle 34 of heart 35 by a percutaneous 
route through the aorta. FIG. 17 shoWs loop 404 in a second 
position B deployed Within left ventricle 34. When loop 404 
is in second position B, a portion of guide Wire 402 lies near 
and approximately parallel to left ventricle Wall 36, While a 
portion of loop 404 abuts the opposite Wall. In this position, 
catheter 408 can be advanced as shoWn by the arroW along 
guide Wire 402. As catheter 408 is advanced, electrode 410 
can be energiZed repeatedly to form holes or channels 442 in 
Wall 36. A further series of holes 442 can be formed by 
rotating Wire 402 and loop 404 as shoWn by the arroWs adja 
cent loop 404. 

[0078] In order to move loop 404 betWeen ?rst positionA 
and second position B, guide Wire 402 should be relatively 
rigid in comparison to loop 404 and actuator member 406. 
With that con?guration, actuator 406 can be pulled proxi 
mately to move loop 404 from second position B to ?rst 
position A. In turn, actuator member 406 can be moved dis 
tally to deploy loop 404. 

[0079] FIG. 18 is a vieW of the distal end of catheter 408 
shoWing an alternate therapeutic device. In particular, a hypo 

Dec. 25, 2008 

dermic needle 414 is shoWn extending from distal end 408. 
Hypodermic needle 414 is preferably hingable connected to 
catheter 408 such that it can be advanced and WithdraWn 
through a guide catheter. If catheter 408 includes an infusion 
lumen, contrast media, groWth factor or other drug can be 
delivered to Wall 36 through needle 414. 

[0080] FIG. 19 is a vieW of the distal end of catheter 408 
shoWing yet another therapeutic device disposed thereon. In 
particular, an electrode 416 is shoWn Which has a length 
greater than the distance Which it extends transversely from 
catheter 408. Such an electrode can be used to form a crater 
444 having a Width greater than its depth. 

[0081] FIG. 20 is a vieW of the distal end of catheter 408 
shoWing another therapeutic device disclosed thereon. In 
FIG. 20 an abrasive burr 418 is shoWn extending transversely 
from catheter 408. When rotated, burr 14 can form a crater 
444. In both FIGS. 19 and 20, electrode 416 and burr 418 are 
shoWn spaced from heart Wall 36. While creating craters 444, 
it is understood that loop 404 Will be deployed in second 
position B such that electrode 416 and burr 418 Will be in 
contact With heart Wall 36. 

[0082] It can be appreciated that each of the devices dis 
closed herein can be bi-polar as Well as mono-polar. To make 
a bi-polar con?guration, a ground electrode Would need to be 
disposed on the device proximate the electrode(s) shoWn. 

[0083] Numerous characteristics and advantages of the 
invention covered by this document have been set forth in the 
foregoing description. It Will be understood, hoWever, that 
this disclosure is, in many respects, only illustrative. Changes 
may be made in details, particularly in matters of shape, siZe, 
and arrangement of parts Without exceeding the scope of the 
invention. The inventions’s scope is, of course, de?ned in the 
language in Which the appended claims are expressed. 

What is claimed is: 
1. A method for increasing blood perfusion to heart muscle 

Wall by forming a plurality of channels in the myocardium 
comprising the steps: 

marking a ?rst location Within said heart muscle Wall by 
securing a radiopaque marker to said heart muscle Wall; 

positioning a radiopaque, channel forming tip at a second 
location With a chamber of said heart; 

vieWing said ?rst and second locations ?uoroscopically; 

adjusting said second location relative to said ?rst position; 
and 

forming said channel in said myocardium at said second 
location using said treatment tip. 

2. A method for increasing blood perfusion as recited in 
claim 1, Wherein said radiopaque marker is secured to said 
heart muscle With a marker selected from the group of fas 
teners consisting of hooks, barbs, bent members and curled 
members. 

3. A method for increasing blood perfusion as recited in 
claim 1, Wherein said radiopaque marker is secured to said 
heart muscle adhesively. 

4. A method for increasing blood perfusion as recited in 
claim 1, Wherein said radiopaque marker is secured to said 
heart muscle by injecting said marker Within said Wall. 
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5. A method for increasing blood perfusion as recited in 
claim 1, Wherein said ?uoroscopic visualiZation is accom 
plished on a computer generated display. 

6. A method for increasing blood perfusion as recited in 
claim 4, Wherein said radiopaque marker is a radiopaque dye. 

7. A method for increasing blood perfusion as recited in 
claim 4, Wherein said radiopaque marker is a metal. 

8. A method for increasing blood availability to heart 
muscle myocardium having healthy, hibernating, and inf 
arcted dead tissue comprising: 

providing a treatment tip having the capability of forming 
a channel in said myocardium from Within said heart; 

selecting a ?rst location in said healthy tissue; 

selecting a second location in said hibernating tissue; and 

forming a plurality of channels utiliZing said treatment tip 
in said myocardium in a pattern extending from said ?rst 
location to said second location. 

9. A method as recited in claim 8, Wherein said channels are 
formed substantially sequentially. 

10. A method as recited in claim 8, Wherein said treatment 
tip includes a plurality of cutting tips and said channels are 
formed substantially at the same time. 

11. A method as recited in claim 8, Wherein said pattern is 
substantially linear betWeen said ?rst and second locations. 

12. A method as recited in claim 8, Wherein said pattern is 
substantially a circular cluster including said ?rst and second 
locations. 

13. A method as recited in claim 8, Wherein said pattern is 
substantially an array betWeen said ?rst and second locations. 

14. A method as recited in claim 8, Wherein said treatment 
tip is selected from the group consisting of mechanical cut 
ting probes, laser cutting probes and radio frequency cutting 
probes. 

15. A method as recited in claim 8, further comprising 
injecting radiopaque material into said channels, such that the 
positions of said channels are ?uoroscopically vieWable. 

16. A method as recited in claim 8, Wherein said treatment 
tip includes a mechanical cutting tip having a lumen there 
through, further comprising injecting radiopaque material 
through said lumen into said channels, such that the position 
of said channels are ?uoroscopically vieWable. 

17. A method for increasing blood availability to heart 
muscle by forming a plurality of channels in the myocardium 
comprising the steps: 

providing a myocardial channel forming device having an 
anchoring member, at least one treatment member, and 
means for rotating said treatment member about said 
anchoring member, Wherein said treatment member 
includes means for forming a channel in said myocar 

dium; 
attaching said anchoring member to a ?rst position in said 

myocardium; 
rotating said treatment member to a desired rotational 

angle relative to said anchor; and 

forming a channel in said myocardium. 
18. A method for increasing blood availability to heart 

muscle as recited in claim 17, Wherein 
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said channel forming device has a longitudinal axis extend 
ing through said anchoring member, 

said treatment member has a distal tip displaced a radial 
distance from said longitudinal axis, 

said channel forming device includes means for control 
ling said treatment member distal tip radial distance, 

further comprising setting said treatment member radial 
distance. 

19. A method for increasing blood availability to heart 
muscle as recited in claim 18 Wherein said means for control 
ling said rotational angle includes an elongate tubular mem 
ber having a lumen and a Wall, Wherein said anchoring mem 
ber is disposed Within said lumen and said treatment probe is 
attached to said tube Wall, such that said treatment member 
rotational angle can be controlled by rotating said elongate 
tube about said anchoring member. 

20. A method for increasing blood availability to heart 
muscle as recited in claim 19, Wherein said treatment member 
is slidably attached to said tubular Wall, said treatment mem 
ber distal tip is bent aWay from said anchoring member and 
has a longitudinal displacement relative to said anchoring 
member, such that the longitudinal and radial displacement of 
said treatment member distal tip can be adjusted by slidably 
adjusting said treatment member distal tip longitudinal dis 
placement Within said tube. 

21. A method for increasing blood availability to heart 
muscle as recited in claim 18, Wherein said device includes an 
elongate tubular member having a lumen and a Wall, Wherein 
said anchoring member and said treatment probe are disposed 
Within said lumen, such that said treatment member rotational 
angle can be controlled by rotating said treatment member. 
22.A device for creating a plurality of myocardial channels 

comprising: 

an elongate tube having a distal port; 

an anchoring member slidably disposed Within said elon 
gate tube, said anchoring member having a pointed dis 
tal end extending from said elongate tube distal port, 
said pointed distal end adapted to penetrate into said 
myocardium; 

a treatment member slidably disposed Within said elongate 
tube, said treatment member having an arcuate distal 
region having a cutting tip thereon, said arcuate distal 
region being biased to increase in radius When not con 
strained Within said tube, such that said distally extend 
ing said elongate tube causes said treatment member 
distal end to decrease in radial distance from said anchor 
member and proximally retracting said elongate tube 
causes said treatment member distal end to increase in 
radial distance from said anchor member. 

23. A method as recited in claim 8, further providing at 
least one external magnet, Wherein said treatment tip has a 
distal region responsive to magnetic forces, such that said 
treatment tip is at least partially guided into a cutting position 
utiliZing said magnetically responsive distal region and said 
external magnet. 


