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(54) Neovascularization catheter

(57) The present invention is a device and a method
for boring a perfusion channel from a coronary artery
into a cardiac muscle of a patient. Structurally, the
present invention includes a positioning catheter, an-
chor means and a cutting catheter. The cutting catheter
includes a plurality of blades and is advanceable
through a deployment lumen of the positioning catheter.
Advancement of the cutting catheter through the deploy-

ment lumen causes a distal end of the cutting catheter
to project laterally from the positioning catheter. In use,
the positioning catheter is positioned within the coronary
artery. The anchor means is then expanded to anchor
the positioning catheter within the artery. The cutting
catheter is then advanced through the deployment lu-
men to bore one or more perfusion channels in the my-
ocardial tissue.
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Description

[0001] This Application is a Continuation-in-Part, of
Application Serial No. 08/726,401, filed October 3,
1996, which is currently pending. The contents of Appli-
cation Serial No. 08/726,401 are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] The present invention pertains generally to
surgical devices and procedures. More particularly, the
present invention pertains to a device and method for
treating occlusions in the coronary artery which inhibit
blood flow to the heart.

BACKGROUND

[0003] Many medical complications are created by
the total or even partial blockage of blood vessels of the
body. For example, it is relatively common for stenotic
segments to develop in the arterial vessels which supply
blood to the heart. These stenotic segments may par-
tially or fully occlude the vessels, thereby decreasing
cardiac capacity and/or causing myocardial infarction.
[0004] Numerous methods and devices have been
developed to treat or remove stenotic segments which
occur within the internal vessels of the body. For exam-
ple, an angioplasty procedure is commonly used to treat
the blockages in vessels. Typically, angioplasty gener-
ally involves inflation of a tubular balloon within the sten-
otic segments which occlude a particular vessel. Infla-
tion of the balloon dilates the stenotic segment and fully
or partially restores the flow of blood within the involved
vessel.
[0005] Atherectomy is another procedure which has
been developed to clear stenotic segments from occlud-
ed vessels. In an atherectomy procedure, a rotateable
cutting tool is advanced through the stenotic segments
which occlude a particular vessel. The rotating cutter
severs the material forming the stenotic segment, and
allows the severed stenotic material to be removed by
operation of a vacuum or other means.
[0006] Unfortunately, stenotic segments can develop
in areas where angioplasty and atherectomy techniques
can not be utilized. For example, the development of a
stenotic segments within a vessel which is internal to an
organ, presents special problems which may not be suit-
ed for treatment by traditional angioplasty and atherec-
tomy procedures. Specifically, stenotic segments can
develop within the internal vessels of the heart. Because
these vessels provide blood and oxygen to the myocar-
dial tissue, occlusions which develop within these inter-
nal vessels present a serious risk to the health of the
patient. As indicated above, the size and location of
many of these vessels makes treatment with traditional
methods and devices, such as angioplasty and atherec-
tomy, difficult and generally ineffective.

[0007] In light of the above, it is an object of the
present invention to provide a device and method for
treating occlusions in the internal vessels of an organ.
Another object of the present invention is to provide a
device and method for treating an occlusion in a coro-
nary artery which inhibits blood flow to the myocardial
tissue of the heart. Still another object of the present
invention is to provide a device for treating occlusions
in the coronary artery which is relatively simple to man-
ufacture, easy to use, and comparatively cost effective.

SUMMARY

[0008] The present invention is direct to a device and
method adapted for creating one or more new pathways
from a vessel into an organ for the flow of blood. More
specifically, the present invention is a device for creating
one or more channels from the coronary artery into the
cardiac muscle of the heart to enhance the flow of blood
from the coronary artery into the cardiac muscle. This
enhances cardiac capacity and inhibits myocardial inf-
arction.
[0009] Structurally, the present invention includes a
positioning catheter, anchoring means and a cutting
catheter. The positioning catheter is formed with a de-
ployment lumen. The deployment lumen includes a plu-
rality of deployment apertures which extend through the
catheter into the deployment lumen.
[0010] The anchor means secures the positioning
catheter within the vessel around a circumference of the
vessel, so that the cutting catheter can precisely create
the perfusion channel. In one version, the anchor means
is a cylindrical sleeve attached to the positioning cathe-
ter. The sleeve has a distal sleeve end and a proximal
sleeve end which are adapted to move relative to each
other. Functionally, the movement of the distal sleeve
end towards the proximal sleeve end causes the sleeve
to expand radially outward. Alternately, in a second ver-
sion of the present invention, the anchor means is an
inflatable balloon attached to the positioning catheter.
[0011] The cutting catheter is designed to incise and
dilate the tissue of the cardiac muscle. Preferably, the
cutting catheter includes a cutting catheter body having
a plurality of spaced apart cutting blades. The blades
extend radially around the cutting catheter body and are
aligned with the longitudinal axis of the cutting catheter
body. The blades may be fixedly attached to the surface
of the cutting catheter body or each blade may be re-
tractable into the cutting catheter body. In cases where
the blades are retractable, each blade is preferably
spring-loaded, or otherwise biased, to move from a first
position where the blades are substantially contained
within the cutting catheter to a second position where
the blades extend from the surface of the cutting cath-
eter body. This feature causes the blades to extend from
the cutting catheter when the cutting catheter body ex-
tends from the positioning catheter.
[0012] The cutting catheter may be formed to include
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a cutting catheter lumen for receiving a cutting
guidewire. Generally, the cutting guidewire is formed
from a resilient and flexible metal, such as stainless
steel, and has a sharpened distal end. The cutting
guidewire is insertable through the cutting catheter lu-
men to allow the sharpened distal end of the cutting
guidewire to be selectively extended from the cutting
catheter. The cutting guidewire can also be formed with
a cutting guidewire lumen so that a medication can be
released into the muscle. Alternately, a contrast medium
can be released from the cutting guidewire lumen and/
or a pressure measurement can be taken with the cut-
ting guidewire lumen to ensure that the cutting catheter
is properly positioned in the cardiac muscle.
[0013] Operationally, the positioning catheter is first
advanced into the coronary artery which supplies blood
to the cardiac muscle. The advancement of the position-
ing catheter continues until a distal end of the positioning
catheter is located within boundaries of the heart itself
and the deployment aperture of the positioning catheter
is located adjacent to the site where a new perfusion
channel is to be formed. With the positioning catheter
positioned at the proper location, the anchoring means
is expanded to contact the artery to anchor the position-
ing catheter within the artery.
[0014] Subsequently, the cutting guidewire is inserted
through the deployment lumen and one of the deploy-
ment apertures into the myocardial tissue. A contrast
medium can be released or a pressure measurement
can be taken to ensure that the cutting guidewire is prop-
erly positioned. Next, the cutting catheter is inserted into
the deployment lumen over the cutting guidewire. This
causes the blades to adopt the first position where each
blade is positioned within the cutting catheter body. The
cutting catheter is then advanced through the deploy-
ment lumen. As a distal end of the cutting catheter
emerges from one of the deployment apertures, the
spring-loaded blades adopt the second position where
each blade extends from the surface of the cutting cath-
eter body. Further, advancement of the cutting catheter
and the cutting guidewire forces the cutting catheter to
bore a channel through the myocardial tissue. The bor-
ing of the channel is aided by the blades which incise
the myocardial tissue to accommodate the advancing
cutting catheter.
[0015] At any time during advancement of the cutting
catheter, the cutting guidewire may be advanced
through the cutting catheter lumen in the myocardial tis-
sue, thereby boring a path, or pilot hole, for subsequent
advancement of the cutting catheter. The process of al-
ternately advancing the cutting guidewire and cutting
catheter may be repeated until one or more channels
through the myocardial tissue have reached the desired
depth.
[0016] Once the cutting catheter has been fully ad-
vanced, the cutting catheter may be removed from the
patient and extended from an alternate deployment ap-
erture into the myocardial tissue to create another per-

fusion channel. In some cases it will be preferable to
position a vascular stent at the junction between the in-
volved artery and the newly created perfusion channel.
In such cases a self-expanding stent may be advanced
through the deployment lumen to be emitted at the ori-
fice formed near the positioning catheter's distal end. As
the stent leaves the orifice, it may be expanded to sup-
port the newly formed perfusion channel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The novel features of this invention, as well as
the invention itself, both as to its structure and its oper-
ation, will be best understood from the accompanying
drawings, taken in conjunction with the accompanying
description, in which similar reference characters refer
to similar parts, and in which:

Figure 1 is an isometric view of a device having fea-
tures of the present invention;
Figure 2 is a cross-sectional view of the distal por-
tion of the positioning catheter with a cutting cathe-
ter withdrawn and held within a deployment lumen;
Figure 3 is a cross-sectional view of the positioning
catheter illustrating an inflatable balloon shown in
an expanded configuration and the cutting catheter
advanced to project from the positioning catheter;
Figure 4 is a cross-sectional view of the distal por-
tion of the cutting catheter with the blades illustrated
in a retracted position;
Figure 5 is a cross-sectional view of the cutting cath-
eter with the blades illustrated in an extended posi-
tion;
Figure 6 is a side plan view of the distal portion of
another embodiment of a cutting catheter having
features of the present invention;
Figure 7 is a cross-sectional view of the distal por-
tion of another embodiment of a device having fea-
tures of the present invention;
Figure 8 is a cross-sectional view of the embodi-
ment illustrated in Figure 7, with a cylindrical sleeve
shown in an expanded configuration and the cutting
catheter advanced to project from the positioning
catheter;
Figure 9 is a plan view of a device having features
of the present invention shown operationally posi-
tioned within a cardiac vessel;
Figure 10 is a perspective illustration of a human
heart with an operational section of the heart illus-
trated away from the rest of the heart;
Figure 11 is an enlarged, perspective of a device
having features of the present invention positioned
with the operational section of the heart from Figure
10; and
Figure 12 is an enlarged, perspective view of the
operational section of the heart from Figure 10 after
a procedure performed in accordance with the
present invention.
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DESCRIPTION

[0018] Referring initially to Figure 1, a device 10 hav-
ing features of the present invention includes a position-
ing guidewire 11, a positioning catheter 12 and a cutting
catheter 14. Structurally, the positioning guidewire 11
extends through a positioning guidewire lumen 15 in the
positioning catheter 12. The positioning catheter 12 is
formed to have a cylindrical or otherwise elongated
shape and has a distal end 16 and a proximal end 18.
Preferably, the positioning catheter 12 is formed from a
flexible and somewhat stiff material. The cutting cathe-
ter 14 is also formed to have a cylindrical or otherwise
elongated shape and has a distal end 20. Preferably,
the cutting catheter 14 is formed from a flexible and
somewhat resilient material. A series of blades 22 are
mounted substantially radially around the distal end 20
of the cutting catheter 14. Figure 1 also shows an anchor
means 24 that is mounted to the distal end 16 of the
positioning catheter 12.
[0019] The structural details of one embodiment of the
present invention may be better appreciated with refer-
ence to Figures 2 and 3, where it may be seen that the
positioning catheter 12 is formed to surround an inflation
lumen 26, a deployment lumen 28, and a bypass lumen
29. The inflation lumen 26 passes between the distal
end 16 and the proximal end 18 (shown in Figure 1) of
the positioning catheter 12. At the distal end 16 of the
positioning catheter 12, the inflation lumen 26 is con-
nected in fluid communication to the anchor means 24,
i.e., an inflatable balloon. As a result, fluid may be
passed through the inflation lumen 26 from a pressu-
rized fluid source (not shown) to selectively inflate the
anchor means 24. Inflation of this nature may be appre-
ciated by comparison of Figure 2, where the balloon is
shown in an uninflated state and of Figure 3, where the
balloon has been partially inflated.
[0020] The deployment lumen 28 extends between
the proximal end 18 of the positioning catheter 12 to-
ward the distal end 16 of the positioning catheter 12. A
plurality of spaced apart deployment apertures 30 are
positioned near the distal end 16 of the positioning cath-
eter 12. Each of the deployment apertures 30 are ori-
ented radially outward and distally from the positioning
catheter 12. Each deployment aperture 30 extends from
a catheter outer surface 31 of the positioning catheter
12 into the deployment lumen 28. The embodiment il-
lustrated in Figure 1 includes four (4) longitudinally,
spaced apart deployment apertures 30. However, those
skilled in the art should recognize that the number and
space between adjacent deployment apertures 30 can
be varied.
[0021] The cutting catheter 14 is advanced through
the deployment lumen 28 until the distal end 20 of the
cutting catheter 14 extends from one of the deployment
apertures 30. Advancement of this nature may be ap-
preciated by comparison of Figures 2 and 3. In more
detail, it may be seen in Figure 2, that the cutting cath-

eter 14 is fully contained within the deployment lumen
28. In Figure 3, however, the cutting catheter 14 has
been advanced to project the distal end 20 of the cutting
catheter 14 from one of the deployment apertures 30.
[0022] The shape and orientation of the deployment
apertures 30 direct the cutting catheter 14 in a general
direction which is radially outward and distally forward
from the positioning catheter 12. It may be appreciated
that the cutting catheter 14 may be advanced more or
less than the advancement shown in Figure 3. Further,
it should be appreciated that once the anchor means 24
secures the positioning catheter 12, the cutting catheter
14 may be advanced from any one of the deployment
apertures 30. Moreover, the distal end 20 of the cutting
catheter 14 may be projected a variable and selectable
distance from the positioning catheter 12. The projection
of the cutting catheter 14 from the positioning catheter
12 is subsequently followed by the withdrawal of the cut-
ting catheter 14 into the deployment lumen 28 of the po-
sitioning catheter 12. Preferably, a radiopaque deploy-
ment marker 25 (illustrated in Figure 1) is positioned by
each deployment aperture 30, so that the position of
each deployment aperture 30 in the patient can be
quickly evaluated. In the embodiment illustrated in Fig-
ure 1, the deployment marker 25 encircles each deploy-
ment aperture 30.
[0023] Referring to Figures 2 and 3, the bypass lumen
29 allows for the flow of blood pass the anchor means.
Thus, blood flow to and from the heart is not completely
interrupted during this procedure. As illustrated in Fig-
ures 2 and 3, the bypass lumen 29 extends through the
anchor means 24 and into the positioning catheter 12.
With reference to Figure 1, a pair of outlet apertures 33
extend through the catheter outer surface 31 into the
bypass lumen to allow for the flow of blood pass the an-
chor means 24.
[0024] The structural details of the cutting catheter 14
may be better appreciated with reference to Figures 4
and 5. More specifically, the cutting catheter 14 includes
a cutting catheter body 27 having a hollow chamber 32.
A spring carrier 34 is positioned inside the hollow cham-
ber 32 and forms the mounting point for each of the
blades 22. The spring carrier 34 is attached to a projec-
tion 36 which is attached to the cutting catheter 14.
[0025] Functionally, the combination of the chamber
32, spring carrier 34, and projection 36 allows each of
the blades 22 to move between a first position (illustrat-
ed in Figure 4) where the blades 22 are substantially
contained within the chamber 32 and a second position
(illustrated in Figure 5) where the blades 22 project ra-
dially from the surface of the cutting catheter 14. Addi-
tionally, the spring carrier 34 is formed from a resilient
material which biases the blades 22 to preferentially
adopt the second or extended position. In this fashion,
the blades 22 may be compressively retracted into the
chamber 32, as shown in Figure 4, to allow the cutting
catheter 14 to advance through the deployment lumen
28. When the distal end 20 of the cutting catheter 14 is
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advanced to project from the deployment aperture 30,
however, the blades 22 expand to adopt the second, or
extended position of Figure 5.
[0026] Importantly, each blade 22 is formed to include
a sloping rear shoulder 38. The sloping rear shoulder
38 is shaped and dimensioned to engage the deploy-
ment aperture 30 when the cutting catheter 14 is with-
drawn into the deployment lumen 28. The engagement
between the sloping rear shoulder 38 and the deploy-
ment aperture 30 applies a force to each blade 22 caus-
ing the blades 22 to adopt the first position, shown in
Figure 4, where the blades 22 are substantially con-
tained within the chamber 32.
[0027] The cutting catheter 14 of Figures 4 and 5 pro-
vides a combined incisor/dilator which is adapted to ad-
vance through the deployment lumen 28. It may be ap-
preciated, however, that other embodiments are possi-
ble for the cutting catheter 14. For example, in Figure 6
an alternate embodiment for the cutting catheter 14 is
shown and designated 14'. In this embodiment, the cut-
ting catheter 14' is formed with a distal end 20' which is
pointed and a plurality of spaced apart blades 22'. The
blades 22', however, are fixed to distal end 20' and are
not retractable, as was the case with blades 22 of cutting
catheter 14. Instead, blades 22' are shaped and dimen-
sioned to project from distal end 20' but not to exceed
the width of cutting catheter 14'. In this way cutting cath-
eter 14' may be advanced through deployment lumen
28 without danger of contact between blades 22' and
deployment lumen 28.
[0028] Referring again to Figures 2-5, it may be seen
that the present invention also includes a cutting
guidewire 40. The cutting guidewire 40 has a sharpened
cutting guidewire tip 42 and is formed from a resilient
and flexible material, such as stainless steel. As shown
in Figures 4 and 5, the cutting catheter 14 is formed to
include a cutting catheter lumen 44 through which the
cutting guidewire 40 may be inserted. This allows the
cutting guidewire tip 42 of the cutting guidewire 40 to be
selectively extended from the distal end 20 of the cutting
catheter 14.
[0029] Additionally, as can best be seen with refer-
ence to Figures 4 and 5, the cutting guidewire 40 can
include a cutting guidewire lumen 45. The cutting
guidewire lumen 45 can be in fluid communication with
a source of medication 66, a source of contrast medium
68, and/or a pressure sensor 70. This allows for medi-
cations or a contrast medium to be selectively released
from the cutting guidewire tip 42. Further, it allows for
pressure measurements to be taken at the cutting
guidewire tip 42. With the pressure measurements, the
location of the cutting guidewire tip 42 can be properly
evaluated. This ensures that the cutting guidewire tip 42
is properly positioned prior to deploying the cutting cath-
eter 14.
[0030] Alternate embodiments of the device 10 are
possible. For example, referring to Figures 7 and 8, it
may be seen that the anchor means 24 includes a cy-

lindrical sleeve 46 which is attached to the distal end 16
of positioning catheter 12. Cylindrical sleeve 46 is pref-
erably formed from a wire mesh and has a distal sleeve
end 48 and a proximal sleeve end 50. The proximal
sleeve end 50 is attached to the distal end 16 of posi-
tioning catheter 12. A grommet 52, is attached to the
distal sleeve end 48. Preferably, the grommet 52 is
formed to allow for the passage of fluid through the cy-
lindrical sleeve 46. For example, in the case of the grom-
met 52 shown in Figures 7 and 8, there are a series of
holes or ports 54, through which fluid may pass.
[0031] Continuing with Figures 7 and 8, it may be seen
that the alternate embodiment for the positioning cath-
eter 12 is formed to include an actuator lumen 56 in
place of the inflation lumen 26 of positioning catheter
12. Additionally, it may be seen that an actuator wire 58
passes through the actuator lumen 56 and connects to
the grommet 52. In this embodiment, the positioning
guidewire 11 extends through the positioning guidewire
lumen 15 in the actuator wire 58.
[0032] Importantly, the actuator wire 58 is movable in
translation within the actuator lumen 56. As a result, the
actuator wire 58 may be utilized to move the grommet
52 translationally in line with the longitudinal axis of the
positioning catheter 12. Translational movement of the
grommet 52 causes translational movement of the distal
sleeve end 48. In this fashion, the actuator wire 58
moves the distal sleeve end 48 translationally towards
or translationally away from, the distal end 16 of the po-
sitioning catheter 12. Movement of this type may be vis-
ualized by comparison of Figure 7 and Figure 8 In par-
ticular, it may be seen in Figure 8 that cylindrical sleeve
46 has a shorter overall length than cylindrical sleeve
46 shown in Figure 7.
[0033] Comparison of Figures 7 and 8 also shows that
the decrease in overall length of the cylindrical sleeve
46, as shown in Figure 8, is accompanied by a corre-
sponding increase in the overall width of the cylindrical
sleeve 46. Alternatively stated, it may be appreciated
that the translational movement of the distal sleeve end
48 towards the distal end 16 of the positioning catheter
12 has compressively expanded the cylindrical sleeve
46 of Figure 8. In this fashion, the actuator wire 58 may
be manipulated to selectively expand the cylindrical
sleeve 46.
[0034] Figure 9 illustrates one embodiment of the de-
vice operationally positioned within a vessel 60. As il-
lustrated in Figure 9, the anchor means 24 is a balloon
which is expanded to contact the circumference of the
vessel 60 and anchor the positioning catheter 12 in the
vessel 60. Subsequently, a perfusion channel 64 is cre-
ated in the tissue 62 with the cutting catheter 14. As il-
lustrated in Figure 9, the perfusion channel 24 is at an
angle 71 of between approximately twenty degrees to
eighty degrees (20°-80°) relative to a centerline 73 of
the positioning catheter 12 proximate to where the cut-
ting catheter 14 extends away from the positioning cath-
eter 12.
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[0035] Figure 10 is an illustration of a human heart 72.
An operational section 74 of the heart 72 is illustrated
away from the rest of the heart 72. As illustrated in Fig-
ure 10, the heart includes a coronary artery 76, a ven-
tricular cavity 80, and in this case a stenotic area 78.
[0036] Figure 11 illustrates an enlarged view of the op-
erational section 74 of the heart from in Figure 10. Also,
a device 10 having features of the present invention is
shown operationally positioned in the coronary artery
76. Figure 11 illustrates that the anchor means 24 in-
clude the cylindrical sleeve 46 which is expanded to an-
chor the positioning catheter 12. Subsequently, a pair of
perfusion channels 64 have been bored and created in
the myocardial tissue 62 using the cutting catheter 14.
As illustrated in Figure 11, the perfusion channels 24 do
not extend all the way through the myocardial tissue 62
into the cavity 80 of the heart 72. Instead, each perfusion
channel 24 extends a distance of between approximate-
ly one centimeter to five centimeters (1.0 cm-5.0 cm),
depending upon the angle of the perfusion channel 24.
Further, each perfusion channel 24 has a width of be-
tween approximately two millimeters to three millimeters
(2.0 mm-3.0 mm).
[0037] Figure 12 illustrates the operational section 74
after the procedure has been performed and the device
10 has been removed. From Figure 12, it is illustrated
that perfusion channels 64 are supplying blood to the
myocardial tissue 62. This allows the device 10 of the
present invention to treat an occlusion 78 of the coro-
nary artery 76 which restricts the blood flow to the my-
ocardial tissue 62 of the heart 72. Thus, the coronary
artery 76 is better able to supply blood to the myocardial
tissue 62 and the heart 72 is able to function more effi-
ciently.

OPERATION

[0038] Operation of the present invention, is probably
best appreciated with initial reference to Figures 9 and
11. First, the positioning guidewire 11 is inserted into a
vessel 60. Generally, the particular arterial vessel 60
chosen will be one that terminates within the myocardial
tissue 62 and will generally be connected to a number
of smaller vessels (not shown) some of which may be
partially or fully occluded. Next, the positioning catheter
12 is inserted into the arterial vessel 60 over the posi-
tioning guidewire 11. The insertion or advancement of
the positioning catheter 12 will continue until the distal
end 16 and deployment apertures 30 of the positioning
catheter 12 are adjacent to a target area where one or
more perfusion channels 64 are to be established.
[0039] Once the positioning catheter 12 is properly
positioned, the anchor means 24 is expanded to anchor
the distal end 16 of the positioning catheter 12 in the
vessel 60. Next, the cutting guidewire 40 may be ad-
vanced through the deployment lumen 28. Depending
upon the desired location of the perfusion channel 64,
the cutting guidewire tip 42 is controlled to exit from the

desired deployment aperture 30. Subsequently, the cut-
ting catheter 14 is advanced through the deployment lu-
men 28 over the cutting guidewire 40. This causes the
distal end 20 of the cutting catheter 14 to be projected
from the deployment aperture 30 of the positioning cath-
eter 12. As the cutting catheter 14 is projected from the
deployment aperture 30, the distal end 20 of the cutting
catheter 14 cuts a perfusion channel 64 in the myocar-
dial tissue 62. The cutting of the perfusion channel 64
is aided by the blades 22 which incise the myocardial
tissue 62 and the cutting catheter body 27 which dilates
the myocardial tissue 62. Once the perfusion channel
64 has been established, the cutting catheter 14 may
be withdrawn from the tissue 62 and rerouted through
another deployment aperture 30 to create another per-
fusion channel 64.
[0040] Advancement of the cutting catheter 14
through the myocardial tissue 62 may be facilitated by
use of the cutting guidewire 40. In more detail, it may be
appreciated that by selectively extending the cutting
guidewire 40 from the cutting catheter 14, a pilot hole
may be established through the myocardial tissue 62.
The cutting catheter 14 may then be advanced over the
cutting guidewire 40 to enlarge the pilot hole into the
perfusion channel 64. The process of advancing the cut-
ting guidewire 40 followed by advancing the cutting
catheter 14 over the cutting guidewire 40 may be repeat-
ed until the perfusion channel 64 has reached the de-
sired depth. As provided above, typically each perfusion
channel 64 has a diameter between approximately two
millimeters to three millimeters (2.0 mm-3.0 mm) and a
depth of between approximately one centimeter to five
centimeters (1.0 cm-5.0 cm), depending upon the angle
of the perfusion channel 64. Further, as illustrated in Fig-
ure 11, each perfusion channel 64 does not extend
through the myocardial tissue 62 into the ventricular
cavity 80. Figure 12 illustrates that blood flow to the my-
ocardial tissue 62 from the coronary artery 76 is en-
hanced by this procedure.
[0041] Importantly, medication such as zylocaine,
cardiac medications, and angiogenesis agents, can be
released from the cutting guidewire tip 42 into the car-
diac muscle 62 prior to, during, or after the procedure.
Alternately, a contrast medium can be released from the
cutting guidewire tip 42 to determine the location of the
cutting guidewire tip 42. Further, pressure at the cutting
guidewire tip 42 can be measured to determine whether
the cutting guidewire tip 42 is in the proper location prior
to inserting the cutting guidewire 40.
[0042] In some cases it may be desirable to deploy a
stent (not shown), or other prosthesis, to support the
newly formed perfusion channel 64. In such cases, the
stent may be advanced through the deployment lumen
28 and emitted through the deployment aperture 30 to
be positioned by any method well known in the pertinent
art.
[0043] While the particular device 10 as herein shown
and disclosed in detail is fully capable of obtaining the
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objects and providing the advantages herein before
stated, it is to be understood that it is merely illustrative
of the presently preferred embodiments of the invention
and that no limitations are intended to the details of con-
struction or design herein shown other than as de-
scribed in the appended claims.
[0044] It will be evident from the foregoing description
that the device of the invention is especially useful in a
method for treating a deficiency of blood flow from a cor-
onary artery to a cardiac muscle, the method comprising
the steps of advancing a positioning catheter into the
coronary artery; anchoring a portion of the positioning
catheter in the coronary artery; and creating a perfusion
channel with a cutting catheter which extends away from
the positioning catheter, the perfusion channel extend-
ing from the artery into only a portion of the cardiac mus-
cle, the perfusion channel allowing blood flow from the
coronary artery to the cardiac muscle.
[0045] Preferably the step of creating a perfusion
channel includes creating a perfusion channel having a
diameter of between approximately two millimetres and
three millimetres.
[0046] Preferably the step of creating a perfusion
channel includes creating a perfusion channel at an an-
gle of between approximately twenty degrees and
eighty degrees relative to a center-line of the positioning
catheter proximate where the cutting catheter extends
away from the positioning catheter.
[0047] Preferably, the method includes a step of ad-
vancing a cutting guidewire into the cardiac muscle prior
to the step of creating perfusion channel.
[0048] Preferably, the method includes a step of re-
leasing a medication from the cutting guidewire into the
cardiac muscle.
[0049] Preferably, the method includes the step of re-
leasing a contrast medium from the cutting guidewire
into the cardiac muscle to determine the location of the
guidewire.
[0050] Preferably, the method includes the step of de-
termining the location of a cutting guidewire tip of the
cutting guidewire by measuring the pressure at a cutting
guidewire tip to determine the location of a cutting
guidewire tip of the cutting guidewire.
[0051] Preferably, the step of creating a perfusion
channel includes utilizing a catheter having a plurality of
spaced apart blades which extend substantially radially
from a cutting catheter body of the cutting catheter.
[0052] Preferably, the method includes the step of
creating a second perfusion channel extending from the
coronary artery into only a portion of the cardiac muscle.
[0053] Preferably, the step of creating a second per-
fusion channel includes creating a second perfusion
channel having a diameter of between approximately
two millimetres and three millimetres.

Claims

1. A device for boring a perfusion channel from a ves-
sel into a muscle of a patient, the device comprising:

a positioning catheter;
anchoring means attached to the positioning
catheter for selectively anchoring the position-
ing catheter in the vessel, the anchoring means
substantially contacting a circumference of the
vessel; and
a cutting catheter which selectively projects
from the positioning catheter, the cutting cath-
eter including a cutting catheter body and a
blade which extends substantially radially from
the cutting catheter body, the cutting catheter
being adapted to create the perfusion channel
from the vessel into the muscle.

2. The device of claim 1 wherein the positioning cath-
eter includes a catheter outer surface, a deploy-
ment lumen which receives the cutting catheter and
a deployment aperture extending from the catheter
outer surface into the deployment lumen, the de-
ployment aperture allowing the cutting catheter to
extend laterally from the positioning catheter.

3. The device of claim 2 wherein the positioning cath-
eter includes a plurality of spaced apart, deploy-
ment apertures extending from the catheter outer
surface into the deployment lumen, the deployment
apertures allowing the cutting catheter to selectively
extend laterally from the positioning catheter at a
plurality of spaced apart locations along the posi-
tioning catheter.

4. The device of claim 2 including a radiopaque de-
ployment marker positioned proximate to the de-
ployment aperture.

5. The device of claim 1 wherein the blade is movable
between a first position wherein the blade is sub-
stantially contained within the cutting catheter body
and a second position wherein the blade extends
radially from the cutting catheter body.

6. The device of claim 1 wherein the anchoring means
includes an inflatable balloon attached to the posi-
tioning catheter for selectively anchoring the posi-
tioning catheter in the vessel.

7. The device of claim 1 including a flow lumen which
is adapted to allow for the flow of blood past the an-
chor means.

8. A device as claimed in Claim 1 wherein the cutting
catheter selectively projects laterally from the posi-
tioning catheter, the cutting catheter including a cut-
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ting catheter body and a plurality of spaced apart
blades, and wherein, in a first position each blade
is substantially contained within the cutting catheter
body and in a second position each blade extends
substantially radially from the cutting catheter body.

9. The device of claim 8 wherein the positioning cath-
eter includes a catheter outer surface, a deploy-
ment lumen which receives the cutting catheter and
a plurality of spaced apart deployment apertures
extending from the catheter outer surface into the
deployment lumen, the deployment apertures al-
lowing the cutting catheter to selectively extend lat-
erally from the positioning catheter at a plurality of
spaced apart locations along the positioning cathe-
ter.

10. The device of claim 1 or 8 wherein the anchoring
means comprises a cylindrical sleeve secured to
the positioning catheter, the cylindrical sleeve hav-
ing a distal sleeve end and a proximal sleeve end,
and wherein the sleeve radially expands during
movement of sleeve ends together to anchor the
positioning catheter substantially around the cir-
cumference of the vessel.

11. The device of claim 10 wherein said cylindrical
sleeve is fabricated from a wire mesh.

12. The device of claim 1 or 8 further comprising a cut-
ting guidewire and wherein the cutting catheter is
formed with a cutting catheter lumen for advance-
ment of the cutting guidewire therethrough.

13. The device of claim 1 or 8 further comprising a
source of medication and wherein the cutting
guidewire includes a cutting guidewire lumen in fluid
communication with the source of medication for
selectively releasing the medication from the cutting
guidewire lumen into the muscle.

14. The device of claim 1 or 8 further comprising a
source of contrast medium and wherein the cutting
guidewire includes a cutting guidewire lumen in fluid
communication with the source of contrast medium
for selectively releasing the contrast medium from
the cutting guidewire lumen into the muscle.

15. The device of claim 1 or 8 further comprising a pres-
sure sensor adapted for measuring pressure and
wherein the cutting guidewire includes a cutting
guidewire tip and a cutting guidewire lumen in fluid
communication with the pressure sensor, thereby
allowing the pressure sensor to measure the pres-
sure at the cutting guidewire tip.
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