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(57) Abstract

The transmyocardial implant for establishing blood
flow through the myocardium between a heart chamber
and a lumen of a coronary vasculature includes a hollow
rigid conduit extending between the lumen and the heart
chamber. The conduit is formed of a rigid material
to resist deformation in response to contraction of the
myocardium and the conduit is resistant to thrombus. A
tissue growth—inducing material is secured to an exterior
of the conduit. The tissue growth—inducing material is
positioned to discourage tissue growth over openings of the
implant.
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TRANSMYOCARDIAL IMPLANT

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention pertains to an implant for directing blood flow directly
between a chamber of the heart and a coronary vasculature. More particularly, this
invention pertains to such an implant with an enhanced design for securing
placement of the implant.

2. Description of the Prior Art

International Patent Application No. PCT/US97/13980 filed August 12,
1997, entitled "Method and Apparatus for Performing Coronary Bypass Surgery",
and filed in the name of HeartStent Corporation, teaches an implant for defining a
blood flow conduit directly from a chamber of the heart to a lumen of a coronary
vasculature. An embodiment disclosed in the aforementioned application teaches an
L-shaped implant in the form of a rigid conduit having one leg sized to be received
within a lumen of a coronary artery and a second leg sized to pass through the
myocardium and extend into the left ventricle of the heart. As disclosed in the
above-referenced application, the conduit is rigid and remains open for blood flow to
pass through the conduit during both systole and diastole. The conduit penetrates
into the left ventricle in order to prevent tissue growth and occlusions over an
opening of the conduit.

It is an object of the present invention to provide an improved

transmyocardial implant with enhanced fixation structure.

SUMMARY OF THE INVENTION

According to a preferred embodiment of the present invention, a
transmyocardial implant is disclosed for establishing a blood flow path through a
myocardium between a heart chamber and a lumen of a coronary vasculature
residing on an exterior surface of the myocardium. The implant includes a hollow
rigid conduit with a first portion sized to be received within the lumen and with a
second portion sized to extend from the vasculature through the myocardium and
into the heart chamber. Open ends of the conduit define a blood flow pathway

within an interior of the conduit between the heart chamber and the lumen of the
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2
vasculature. The conduit is formed of a material sufficiently rigid to resist

deformation and closure of the pathway in response to contraction of the
myocardium. Further, the conduit material is resistant to thrombus formation. A

tissue growth-inducing material is secured to an exterior of the conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation view of an implant according to the present
invention without showing a tissue growth-inducing material secured to an exterior
of a conduit;

FIG. 1A is the view of FIG. 1 showing the implant of FIG. 1 and showing, in
cross section, a tissue growth-inducing material secured to an exterior of the conduit
and showing the implant positioned within the myocardium and lumen of a coronary
vasculature;

FIG. 2 is the view of FIG. 1 showing a first alternative embodiment of a
conduit;

FIG. 2A is the view of FIG. 1A with the embodiment of FIG. 2 showing a
tissue growth-inducing material in cross section;

FIG. 3 is the view of FIG. 2 showing a modified external surface of a
conduit;

FIG. 3A is the view of FIG. 2A incorporating the conduit of FIG. 3;

FIG. 4 is the view of FIG. 1 showing a fourth embodiment of the conduit;

FIG. 4A is the view of FIG. 1A with the embodiment of the conduit of
FIG. 4 and showing a tissue growth-inducing material in cross section;

FIG. 5 is a side elevation view of the implant of FIG. 1A showing a tissue

growth-inducing material secured to an exterior of the conduit of FIG. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

With initial reference to FIG. 1, a conduit 10 is shown in the form of an L-

shaped rigid tube. The conduit 10 may be formed of titanium or other rigid
biocompatible material such as pyrolytic carbon or may be titanium which is coated
with pyrolytic carbon. The material of the conduit 10 is preferably a rigid material
in order to withstand contraction forces of the myocardium, as will be described. In

the preferred embodiment, the tube will have an outside diameter D, of about 3
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millimeters and an internal diameter D, of about 2 millimeters to provide a wall
thickness of about .5 millimeters.

The tube 10 has a first portion 12 which is sized to be received within the
lumen of a coronary vasculature such as the lumen 100 of a coronary artery 102
illustrated in FIG. 1A. As used in this application, the term “vasculature” refers to
veins or arteries. The conduit 10 has a second portion 14 which extends at a right
angle to the axis of portion 12. The second portion 14 is sized to extend from the
coronary artery 102 directly through the myocardium 104 and protrude into the left
ventricle 106 of a patient's heart. The second portion 14 is sized to have a length
sufficient for the portion 14 to protrude into the left ventricle 106.

The first portion 12 has a first opening 16 and the second portion 14 has a
second opening 18 in communication with an interior 20 of the implant 10.
Therefore, blood can freely flow through the implant 10 between the left ventricle
106 and the lumen 100 of the coronary artery 102. A leading end 22 of the first
portion 12 is provided with a smaller external diameter and with a beveled face to
permit ease of insertion of the leading end 22 into the coronary artery.

As mentioned, the tube 10 is preferably formed of titanium or other smooth
biocompatible material in order to resist thrombus formation on the surfaces of the
conduit 10. Titanium is a presently preferred material due its long-term use in the
cardiovascular industry. Further, titanium is sufficiently rigid to withstand
deformation forces caused by contraction of the myocardium 104 to avoid
deformation of the tube 10 so that the tube 10 remains open during both diastole and
systole.

While tissue will adhere to titanium, the adhesion is inadequate when
subjected to the shearing contracting forces of the myocardium due to the relative
smoothness of extruded titanium. Therefore, a completed implant 50 is illustrated in
FIGs. 1A and 5 and includes a sleeve 52 of tissue growth-inducing material secured
to an exterior surface of the conduit 10.

As illustrated in FIGs. 1 and 1A, the second portion 14 includes two spaced-
apart reduced-diameter portions 24, 26 to define grooves in the second portion 14.
The sleeve 52 includes a first end 54 with sutures 56 disposed around end 54 to

retain end 54 within the groove 24. The material at the first end 54 is folded over
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the sutures 56 and stitched by stitching 58 to secure the first end 54 in the groove 24
and to immobilize the first end 54 relative to the tube 10. Similarly, a second end 60
of the sleeve 52 is retained by sutures 62 in the groove 26 and threading 64 secures
the material of the sleeve 52 over the sutures 62. In the embodiments of FIGs. 1, 1A
and 5, the sleeve 52 resides exclusively in the myocardium.

In the figures, the stitching 58,64 is shown exposed on an exterior of the
sleeve 52. Alternatively, the sleeve 52 can be formed inverted so that the stitching
58,64 is not exposed.

Preferably, the sleeve 52 is formed of a fabric having biocompatible fibers
defining interstitial spaces to receive tissue growth. An example of such a fabric is
polyethylene terephthalate (such as polyester fabric sold by DuPont Company under
the trademark Dacron). Such a fabric permits rapid tissue integration into the fabric
thereby anchoring the fabric and, hence, the tube 10 to the patient's tissue. Also, the
enlarged portions 62,54 resulting from folding the material of the sleeve over the
sutures 62,56 enhances the volume of material susceptible to tissue integration, as
well as providing a thickened area to further resist movement of the implant 50
relative to the myocardium 104. As a result, the sleeve 52 is selected to induce
tissue attachment. Additionally, the first portion 12 is secured in place by means of
a reduced-diameter groove 13 formed adjacent the leading end 22. With the
reduced-diameter groove 13, a surgeon can place sutures 70 surrounding the
coronary artery 102 to immobilize the coronary artery at the groove 13.

It is anticipated that tissue growth on and into the sleeve 52 could result in a
buildup of tissue beyond the sleeve 52 to a thickness of about 1 millimeter. It is
desirable that such tissue growth does not extend over ends 16, 18. Accordingly, the
end 62 of the sleeve 52 is spaced from end 18 by a distance greater than an
anticipated thickness of tissue growth extension beyond the sleeve 52. Since the
anticipated thickness of tissue growth is about 1 millimeter, a minimum spacing of
end 62 from tube end 18 of 1 millimeter is desired. However, a conservative
additional spacing of 4-5 millimeters is preferred.

While a fabric tissue growth inducing material is illustrated, other materials
could be used. For example, the tissue growth inducing material could be sintered

metal on the external surface of the tube 10. Sintered metal results in a porous
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surface to receive tissue growth. The area of the sintered metal will be spaced from
ends 16, 18 to prevent tissue accumulation on the sintered area from growing over
and blocking ends 16, 18.

FIGs. 2, 2A, 3, 3A, and 4, 4A show alternative embodiments of the present
invention. In each of these embodiments, elements in common with those of FIGs. 1
and 1A are numbered identically and distinguished by letters "a", "b", and "c".

Such elements will not be separately discussed with respect to the alternative
embodiments except when necessary to distinguish between the embodiments.

In FIGs. 1 and 1A, the sleeve 52 resides exclusively in the myocardium 104.
In the embodiment of FIGs. 2 and 2A, the groove 24a is moved to the intracoronary
portion 12a such that the sleeve 52a resides in both the myocardium 104 and in the
coronary artery 102 so that tissue growth can occur from the myocardium as well as
the coronary artery 102 into the sleeve 52a. The embodiment of FIGs. 2 and 2A is a
presently preferred embodiment to enhance fixation.

In the embodiments of FIGs. 3 and 3 A, the exterior surface of the tube 10b is
roughened as indicated by hatch marks 200 in both the first portion 12b and second
portion 14b. The roughening can be in the form of a knurling or a roughened surface
due to sandblasting or the application of sinter beads. When the Dacron sleeve 52b
is placed over the roughened surface 200, the sleeve 52b is restricted from motion
relative to the exterior surface of the tube 10b due to enhanced friction resulting
from the roughening 200. In addition, the roughening 200 provides a roughened
surface with protrusions and pitting, around which tissue may grow as part of the
tissue growth into the sleeve 52a.

FIGs. 4 and 4A are similar to the embodiments of FIGs. 2 and 2A except that
the groove 26¢ has been moved from end 18¢ by a further distance so that the sleeve
52c resides primarily in the coronary artery 102 and only partially into the
myocardium 104,

In all the embodiments, the tissue growth-inducing material of the sleeve 52¢
remains spaced from ends 16, 18 by a distance sufficient to avoid tissue growth on
the material of the sleeve from extending over and blocking the ends 16, 18. As
mentioned, an anticipated extension of tissue growth beyond sleeve 52 is about

1 millimeter so that the ends 54,60 should be spaced from tube ends 16, 18 by a
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minimum of 1 millimeter and preferably 4-5 millimeters to prevent tissue growth
over ends 16, 18.

Having disclosed the present invention in a preferred embodiment, it will be
appreciated that modifications and equivalents may occur to one of ordinary skill in
the art having the benefits of the teachings of the present invention. It is intended
that such modifications shall be included within the scope of the claims which are

appended hereto.
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WHAT IS CLAIMED:

1. A transmyocardial implant for establishing a blood flow path through a
myocardium between a heart chamber and a lumen of a coronary vasculature

residing on an exterior of said wall, said implant comprising:

a hollow rigid conduit having a first portion and a second portion, said first
portion sized to be received within said lumen and said second portion sized to
extend from said vasculature through said myocardium into said chamber, said
conduit having open first and second ends on respective ones of said first and second
portions to define a blood flow pathway within an interior of said conduit between

said first and second ends;

said conduit formed of a conduit material sufficiently rigid to resist
deformation and closure of said pathway in response to contraction of said

myocardium and said conduit material resistant to thrombus formation;

a tissue growth inducing material secured to an exterior of said conduit.

2. A transmyocardial implant according to claim 1 wherein said tissue
growth inducing material is spaced from said first and second ends a distance to
avoid tissue growth on said tissue growth inducing material from extending over and

blocking said first and second ends.

3. A transmyocardial implant according to claim 2 wherein said second
portion is sized to extend into said chamber beyond said myocardium, said tissue

growth inducing material is spaced from said second end.

4. A transmyocardial implant according to claim 1 wherein said tissue
growth inducing material includes a plurality of fibers defining a plurality of
interstitial spaces for receiving tissue growth and said tissue growth inducing

material is biocompatible.
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5. A transmyocardial implant according to claim 4 wherein said tissue

growth inducing material is a polyester fabric.

5 6. A transmyocardial implant according to claim 1 wherein said tissue

growth inducing material include a porous layer on said exterior of said conduit.

7. A transmyocardial implant according to claim 1 wherein an external area
of said conduit surrounded by said tissue growth inducing material is abraded.
10
8. A transmyocardial implant according to claim 1 wherein said tissue

growth inducing material surrounds said second portion and not said first portion.

9. A transmyocardial implant according to claim 1 wherein said tissue

15 growth inducing material surrounds both said second portion and said first portion.

10. A transmyocardial implant according to claim 1 wherein said tissue

growth inducing material surrounds said first portion and not said second portion.
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