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ABSTRACT

A bypass graft conduit is installed in the circulatory System
of a patient using apparatus which facilitates performing

most or all of the necessary work intraluminally (i.e., via
lumens of the patient's circulatory System). A guide Struc
ture Such as a wire is installed in the patient via circulatory
System lumens So that a portion of the guide Structure
extends along the desired path of the bypass conduit, which
bypass conduit path is outside the circulatory System as it
exists prior to installation of the bypass graft. The bypass
graft is then introduced into the patient along the guide
Structure and connected at each of its ends to the circulatory
System using connectors that form fluid-tight annular open
ings from the bypass graft lumen into the adjacent circula
tory System lumens. The guide Structure is then pulled out of
the patient.
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MINIMALLY INVASIVE REWASCULARIZATION
APPARATUS AND METHODS

0001. This application is a continuation of U.S. patent
application Ser. No. 09/187,364, filed Nov. 6, 1998, which
is hereby incorporated by reference herein in its entirety.
BACKGROUND OF THE INVENTION

0002 This invention relates to medical apparatus and
methods, and more particularly to apparatus and methods for
installing a tubular graft in a patient for Such purposes as
bypassing an occlusion in the patient's tubular body conduit
Structure.

Improved connectors for attaching one or both ends of the
graft conduit to the patient's circulatory System may also be
used.

0008 Further features of the invention, its nature and
various advantages will be more apparent from the accom
panying drawings and the following detailed description of
the preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS

0009 FIG. 1 is a simplified sectional view showing an
early Stage in use of illustrative apparatus and methods in
accordance with this invention.

0003 Goldsteen et al. U.S. Pat. No. 5,976,178, which is
hereby incorporated by reference herein in its entirety,
shows, among other things, apparatus and methods for
installing a graft conduit in a patient, with most or all of the
work being done intraluminally through the patient's exist
ing body conduit Structure. Testing and further development
work have Suggested that it would be advantageous to
improve and/or augment Some aspects of apparatus and/or
methods of the kind shown in the above-mentioned Golds
teen et al. reference.

0004. In view of the foregoing, it is an object of this
invention to improve and Simplify various aspects of appa
ratus and methods of the general type shown in the above
mentioned Goldsteen et al. reference.

0005. It is another object of this invention to provide
additional and/or alternative apparatus and/or methods for
certain aspects of technology of the general type shown in
the Goldsteen et al. reference.
SUMMARY OF THE INVENTION

0006 These and other objects of the invention are accom
plished in accordance with the principles of the invention by
providing improved apparatus and methods for installing a
guide Structure in a patient between two locations along the
patient's circulatory System that are to be connected by a
bypass graft. The guide Structure extends between those two
locations outside the circulatory System (albeit within the
patient) and is used to guide the bypass graft into place
between those two locations. The guide Structure is prefer
ably installed in the patient intraluminally (i.e., via lumens
of the patient's circulatory System), although there is a
portion of the guide Structure which ultimately extends
outside the circulatory System as mentioned above. A por
tion of the guide Structure may be re-routable in the circu
latory System to improve the alignment of the guide Struc
ture for purposes of optimal guidance of the bypass graft into
place. For example, the guide Structure may be re-routed So
that, whereas both ends of the guide Structure initially extend
out of the patient, only one end of the re-routed guide
Structure extends out of the patient, while the other end of
the guide Structure dead-ends in the patient. Again, the new
routing of the guide Structure may improve its ability to
guide the bypass graft into a desired alignment in the patient.
0007 Improved apparatus and methods for delivering a
bypass graft conduit into the patient along the guide Struc
ture are also provided. For example, the graft delivery
Structure may include a very gradually tapered distal nose
portion to facilitate entry of the apparatus into the patient's
circulatory System at one end of the graft installation site.

0010 FIG. 2 is a view similar to FIG. 1 showing a later
Stage in use of illustrative apparatus and methods in accor
dance with the invention.

0011) FIG. 3 is a simplified enlargement of a portion of

FG, 2.

0012 FIG. 4 is a view similar to FIG. 2 showing a still
later Stage in use of illustrative apparatus and methods in
accordance with the invention.

0013 FIG. 5 is a simplified enlargement of a portion of
FIG. 4.

0014 FIG. 5a is another view similar to FIG.5 showing
an alternative embodiment of the FIG. 5 apparatus.
0015 FIG. 6 is a simplified cross sectional view of an
illustrative embodiment of a portion of the FIG. 5 apparatus
in accordance with the invention.

0016 FIG. 7 is another view similar to FIG. 4 showing
an even later Stage in use of illustrative apparatus and
methods in accordance with the invention.

0017 FIG. 8 is a simplified enlargement of a portion of
FIG. 7, but with additional parts shown in section.
0018 FIG. 9 is another view similar to FIG. 8 showing
a later Stage in use of illustrative apparatus and methods in
accordance with the invention.

0019

FIG. 9a is another view similar to FIG. 9 showing

an alternative embodiment in accordance with the invention.

0020 FIG. 10 is another view similar to FIG. 9 showing
a still later Stage in use of illustrative apparatus and methods
in accordance with the invention.

0021 FIG. 11 is another view similar to FIG. 10 show
ing an even later Stage in use of illustrative apparatus and
methods in accordance with the invention.

0022 FIG. 12 is another view similar to FIG. 11 show
ing a still later Stage in use of illustrative apparatus and
methods in accordance with the invention.

0023 FIG. 13 is another view similar to FIG. 12 show
ing an even later Stage in use of illustrative apparatus and
methods in accordance with the invention.

0024 FIG. 14 is another view similar to FIG.7 showing
a still later Stage in use of illustrative apparatus and methods
in accordance with the invention.

0025 FIGS. 15a-e are simplified elevational views of
components of an illustrative embodiment of a portion of the
apparatus shown in FIG. 14.
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0026 FIG. 15f is a simplified elevational view taken
along the line 15f.15f in FIG. 15a.
0.027 FIG.15g is a simplified sectional view taken along
either of the lines 15g-15g in FIG. 15c.
0028 FIG. 15h is a simplified sectional view taken along
either of the lines 15h-15h in FIG. 15c.

0029

FIG. 15i is a simplified sectional view taken along

0044 FIG. 23 is another view similar to FIG.22 show
ing a still later Stage in use of illustrative apparatus and
methods in accordance with the invention.

004.5 FIG. 24 is another view similar to FIG. 14 show
ing an even later Stage in use of illustrative apparatus and
methods in accordance with the invention.

0046 FIG. 25 is another view similar to FIG. 24 show
ing a possible additional feature of illustrative apparatus and

either of the lines 15i-15i in FIG. 15e.

methods in accordance with the invention.

0030 FIG. 15i is a simplified view, partly in section, of
additional components of an illustrative embodiment of a
portion of the apparatus shown in FIG. 14.
0031 FIG. 15k is another view similar to FIG. 15f
showing the possible inclusion of additional components in

0047 FIG. 26 is a simplified elevational view, partly in
Section, of an illustrative embodiment of a portion of the
FIG. 25 apparatus in accordance with the invention.
0048 FIG. 27 is a view similar to a portion of FIG. 25
showing another illustrative embodiment of apparatus and

accordance with the invention.

methods in accordance with the invention.

0.032 FIG. 16 is a simplified view similar to a portion of
FIG. 14 showing a later Stage in use of illustrative apparatus

0049 FIG. 28 is a view similar to FIG. 27 showing a
later stage in use of the FIG. 27 apparatus.
0050 FIG.29 is a view similar to FIG.28 showing a still
later stage in use of the FIG. 27 apparatus.
0051 FIGS. 30a and 30b collectively comprise a sim
plified sectional view of an illustrative embodiment of
further apparatus in accordance with the invention. FIGS.
30a and 30b are sometimes referred to collectively as FIG.

and methods in accordance with the invention.

0033 FIG. 17 is a more detailed view similar to a portion
of FIG. 16.

0034 FIG. 18 is a simplified elevational view, partly in
Section, of an illustrative embodiment of a portion of the
apparatus shown, for example, in FIG. 17 in accordance
with the invention.

0035 FIG. 19a is a simplified elevational view of a
component of another illustrative embodiment of a portion
of the apparatus shown, for example, in FIG. 17 in accor
dance with the invention.

0036 FIG. 19b is a simplified elevational view, partly in
Section, showing an intermediate Stage in processing the
component of FIG. 19a in accordance with the invention.
0037 FIG. 19c is a simplified elevational view, partly in
section, showing a final condition of the component of FIG.
19a in accordance with the invention.

0038 FIG.20a is a simplified elevational view illustrat
ing another possible feature of a portion of the apparatus
shown, for example, in FIG. 17 in accordance with the
invention.

0039 FIG. 20b is another view similar to FIG. 17
showing use of the FIG.20a feature in accordance with the
invention.

0040 FIG. 21a is another view similar to FIG. 20a
illustrating an alternative possible feature of a portion of the
apparatus shown, for example, in FIG. 17 in accordance
with the invention.

0041 FIG. 21b is another view similar to FIG. 21a
showing another operating condition of the FIG. 21a appa
ratuS.

0042 FIG. 21c is another view similar to FIG. 17
showing use of the FIG. 21a-b feature in accordance with
the invention.

0043 FIG. 22 is another view similar to FIG. 17 show
ing a later Stage in use of illustrative apparatus and methods
in accordance with the invention.

30.

0.052 FIG. 31 is a view similar to FIG. 25, but for the
alternative shown in FIG. 29, showing use of the apparatus
of FIG. 30.

0053 FIG. 32 is a view similar to a portion of FIG. 31
showing a later stage in use of the FIG. 30 apparatus.
0054 FIG.33 is a view similar to FIG.32 showing a still
later stage in use of the FIG. 30 apparatus.
0055 FIG. 34 is a view similar to another portion of
FIG. 31 showing a stage in use of the FIG. 30 apparatus
comparable to the stage shown in FIG. 33.
0056 FIG. 35 is a view similar to FIG. 34 showing an
even later stage in use of the FIG. 30 apparatus.
0057 FIG.36 is a view similar to FIG.35 showing a still
later stage in use of the FIG. 30 apparatus.
0.058 FIG. 37 is a view similar to FIG. 36 showing an
even later stage in use of the FIG. 30 apparatus.
0059 FIG. 38 is a view similar to FIG. 31 showing an
illustrative end result of use of the apparatus and methods of
this invention.
DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

0060 Although the invention has other possible uses, the
invention will be fully understood from the following expla
nation of its use in providing a bypass around an obstruction
in a patient's vascular System.
0061 As shown in FIG. 1, an early stage in an illustrative
coronary artery bypass procedure in accordance with the
invention includes introducing a longitudinal guide member

100 (typically a guide wire, and therefore sometimes
referred to as Such herein) into the patient's circulatory
System acroSS the coronary artery occlusion 22 to be

US 2003/0028200 A1

bypassed. For example, guide wire 100 may be introduced
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into the patient via a femoral (leg) artery (not shown). From

braid of wires 250 may be included to enable the catheter to
transmit torque and to provide kink resistance. Polymer

occlusion 22.

retention. Internal lumen 210 preferably extends along the
entire length of the catheter and is used to allow the catheter
to track over guide wire 100 as described above, and to
Subsequently guide a longitudinal piercing Structure to the
point on the wall of artery 20 where it is desired to connect

the femoral artery, guide wire 100 may be pushed intralu
minally into the patient's aorta 30, and from the aorta into
the coronary artery 20 that has occlusion 22. Advancement
of guide wire 100 may be stopped at any desired point after
the distal portion of the guide wire has passed through

0.062. After guide wire 100 is across occlusion 22 as
shown in FIG. 1, a catheter or catheter-like structure 200 is
introduced into the patient along guide wire 100 as shown in
FIG. 2. A more detailed view of a distal portion of catheter
200 is shown in FIG. 3, wherein it can be seen that the
catheter has an axially extending lumen 210 for containing
guide wire 100 as the catheter is advanced along the guide
wire. Guide wire 100 facilitates passage of the distal portion
of catheter 200 through occlusion 22 as shown in FIG. 2.

0.063. After the distal portion of catheter 200 has passed
through occlusion 22 as shown in FIG. 2, guide wire 100 is
pulled proximally out of the catheter and out of the patient.
0064. A medial portion 220 of catheter 200 is preferably
constructed to form a laterally extending arch as shown in
FIGS. 4 and 5 when guide wire 100 is withdrawn from the
catheter. For example, catheter 200 may be made so that it
resiliently tends to form an arch of a predetermined lateral
extent when it is freed from the Straightening effect of guide
wire 100. The arch height H may be specifically designed to
complement various artery sizes (e.g., 3.0 mm, 3.5 mm, 4.0

mm, etc., diameter vessels). For example, the arch height

may be Selected to be approximately the Same as or slightly
greater than the inside diameter of the artery 20 into which
the catheter will be inserted. In this way the bases of the arch

(in contact with one side of the interior of the artery wall at
axially spaced locations 20a and 20b) will push the apex of
the arch against the diametrically opposite Side of the artery

wall (at location 20c, which is axially medial locations 20a
and 20b).
0065. The lumen 210 in catheter 200 has a side branch
210a which exits from the side wall of the catheter at or near

the apex of the above-described arch in the catheter. Catheter
portion 220, which forms the above-described arch, is
preferably loaded with conventional radio-opaque filler

(e.g., as indicated by the small plus signs in FIG. 17) to help

the physician using the apparatus to radiologically locate
and properly orient catheter portion 220 in the patient's
artery. Portions of catheter 200 which are distal and proxi
mal of portion 220 may be leSS radio-opaque to help
highlight portion 220. The objective is to position lumen
branch 210a at the approximate location along artery 20 at
which it is desired to connect one end of a bypass graft to the
artery. Radiologic observation may be further aided by

providing a radiologically viewable (e.g., radio-opaque)
marker band around the exit from lumen branch 210a (e.g.,
as shown at 224 in FIG. 17). (As a general matter, the term
“radiologic' is frequently used herein as a generic term for
any kind of radiologically viewable (e.g., radio-opaque)
material or structure.)
0.066 Additional details of preferred constructional fea
tures of catheter 200 are shown in the typical cross sectional

view of FIG. 6. As shown in FIG. 6 the catheter tube

preferably has an inner liner 230 of polytetrafluoroethylene
to minimize internal friction. A reinforcing layer Such as a

layer 240 (e.g., Pebax or nylon) provides Support and curve

one end of a bypass graft. (The piercing structure and its use
will be described in more detail shortly.) The distal tip

portion of catheter 200 may be made especially soft and/or
the external Surface of the catheter may be coated with
polytetrafluoroethylene to enhance the ability of the catheter
to pass through an occlusion like occlusion 22. A Soft tip also
helps make catheter 200 atraumatic. The distal tip portion of
the catheter may be tapered in the distal direction for Similar
reasons. Overall, the transverse dimensions of catheter 200

are preferably made Small (e.g., less than 3 French or 1.0
mm) to facilitate introduction of the catheter into the patient,

especially a relatively Small coronary artery and the even
Smaller passageway through the occlusion 22 in that artery.
Although polytetrafluoroethylene has been mentioned for
low friction layerS or coatings, other materials. Such as
Silicone and hydrophilic Substances can be used instead of
polytetrafluoroethylene if desired. Arched section 220 is
made Stiff enough to provide backup Support for piercing the
coronary artery wall as described below, as well as Stability
of the catheter in the coronary artery. Proximal Sections of
catheter 200 are constructed to provide appropriate push
ability and trackability of the catheter along guide wire 100.
For example, catheter 200 may have differing flexibility at
different locations along its length.
0067. As an alternative to having a medial portion 220 of
catheter 200 arch as shown in FIGS. 4 and 5 when guide
wire 100 is withdrawn from the catheter, a distal portion 220
of the catheter may be configured to deflect or curve to the
side when guide wire 100 is withdrawn as shown in FIG.5a.
Catheter 200 in FIG. 5a is positioned in coronary artery 20
so that after portion 220" curves to the side, the distal end of
lumen 210 points to a location on the inside of the side wall
of the artery similar to the location of the apex of the arch

220 in FIG. 5 (i.e., the location on the coronary artery side

wall at which it is desired for a piercing Structure exiting
from the distal end of lumen 210 to pierce the side wall of
the coronary artery as referred to above and as described in

more detail below). Thus in the embodiment shown in FIG.

5a, lumen 210 does not need a separate, additional Side exit
210a for the piercing structure because the distal end of
lumen 210 can be used as the exit for the piercing Structure.
In other respects, embodiments of the type shown in FIG. 5a
can be constructed and operated Similarly to embodiments of
the type shown in FIG. 5 and described above. The deflec
tion of portion 220" is preferably such that after deflection
one side of catheter 200 bears on the inside of one side of the

coronary artery Side wall at location 20d in order to maintain
the distal end of the catheter close to or in contact with the

other Side of the coronary artery side wall at axially spaced
location 20e. Further depiction and explanation of the inven
tion will be made with reference to embodiments of the FIG.

5 type, but it will be understood that embodiments of the
FIG. 5a type can be used instead if desired.
0068 While it is not necessary to perform the above
described coronary artery acceSS Steps of the invention first,
it may be preferable to do so to make sure that catheter 200
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can be passed through occlusion 22 before committing to the
other steps that will now be described.
0069. A further step in accordance with the invention
relates to accessing the aortic end of the desired bypass

around occlusion 22. (See also Berg et al. U.S. patent

application Ser. No. 09/014,759, filed Jan. 28, 1998 and
hereby incorporated by reference herein in its entirety, for
additional and/or alternative apparatus and/or methods

usable in the aortic access that will now be described.)

Another catheter or catheter-like structure 300 is introduced

intraluminally into the aorta as shown in FIG. 7. Like guide
wire 100 and catheter 200, catheter 300 is preferably intro
duced into the patient at a location remote from the coronary
area. For example, catheter 300 may be introduced into the
patient via a femoral artery. Also like guide wire 100 and
catheter 200, the distal portions of catheter 300 are prefer
ably remotely controlled from proximal portions of the
apparatus which remain outside the patient at all times.
0070 A preferred construction of catheter 300 is shown

in more detail in FIG. 8. (See also Berg et al. U.S. Pat. No.

6,013,190, hereby incorporated by reference herein in its
entirety, for possible additional and/or alternative features

for catheter 300.) There it will be seen that catheter 300

preferably includes pilot wire 310 disposed substantially
concentrically inside hollow tubular needle catheter 320.
Needle catheter 320 is disposed substantially concentrically
inside hollow tubular cutter catheter 330, which in turn is

disposed Substantially concentrically inside hollow tubular
aortic access catheter 340.

0071 Catheter 300 is pushed into the patient until its
distal portion is adjacent the inside Surface of the wall of the
aorta where it is desired to connect the aortic end of the

bypass graft around occlusion 22 (see FIGS. 7 and 8).
0072 Needle catheter 320 is then pushed distally so that

its Sharpened distal end portion passes through the wall of
aorta 30 as shown in FIG. 9. Note that, as FIG. 9 shows,

needle catheter 320 preferably does not reach the pericardial
membrane 40. The distal portion of needle catheter 320 may
be barbed as shown at 322 in FIG. 9a to help prevent the
needle catheter from being inadvertently pulled back
through the wall of aorta 30 and for other purposes that will
be mentioned below.

0073. The next step is to push the distal portion of pilot
wire 310 out of the distal end of needle catheter 320 and into

the space between aorta 30 and pericardial membrane 40 as
shown in FIG. 10. Wire 310 is preferably too flexible where
not Supported by needle catheter 320 to pierce pericardial
membrane 40. A quantity of wire 310 therefore deposits
itself in the space between aorta 30 and membrane 40 as
shown in FIG. 10.

0074 The next step is to push cutter catheter 330 in the
distal direction so that a sharpened distal end of catheter 330
makes an annular cut through the wall of aorta 30 as shown
in FIG. 11. If provided as shown in FIG. 9a, barbs 322 on
needle catheter 320 help hold the toroidal “doughnut'30a of
aorta wall tissue that is cut away by cutter catheter 330 on
the distal portion of catheter 320. Cutter catheter 330 may be
rotated about its central longitudinal axis to help it cut
through the aorta wall tissue. After passing through the aorta
wall as shown in FIG. 11, the distal portion of cutter catheter
330 tends to follow pilot wire 310 in the space between aorta
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30 and pericardial membrane 40. This helps prevent cutter
catheter 330 from inadvertently cutting through membrane
40. A typical diameter for cutter catheter 330 is approxi
mately 3 mm. The cutter catheter Shaft functions as a plug
through the aperture in the aorta wall that the cutter catheter
has formed. This prevents blood flow from the aorta into the
pericardial Space.
0075. The next step is to push the distal portion of aortic
access catheter 340 through the aperture in the aorta wall
that the cutter catheter has formed as shown in FIG. 12. To

do this, aortic access catheter 340 uses the shaft of cutter

catheter 330 as a guide. Assuming that the diameter of the
cutter catheter is approximately 3 mm, the diameter of aortic
access catheter 340 may be approximately 5 mm. The
resulting expansion of the aortic opening from 3 mm to 5
mm makes use of the elastic recoil of the aorta to help Seal
the aortic opening around catheter 340, thereby ensuring no
blood leakage into the pericardial space while catheter 340
is positioned through the aorta wall. The outer Surface of
catheter 340 may be coated with a hydrophilic material to
facilitate advancement through the aorta wall. If the aorta
wall does not provide Sufficient elastic recoil, Selectively
inflatable annular sealing balloons 34.0a and/or 340b can be

added to catheter 340 to provide Sealing (see, for example,
Berg et al. U.S. Pat. No. 6,013,190, which is hereby incor

porated by reference herein in its entirety). When inflated,

balloons 34.0a and 340b bear resiliently on the respective
inner and Outer Surfaces of the aorta wall annularly around
the aperture through that wall. Balloons 34.0a and/or 340b
may also be desirable to help anchor the distal end of
catheter 340 through the aperture in the aorta wall. In

particular, balloon340a (which is only inflated after catheter
340 has been pushed through the aorta wall aperture) helps

prevent catheter 340 from being inadvertently pulled back
out of the aorta wall aperture. Balloon 340b helps prevent
catheter 340 from being pushed too far through the aorta
wall aperture.
0076) The next step, shown in FIG. 13, is to pull all of
components 310,320, and 330 proximally out of catheter
340. The aorta wall tissue portion 30a cut away by cutter
catheter 330 comes out of the patient with components 310,

320, and 330. Barbs 322 (FIG. 9a) on needle catheter 320

help ensure that tissue portion 30a is thus removed from the
patient.
0077. A further step is shown in FIG. 14 and involves
insertion of Snare structure 400 axially through the lumen of
aortic access catheter 300, Starting from the proximal portion
of the catheter, until a distal portion of structure 400 extends
from the distal end of catheter 300 into the space between
artery 20 and pericardial membrane 40. Structure 400 is

preferably steerable (at least in its distal portion), and may

include optical or Video components to help the physician
guide the distal portion of structure 400 to the vicinity of the
distal portion 220 of catheter 200. The Snare loop 412 on the
distal end of wire 410 may not be extended from the
surrounding Snare sleeve 420 as shown in FIG. 14 until after
the distal-most portion of sleeve 420 has reached the vicinity
of catheter portion 220.
0078. Although structure 400 may be constructed in other
ways, particularly preferred constructions of Some of the
components of that structure are shown in FIGS. 15a-j. In
FIGS. 15a-e horizontally aligned portions are Superimposed
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on one another when these various components are
assembled in structure 400. Component 510 includes
stranded pull wire 512 securely attached at its distal end to

metal bullet nose member 514. (In the assembled apparatus,
member 514 forms the distal end of structure 400 (not
including the possible further distal extension of Snare loop
412 as shown in FIG. 14).) Component 520 includes hypo
tube portion 522 secured at its distal end to flat wire coil
portion 524. Component 530 is a multilumen polymer tube.
Portion 532 is preferably a relatively soft durometer poly
mer. Portions 534, 538, and 540 are preferably a relatively
hard durometer polymer. Portion 536 is preferably an inter
mediate durometer polymer. Component 550 is a hollow
tubular braid of high tensile Strength wires configured to fit
concentrically around the outside surface of portions 536
and 538 of component 530. For example, component 550
may be formed by braiding Several wires tightly around the
outer surface of the appropriate portions of component 530.
Component 560 is a hollow polymer tube adapted to fit
concentrically around the outside of component 550. For
example, component 560 may be formed by extruding
Suitable polymer material around the outside of component
550 on component 530 so that the material of component
560 bonds to component 530 through interstices in compo
nent 550. Portion 562 is preferably an intermediate durom

eter polymer (e.g., like portion 536). Portion 564 is prefer
ably a relatively hard durometer polymer (e.g., like portions
534, 538, and 540).
0079. As can be seen in FIG. 15f, bullet nose 514 has a
relatively Small axial bore 514a for receiving and attaching
the distal end of pull wire 512. Bullet nose 514 also has two
relatively large bores 514b and 5.14c. In the assembled
structure, bore 514a is axially aligned with lumen 530a/

530a' (or the similar diametrically opposite lumen) in com
ponent 530 (see FIGS. 15g and 15h). Similarly, in the

assembled structure, bores 514b and 5.14c are aligned with
lumens 530b and 530c in component 530.
0080 Component 530, initially without portion 540, may
be formed on Several mandrels, each of which is Subse

quently pulled out the proximal end of component 530 to
leave a respective one of the lumens in that component.
Component 520 may then be inserted into lumen 530a' from
the proximal end of component 530. Component 510 may
then be added from the distal end of component 530 so that
pull wire 512 passes through lumen 530a and component
520. Portion 540 may then be attached as shown in more
detail in FIG. 15i.
0081. An illustrative proximal handle and control portion
of structure 400 is shown in FIG. 15i. An enlarged handle
member 570 is secured around portion 540 of component

530. Handle member 570 has an axial slot 572 in which slide

block 580 is captive in the radial direction of member 570
but slidable in the axial direction of member 570. A thumb
Screw 582 is threaded into block 580 to act as a handle for

sliding block 580 axially relative to member 570 when the
thumb screw is sufficiently loosely threaded into block 580,
and to act as a releasable lock for locking block 580 in any
desired axial position along slot 572 when thumb screw 582
is threaded more tightly into block 580 and therefore against
the outer Surface of handle member 570.

0082 Aside region of portion 540 is notched at 542 to
allow the proximal portion of pull wire 512 to come out of

the side of portion 540 for looping through block 580. The
loop in pull wire 512 is fixed by a crimp 516 around the wire
at the base of the loop. Accordingly wire 512 can be pulled
proximally by various amounts relative to the remainder of
structure 400 by sliding block 580 proximally relative to
handle member 570. Pulling wire 512 proximally causes the
relatively soft distal portion 532 of component 530 to curve
in the direction of the side of component 530 that wire 512
is closest to. Relaxing wire 512 allows portion 532 to
Straighten out again. The above-described curving is largely
confined to distal portion 532 because that portion is made
of the softest material and because component 520 substan
tially reduces any tendency of other axial portions of the
apparatus to curve in response to tension in wire 512. All
axial portions of structure 400 are, however, Sufficiently
flexible to pass along the patient's tubular body Structure
through aortic access catheter 300.
0083) Component 550 helps structure 400 transmit torque
from its proximal handle 570 to its distal end. The physician
can use the combination of Such torque and the ability to
curve the distal portion 532 of structure 400 to maneuver the
distal portion of that structure from the distal end of catheter
300 to a location adjacent catheter portion 220, all preferably
inside pericardial membrane 400. Radiologic markers may
be provided on structure 400 to help the physician determine
when the distal portion of that Structure is properly located.

One (or more) of the lumens through component 530 (and
bullet nose 514) may be used to enable structure 400 to also
function as an endoscope to aide in maneuvering the distal
portion of structure 400 adjacent to catheter portion 220. As

shown in FIG. 15k, for example, optical fibers 502 extend
ing along a lumen of component 530 may be used to convey
light from outside the patient to illuminate the interior of the
patient just beyond bullet nose 514. Other parallel optical
fibers 504 may be used to convey the resulting illuminated
Scene back to an eyepiece or other optical or Video viewing
apparatus outside the patient.
0084 Aluer 590 may be attached to the proximal end of
portion 540 as shown in FIG. 15i, if desired, so that the luer

conduit 592 communicates with one (or more) of the lumens
through components 530 (and bullet nose 514). This may
provide the passage via which the above-mentioned optical
fibers 502/504 exit from the remainder of the apparatus. It
may also form a passageway for introducing fluids into or
draining fluids from the patient adjacent bullet nose 514.
0085) Another of the lumens through component 530

(and bullet nose 514) is opened outside the patient via the
notch 544 (FIG. 15i) in a proximal part of portion 540.
Notch 544 provides the entrance point for snare loop 412
and wire 410. The portion of structure 400 around this lumen
therefore forms what is referred to as the Snare sleeve 420 in
the earlier discussion of FIG. 14.

0086. It will be understood that any number of passage
ways like 514b-c/530b-c can be provided through elements
514 and 530.

0087 Components 410 and 412 can take any of many
forms, Some alternatives being Specifically illustrated and
described later in this specification. For present purposes,
however, it will be sufficient to assume that component 412
is a loop of wire which is secured to the distal end of wire
410 and which is resiliently biased to spring open when
extended distally from the distal end of a lumen in sleeve
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distal portion of sleeve 420 is preferably positioned in the
patient so that when loop 412 is extended distally from
sleeve 420, loop 412 will receive a pierce structure passed
out of coronary artery 20 via catheter portion 220 as will

420 as shown in FIG. 14. Also as shown in FIG. 14, the

0091 Another illustrative way to provide marker bands
610 on piercing structure 600 is shown in FIGS. 19a-c. In
this embodiment the distal portion 630 of structure 600 is
provided with several diametrically enlarged portions 632
axially spaced along portion 630. The distal portion of

now be described.

structure 600 is inserted into the lumen of a heat shrinkable

0088 A further step is illustrated by FIG.16 and involves
inserting an elongated piercing structure 600 (e.g., primarily
a metal wire or wire-like structure) into catheter 200 along

tube 670 which initially has an inner diameter which is
Slightly greater than the outer diameter of enlarged portions
632. A radiologically viewable adhesive 634 is then injected

the lumen 210 formerly used for guide wire 100. Because
catheter portion 220 is now arched as shown in FIG. 16, the
distal end of piercing structure 600 tends to follow lumen

into tube 670 So that the adhesive flows around the outside

branch 210a out of catheter 200 and into contact with the

the extreme proximal and distal regions of adhesive 634 are
tapered down to the diameter of portion 630. The resulting
bands of adhesive 634 adjacent to or between portions 632
provide radiologically viewable markers 610 on structure

interior surface of the side wall of coronary artery 20. The
distal tip of piercing structure 600 is sufficiently sharp and
structure 600 is sufficiently stiff that the distal tip of structure
600 can be pushed out through the coronary artery wall

tissue (see also FIG. 17). Continued distal pushing of

Structure causes the portion outside coronary artery 20 to
pass through Snare loop 412. The distal portion of piercing
Structure 600 is, however, preferably not strong enough,
when outside coronary artery 20 and therefore unsupported
by catheter lumen 210, to pierce or otherwise damage
pericardial membrane 40. The main component of Structure

600 may be metal (e.g., nitinol) wire. Radiologically visible

marker bands 610 may be provided on the distal portion of
piercing structure 600 to help the physician monitor the
progress and position of that portion of structure 600.
Alternatively, structure 600 may be made of a radiologic

(e.g., radio-opaque) material Such as tungsten Wire.
0089 An illustrative construction of the distal portion of
Structure 600 is shown in more detail in FIG. 18. There it

will be seen that this part of structure 600 has a sharpened
distal tip portion 620, which may be approximately 0.1
inches in length. Behind the distal tip is a relatively slender
elongated portion 630. For example, portion 630 may have
a diameter of approximately 0.006 inches and a length of
approximately 1.575 inches. A hollow frusto-conical dilator
640 may be provided a short distance in from the distal end
of portion 630. Just proximal of dilator 640 portion 630 may
be wound with a radiologically viewable wire 650. For
example, wire 650 may be gold or platinum wire. Dilator
640 helps provide a gradual transition from the smaller
diameter of portion 630 distal of wire 650 to the larger
diameter produced by the addition of coil 650. Proximal of
portion 630, structure 600 transitions gradually to relatively
large diameter portion 660. For example, the diameter of
portion 660 may be approximately 0.01 inches.
0090 Distal portions 620 and 630 are stiff enough, when
supported by lumen 210, to pierce the wall of coronary
artery 20. At a greater distance from the Support of lumen
210, however, portions 620 and 630 are preferably not stiff
enough to pierce or otherwise damage pericardial membrane
40. In addition, distal portions 620 and 630 are not stiff
enough to Straighten out arched catheter portion 220 when
portions 620 and 630 are inside catheter portion 220. The
relatively slender distal portions 620 and 630 of structure
600 engage and pierce the wall of coronary artery 20 before
the larger proximal portion 660 enters the curved portion
220 of catheter 200. Proximal portion 660 is made somewhat
larger and therefore Stiffer to help transmit the pushing force
required to enable distal portions 620 and 630 to pierce the
coronary artery wall.

of distal portion 630. Tube 670 is then heat shrunk to more
closely conform to the outer diameter of portion 630, and
adhesive 634 is then cured. Tube 670 is then removed, and

600.

0092. A highly desirable feature of structure 600 no
matter how it is constructed (e.g., as in FIG. 18, FIGS.
19a-c, or in any other way) is that it has a substantially
transitionless external profile to ensure continual passage
through the arterial wall. Any slight edges may Snag on the
artery wall and prevent structure 600 from exiting the

coronary artery. Thus radio-opacity (e.g., 610, 634, 650) is
preferably provided in structure 600 without adding abrupt
transitions. Such radio-opacity allows efficient Snaring of the
distal end of structure 600 inside the pericardial sac. Radio
opaque markers 610 can be plated, bands, or coils. Suitable
marker materials include gold, tungsten, and platinum.
Radio-opaque markers having predetermined spacing may
also be provided along the length of structure 600 to make
it possible to use structure 600 to measure the length of graft
needed between aorta 30 and coronary artery 20. This
possible use of radiologic markers on structure 600 will
become clearer as the description proceeds. The basic mate
rial of structure 600 is preferably super-elastic nickel tita

nium (nitinol), but other possible materials include stainless
Steel, tantalum, and Suitable polymers.
0093. As has been mentioned, structure 600 may be made
of a radiologically viewable material Such as tungsten to
eliminate the need for the above-described radiologic mark

ers 610/650/634.

0094 FIGS. 20a and 20b illustrate a feature that piercing
structure 600 may be provided with to help ensure that the
piercing Structure does not inadvertently pierce pericardial
membrane 40 after exiting from artery 20. A distal portion
of piercing structure 600 may be resiliently biased to deform
into a Serpentine shape 680 when it is no longer constrained
to remain Substantially Straight by being inside catheter
lumen 210. Thus, as the distal portion of piercing structure
600 exits from coronary artery 20 as shown in FIG. 20b, it
takes on the above-described serpentine shape. When thus
shaped, it is practically impossible to push the distal portion
of piercing structure 600 through pericardial membrane 40.
The Serpentine shape of the distal portion of piercing Struc
ture 600 also helps ensure that at least some of that structure
Stands off outside coronary artery 20, thereby facilitating
Snaring of that portion of structure 600 by Snare loop 412.
0095) Another possible construction of the distal portion
of structure 600 is shown illustratively in FIG. 21a-c. In this
embodiment an axially medial portion of structure 600 close
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to the sharpened distal tip is cut through axially as indicated
at 690 in FIG. 21a. In addition, the two lateral halves of the

cut portion of structure 600 may be resiliently biased to
spring apart as shown in FIG. 21b when unconstrained by
lumen 210. While in lumen 210, the two lateral halves of cut

structure 600 remain together, and with the support of lumen
210 the structure has sufficient column stiffness to pierce the
wall of artery 20. Shortly after emerging from artery 20,
however, the two lateral halves of structure 600 can separate
as shown in FIG. 21c, and structure 600 loses its ability to
pierce any further tissue Such as pericardial membrane 40.
The loop 692 that forms in the distal-most portion of
structure 600 outside artery 20 provides an alternative means
by which Snare structure 400 can engage structure 600. In
particular, a hook 412a can be used to hook onto loop 692
as shown in FIG. 21c.

0096. As an alternative or addition to Snaring the distal
portion of piercing structure 600 with a snare loop 412 or
hook 412a, other technologies may be used to make or help
make a connection between structures 410 and 600. For

example, the distal portion of structure 600 may be or may
include a ferromagnetic material, and Structure 410 may
include a distal magnet for attracting and holding that
ferromagnetic material. AS another example, the distal por
tion of Structure 410 may include a pliers-like gripper for
closing on and gripping the distal portion of Structure 600.
AS an alternative or addition to using fiber optics or the like
in structure 400 to allow what might be called direct visual
observation of the Snaring of structure 600 by structure 410,
both of these Structures may be made of radiologic materials
Such as tungsten to permit radiologic observation of the
Snaring maneuvers.
0097. After a suitable connection or interengagement has
been established between structures 410 and 600, a further

Step includes pulling Structure 410 back proximally in order

to pull structure 600 into structure 400. (In cases in which
structure 600 is snared by a loop 412, the immediately
above-mentioned Step may be preceded by operating or
manipulating structure 400 to close loop 412 on structure
600, and preferably also to deflect structure 600 around a
portion of loop 412. For example, FIG. 22 shows shifting
structure 400 distally relative to loop 412 to cause the loop
to close and to deform structure 600 into what is effectively
a hook through the closed loop. This provides a very Secure

link between structures 410 and 600.)
0.098 As structure 410 is pulled back proximally relative
to structure 400, structure 600 is pulled into structure 400.
To help reduce the pulling stress on elements 410 and 600,
additional length of structure 600 may be pushed into the
patient at approximately the same rate that Structure 410 is
being pulled out of the patient. Eventually, structure 410
may be pulled completely out of the patient, and structure
600 may extend continuously through the patient from its
initial entry point to the initial entry point of structure 410.
The condition of the portions of the patient and apparatus
shown in FIG. 22 may now be as shown in FIG. 23.
0099. A further step is to withdraw structure 400 from the
patient. Structure 200 may also be withdrawn from the
patient or is at least proximally retracted Somewhat. The
condition of the relevant portion of the patient and the
apparatus after these operations may be as shown in FIG.

24. (FIG. 24 illustrates the case in which structure 200 is
proximally retracted rather than being fully withdrawn from
the patient at this stage.)
0100. To help provide a graft which connects to coronary
artery 20 with an acute angle between the graft and the
upstream portion of the coronary artery, it may be desirable
to construct structure 600 so that a portion of that structure
can be made to extend down into the downstream portion of
the coronary artery beyond the point at which structure 600
passes through the Side wall of the artery. An example of this

type of structure 600 is shown in FIGS. 25 and 26. (FIG.

25 also illustrates a case in which structure 200 is completely
withdrawn from the patient after structure 600 has been fully

placed in the patient.)
0101 For operation as shown in FIG. 25, structure 600
may be constructed as shown in FIG. 26 with an axially
medial portion 662 having Significantly greater flexibility
than the axially adjacent portions of that Structure. For
example, Structure 600 may have reduced diameter in region
662 to increase its flexibility in that area. Portion 662 may

be provided with a radiologic marker 664 (e.g., a wire of
radio-opaque material wrapped around that portion of Struc

ture 600) to facilitate proper placement and other observa

tion of portion 662 in the patient. Marker 664 preferably
does not interfere with the increased flexibility of portion
662.

0102 Continuing with the illustrative embodiment
shown in FIGS. 25 and 26, after structure 600 has been

established through the patient (e.g., as shown in FIG. 24),

structure 600 is shifted axially in the patient until portion
662 is inside coronary artery 20 adjacent the point at which
structure 600 passes through the side wall of the artery. This
can be determined by radiologic observation of marker 664.
Then both end portions of structure 600 can be pushed into
the patient to cause structure 600 to essentially fold or
prolapse at portion 662 and to push folded portion 662 down
into the downstream portion of artery 20 as shown in FIG.
25. This causes the portion of structure 600 which is outside
the upstream portion of artery 20 to form an acute angle A
with the upstream artery portion. Such an acute angle A may
be a preferable angle of approach for the bypass graft which
is to be installed along structure 600 as described elsewhere
in this specification.

0103) Another alternative (apparatus and method) for
re-routing structure 600 in the patient (e.g., to achieve an
acute angle approach of Structure 600 to the Outer Surface of

coronary artery 20) is shown in FIGS. 27-29. In this alter

native the proximal end of the portion of structure 600 that
extends up and out of the patient via coronary artery 20 is
preferably provided with an atraumatic end 602. In the

illustrative embodiment shown in FIGS. 27-29 atraumatic

end 602 is a ball which covers what might otherwise be a
relatively sharp end of structure 600. When it is desired to
re-route structure 600 in the patient, structure 600 is pulled
axially relative to the patient in the direction indicated by
arrow 604a. This pulls atraumatic end 602 into the patient
and ultimately into coronary artery 20 as shown first in FIG.
27 and then Still farther as shown in FIG. 28.

0104. When atraumatic end 602 reaches the condition
shown in FIG. 28 where it is adjacent to the aperture in the
side wall of coronary artery 20 through which structure 600

passes, the resilience of structure 600 (which, as has been
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said, may be a metal wire) causes what remains of structure

600 in the vicinity of the coronary artery side wall aperture
to straighten. This causes the end 602 of structure 600 to
move in the downstream direction along coronary artery 20
as shown in FIG. 28. The next step is to begin to push
structure 600 back into the patient as shown by arrow 604b

in FIG. 29. This causes end 602 to move in the downstream

direction along the coronary artery lumen as is also shown
in FIG. 29, thereby ultimately giving structure 600 a new
routing immediately outside coronary artery 20 like the
routing of the corresponding portion of structure 600 in FIG.
25.

0105. It will be apparent from consideration of FIGS.
27-29 that at least the depicted portion of structure 600 is
sufficiently laterally flexible to enable a distal part of that
Structure to extend inside the lumen in the upper portion of
coronary artery 20, while a proximal part of structure 600
extends axially along a path 606 that is outside the upper
portion of the coronary artery and that forms an acute angle
C with a line 608 parallel to the upper portion of the artery.
In other words, path 606 extends back along the outside of
the upper portion of artery 20. At least the depicted portion
of structure 600 is also sufficiently resilient so that when the
part of structure 600 that remains in the lumen in the upper
portion of coronary artery 20 becomes too short to continue
to be constrained or guided by that artery portion, the part of
structure 600 that remains in the artery Switches resiliently
into the lower portion of the artery as shown in FIG. 28. This
Switching happens automatically as a result of Structure 600
resiliently tending to Straighten when it is not otherwise
deflected or constrained by its contact with the interior
surfaces of artery 20. At least the depicted portion of
structure 600 is also sufficiently laterally stiff that the distal
part can be pushed down into the lower portion of artery 20
when the proximal part is pushed in the distal direction as
indicated by arrow 604b in FIG. 29. In addition to providing
an atraumatic end to structure 600, the fact that end 602 is

radially enlarged relative to the axially adjacent portion of
structure 600 helps prevent end 602 from being inadvert
ently pulled proximally out of artery 20 when the structure
approaches the condition shown in FIG. 28 and before
structure 600 begins to be pushed into the artery again as
shown in FIG. 29.

0106) The procedure illustrated in FIGS. 27-29 may be
facilitated by radiologic observation of radiologic markers
provided at any desired location or locations on Structure
600. For example, atraumatic end 602 may itself be made of
a radiologic material Such as gold, platinum, Silver, tungsten,
or any other Suitable Substance.
0107 When the condition of the patient is as shown in
FIG. 24, 25, or 29, depending on the apparatus and proce
dural options Selected, the patient is ready for installation of
a tubular bypass graft along structure 600 between the distal
end of structure 300 and the point at which structure 600
passes through the Side wall of coronary artery 20.
0108. An illustrative embodiment of a tubular graft 42
and structure 800 for delivering and installing the graft along
structure 600 is shown in FIG.30 (which comprises FIGS.
30a and 30b connected between the right in FIG.30a and
the left in FIG.30b). It should be understood that the portion
of structure 800 that is shown in FIG. 30b remains outside

the patient at all times, and that structure 800 may have any

desired length between the distal portion shown in FIG.30a
and the proximal portion shown in FIG. 30b. Graft 42 is
shown in FIG.30 with a connector 50 at its proximal end for
use in connecting the graft to the Side wall of the patient's
aorta 30. Connector 50 may be of a type shown in Peterson
et al. U.S. Pat. No. 6,152.937, which is hereby incorporated
by reference herein in its entirety. Graft 42 is also shown in
FIG. 30 with a connector 60 at its distal end for use in

connecting the graft to the patient's coronary artery 20.
Connector 60 may be of a type shown in Galdoniketal. U.S.
patent application Ser. No. 09/187,361, filed Nov. 6, 1998,
which is hereby incorporated by reference herein in its
entirety.
0109 Graft 42 is assumed to be a length of the patient's
Saphenous vein which has been harvested for use in the
coronary artery bypass procedure being described. It will be
understood however, that other natural body conduit can be
used for graft 42, or that graft 42 can be a Synthetic graft or
a combination of natural and Synthetic materials. It will also
be understood that the particular connectors 50 and 60
shown in FIG. 30 are only illustrative and that other
connectors can be used instead if desired. For example,
connectors of the type shown in Swanson et al. U.S. Pat. No.
6,113,612, which is hereby incorporated by reference herein

in its entirety, can be used for distal (coronary artery)
connector 60. Connectors of the type shown in the above

mentioned PeterSon et al. reference can also be used for
distal connector 60.

0110 Tube 810 is configured for disposition substantially
concentrically around structure 600 and for sliding axially
along that structure. Tube 810 may be made of stainless steel
hypotube so that it can bend laterally to follow whatever
straight or curved-path structure 600 has in the patient. Tube
810 is axially Strong enough to transmit pushing or pulling
force between proximal actuator structure 812 and distal tip
structure 820, both of which are secured to tube 810 at

respective opposite ends thereof. Distal tip structure 820 has
a Substantially conical distal-most Outer Surface portion 822
and a more proximal, Substantially cylindrical Surface por
tion 824. The cone angle B of conical Surface portion 822 is

preferably relatively small (e.g., in the range from about 5
to about 15, more preferably in the range from about 5 to
about 10'). This helps structure 820 to gradually enlarge the

aperture through the epicardial membrane and the Side wall
of coronary artery 20 and thereby enter the artery without the
artery collapsing as a result of too much force being applied
to the exterior. Angle B is Sometimes referred to herein as the
“cone angle.” Tip structure 820 includes an annular recess
826 in its proximal portion for receiving the distal-most

portions of structure 83.0/832 (described below), connector
60, and graft conduit 42.
0111 Tube 830 is disposed substantially concentrically
around tube 810 and is slidable axially relative to tube 810.
Annular balloon 832 is secured to a distal portion of tube

830. Actuator structure 834 and luer connector 836 are

secured to a proximal portion of tube 830. The side wall of

tube 830 preferably includes a lumen (not shown) which
extends from connection 836 to the interior of balloon 832

so that the balloon can be inflated or deflated by appropri
ately directed fluid flow through that lumen. Balloon 832 is
shown deflated in FIG. 30.

0112 Tube 830 is again sufficiently laterally flexible to
allow structure 800 to follow whatever path structure 600
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has in the patient. Tube 830 is also axially strong enough to
transmit pushing or pulling force axially between balloon
832 and actuator structure 834, although the axial force tube
830 is required to transmit is typically less than the axial
force tube 810 must transmit. Examples of suitable materials
for tube 830 include polymers such as nylon, Teflon, and
polyethylene.
0113 Connector 60 is disposed annularly around balloon
832. In FIG. 30 connector 60 has its initial, relatively small,
circumferential size. FingerS 62 extend radially out from the
main portion of connector 60 in order to pass through the
distal end portion of graft conduit 42 and thereby Secure the
graft to the connector. Other graft-to-connector Securing
means Such a Sutures may be used instead of or in addition
to fingers 62. Connector 60 can be plastically circumferen
tially enlarged by inflation of balloon 832 as described
below when tip structure 820 is shifted distally relative to
balloon 832 to fully expose elements 832 and 60 and the
distal end portion of graft conduit 42. In the condition shown
in FIG. 30, however, tip structure 820 shields and protects
elements 832, 60, and 42 and provides a smooth profile for
facilitating entry of these elements into the patient's coro
nary artery through an aperture in the Side wall of that artery

(see the following discussion of use of apparatus 800).
Additional details regarding Suitable constructions of con
nector 60 will be found in the above-mentioned Galdoniket
al. reference.

0114. The components of structure 800 that have thus far
been described are particularly associated with positioning
and control of distal connector 60. The further components
of structure 800 that will now be described are particularly
asSociated with positioning and control of proximal connec
tor 50.

0115 Tube 840 is disposed substantially concentrically
around tube 830. Tube 840 is slidable axially along tube 830
by proximal actuator 842, but preferably includes a proximal

Structure 844 (e.g., a collet-type structure) for allowing tube
840 to be releasably locked to tube 830 at various axial
locations along tube 830. In this way tubes 830 and 840 can
be shifted axially relative to one another to accommodate
any desired length of graft conduit 42. When structure 800
is thus adjusted for a particular length of graft conduit,
structure 844 can be operated to lock tubes 830 and 840
relative to one another for that length of graft.
0116. Annular connector 50 is shown in FIG. 30 in its
initially relatively small circumferential size. Connector 50
is resiliently biased to circumferentially enlarge to a larger
final circumferential size, but is prevented from doing So by
the surrounding distal cone portion 846 of tube 840. Most of
connector 50 is disposed annularly around tube 840, but
distal portions 52a of the connector enter a proximal-facing
annular receSS in cone portion 846 which helps to maintain
the initial Small circumferential Size of the connector.

0117 Proximal of portions 52a connector 50 includes
radially outwardly extending graft retention fingerS 52b that
pass through the proximal end portion of graft conduit 42 to
Secure the connector to the graft conduit. Other graft-to
connector Securing means Such as Sutures can be used
instead of or in addition to fingers 52b.
0118 Still more proximal of fingers 52b connector 50
includes “inside” fingers 52c and “outside” fingers 52d.

Inside fingerS 52c are resiliently biased to Spring radially
out, but are initially held relatively parallel to the longitu
dinal axis of structure 800 by being confined inside a distal
end portion of tube 850. Outside fingers 52d are also
resiliently biased to Spring radially out, but are initially held
relatively parallel to the longitudinal axis of structure 800 by

being confined inside catheter 300 (which is already in place
in the patient as shown, for example, in FIG.25). Tube 850

is disposed substantially concentrically around tube 840 and
is axially slidable relative thereto by proximal actuator 852.
Tube 860 is disposed substantially concentrically around
tube 850 and is axially slidable relative thereto by proximal
actuator 862. The distal end of tube 860 is axially aligned
with proximal portions of fingers 52d. Each of tubes 840,
850 and 860 is sufficiently laterally flexible so as not to
interfere with the ability of structure 800 to follow any path
that structures 300 and 600 have in the patient. Each of tubes
840, 850, and 860 is also axially strong enough to transmit
necessary forces axially along the tube between the associ
ated proximal actuator 842, 852, or 862 and the operative
distal end portion of the tube. AS has been mentioned,
additional details of Suitable constructions for connector 50
can be found in the above-mentioned Peterson et al. refer
CCC.

0119) Structure 800, with a suitable length of graft 42 and
associated connectors 50 and 60 mounted thereon as shown

in FIG. 30, is inserted axially into the patient along structure
600 and inside catheter 300 as shown in FIG. 31. At the

distal end of catheter 300, the distal portion of structure 800
emerges from the catheter and therefore from the patients
aorta 30 and continues to follow structure 600 toward the

side wall of the patient's coronary artery 20.
0120 Continued distal pushing of structure 800 axially
along structure 600 causes the conical distal tip 820 of
structure 800 to begin to penetrate the side wall of the
coronary artery as shown in FIG. 32, thereby gradually
enlarging the aperture in the coronary artery Side wall
previously occupied solely by structure 600. Structure 800
continues to be pushed distally until distal tip structure 820
is entirely inside the coronary artery, as is connector 60 and
the distal portion of graft 42. Then tube 830 is held station
ary while tube 810 continues to be pushed distally. This
causes distal tip structure 820 to separate from connector 60
and the associated distal portions of graft 42 and structure

830/832 (see FIG. 33).
0121 Balloon 832 is then inflated to circumferentially
plastically enlarge connector 60 as shown in FIG. 33.
Connector 60 thereby presses the surrounding distal portion
of graft 42 radially out against the inner Surface of the
coronary artery wall, which both holds the distal end of the
graft inside the coronary artery and provides a hemodynamic
Seal between the graft and the coronary artery. If desired,
connector 60 can be long enough to extend upstream inside
graft 42 and out the aperture in the coronary artery Side wall
to help hold open the graft where it passes through that
aperture and to help the graft Seal the aperture. After
connector 60 has been thus radially enlarged, balloon 832
can be deflated again.
0.122 FIG. 34 illustrates the condition of the portion of
structure 800 in the vicinity of connector 50 when the distal
portion of the apparatus is as shown in FIG. 33. In particu
lar, outside fingers 52d of connector 50 are preferably just
outside the side wall of aorta 30.
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0123 The next step is to proximally retract catheter 300
while holding tubes 840, 850, and 860 stationary. This
releases outside fingerS 52d to Spring radially out as shown
in FIG. 35. Tube 840 can then be pulled proximally back
Somewhat to Snug fingers 52d up against the wall of aorta 30
as is also shown in FIG. 35.

0.124. The next step is to proximally retract tube 850. This
allows inside fingerS 52 to Spring radially out inside the side
wall of the aorta 30 as shown in FIG. 36.

0125) The next step is to shift tube 840 distally, which
releases connector 50 from the circumferential restraint of

the distal portion 846 of that tube. This allows connector 50
to resiliently fully enlarge to its final, relatively large cir
cumference as shown in FIG. 37.

0126 All of structures 300, 600, and 800 can then be
withdrawn proximally from the patient. This leaves the final
condition of the patient as shown in FIG. 38, i.e., with
connector 50 providing an anastomotic connection between
the side wall of aorta 30 and the proximal end of graft
conduit 42, and with connector 60 providing an anastomotic
connection between the distal end of graft conduit 42 and the
inside of coronary artery 20 downstream from occlusion 22.
The downstream portion of coronary artery 20 is thereby
Supplied with aortic blood via bypass graft conduit 42. AS
much as possible of the work of installing graft 42 has been
performed in a minimally invasive way, and in particular via
lumens of the patient's circulatory System.
0127. A desirable feature of structure 800 is the fact that
the proximal and distal connector delivery components are
independent of one another in terms of deployment controls.
The distal connector delivery and deployment components
are coaxially inside the proximal connector delivery and
deployment components. After graft 42 has been attached to
connectors 50 and 60, the space between the respectively
associated portions of structure 800 can be adjusted to add
or remove graft length between the connectors as needed.
Structure 844 can then be used to fix this distance once the

required Space between the connectorS is Set.
0128 Radiologic markers on structure 800 and/or on
connectors 50 and 60 can be used to help the physician
properly position these components relative to circulatory
system conduits 20 and 30 during the operational steps
described above.

aorta and a coronary artery as has been Specifically shown
and described above. Similarly, although particular
examples of connector types have been shown herein, many
other forms of connectors can be used instead if desired.
The Invention Claimed Is

1. Instrumentation for facilitating penetration of a side
wall of a tubular body tissue conduit from the interior lumen
of the conduit comprising:
a tubular Structure which is axially insertable into and
along the lumen of the conduit and which has an axial
portion configured to deflect toward a first portion of
the interior Surface of the side wall from a second

portion of the interior surface of the side wall which is
axially spaced from the first portion and on the Side of
the side wall which is substantially opposite the first
portion, the tubular Structure having an axially extend
ing interior passageway with an opening to the exterior
of the tubular structure adjacent the first portion; and
a laterally flexible, longitudinal, tissue piercing structure
configured to pierce a side wall of the tubular body
tissue conduit and to project from the Side wall through
any adjacent tissue outside of the tubular body tissue
conduit, wherein Said tissue piercing Structure is axially
insertable into and along the passageway and which is
axially reciprocable relative to the tubular structure So
that it exits the opening toward the first portion when
moved toward the opening.
2. The instrumentation defined in claim 1 wherein the

tubular structure is configured to resiliently deflect toward
the first portion.
3. The instrumentation defined in claim 2 wherein the

passageway is configured to removably receive an alterna
tive longitudinal structure which is laterally stiffer than the
tissue piercing Structure, and wherein the axial portion is
further configured to Substantially conform to an alignment
of the alternative longitudinal Structure, rather than deflect,
in response to presence of the alternative longitudinal Struc
ture in the passageway in the axial portion.
4. The instrumentation defined in claim 1 further com

prising:
radiologic marking of the axial portion.
5. The instrumentation defined in claim 1 further com

0129. It will be noted that the present invention is suitable
for adding a new length of graft conduit to a patient's
circulatory System between two points on that System that

prising:
radiologic marking of the opening.

can be quite widely spaced from one another (as in the case

axial portion is an axially medial portion of the tubular
Structure which is configured to arch toward the first portion
from the second portion and from a third portion of the

of the aorta, on the one hand, and a coronary artery beyond

an occlusion, on the other hand). The graft is installed

outside the patient's existing circulatory System through the
Space in the patient between the above-mentioned two
endpoints. The graft is installed along a path initially defined
by structure 600. The invention does not rely on tunneling
through tissue masses in the patient to provide a path for the
graft.
0130. It will be understood that the foregoing is only
illustrative of the principles of the invention and that various
modifications can be made by those skilled in the art without
departing from the Scope and Spirit of the invention. For
example, the invention can be used to add a graft to the
patient's circulatory System elsewhere than between the

6. The instrumentation defined in claim 1 wherein the

interior Surface of the side wall which is on the same side of

the Side wall as the Second portion, the Second and third
portions being axially Spaced from the first portion in
respective opposite axial directions from the first portion.
7. The instrumentation defined in claim 6 wherein the

opening is a lateral branch of the passageway which extends
in both axial directions past the opening.
8. The instrumentation defined in claim 1 wherein the

tissue piercing Structure comprises a radiologic material.
9. A method of penetrating a side wall of a tubular body
tissue conduit from the interior lumen of that conduit

comprising:
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inserting a first laterally flexible, but relatively stiff,
longitudinal Structure axially into and along the lumen;
inserting a Second laterally flexible longitudinal Structure
axially into and along the lumen in engagement with
the first Structure So that the Second structure Substan

tially conforms to alignment of the first Structure in the
lumen, the Second Structure having an axial portion
which, when not in engagement with the first Structure,
tends to deflect transversely in the lumen So that a part
of the axial portion is adjacent to a first portion of the
interior of the side wall of the conduit;

removing the Second structure from engagement with the
axial portion So that the axial portion can deflect; and
inserting a third laterally flexible, and relatively less stiff,
longitudinal, tissue piercing Structure axially into and
along the lumen in engagement with the axial portion
so that the third structure follows at least part of the
axial portion and is thereby directed toward the first
portion for piercing of the first portion of the interior of
the side wall of the conduit to project from the side wall
through any adjacent tissue outside of the tubular body
tissue conduit by the third structure.
10. Apparatus for use in medical treatment of a patient's
tubular body conduit comprising:
an elongated, laterally flexible but resilient Structure hav

ing (1) an axially medial portion configured for axial

insertion into and along a lumen of the body conduit
and also for axial reciprocation through an aperture in

a side wall of the body conduit, and (2) an axially distal

portion configured for passage along the lumen of the
body conduit in either axial direction along that lumen
from the aperture.
11. The apparatus defined in claim 10 wherein the medial
portion is sufficiently laterally flexible so that a distal part of
that portion can extend inside the lumen in a first length of
the conduit which extends axially in a first direction from the
aperture and So that a proximal part of that portion can
extend axially along a path which is outside the first length
of the conduit and which forms an acute angle with the first
length of the conduit.
12. The apparatus defined in claim 11 wherein the medial
portion is sufficiently resilient so that when the medial
portion is pulled sufficiently far out of the lumen via the
aperture that the distal portion remaining in the first length
of the conduit is too short to be constrained by the first length
of the conduit, the medial portion Switches the distal portion
into a Second length of the conduit which extends axially in
a Second direction from the aperture.
13. The apparatus defined in claim 12 wherein the medial
portion is additionally sufficiently laterally stiff to allow the
medial portion to be used to push the distal portion axially
along the lumen of the Second length of the conduit from
outside the conduit.

14. The apparatus defined in claim 10 wherein the distal
portion forms an atraumatic distal end for the medial por
tion.

15. The apparatus defined in claim 10 wherein the medial
portion comprises a metal wire.

16. The apparatus defined in claim 10 wherein the distal
portion is radially enlarged relative to the medial portion.
17. The apparatus defined in claim 10 wherein the distal
portion compriseS radiologically viewable material.
18. Apparatus for inserting a tubular graft into a side wall
of a tubular body tissue conduit from outside the conduit
comprising:
a hollow tubular shaft Structure configured to receive a
longitudinal guide Structure axially along a lumen
inside the Shaft Structure So that the shaft Structure and

the guide Structure can Slide axially relative to one
another, and

a Substantially conical tip structure disposed on an axial
end portion of the shaft structure Substantially concen
trically with the shaft structure so that an apex of the
conical tip structure points axially away from the Shaft
Structure, an axial continuation of the lumen inside the

shaft Structure extending through the tip structure and
out at the apex So that the guide Structure can extend
through the axial continuation and can Slide axially
relative to the axial continuation, the Shaft Structure

being configured to receive the graft annularly around
the Shaft structure, and the tip structure including an
annular receSS which extends Substantially annularly
around the shaft Structure, the receSS being open in a
direction that points away from the apex, and the receSS
having a radially outer Side wall that is radially Spaced
from the shaft structure by an amount sufficient to allow
an annular axial end portion of the graft to be received
in the recess with the outer side wall radially outside the
portion of the graft that is thus received in the receSS.
19. The apparatus defined in claim 18 wherein the conical
tip structure has a cone angle less than about 15.
20. The apparatus defined in claim 18 wherein the conical
tip structure has a cone angle in the range from about 5 to
about 15.

21. The apparatus defined in claim 18 wherein the conical
tip structure has a cone angle in the range from about 5 to
about 10.

22. The apparatus defined in claim 18 wherein the tip
Structure is configured for passage through the Side wall
from outside the conduit Starting with the apex of the tip
Structure.

23. The apparatus defined in claim 18 wherein the recess
is configured to additionally receive at least an axial end
portion of an annular graft connector which is annularly
attached to an axial end portion of the graft.
24. The apparatus defined in claim 18 further comprising:
a radially expandable Structure disposed Substantially
annularly around the shaft Structure inside a graft
around the shaft Structure.

25. The apparatus defined in claim 24 wherein the
expandable Structure comprises:
an annular balloon.

