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A vessel (58) lies adjacent heart tissue, and
a restriction (74) in the vessel (58) is bypassed.
A chamber (30) in the heart is accessed and a
lumen (94) is formed through the heart tissue which
communicates with the vessel (58) and a region
distal to the restriction (74). Blood flows from the
heart chamber (30) into the vessel (58) distal of the
restriction (74), thus bypassing the restriction (74).
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PERCUTANEOUS CHAMBER-TO-ARTERY BYPASS
BACKGROUND OF THE INVENTION
The present invention generally deals with
vascular bypass methods. More specifically, the present

invention deals with systems for performing percutaneous

coronary artery bypass procedures.

Coronary arteries «can become partially
restricted (stenotic) or completely clogged (occluded)
with plaque, thrombus, or the like. This reduces the
efficiency of the heart, and can ultimately lead to a
heart attack. Thus, a number of different systems and
methods have been developed for treating stenotic or
occluded coronary arteries. '

Two methods which have been developed to treat
occlusions and stenosis include balloon angioplasty and
pharmacological treatment. However, where the occlusion
is quite hard, it can be quite difficult, if not
impossible, to cross the occlusion with an angioplasty
device. In addition, some coronary stenosis are too
diffuse to treat effectively with balloon angioplasty.
Unfortunately, such occlusions are not readily
susceptible to dissolution with chemicals either. In
the past, patients with these types of occlusions have
been candidates for open heart surgery to bypass the
restrictions.

However, open heart surgery includes a myriad
of disadvantages. Open heart surgery typically includes
a great deal of postoperative pain. The pain 1is
normally encountered because conventional open heart
surgery requires that the sternum be cracked open, which
is quite painful. Also, open heart surgery typically
involves bypassing the occluded vessel, which, in turn,

involves harvesting a vein from another part of the body
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for use as the bypass graft. One common source for the
bypass graft is the saphenous vein which is removed from
the leg. Harvesting the saphenous vein requires the-
surgeon to cut and peel the skin back from an area of
5 the leg which is approximately 18 inches long and which
extends upward to the groin area. This can be very
traumatic and painful. Also, the internal mammary
artery (IMA) has also been used as a vein graft in
performing a bypass. However, the IMA is>typically best

10 suited for use as a left anterior descending (LAD) vein
graft and is commonly saved for that purpose. Further,
open heart surgery requires quite a lengthy recovery
period which involves an increased hospital stay, and,
consequently, greater expense.

15 Other than the pain and more lengthy hospital
stay, open heart surgery involves other disadvantages as
well. For example, during open heart surgery, it is
common to cool the heart to a point where it stops. The
blood from the remainder of the vasculature is then

20 pumped through a pulmonary and cardiac bypass system.
Any time the heart is stopped, there is a danger of
encountering difficulty in restarting the heart {(which
is typically accomplished by warming the heart and
massaging it). Further, even if the heart is restarted,

25 it sometimes does not return to a correct rhythm. Also,
open heart surgery can require the use of a device known
as a left ventricular assist device (LVAD) to
supplementarily pump blood to relieve the burden on the
heart. This allows the heart to heal.

30 A significant reason that the heart is
typically stopped during open heart surgery is that, if
it were not stopped, the surgeon would be working in a
dynamic environment. In such an environment, the target

vessels and tissue to be treated are moving. Further,
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a system must be employed in such an environment to stop
bleeding. Clinical studies indicate that, when blood
flow is stopped using clamping devices and blood flow is-
diverted to a cardiac bypass system, a statistically
significant instance of neurological problems caused by
blood clotting results. The use of mechanical clamps to
stop blood flow, and the use of a mechanical bypass
system, results in an approximate six percent instance
of neurological problems, such as stroke, memory
failure, etc.

Given the difficulties of the techniques
discussed above, another approach has been developed
which does not require stoppage of the heart or an open
chest during execution. This approach is to perform a
bypass using a minimally invasive technique by entering
the upper chest cavity, through a hole between ribs
under visual observation. Such a technique is often
referred to as minimally invasive direct coronary artery
bypass (MIDCAB) (where the heart is not stopped) or
heart port (where the heart is stopped) . Such a system
which is used to perform a bypass is disclosed in the
Sterman et al. U.S. Patent No. 5,452,733.

SUMMARY OF THE INVENTION

A vessel lies adjacent heart tissue, and a
restriction in the vessel is bypassed. A chamber in the
heart is accessed and a lumen is formed through the
heart tissue which communicates with the vessel and a
region distal to the restriction. Blood flows from the
heart chamber into the vessel distal of the restriction,
thus bypassing the restriction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a partial sectional view of
a human heart and its associated proximate vascular

system with a coronary artery having a restriction.
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FIG. 2 illustrates a view of the heart of FIG.
1 with the major coronary arteries indicated thereon.

FIG. 3 illustrates a boring device accessing.
a chamber of the heart of FIG. 1.

FIGS. 4-5J illustrate a partially sectioned
view of the heart of FIG. 1 and other steps of preferred
embodiments in accordance with the present invention.

FIGS. S5A-5J illustrate a partially sectioned
view of the heart of FIG. 1 and other steps of preferred
embodiments in accordance with the present invention.

FIG. 6 illustrates a partially sectioned view
of the heart of FIG. 1 and another step of an embodiment
in accordance with the present invention.

FIGS. 7A-7B illustrate a partially sectioned
view of the heart of FIG. 1 and another step of an
embodiment in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 illustrates a partially sectioned view

of a human heart 20, and its associated vasculature.
The heart 20 is subdivided by muscular septum 22 into
two lateral halves, which are named respectively right
23 and left 24. A transverse constriction subdivides
each half of the heart into two cavities, or chambers.
The upper chambers consist of the left and right atria
26, 28 which collect blood. The lower chambers consist
of the left and right ventricles 30, 32 which pump
blood. The arrows 34 indicate the direction of blood
flow through the heart. The rightA atrium 28
communicates with the right ventricle 32 by the
tricuspid valve 36. The left atrium 26 communicates
with the left ventricle 30 by the mitral valve. The
right ventricle 32 empties into the pulmonary artery 40
by way of the pulmonary valve 42. The left ventricle-30

empties into the aorta 44 by way of the aortic valve 46.
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The circulation of the heart 20 consists of
two components. First is the functional circulation of
the heart 20, i.e., the blood flow through the heart 20
from which blood is pumped to the lungs and the body in

5 general. Second is the coronary circulation, i.e., the
actual blood supply to the structures and muscles of the
heart 20 itself.

The functional circulation of the heart 20
pumps blood to the body in general, i.e., the systematic

10 circulation, and to the lungs for oxygenation, i.e., the
pulmonic and pulmonary circulation. The left side of
the heart 24 supplies the systemic circulation. The
right side 23 of the heart supplies the lungs with blood
for oxygenation. Deoxygenated blood from the systematic

15 circulation is returned to the heart 20 and is supplied
to the right atrium 28 by the superior and inferior
venae cavae 48, 50. The heart 20 pumps the deoxygenated
blood into the lungs for oxygenation by way of the main
pulmonary artery 40. The main pulmonary artery 40

20 separates into the right and left pulmonary arteries,
52, 54 which circulates to the right and left lungs,
respectively. Oxygenated blood returns to the heart 20
at the left atrium 26 via four pulmonary veins 56 (of
which two are shown). The blood then flows to the left

25 ventricle 30 where it is pumped into the aorta 44, which
supplies the body with oxygenated blood.

The functional circulation, however, does not
supply blood to the heart muscle or structures.
Therefore, functional circulation does not supply oxygen

30 or nutrients to the heart 20 itself. The actual blood
supply to the heart structure, i.e., the oxygen and
nutrient supply, is provided by the coronary circulation
of the heart, consisting of coronary arteries, indicated

generally at 58, and cardiac veins. Coronary artery 58
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can have a restriction 74. The coronary artery 58
includes a proximal arterial bed 76 between the aorta 44
and the restriction 74. Also, the coronary artery 58
includes a distal arterial bed 78 downstream from the
restriction 74.

FIG. 2 shows the main coronary arteries of the
heart 20. There are two main coronary arteries arising
from the base of the aorta 44 and running along the
heart 20 itself. The left main coronary artery 60
bifurcates into a left anterior descending branch 62 and
the left circumflex branch 64. The left coronary artery
60 supplies the left atrium 26, gives branches to both
ventricles 30, 32, and numerous small branches to the
pulmonary artery 40. The right main coronary artery 66
runs along the posterior surface 68 of the heart 20
where it divides into a transverse branch 70 and a
descending branch 72. The right coronary artery 66
supplies blood to the posterior aspect of the left
ventricle 30. Both coronary arteries include a
plurality of marginal branches, indicated only generally
in the Figure. Coronary artery 58 is a generalized view
of the arteries shown in FIG. 2, inasmuch as a
restriction can occur in any coronary artery.

FIG. 3 illustrates a first step utilized in
accordance with the present invention to bypass
restriction 74 in artery 58. A standard guide catheter
80 is advanced through aorta 44 in a known manner.
Guide catheter 80 is positioned such that its distal end
82 is located within a chamber proximate the artery 58.
In the preferred embodiment shown in the Figure, the
distal end 82 of guide catheter 80 is positioned in the
left ventricle 30. Cutting or debulking device 84 is
then advanced through guide catheter 80, out through
distal end 82 of guide catheter 80 to a region opposite
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the heart tissue 86 from the distal arterial bed 78 of
the coronary artery 58. Cutting device 84, in the
preferred embodiment, includes a catheter portion 88 and.
a boring or cutting member 90. Boring or cutting member
90 can take any number of suitable forms, such as a
rotatable member or blade which can be used in piercing
and boring through tissue. It should be noted that
cutting device 84 can be any suitable mechanical cutting
device, or any suitable sort of energy device, such as
a radio frequency (RF) ablation wire, or a laser, or
other device. A combination of devices could also be
used. For example, an RF ablation wire can be used to
form a small lumen suitable to accommodate a guidewire.
A rotary device can then be used to widen out the lumen
to its desired final size. In any case, the cutting
device 84 is used to fashion a lumen through the heart
tissue 86 and the vessel wall 92 of the coronary artery
58 so that the left ventricle 30 communicates with the
distal arterial bed 78.

Alternatively, cutting device 84 can be used
to form the lumen through heart tissue 86 starting from
coronary artery 58. In that instance, cutting device 84
is used to cross restriction 74 and is then manipulated
to cut through vessel wall 92 and heart tissue 86 so
that the ventricle communicates with distal arterial bed
78.

In another embodiment, as illustrated in FIG.
4, restriction 74 is crossed with a conducﬁive wire or
fiber 100. Either the conductive wire or fiber residing
in distal arterial bed 78, or cutting device 84, are
provided with a transmitter, and the other (either the
wire or fiber 100 which has been used to cross
restriction 74, or cutting device 84) is provided with

a receiver or sensor. In one preferred embodiment, the
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transmitter includes an array of active transmitters
comprising one of ultrasound transmitters,
radiofrequency transmitters, a plurality of point light
sources, or a single intense point light source, or an
electro-magnetic transmitter (such as where current is
actively applied to a coil to induce a magnetic field
thereabout) . The receiver, or sensor, 1s a suitable
device which is compatible with the transmitter so that
it can receive or sense the signals provided by the
transmitter.

For instance, where the transmitter includes
an inductive magnetic coil, the receiver includes a
magnetic sensor array to receive the signals induced in
the coil. When the transmitter includes an ultrasound
transmitter, the receiver includes an ultrasound imager
so that the relative positioning of the receiver device
in the transmitter can be determined. When the
transmitter includes a single point light source, or an
array of point light sources, the receiver or sensor
includes a photodiode array or an imaging fiber optic
bundle which can detect the light emitted by the light
sources. In addition, when the transmitter includes an
RF transmitter, the receiver includes a directional
antenna. In any of the above cases, oOr esimilar cases,
the relative position between the transmitter and
receiver can be determined so that the cutting member 90
of cutting device 84 can be properly located relative to
the heart tissue 86 such that the cutting member 90
enters the coronary artery 58 in the distal arterial bed
78.

FIG. 5 illustrates the use of cutting device
84 to fashion a lumen 94 through heart tissue 86 and
vessel wall 92 into the distal arterial bed 78. 1In a

preferred embodiment, aspiration is provided during the
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cutting operation to remove severed tissue pieces. Such
aspiration is preferably accompanied by saline infusate
to flush the area around cutting member 90. Aspiration
can be provided using any suitable known technique, such
as an aspiration catheter.

Cutting device 84 can be guided through the
heart tissue 86 and vessel wall 92 in any number of
suitable ways from the left ventricle 30 to the distal
arterial bed 78. For instance, the cutting member 90 of
cutting device 84 is preferably formed of radiopaque
material or has radiopaque markings thereon. Therefore,
when restriction 74 is not a total occlusion, contrast
fluid is injected through the coronary artery 58 to
locate restriction 74. The relative position of the
restriction 74 and cutting device 84 is then observed.

In another embodiment, radiopaque markers are
placed in the distal arterial bed 78. Bi-plane
fluoroscopy is then used to perform three dimensional
visualization of the markers in the coronary artery 58
and on cutting member 90 to bring them toward one
another.

FIG. 5A illustrates another system for forming
lumen 94 through heart tissue 86 in accordance with
another aspect of the present invention. In the
embodiment shown in FIG. 5A, a relatively small diameter
device, such as an RF ablation wire, is used to first
form a small lumen through heart tissue 86 and vessel
wall 92. Then, guidewire 104 is passedAthrough the
small lumen and through vessel wall 92 into the portion
of the vessel distal of the restriction. An inflatable
balloon 106, preferably supported by a balloon catheter
108, is then advanced along guidewire 104 into the
narrow lumen in heart tissue 86 and vessel wall 92.

During insertion, balloon 106 1is preferably in a
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deflated position. Once in place in the narrow lumen,

balloon 106 is inflated thereby exerting axial force in

the direction generally indicated by arrows 110 on the

heart tissue and vessel wall 92. This operates to widen
5 out the lumen to a desired size.

FIG. 5B illustrates vyet another step in
forming lumen 94 in accordance with another aspect of
the present invention. After a suitable lumen is formed
in heart tissue 86 and vessel wall 92 (either narrow, or

10 a wider lumen), a stent 112 is delivered to the lumen
and deployed (or expanded) to hold the lumen open to a
desired dimension. Preferably lumen 94 is disposed at
an angle 6 of approximately 45° relative to vessel wall
92. This increases the chance of long term patency.

15 In'yet another preferred embodiment, as shown
in FIG. 5C, stent 112 also includes one-way valve 114.
One-way valve 114 (or check valve 114) enables flow from
the heart chamber to the restricted vessel during
systole, but prevents back-flow into the chamber from

20 the wvessel during diastole. In the preferred
embodiment, valve 114 is premounted on stent 112, prior
to deployment. Then, the stent 112 and valve 114
assembly is delivered to the lumen 94 via a balloon
delivery system which is introduced into the heart

25 chamber. The delivery system is guided to the target
and introduced into lumen 94 where the balloon in the
stent delivery system is inflated to deploy stent 112.

FIGS. 5D-5F illustrate such a system. FIG. 5D
illustrates a deflectable guide catheter 116. Guide

30 catheter 116 has, disposed therein and attached at a
distal end thereof, pull wire 118. FIG. 5D also
illustrates that guide catheter 116 has disposed at the
distal end thereof light sensor (either a light emitter
or a light detector) 120. Light sensor 120 is coupled
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to a torque wire 122 which also extends within catheter
116. A cutting catheter or needle 124 is also
illustrated in FIG. 5D. Cutting catheter 124 has an-
inner lumen which is suitable for tracking over a
guidewire 126. Dialator sheath 128 is disposed on the
exterior of cutting catheter 124. Proximal of dialator
sheath 128, stent 112 is disposed over inflatable
balloon 130. Valve 131 is shown disposed on stent 112.
The proximal end of the system shown in FIG. 5D includes
a handle or actuator 132 coupled for manipulation of
guidewire 126. Needle control manifold 134 is coupled
to needle or cutting catheter 124, and dialator sheath
control manifold 136 is coupled to dialator sheath 128.
Also, the proximal end includes inflation coupling 138
which is coupled to an inflation lumen for inflating
balloon 130.

Pull wire 118 is movable within guide catheter
116, except that it is coupled to the distal end of
guide catheter 116. Therefore, by pulling on the
proximal end of pull wire 118, guide catheter 116 can be
deflected such that the distal end is disposed at an
angle with respect to the remainder of guide catheter
116, as illustrated in phantom in FIG. 5D.

Light sensor 120 is pivotable relative to
guide catheter 116 with torque wire 122. Therefore,
torque wire 122 can be pivoted at its proximal end (or
torqued) causing a force to be exerted on light sensor
120 which tends to cause light sensor 120 to pivot with
torque wire 122 in the direction generally indicated by
arrow 140. Thus, light sensor 120 can be maintained at
the distal end of guide catheter 116 during sensing and
positioning of guide catheter 116. It can then be

pivoted out of the way to expose the inner lumen of
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guide catheter 116, and cutting catheter 124, after
guide catheter 116 has been suitably positioned.

FIGS. SE and 5F further illustrate the:
employment of the system shown in FIG. 5D. In FIG. 5E,
the distal end of guide catheter 116 is shown positioned
proximate heart tissue 86. FIG. 5E also shows the
restricted lumen having restriction 74 therein, along
with a coronary vein 142. In the preferred embodiment,
a pair of light sources 144 and 146 are inserted in the
restricted vessel proximal of restriction 74, and in the
coronary vein 142 at an area just distal of restriction
74 . Then, the distal end of guide catheter 116 is
positioned using light sensor 120 adjacent heart tissue
86 at a position Jjust proximal of restriction 74.
Torque wire 122 is then rotated to pivot light sensor
120 out of adjacent location with the distal end of the
lumen of guide catheter 116. Next, cutting catheter 124
is advanced out of the distal end of guide catheter 116
and is used to pierce through heart tissue 86, coronary
vein 142 and vessel wall 92. Cutting catheter 124 can
then be removed from the system, or it can be retained
in place. 1In any case, dialator sheath 128 is passed
over guidewire 126 and is advanced through the incision
made by cutting catheter 124 to dilate the incision.
Stent 112, along with inflatable balloon 130 is then
advanced into the incision behind dialator sheath 128.
Balloon 130 is then inflated to deploy stent 112.

Deployment of stent 112 is illustrated in FIG.
SF. Once stent 112 is deployed, both balloon 130 and
dialator sheath 128, as well as the remainder of the
assembly, can be removed leaving stent 112 and valve 131

in place.
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FIGS. 5G-5J illustrate additional aspects of
the present invention in accordance with other preferred
embodiments.

In FIG. 5G, steerable catheter 150 has a
suction device or vacuum device 152 disposed at the
distal end thereocf. A small aperture is formed in the
chest 154 of the patient, and steerable catheter 150 is
inserted therein and used in conjunction with a fiber
optic scope 156. Catheter 150 is moved under
observation through scope 156 into a position Jjust
distal of stenosis 74. In another preferred embodiment,
fluoroscopy may also be used for placement of suction
device 152 with respect to stenosis or restriction 74.
Once the distal end of catheter 150 is centered on the
artery distal of restriction 74, a vacuum is exerted
through suction device 152 to maintain the distal end of
catheter 150 in place throughout the procedure. Scope
156 is then removed from catheter 150.

FIG. 5H illustrates that a small centering
catheter 158 is then placed within catheter 150.
Centering catheter 150 is used to center a wire 160
which is then placed therein. The thin wire 160 is then
tracked through the center of catheter 150 and centering
catheter 158 toward the artery. Wire 160 is then pushed
through the exterior and interior walls of the artery,
through the myocardium, and into either the ventricle or
the atrium.

Wire 160 is then removed and repiaced with a
conventional spring tip guidewire, illustrated by the
designation numeral 162 in FIG. 5I. Guidewire 162 is
advanced through the myocardium and into the ventricle.
Wire 162 is then tracked through the ascending aorta 164
to an exit point 166 in femoral artery 168. The lumen

between the ventricle and the artery is then sized with,
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for example, an RF ablation wire. This is more
specifically illustrated in FIG. 5J.

A catheter 170 is advanced over guidewire 162

from the femoral artery to the heart chamber. Catheter

5 170 preferably includes a burr 172 at its distal end

which is appropriately sized to form the desired lumen.

Burr 172 is placed against the wall of the vessel and

the RF ablation portion of catheter 170 is energized

such that muscle is ablated as burr 172 is advanced from

10 the chamber to the artery creating a smooth lumen.

Again, in the preferred embodiment, the lumen between

the heart chamber and the restricted vessel is

preferably disposed at an angle approximately 45°

relative to the restricted vessel to accomplish a smooth

15 flow transition between the chamber and the artery

distal of the restriction.

FIG. 6 illustrates another step in accordance

with one preferred embodiment of the present invention.

In FIG. 5, the lumen between the heart chamber and the

20 restricted vessel has been formed and the cutting device

has been withdrawn from aorta 44 through guide catheter

80. FIG. 6 illustrates that drug delivery device 96 has

been advanced through guide catheter 98, the aorta 44

and into the left ventricle 30 into the lumen 94. Drug

25 delivery device 96 is preferably any suitable and known

drug delivery device, such as a microcatheter, a

perforated balloon delivery device, or any other

suitable device. In the preferred embodiment, drug

delivery device 96 is used to deliver a drug to lumen 94

30 to enhance endothelial development in lumen 94. In one

preferred embodiment, the substance delivered to lumen

94 with delivery device 96 includes a growth factor

which enhances the growth of endothelial cells on the

wall of lumen 94. In another preferred embodiment, the
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substance delivered to lumen 94 with delivery device 96
includes endothelial cells which enhance
endothelialization in lumen 94.

Further, in one embodiment, blood flow through
coronary artery 58 is stopped during the procedure. One
system for stopping blood flow includes occluding
balloons. Occluding balloons have a fairly low instance
of emboli formation; and therefore have a fairly low
instance of neurological problems which result from the
formation of emboli.

Thus, it can be seen that, by tunneling
through the coronary artery vessel wall 92 and heart
tissue 86 to form a lumen 94 that communicates with a
chamber of the heart and distal arterial bed 78,
restriction 24 is effectively bypassed.

FIG. 7A shows another embodiment of the
present invention. Cutting device 84 has fashioned a
reservoir 102 in the heart tissue 86 which communicates
with lumen 94. As the chamber fills with blood, so does
the reservoir 102. The contracting action of the heart
20 forces plood from the reservoir and into the distal
arterial bed 78.

FIG. 7B is an enlarged view of reservoir 102.
FIG. 7B illustrates that reservoir 102 has an inlet
lumen 180 leading from the heart chamber to reservoir
102, and an outlet lumen 182 leading from resexrvolr 102
through vessel wall 92 into the restricted vessel. In
the preferred embodiment, inlet vessel 180 hés a smaller
diameter than outlet lumen 182. Thus, during
contraction of the heart, blood in the reservoir 102 is
preferentially directed outward via the larger outlet
lumen 182 into the restricted vessel. This reduces any

back-flow which could occur from reservoir 102 back into
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the heart chamber via the inlet lumen 180, which has a
smaller diameter.

Although the present invention has been:

described with reference to preferred embodiments,

5 workers skilled in the art will recognize that changes

may be made in form and detail without departing from

the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A method of bypassing a restriction in a
vessel lying adjacent heart tissue in a heart and
proximate a heart chamber, the method comprising:
accessing the heart chamber; and
forming a lumen through the heart tissue to
the vessel distal of the restriction
wherein the heart chamber communicates
with the vessel distal of the
restriction.
2. The method of claim 1 and further comprising
accessing the lumen to provide a permanent opening.
3. The method of claim 2 wherein the step of
accessing the lumen includes delivering a substance to
the lumen in the heart tissue to increase
endothelialization.
4. The method of claim 3 wherein delivering the
substance comprises delivering a growth factor to the
lumen.
5. The method of claim 3 wherein delivering a
substance comprises delivering endothelial cells.
6. The method of claim 3 wherein the step of
accessing the lumen includes advancing a drug delivery
device into the lumen.
7. The method of claim 1 wherein the step of
accessing the heart chamber includes the steps of:
advancing a guide catheter into the heart
chamber; and A
advancing a cutting device through the guide
catheter into the heart tissue.
8. The method of claim 7 and further comprising
the step of accessing the vessel distal of the

restriction with an indicator.
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9. The method of claim 8 wherein the cutting
device seeks the indicator while cutting heart tissue
and forming the lumen.
10. The method of claim 1 and further comprising
forming a reservoir in the heart tissue which
communicates with the lumen.
11. The method of claim 10 wherein forming a
reservoir comprises:
forming an inlet lumen having a first
diameter in the heart tissue, the inlet
lumen being in fluid communication with
the chamber;
forming the reservoir; and
forming an outlet lumen between the reservoir
and the vessel, the outlet lumen having
a second diameter, larger than the first
diameter.
12. The method of claim 1 and further comprising:
deploying a stent in the lumen through the
heart tissue.
13. The method of claim 1 and further comprising:
deploying a one-way valve in the “lumen
through the heart tissue, the wvalve
allowing blood to flow from the heart
chamber into the vessel.
14. The method of claim 1 wherein forming the
lumen comprises: A
forming the lumen through the heart tissue
with a cutting device having a first
diameter; and
inserting a dilatation device in the lumen
and expanding the dilatation device to
enlarge the diameter of the lumen to a

second diameter.
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15. The method of claim 14 wherein the dilatation
device comprises an expandable balloon, and wherein
expanding the dilatation device comprises:
inflating the balloon to enlarge the lumen to
the second diameter.
16. The method of claim 1 wherein forming a lumen
comprises:
forming the lumen in the heart tissue with a
wire; and
passing a cutting member having an enlarged
distal portion over the wire to enlarge
the diameter of the lumen formed by the.
wire.
17. The method of claim 1 wherein forming a lumen
comprises:
forming a lumen having a relatively small
diameter through the chest and into the
heart chamber;
passing a guidewire through the lumen, and
through the vasculature to an exit point
in a femoral artery;
passing a cutting device over the guidewire
from the exit point in the femoral
artery, to the heart chamber; and
enlarging the relatively small diameter lumen
with the cutting device by passing the
cutting device over the guidewire,
through the heart tissue.
18. A method of bypassing a restriction in a
vessel having a vessel wall and distal arterial bed
distal of the restriction, wherein the vessel lies
adjacent a heart on a heart wall, the heart having a

plurality of chambers, the method comprising:
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accessing with a guide catheter a heart
chamber;
advancing a cutting device through the guide
catheter and to the heart wall proximate
the distal arterial bed; and '
cutting through the heart wall and vessel
wall with the cutting device such that
the chamber communicates with the distal
arterial bed through a lumen.
19. The method of claim 18 and further comprising
the steps of advancing the drug delivery device into the
lumen, and delivering a substance to increase
endothelialization in the lumen.



PCT/US98/12104

WO 98/57591

1/13




WO 98/57591 , PCT/US98/12104
2/13




WO 98/57591 PCT/US98/12104
3/13 '




WO 98/57591 PCT/US98/12104
4/13 '




WO 98/57591 7 PCT/US98/12104
5/13




WO 98/57591 ‘ PCT/US98/12104
6/13




WO 98/57591 , PCT/US98/12104
7/13

o 1%, 13/
2 1p Mo 15 4 //30 % 1

_/ %m@/

) %
\A w ]
T8 Mg /2

<\‘\ ,’/ gcg 5%




WO 98/57591 7 PCT/US98/12104
8/13




WO 98/57591 PCT/US98/12104
9/13




WO 98/57591 , PCT/US98/12104
10/13

%2
E/‘70 l

/4




WO 98/57591 _ PCT/US98/12104
11/13




WO 98/57591 ) PCT/US98/12104

12/13




WO 98/57591 i PCT/US98/12104
13/13




INTERNATIONAL SEARCH REPORT International application No.
PCT/US98/12104

A. CLASSIFICATION OF SUBJECT MATTER
IPC(6) :A61B 19/00
US CL :128/897, 898
According to International Patent Classification (IPC) or to both national classification and IPC

B. 'FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)
U.S. : 128/ 878, 898

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CAPLUS, BIOSIS, MEDLINE, EMBASE, WPIDS, USPATFULL, NTIS, CONF, JICST-EPLUS, DISSABS
Search Terms: endothelial cells

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X MUNRO et al. The Possibility of mycocardial revascularization by | 1, 2, 8

creation of a left ventriculocoronary artery fistula. Vancouver,
Canada: Journal of Thoracic and Cardiovascular Surgery, Vol. 58,
No. 1, 1969, pages 25-32.

X US 5,287,861 A (WILK) 22 February 1994, entire document. 1, 2, 7-12, 14-18,

1 (PT—
3-6, 19

X US 5,429,144 A (WILK) 04 July 1995, entire document. 1, 2, 7-18

Y 36,19

Further documents are listed in the continuation of Box C. D Sec patent family annex.

b Special categories of cited documents: T later document published after the international filing dats or priority
an o R . L . date and not in conflict with the application but cited to understand
A fining the g state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
e ; : ; ; : X" document of particular relevance; the claimed invention cannot be
E carlier document published on or safter the international filing date idered novel or : be idered to involve an inventive step
"L document which may throw doubts on priority claim(s) or which is when the document is taken slone

cited to establish the publication date of enother citation or other . i . .

special resson (as specified) ‘Y document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is

0" document referring to an oral discl use, exhibition or other combined with one or more other such documents, such combination

means being obvious to a person skilled in the art
"p* document published'prior to the international filing date but Iater than  « g« document member of the same patent family

the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report

02 SEPTEMBER 1998 1) OCT 1998
2 e, 8
Name s g s of e LTS Mighors G\ NS o

Box PCT ;
Washington, D.C. 20231 DINH XUAN NGUYEN
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-3522

“~
Form PCT/ISA/210 (second sheet)(July 1992)% /




INTERNATIONAL SEARCH REPORT International application No.

PCT/US98/12104

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* |  Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,409,019 A (WILK) 25 April 1995, entire document. 1,2, 7-18
Y 36,19
Y US 5,527,337 A (STACK et al.) 18 June 1996, entire document. 3-6
Y US 5,180,366 A (WOODS) 19 January 1993, entire document. 3-6
Y US 5,423,744 A (GENCHEFF et al.) 13 June 1995, entire 3-6

document.

Form PCT/ISA/210 (continuation of second sheet)(July 1992)»



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

