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(57) ABSTRACT 
The present invention provides a catheter positioning system 
Which serves to control and stabilize a distal end of a 
catheter at a treatment site Within a patient so that a medical 
procedure can be performed With accuracy. Generally, the 
positioning system operates by providing a deformable 
mechanical members at the distal end of the catheter Which 
can be operated from the proximal end of the catheter to 
extend radially outWard to engage surrounding tissue adja 
cent to treatment site. In one embodiment of the invention a 
?exible superstructure comprising the plurality of ?exible 
veins extending longitudinally along the distal end of the 
catheter can be deformed to boW radially outWard to engage 
surrounding tissue. The distal tip of the catheter joined to 
one of the veins Was correspondingly displaced or rotated 
angularly as the veins boW outWard. In another embodiment 
radially projecting ?ngers are joined to the distal end of the 
catheter, Which remain retracted during navigation of the 
catheter to the treatment site then are extended outWard to 
penetrate the tissue and secure the catheter at the treatment 
site upon being actuated from the proximal end of the 
catheter by a physician. Methods of positioning a catheter 
are also disclosed. The inventive device and method are 
particularly useful in catheter based procedures carried out 
in large body lumens or in cavities of body organs. In 
particular, the invention may be useful in delivering 
implants percutaneously through the left ventricle into the 
myocardium of the heart. 
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FIG. 3B 
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CATHETER POSITIONING SYSTEMS 

FIELD OF THE INVENTION 

[0001] This invention relates to devices and methods for 
accurately and securely positioning the distal end of a 
catheter during a medical procedure. Speci?cally, devices 
and methods are provided for controlling the movement of 
the distal end of the catheter procedure While being used in 
a body lumen or organ cavity. 

BACKGROUND OF THE INVENTION 

[0002] In many procedures utilizing catheters, one of the 
most dif?cult challenges is effectively navigating the cath 
eter to its intended location and maintaining the distal end, 
or operating end of the catheter at the intended locations 
throughout the medical procedure. In cases Where the cath 
eter is placed through a narroW body lumen such as a blood 
vessel, maintaining the orientation of the distal end of the 
catheter Within the lumen may be someWhat manageable. 
HoWever, in applications Where the body lumen is relatively 
large in comparison to the diameter of the catheter, or the 
catheter is delivered to a cavity of a body organ such as the 
left ventricle of the heart, the distal end of the catheter Will 
likely have a greater range of movement and, thus, may be 
more dif?cult to position accurately. 

[0003] Several procedures utiliZing catheters percutane 
ously delivered to the ventricle of the heart have been 
disclosed. For example, various methods of treating 
ischemic myocardial tissue involve introducing a catheter 
into the ventricle of the heart. Creating channels in the heart 
tissue With a laser catheter is disclosed in US. Pat. No. 
5,769,843 (Abella et al.) and US. Pat. Nos. 5,380,316 and 
5,389,096 (Aita). The patents disclose utiliZing laser energy 
discharged from the distal end of a catheter to ablate tissue 
from the heart Wall to create a channel. US. Pat. No. 
5,429,144 and International patent application pub 
lication no. WO 98\49964 disclose delivering an implant 
able stent device into the heart Wall from a catheter that has 
been percutaneously introduced into the ventricle of the 
heart. StabiliZing the distal end of such catheters during the 
given treatment procedure Would appear to be critical. 

[0004] It Would be advantageous to provide a systemica 
tion of a compressive force delivered through a pull Wire that 
extends through the catheter. The expansion of the ?exible 
vanes increases the pro?le of the catheter at its distal end 
such that the vanes Will contact interior Wall surfaces of the 
body lumen or organ in Which the catheter is placed thereby 
preventing unWanted movement of the catheter. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides various mecha 
nisms for positioning the distal end of a catheter at its 
intended treatment site Within a patient. TWo approaches to 
positioning the distal end of the catheter are disclosed. In a 
?rst embodiment, the distal end of the catheter employs a 
collapsible superstructure Which causes the distal tip of the 
catheter mounted thereto to change direction so that the 
distal opening of the catheter can be directed to the intended 
tissue site. The superstructure is comprised of tWo ?exible 
veins mounted along the side Wall of the distal end of the 
catheter parallel to the longitudinal axis of the catheter that 
are biased to boW radially outWard upon an application of a 
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compressive force delivered through a pull Wire that extends 
through the catheter. The expansion of the ?exible veins 
increases the pro?le of the catheter at its distal end such that 
the veins Will contact interior Wall surfaces of the body 
lumen or organ in Which the catheter is placed thereby 
preventing unWanted lateral movement of the catheter. The 
distal tip of the catheter is mounted to the distal end of one 
of the vanes so that the vane lies along the longitudinal axis 
of the catheter When the vanes are unstressed. Therefore, 
When the vanes are boWed radially outWard the angular 
displacement of the vane at the connection point With the 
distal tip of the catheter, aWay from the longitudinal axis of 
the catheter, causes the distal tip to have a corresponding 
angular displacement. The variable angular displacement of 
the tip during displacement of the vanes provides a steering 
mechanism for the tip of the catheter so that it may be 
navigated to a particular tissue location. 

[0006] In another aspect of the invention, the catheter 
positioning system comprises radially extending ?ngers at 
the distal end of the catheter Which extend outWard into 
surrounding tissue at the intended location to secure the 
catheter. The radially extending ?ngers remain retracted 
Within the catheter during navigation to the intended treat 
ment site and are extended to engage tissue upon reaching 
the treatment site. The number of radially extending ?ngers 
may vary depending on the retention force of the catheter 
necessary to perform the intended procedure. At least one of 
the ?ngers may be tubular, such as a hypotube. The tubular 
?nger may, be used to deliver a therapeutic agent to the 
tissue engaged by the ?nger. Additionally, the stiffness of the 
catheter shaft may be varied to help provide the desired 
directional stability of the catheter When restrained by the 
positioning system. 

[0007] Various mechanisms for actuating the radially 
extending ?ngers may be employed. The ?ngers may be 
resiliently biased radially inWard in the recessed position 
and forced into the extended position by another device 
advanced through the central lumen of the catheter. Alter 
natively, the ?ngers may be actuated by control cables 
extending along the length of the catheter either through a 
central lumen or through smaller independent lumens in the 
side Wall of the catheter. The proximal ends of such cables 
can be joined to a handle mechanism joined to the proximal 
end of the catheter to facilitate actuation by a physician. 

[0008] It is an object of the present invention to provide a 
system for effectively controlling the position of the distal 
end of a catheter that has been navigated to a treatment site 
in a patient. 

[0009] It is another object of the invention to provide a 
catheter positioning system that operates to locate the distal 
end of the catheter and control the orientation of its distal tip 
by deforming an external superstructure joined to the distal 
end of the catheter. 

[0010] It is another object of the invention to provide a 
catheter positioning system that operates to locate the distal 
end of a catheter by providing radially extending ?ngers that 
penetrate into adjacent tissue. 

[0011] It is another object of the invention to provide a 
method for positioning the distal end of a catheter that 
comprises actuating a mechanical component at the distal 
end of the catheter to engage surrounding tissue. 
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[0012] It is another object of the invention to provide a 
catheter positioning system that is easy to use and economi 
cal to incorporate into a catheter design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing and other objects and advantages of 
the invention Will be appreciated more fully from the 
following further description thereof, With reference to the 
accompanying diagramatic draWings Wherein: 

[0014] FIG. 1 is a side vieW of an embodiment of the 
catheter positioning system extended in a body lumen; 

[0015] FIG. 2A is an end vieW of an embodiment of the 
catheter positioning system; 

[0016] FIG. 2B is a side vieW of an embodiment of the 
catheter positioning system retracted and rotated 90° from 
the FIG. 1 diagram; 

[0017] FIG. 3A is a side cut-aWay vieW of an embodiment 
of the catheter positioning system having radially extending 
?ngers contained in individual catheter lumens and extend 
ing from the distal end of the catheter; 

[0018] FIG. 3B is an end vieW of the embodiment shoWn 
in FIG. 3A; 

[0019] FIG. 3C is a side cut-aWay vieW of an embodiment 
of the catheter positioning system having radially extending 
?ngers containing individual lumens extending from side 
ports in the catheter; 

[0020] FIG. 4A is a cut-aWay side vieW of an embodiment 
of the catheter positioning system having radially projecting 
?ngers contained in a common catheter lumen and extending 
through side ports; 

[0021] FIG. 4B is a cut-aWay side vieW of an embodiment 
of the catheter positioning system in the retracted position 
having radially extending ?ngers contained in a common 
lumen of the catheter; 

[0022] FIG. 4C is a cut-aWay side vieW of an embodiment 
of the catheter positioning system having radially projecting 
?ngers contained in a common catheter lumen and extending 
through the distal end of the catheter; 

[0023] FIG. 5A is a side vieW of an embodiment of the 
catheter positioning system having radially extended ?ngers 
actuated by an external band, shoWn in the retracted posi 
tion; 
[0024] FIG. 5B is the embodiment shoWn in FIG. 5A in 
the extended position; 

[0025] FIG. 6A is an embodiment of the catheter posi 
tioning system having radially extended ?ngers actuated by 
an external band, shoWn in the retracted position; 

[0026] FIG. 6B is a side vieW of the embodiment shoWn 
in FIG. 6A in the extended position; 

[0027] FIG. 7A is a cut-aWay side vieW of an embodiment 
of the catheter positioning system having radially extending 
?ngers actuated by movement of a device through a central 
lumen of the catheter; 

[0028] FIG. 7B is a cut-aWay side vieW of the embodi 
ment shoWn in FIG. 7A having a device in the center lumen 
of the catheter to extend the radially projecting ?ngers; and 
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[0029] FIG. 8 is a diagrammatic side vieW of a catheter 
equipped With an embodiment of the catheter positioning 
system and control handle. 

DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

[0030] FIG. 1 shoWs a side vieW of a distal end 12 of a 
catheter 10 equipped With an embodiment of the catheter 
positioning system. The catheter comprises an elongate shaft 
11 of conventional construction, extruded from polymeric 
material and having at least one lumen. A superstructure 
positioning system 14 at the distal end of the catheter is 
comprised of several elongate resilient vanes 16 each having 
proximal and distal ends 18 and 20, respectively. The distal 
ends 20 of each vane are joined at a distal joint 22 by such 
a means as soldering or Welding at a point that is proximal 
to the distal tip 28 of the catheter. Distal connector band 30 
located adjacent the distal tip 28 of the catheter joins a 
portion of a single vane ?xedly to the catheter shaft 11 at a 
point along the vane that is slightly proximal from the distal 
connection 22. Connector bands 26 and 30 may be formed 
of a polymer or any suitable material capable of joining both 
the catheter shaft 11 and a vane 16. The bands may even 
comprise only adhesive Without a speci?c band structure. 
The purpose of the bands is to form a joint, preferably ?xed, 
betWeen the vane and the catheter shaft at their given 
location and to maintain the captured portion of the vane 
parallel With the longitudinal axis 32 of the catheter 10. The 
proximal ends 18 of the vanes are joined at a proximal joint 
24 at proximal connector band 26 Which ?xes the joint 24 
and thus the proximal ends 18 of the vanes to the catheter 
shaft 11. 

[0031] FIG. 2A shoWs an end vieW of the catheter 10 and 
FIG. 2B shoWs a side vieW of the catheter and positioning 
system retracted and rotated 90° from the vieW shoWn in 
FIG. 1. A control mechanism comprises a pull Wire 36 that 
is joined to the distal connection 22 at one end and extends 
proximally to the proximal end (not shoWn) of the catheter. 
The control mechanism or pull Wire extends along the 
exterior of the catheter shaft 11 through the range encom 
passed by the length of the vanes 16. HoWever, from 
proximal connection 24 and band 26, the control mechanism 
or pull Wire 36 may pass through the side Wall of a catheter 
and extend through the lumen 38, or may continue proxi 
mally along the exterior of the catheter. 

[0032] Placing the pull Wire in tension applies a compres 
sive force on the vanes 16 causing it to buckle radially 
outWard so that vane midpoints 40 engage the surface 42 of 
surrounding tissue 44 to locate the catheter as is shoWn in 
FIG. 1. Sensing bands 46 may be placed at the midpoints 40 
of vanes 16 for the purpose of contacting and sensing 
properties of the tissue near the treatment area to Which the 
catheter is delivered. Sensing bands 46 may be con?gured to 
perform a variety of useful functions such as mapping the 
surface of the tissue, detecting electrical or thermal data of 
the tissue, or for other purposes. 

[0033] The vanes 16 may be formed from a ?lament of any 
material providing resilient behavior and body temperature. 
The vanes may be formed from a metal such as stainless 
steel or nitinol or may be formed from a polymer material. 
The vanes can be any cross-sectional shape such as a round 
Wire or a rectangular ribbon., but preferably should having 
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a shape and con?guration that encourages the vanes to bow 
radially outward in opposite directions When they buckle 
under compressive loading. The pull Wire 36 may be made 
from any material having sufficient strength to place tension 
on the vanes. Materials such as metallic Wire or a polymer 
Would be suitable. The control mechanism or pull Wire may 
be joined to the distal connection 22 by any suitable means 
such as soldering, Welding or adhesive. 

[0034] When there is no force on control mechanism or 
pull Wire 36, vane 16 and distal end 12 of catheter shaft 11 
are in a retracted, straight position due to the natural 
resiliency of the catheter shaft 11 and the vanes. Upon 
application of tension to control mechanism or pull Wire 36, 
the distal connection 22 is pulled proximally relative to the 
catheter causing vanes 16 and distal end of catheter shaft 12 
to buckle and boW radially outWard. Vanes 16 eventually 
come into contact With tissue surfaces 42 as their pro?le 
increases Within body cavity 8. With vane midpoints 40 
Wedged against tissue surfaces,42, the distal end 12 of the 
catheter is stabiliZed because its side-to-side movement is 
prevented. In this condition, the procedures may be per 
formed through the catheter and the intended treatment site 
may reliably be reached by instruments passed through the 
catheter lumen 38. When tension is released on the control 
mechanism or pull Wire 36, the vanes and catheter resiliently 
return to their straight con?guration and the catheter may be 
removed from the treatment location. 

[0035] Another control feature of the superstructure posi 
tioning system is the angular displacement of the distal tip 
28 of the catheter 10 corresponding to the extension of vanes 
16. Due to the parallel arrangement of the vane 16 and distal 
end of the catheter 12 at distal connector band 30, a 
longitudinal axis of the catheter 32 at the distal tip 28 rotates 
an amount of angular displacement corresponding to the 
magnitude angular displacement of the vane aWay from its 
original unstressed position. As greater tension is applied to 
the pull Wire 36 to cause further buckling of the vane 16, 
angular displacement of the distal tip 28 of the catheter Will 
continue to increase. Therefore, the angular displacement 
can be variably controlled by the operators manipulation of 
the control mechanism or pull Wire. This angular displace 
ment control provides a steering mechanism to pinpoint 
treatment sites on the tissue surface 42 of the body conduit 
or cavity. Although tWo vanes are shoWn in the draWings 
discussed herein in the present embodiment, more resilient 
vanes can be used to construct a catheter positioning device 
in accordance With the present invention. 

[0036] FIG. 3A shoWs a cut-aWay side vieW of another 
embodiment of the catheter positioning system that utiliZes 
radially projecting ?ngers 50 to engage and penetrate tissue 
44. Embodiments of the catheter positioning system 
employing radially projecting ?ngers can have various con 
?gurations; hoWever, generally, the ?ngers should be formed 
from a resilient ?lament material of any cross-sectional 
shape and of metallic or polymeric material. The resiliently 
projecting ?ngers penetrate or extend to penetrate tissue that 
has come to surround their extension path due to distal 
pressure applied on the catheter 10 causing tissue 44 to 
herniate around the distal tip 28 and side surface 13 of the 
catheter. 

[0037] At least one of the projecting ?ngers may be a 
tubular member capable of delivering a therapeutic agent to 
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the tissue engaged by the distal end of the ?nger. Astainless 
steel hypodermic tube may be use. The proximal end of the 
tubular ?nger should be joined to a pressuriZable source of 
a therapeutic agent. Once the distal end of the ?nger is 
extended radially outWard into contact With the tissue the 
agent may be delivered under pressure to the tissue site. 
Various therapeutic agents may be used depending on the 
treatment involved. In delivering angiogenic implants to the 
myocardium agents such as groWth factors cellular compo 
sitions or gene therapies may be delivered in liquid or gel 
form. 

[0038] FIG. 3B shoWs an embodiment Wherein the pro 
jecting ?ngers 50 are slidably received Within auxiliary 
lumens 54, Which are much smaller then and run parallel to 
main lumen 38. For frame of reference, auxiliary lumens 
may measure on the order of 0.012 inch inside diameter 
While main lumen 38 may measure on the order of 0.068 
inch inside diameter. The outside diameter of catheters 
discussed in connection With this invention may be on the 
order of 0.105 inch. Distal ends 56 of projecting ?ngers are 
precurved and arranged Within the lumens to project radially 
outWard aWay from the catheter When not con?ned by the 
lumens 54 and reach their unstressed condition. During 
advancement of the catheter 10 to the intended treatment 
site, projecting ?ngers 50 are maintained retracted, pulled 
back proximally Within the lumens 54 to restrain distal 
portions 56 in a straight con?guration and maintain them 
Within the lumens. Upon reaching the intended tissue loca 
tion, the projecting ?ngers 50 may be advanced distally so 
that the distal portions 56 of the ?ngers are extended through 
distal ports 58 and become free to return to their natural 
curved orientation as is shoWn in FIGS. 3A and the end vieW 
of the catheter shoWn in FIG. 3B. Preferably, suf?cient 
distal forces applied to the catheter to cause distal tip 28 to 
indent a tissue surface 42 so that it herniates around the side 
surfaces 13 of the catheter providing sufficient tissue depth 
into Which the ?ngers may project and take hold to restrain 
the catheter in position during the planned medical proce 
dure. Distal tip 60 of the projecting ?ngers preferably have 
a sharpened point suitable for easily penetrating tissue. 
Longitudinal movement of ?ngers 50 through the auxiliary 
lumens 54 is controlled by a control mechanism, Which 
simply comprises a shaft extending from the ?ngers 50 to the 
proximal end of the catheter Where it may be grasped and 
manipulated by the physician. The control mechanism need 
not be a separate component from the ?nger component but 
may comprise the proximal portion of a continuous shaft 
that terminates in the radial ?nger 50 at its distal end. 

[0039] FIG. 3C shoWs an alternate embodiment of that 
shoWn in FIG. 3A employing side ports 64. The projecting 
FIGS. 50 pass through the side ports rather than the distal 
ports 58, as shoWn in FIG. 3A. The distal edge of the side 
port may have a ramp surface 66 to facilitate passage of 
projecting ?nger 50 as it is advanced distally and curves 
resiliently outWard through the side port 64. Additionally, 
ramp-surface inserts 68 may be inserted in the far distal end 
of the auxiliary lumens 54 to prevent straight distal progress 
of the projecting ?ngers 50 When advanced to achieve radial 
extension. 

[0040] FIGS. 4A-4C shoW an alternative embodiment of 
the projecting ?ngers catheter positioning system in Which 
the control mechanism 62 of the ?ngers passes through the 
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central lumen 38 of the catheter shaft rather than through 
auxiliary lumens 54 or independent auxiliary lumens 54. 

[0041] FIG. 4A shows an embodiment having side ports 
similar to that as shoWn in FIG. 3C through Which the 
projecting ?ngers 50 may pass as they extend into surround 
ing tissue. The distal edge of the side port 64 may have a 
ramp surface 66 to facilitate the radially extending curvature 
of the projecting ?nger 50 at its distal end 56. FIGS. 4B and 
4C shoWn an embodiment of the single lumen catheter 10 in 
Which the projecting ?ngers exit the lumen at the distal tip 
28 of the catheter 28. FIGS. 4B and 4C also shoW a 
variation of the projecting ?nger curvature incorporating a 
foot-shaped design Where each ?nger has a foot portion 70 
that extends substantially perpendicular to the longitudinal 
axis of the control mechanism 62. Also, the foot con?gu 
ration comprises a heel portion 72 forming a curved transi 
tion betWeen the foot 70 and relatively straight control 
mechanism portion 62 of the projecting ?nger 50. The 
overall effect of the foot con?guration is to provide a greater 
radial extent of the projecting ?nger 50 into surrounding 
tissue due to the exaggerated length of foot portion 70. 

[0042] FIGS. 5A-5B shoW yet another embodiment of the 
projecting ?nger catheter positioning system utiliZing a band 
72, axially slidable along the shaft 11 of the catheter 10 in 
order to effect extensionary traction of the ?ngers 50. A 
slidable band may be formed from any material having 
relatively loW friction properties in comparison to the cath 
eter shaft material. The axial movement of the band may be 
controlled via a control mechanism such as a cable or shaft 
extending the length of the catheter through main lumen 38 
or an auxiliary lumen or on the exterior of the shaft 11. 
Alternatively, the band may be considered to represent the 
distal portion of a full length sheath slid over the catheter 
shaft 11 and being slidably controllable from the proximal 
end of the catheter to serve as the control mechanism. 

[0043] In the embodiment shoWn in FIGS. 5A and 5B, the 
?lament that forms the projecting ?ngers 50 is mounted in 
the band 72 and moves With movement of the band. In this 
embodiment, the projecting ?ngers extend distally from the 
band only a relatively small distance proximally equivalent 
to the desired maximum radial extent When the ?ngers are 
extended. Distal movement of the band and ?ngers 50 into 
the ramp surface 76 of outWardly ?ared ?ange shaped distal 
end 78 of the catheter causes the ?ngers to be pushed 
radially outWard so that they can engage and pierce tissue 
that Will surround the distal tip 78 When a distal force is 
applied to the catheter. FIG. 5B shoWs the positioning 
system in the extended position, With the band 72 being fully 
advanced distally and ?ngers extending radially outWard 
after having been driven into the ramp surface 76. 

[0044] The embodiment of the radially extending ?ngers 
catheter positioning system as shoWn in FIGS. 6A and 6B 
also employs a axially slidable band 74 to effect extension 
and retraction of the ?ngers; hoWever, the ?ngers are joined 
to the catheter shaft 11 rather than to the band 74 as shoWn 
in FIGS. 5A and 5B. The effect of this is that the ?ngers are 
instead retracted When the band is advanced distally and the 
?ngers are extended When the band is pulled back proxi 
mally. Because the ?ngers are naturally biased to be curved 
radially outWard, the band 74 operates to con?ne the ?ngers 
close to the catheter shaft 11 When extended distally to cover 
their distal ends 56, as shoWn in FIG. 6A. As shoWn in FIG. 
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6B, proximal WithdraWal of the band 74 from the precurved 
distal area 56 of the ?ngers permits the ?ngers to resiliently 
extend in a radially outWard direction from the catheter shaft 
11 to penetrate tissue herneating around the distal tip of the 
catheter. Also, another difference in the embodiment of 
FIGS. 6A and 6B is that the ?ngers 50 extend under the 
force of their inherent resiliency When the band is WithdraWn 
proximally. The ?ngers 50 in the embodiment shoWn in 
FIGS. 5A and 5B are elastically deformed in the extended 
position because they are driven radially outWard as they 
come into contact With the ramp surfaces 76 of the ?anged 
distal end 78. The forced extension of the ?ngers in the 5A 
and 5B embodiments may provide a stronger penetration 
force if the tissue is needed to secure the catheter in the area 
of interest. 

[0045] FIGS. 7A and 7B shoW yet another embodiment of 
the projecting ?ngers, Which utiliZes elastic deformation 
caused by a device being passed through the central lumen 
38 of the catheter 10 to extend the ?ngers. In the absence of 
a device in the lumen, the ?ngers resiliently return to their 
retracted position Within the catheter. As shoWn in FIG. 7A, 
a cut-aWay vieW of the catheter 10 revealing the positioning 
system, short resilient ?ngers 80 are mounted inside the 
catheter shaft, having proximal ends 82 mounted in auxiliary 
lumens 84 by means such as adhesive 86. Distally from the 
proximal ends 82 the ?ngers 80 taper radially inWard to form 
a ramp portion 88, reducing the clearance betWeen the 
?ngers to a distance that is less than the pro?le of the device 
to be inserted through the lumen 38 of the catheter. Engage 
ment portions 90 of the ?ngers 80; therefore, When in 
contact With the device Will cause the distal ends 92 of the 
?ngers, Which extend perpendicular to the engagement por 
tions 90, to protrude through side ports 94 as is shoWn in 
FIG. 7B. After the device 104 such as an angiogenic implant 
passes out of the distal end 98 of the catheter and out of 
engagement With engagement portions 90 of the ?ngers, the 
?ngers return to their naturally biased retracted position and 
the catheter distal tip 12 may be pulled aWay from the tissue. 

[0046] The device 104 is advanced through the lumen 38 
over a shaft 106 having an obturator 108 at its distal end 
con?gured to penetrate tissue so that the device 104 can be 
implanted in the tissue. The shaft 106 extends proximally to 
the proximal end of the catheter so that it may be manipu 
lated by the physician for delivery of the implant device. The 
device 104 and shaft 106 are maintained properly square 
Within lumen 38 yet still engage ?ngers 80 suf?ciently to 
cause them to deform and extend by virtue of slits formed 
through the inside diameter thickness of the catheter to 
provide a travel space 100 through Which the ?ngers may 
have a range of motion as the device passes through. The 
device is supported around all other areas of the circumfer 
ence of the lumen 38 except for the areas of the slits. 
Flexible implant devices may be con?gured to promote 
angiogenesis through a variety of mechanisms examples of 
Which are described in detail in pending US. patent appli 
cation Ser. Nos. 09/164,173, 09/211,332 and 09/299,795, 
Which are incorporated by reference herein in their entirety. 

[0047] In use, the catheter positioning system may be used 
to deliver an angiogenic implant into myocardial tissue by 
the steps detailed beloW. First, the catheter 10 con?gured as 
shoWn in FIGS. 7A and 7B is introduced and navigated to 
the area of treatment Within the left ventricle of the heart, 
guided by either a guide catheter or a guideWire by conven 
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tional techniques. After reaching the general area of treat 
ment, the guideWire, if used, is then removed and the shaft 
106 With obturator at 108 and angiogenic device 104 pre 
loaded onto its distal end is then navigated through the 
lumen of the catheter. The catheter is positioned at the tissue 
location of interest. Adistal force is applied by the physician 
on both the catheter and the delivery device shaft 106 to not 
only maintain the distal tip 98 of the catheter against the 
tissue to be treated, but also to simultaneously advance the 
device 104 through the lumen 38 and into contact With 
engagement portions 90 of the ?ngers 88. This simultaneous 
motion causes the distal ends 92 of the ?ngers 88 to 
penetrate into surrounding tissue to locate the distal tip 98 of 
the device at a speci?c location just prior to the devices 
advancement into the tissue. Depending on the amount of 
maneuverability needed to reach the intended location With 
the catheter 10, the stiffness of the material selected for the 
catheter can be varied to make the catheter more ?exible or 
more rigid. 

[0048] FIG. 8 shoWs a variation of the embodiment as 
shoWn in FIGS. 7A and 7B, including a handle 110 joined 
to control mechanisms 112 Which are joined to radially 
extending ?ngers 88 to provide independent control of the 
extension or retraction of the ?ngers rather than an auto 
matic deployment of the ?ngers illustrated in the last 
embodiment. Axial movement of the handle 110 causes 
control mechanism 112 to also move and cause ?ngers 88 to 
move in an axial direction. When distal ends 92 of the 
?ngers reach the side ports or exit port at the distal end 98 
of the catheter, the ?ngers Will be free to be extended 
radially outWard. 

[0049] By the foregoing description, it Will be appreciated 
that the invention provides a novel and useful method and 
device for locating and stabiliZing the distal end of a catheter 
so that a medical procedure can be carried out at a speci?c 
treatment site Within a patient. The device is easy to use and 
simple to manufacture. 

It should be understood hoWever, that the foregoing descrip 
tion of the invention is intended merely to be illustrative 
thereof and that other modi?cations, embodiments and 
equivalents may be apparent to those Who are skilled in 
the art Without departing from its spirit. Having thus 
described the invention What We desire to claim and 
secure by Letters Patent is: 
1. A catheter positioning system comprising: 

an elongate catheter having proximal and distal ends and 
at least one lumen extending there through, and it 
having a de?ned length; 

at least one resilient member adjacent to distal end of the 
catheter con?gured to be selectively radially extended 
outWard from the catheter; and 

a control mechanism operatively associated With the 
resilient member and extending to the proximal end of 
the catheter Where it is con?gured to be manipulated by 
a user to actuate the resilient member from a retracted 

to an extended position. 
2. A catheter positioning system as de?ned in claim 1 

further comprising: 

a plurality of resilient members each having proximal and 
distal ends, all distal ends joined together and joined to 
the catheter at its distal end or adjacent its distal end 
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and all proximal ends joined together and to the cath 
eter at a position proximal to the distal end such that the 
resilient members lie parallel to the longitudinal axis of 
the catheter shaft When unloaded and such that the 
resilient members boW radially outWard When a com 
pressive load is applied to their distal ends. 

3. A catheter positioning system as de?ned in claim 2 
Wherein the distal ends of the resilient members are joined 
to the catheter such that the distal end of the catheter is 
rotated through an angular displacement When the resilient 
members are boWed radially outWard to an extended posi 
tion. 

4. A catheter positioning system as de?ned in claim 2 
Wherein the compressive force is applied by proximal move 
ment of the control mechanism joined to the junction of the 
resilient member distal ends and the catheter. 

5. A catheter positioning system as de?ned in claim 1 
further comprising: 

a plurality of resilient members each having proximal and 
distal ends, the proximal ends being an operative asso 
ciation With the control mechanism and the distal end 
being free such that movement of the control mecha 
nism in the distal direction causes the distal ends of the 
members to advance radially outWard aWay from the 
catheter to an extended position. 

6. A catheter positioning system as de?ned in claim 5 
Wherein movement of the control mechanism and the distal 
are in the proximal direction causes the members to move 
radially inWard to a retracted position such that the distal 
ends of the members do not protrude from the catheter. 

7. A catheter positioning system as de?ned in claim 5 
Wherein each member is operatively associated With an 
independent control mechanism. 

8. A catheter positioning system as de?ned in claim 5 
Wherein at least one of the resilient members is a tube having 
a lumen in ?uid communication With a therapeutic agent that 
is pressuriZed from the proximal end of the catheter. 

9. A catheter positioning as de?ned in claim 1 Wherein at 
least one resilient member has a proximal end joined to a 
side Wall of the catheter and a distal end that is free, the 
resilient member being naturally biased and arranged rela 
tive to the catheter such that the member distal end does not 
protrude from the catheter until elastically deformed by 
movement of an object through the lumen of the catheter. 

10. A catheter positioning system as de?ned in claim 9 
Wherein the object moved through the catheter lumen is an 
ischemia treatment device. 

11. A catheter positioning system as de?ned in claim 10 
Wherein the ischemia treatment device comprises a tissue 
implant and associated delivery device. 

12. Amethod of performing a catheter-based procedure to 
a particular treatment site Within a patient comprising: 

providing a catheter having a proximal end and a distal 
end and a radially extendible tissue engagement mecha 
nism at its distal end; 

navigating the catheter so that the distal end is adjacent to 
the intended tissue location; 

causing the tissue engagement mechanism to extend into 
engagement With the tissue adjacent to treatment site; 
and 

performing the medical procedure While maintaining the 
tissue engagement mechanism in its extended position. 
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13. Amethod of performing a catheter-based procedure as 
de?ned in claim 12 Wherein the treatment site is the myo 
cardium of the heart and the treatment is relieving the 
systems of ischemia. 

14. Amethod of performing a catheter-based procedure as 
de?ned in claim 13 Wherein the treatment of ischemia 
comprises advancing a tissue implant through the catheter 
and into the tissue at the treatment site. 

15. Amethod of performing a catheter-based procedure as 
de?ned in claim 13 Wherein the treatment for ischemia 
comprises delivering a therapeutic agent or cellular compo 
sition through the catheter to the treatment site. 

16. Amethod of performing a catheter-based procedure as 
de?ned in claim 12 Wherein the treatment site is the myo 
cardium of the heart and the treatment is relieving the 
systems of ischemia. 

17. A method for forming a catheter-based procedure 
Wherein the tissue engagement mechanism comprises a tube 
in communication With a therapeutic agent pressuriZed from 
the proXimal end of the catheter When[]the tissue engage 
ment mechanism contacts the tissue to deliver the agent to 
the tissue. 
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18. A method for delivering a tissue implant into myo 
cardial tissue of the heart comprising: 

providing a catheter having at least one lumen and proXi 
mal and distal ends and a radially eXtendible tissue 
engagement mechanism at its distal end con?gured to 
be eXtended by the presence of a device in the lumen at 
the distal end of the catheter; 

navigating the catheter to the intended implant location in 
the myocardium; 

inserting a delivery device carrying the implant through 
the lumen of the catheter While applying a distal force 
in a distal direction upon both the catheter and the 
delivery device such that the distal end of the catheter 
abuts the implant site; and 

driving the implant through the distal end of the catheter 
to eXtend the catheter positioning mechanism to locate 
the distal end of the catheter so that the implant can be 
delivered to the intended tissue location. 


