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(57) Abstract

This invention is a method, a device for introduction of a cathcterj 10
(6C), and/or delivering a fluid, such as oxygenated blood, to a patient’s
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vascular system including a cannula (2C) having an expandable portion (4C).

The expandable portion (4C) is movable from a collapsed position to an
expanded position. The expandable portion (4C) is inserted into the patient

10

in the collapsed position which facilitates introduction and advancement of the
cannula (2C) through the patient’s blood vessel. After introduction into the 4C
patient, the expandable portion (4C) is moved to the expanded position. The
expandable portion (4C) protects the blood vessel against fluid forces when
flowing a fluid through the cannula (2C), and protects the vessel from contact

with the catheter (6C) advanced through the cannula (2C).
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METHODS AND DEVICES FOR CANNULATNIG A PATIENT'S BLOOD
VESSEL

Backaround of the Invention

The present invention is related to introducer sheaths and cannulae for
the introduction of catheters and the like into a patient's vascular system.
Introducer sheaths are relatively rigid tubes which generally do not extend very
far into the patient's vascular system since they are designed to merely provide
access to the vascular system. A problem with conventional introducer sheaths
is that they are generally not long enough to protect the vessel through which
the catheter is advanced.

The present invention also relates to a cannula for introduction of
catheters and infusion of fluids. Conventional Y-armed cannulae for
introduction of catheters and infusion of fluids are relatively rigid tubes which
also do not extend very far into the patient's vascular system. Thus, Y-armed
cannulae are also generally not long enough to protect the vessel through
which the catheter is advanced.

Thus, a preferred feature of the present invention is to provide an
improved method and device for the introduction of catheters and the like.

Yet another preferred feature of the present invention is to provide an
improved method and device for introduction of catheters and in fusion of fluids.

Still another preferred feature of the present invention is to provide an
improved method and device for cannulating a patient's blood vessel.

Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of
providing a context for the present invention. It is not to be taken as an
admission that any or all of these matters form part of the prior art base or were
common general knowledge in the field relevant to the present invention as it
existed before the priority date of each claim of this application.

Summary of the Invention

In a first aspect, the present invention is a method of performing a
surgical procedure in a patient's vascular system, comprising the steps of:

providing a cannula having a fabric portion and a lumen, the fabric
portion being formed from a plurality of interlaced fibers and being movable
from a collapsed position to an expanded position,

inserting the fabric portion into a blood vessel of a patient in the
collapsed position;
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performing a surgical procedure through the lumen of the fabric portion
with the fabric portion in the expanded position; and

removing the fabric portion after the surgical procedure performing step.

The present invention provides methods and devices for cannulating a
blood vessel, introducing catheters and infusing fluids into the blood vessel. A
cannula having an expandable portion is inserted into the blood vessel with the
expandable portion in a collapsed position. After introduction into the blood
vessel, the expandable portion is expanded to an expanded position. A
medical procedure is then performed through the lumen of the expandable
portion. In a preferred method, the surgical procedure includes passing a
catheter through the expandable portion. The catheter may be any type of
catheter and is preferably an aortic occlusion catheter

1A
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having a balloon ror occiuding the ascending aorta and a lumen for deiivering
cardioplegic fluid. An advantage of the expandable poruon is that the cannula can be
passed through relative.ly small. tortuous vessels in the collapsed condition thereby
minimizing trauma to the vessel. The expandable portion is then able to protect at
least a portion of the vessel through which the catheter is advanced.

The surgical procedure performed through the expandable portion may also be
simply infusion of a fluid such as oxvgenated blood. In another aspect of the
preferred method. the fluid is infused into the patient’s vascular system in a retrograde
direction so that the expandable portion protects the blood vessel from retrograde fluid
forces. A specific application is retrograde delivery of oxygenated blood through the
femoral artery.

The expandable portion is preferably permeable so that fluid passes through
the wall of the expandable portion. The permeable expandable portion is particularly
useful in perrusing side branches of the vessel in which the expandable portion is
positioned. A sheath may be positioned on a radially inner and/or outer surface of the
expandable portion to reduce fluid flow losses, provide a smooth inner surface for
advancement of the catheter and/or reduce the permeability of the expandable portion.

A preferred material for the expandable portion is a fabric with the preferred fabric
being a braided fabric. The fabric is preferably made of both varn and
monofilament fibers but may also be made of substantially onlv monofilament
fibers or varn. An introducer passes through the cannula and holds the cannula in
the collapsed position for introduction into the patient. In a preferred
embodiment. the introducer has a tip which holds the distal end of the expandable
portion and applies a tensile force to the expandable portion to radially contract
the expandable portion and  maintain the expandabie portion in the collapsed
position.

These and other aspects of the invention will become apparent from the

following description of the preterred embodiments.




Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising”, will be understood to imply the inclusion of a
stated element, integer or step, or group of elements, integers or steps, but not
the exclusion of any other element, integer or step, or group of elements,

5 integers or steps.
Brief Description of the Drawings
Fig. 1 shows a cannula having an expandable portion held in a collapsed
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position by an introducer:

Fig. 2 shows the expandable portion in an expanded position;

Fig. 3 shows the cannula of Fig. | inserted into the femoral artery with the
expandable portion extending to the patient’s aortic arch;

Fig. 4 shows the expandable portion extending beyond the bifurcation of the
abdominal aorta and the distal to the renal arteries;

Fig. 5 shows a first, preterred fabric for the expandable portion;

Fig. 6 shows the expandable portion extending around an occluding member
of the catheter;

Fig. 7 shows a second. preferred cannula in an expanded position;

Fig. 8 shows a second, preferred fabric for the expandable portion;

Fig. 9 is a cross-sectional view of a distal end of the introducer with a tip in a
closed position;

Fig. 10 is a cross-sectional view of the distal end of the introducer with the tip
in an open position;

Fig. 11 is a cross-sectional view of a proximal end of the introducer;

Fig. 12 shows a third preferred cannula with the occluding member in a
collapsed position.

Fig. 13 shows a fourth preferred cannula with the occluding member in an
expanded position;

Fig. 14 shows another expandable portion in an expanded position:

Fig. 15 shows a distal end of the expandable portion of Fig. 14;

Fig. 16 shows yet another expandable portion in the expanded position;

Fig. 17 shows still another expandable portion with the catheter passing
therethrough;

Fig. 18 shows the expandable portion of Fig. 17 inserted into a blood vessel
with an introducer holding the expandable portion in a collapsed position;

Fig. 19 shows the cannula of Fig. 18 inserted into a blood vessel;

Fig. 20 is a fragmentary. enlarged front perspective view, partially broken
away, of the expandable portion retained in a channel of the introducer;

Fig. 21 is a fragmentary front perspective view, partially broken away,
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illustrating deployment of the expandable portion:

Fig. 22 is a cross-sectional view of the introducer and expandable portion of
Fig. 18 along line I-[;

Fig. 23 is a cross-sectional view of an alternative embodiment of the
introducer;

Fig. 24 shows another introducer with a retainer attached to the introducer;

Fig. 25 is a cross-sectional view of the introducer of Fig. 24;

Fig. 26 shows the introducer of Fig. 24 with the expandable portion released
from the channel;

Fig. 27 shows another method of deploying the expandable portion with the
expandable portion contained within the tube of the cannula;

Fig. 28 shows the expandable portion of Fig. 27 everted to a position outside
the tube;

Fig. 29 shows another method of deploying the expandable portion;

Fig. 30 is a cross-sectional view of the cannula of Fig. 29;

Fig. 31 shows another preferred expandable portion advanced into the blood
vessel with the introducer;

Fig. 32 shows the expandable portion of Fig. 31 with the introducer being
withdrawn from the expandable portion: and

Fig. 33 shows the tube inserted into the expandable portion of Fig. 32.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Fig. 1 a cannula 2 in accordance with the present invention is shown.
The cannula 2 includes an expandable portion 4 which is movable from.the
collapsed position of Fig. 1 to the expanded position of Fig. 2. The term cannula as
used herein refers to any cannula, catheter, tube, introducer sheath, trocar or the like
which is inserted into a patient’s vascular system for delivery or withdrawal of fluids
and/or introduction of catheters and the like.
Referring to Figs. 3 and 4, the cannula 2 is preferably configured to receive a
catheter 6 for introducing the catheter 6 into the patient’s vascular system. An

advantage of the cannula 2 is that it can be advanced into relatively small, tortuous
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vessels in the collapsed position and then expanded to protect the vessel when
advancing the catheter 6 through the vessel. The cannula 2 has a hemostasis valve 8,
which is preferably a Tuohy-Borst valve. to provide a fluid tight seal between the
cannula 2 and catheter 6 while permitting advancement of the catheter 6 relative to the
cannula 2. In a specific application of the present invention. the catheter 6 has an
occluding member 10, which is preferably a balloon. to occlude the patient’s
ascending aorta. The occluding member 10 is inflated through a lumen 17 with fluid
from a source of inflation fluid 17. Such a catheter is disclosed in U.S. Patent
Application Serial No. 08/782,113 which is hereby incorporated by reference. The
catheter 6 has a lumen 12 coupled to a source of cardioplegic fluid 14. Cardioplegic
fluid is delivered to arrest the patient’s heart and/or maintain the heart in an arrested
state. Although use of the catheter 6 for occluding the patient’s ascending aorta and
delivering cardioplegic fluid is a preferred use of the catheter 6. any other catheter 6
may be used with the cannula 2 without departing from the scope of the invention.
For example. the catheter 6 may be a PTCA catheter. stent delivery catheter, intra-
aortic balloon pump. atherectomy catheter, TMR catheter, diagnostic catheter, biopsy
catheter, or a general vascular occlusion catheter.

Referring to Fig. 3. the cannula 2 is also preferably used to infuse a fluid into
the patient. A specific application of the cannula 2 is for returning oxygenated blood
to the patient from a source of oxygenated blood 16 which is preferably a bypass
system. The bypass system delivers oxygenated blood to the patient for complete
bypass support when the patient's heart is arrested. The bypass system preferably
includes a pump, filter, bubble trap, heat exchanger and an oxygenator, however, the
patient’s own lungs may also be used to oxygenate the blood. Although a specific
application of the present invention is for delivery of oxygenated blood, the cannula 2
of the present invention may be used to deliver any other fluid to the patient’s vascular
system.

The expandable portion 4 is particularly useful when passing the catheter 6
and a fluid through the cannula 2 since the expandable portion 4 makes it possible to
provide a longer cannula 2 to protect the vessel through which the catheter 6 is

advanced while retaining adequate fluid flow characteristics. The expandable portion
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4 also advantageously protects the vessel from retrograde fluid forces. When inserting
the cannula 2 into a vessel such as the femoral artery and infusing fluid into the
patient’s vascular system through the cannula 2, the fluid moves in a retrograde
direction, that is, in a direction opposite to normal blood flow. The expandable
portion 4 advantageously protects the vessel from retrograde fluid forces.

Referring to Figs. 2 and 3. the expandable portion 4 is attached to a wire-
reinforced tube 18. The tube 18 is attached to a body 20 having first and second arms
22,24. The first arm 22 has a barbed connector 26 which receives the hemostasis
valve 8 and the second arm 24 has a barbed connector 28 which is coupled to the
source of oxygenated blood 16. Any conventional tube 18 and body 20 may be used
with the expandable portion 4 to form the cannula 2 of the present invention such as
the tube 18 and body 20 disclosed in U.S. Patent Application Serial No. 08/749.683
which is hereby incorporated by reference.

The expandable portion 4 preferably has a maximum outer dimension of no
more than 0.30 inch. more preferably no more than 0.25 inch, and most preferably no
more than 0.16 inch when in the collapsed condition. The expandable portion 4
preferably has a minimum inner dimension of at least 0.31 inch, more preferably at
least 0.41 inch and most preferably at least 0.51 inch when in the expanded condition.

Referring to Fig. 4. the distal tip of the expandable portion 4 lies between the
aortic bifurcation and the renal arteries when inserted into the femoral artery so that
retrograde fluid forces are not exerted on the femoral. external iliac and common iliac
arteries. Alternatively, the expandable portion 4 can be sized to extend all the way to
the aortic arch as shown in Fig. 3 so that the descending, thoracic and abdominal aorta
are not exposed to retrograde fluid forces. The expandable portion 4 preferably has a
length of at least 2 cm, 4 cm. 10 cm, 25 cm, 40 cm or at least 70 cm depending upon
the particular use.

Referring to Fig. 6. a second, preferred expandable portion 4A is shown which
has a distal portion 30 sized to extend around the occluding member 10 of the catheter
6 so that the expandable portion 4A can move into sealed contact with the blood
vessel. In a preferred embodiment. the distal portion 30 of the expandable portion 4A

expands to a diameter of at least 1.50 inch and more preferably at least 2.00 inch. The
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expandable portion 4A can help reduce migration of the occluding member 10 since
the expandable portion 4A may provide better frictional resistance to migration than
the occluding member 10. The expandable portion 4A also has side holes 32 which
enhance fluid flow through the expandable portion 4A and delivers fluid to
predetermined locations along the expandable portion 4A. The expandable portion
4A may be made of any of the materials described herein.

The expandable portion 4. 4A is preferably permeable so that fluid, such as
oxygenated blood, may pass therethrough. An advantage of providing a permeable
expandable portion 4, 4A is that side vessels, such as the renal arteries, may be fed
with fluid which may not occur when using an impermeable cannula. The expandable
portion 4, 4A preferably has a porosity of at least 100, more preferably 1000 and most
preferably 3000 cubic centimeters of water per square centimeter of surface area per
minute at 100 mm Hg.

Referring to Fig. 5. the expandable portion 4 may be made of any suitable
material and a preferred material is a fabric 34. The term fabric as used herein refers
to any structure produced by interlacing fibers 36. Such structures include bonded,
braided, knitted and woven tabrics with a preferred fabric being braided. The fabric
34 is preferably formed as a tube, however, the fabric 34 may also be formed from a
flat sheet with the sides joined together to form a tube. The term fiber as used herein
refers to any threadlike material which is adaptable for spinning, weaving, felting and
similar applications. The tibers 36 may be inorganic or organic. Furthermore, the
fibers 36 may be yarn fibers 38. which are formed from a number of filaments, or
monofilament fibers 40, which are made from a single filament. Preferred materials
for the fibers 36 include polyester, polyethylene, nylon, polyolefin, polypropylene,
PTFE and polyurethane.

The fabric 34 preferably has at least 16 ends 41, more preferably at least 32
ends 40 and most preferably at least 64 ends 41. The term “end” as used herein refers
to one or more fibers 36 held by a carrier of a weaving or braiding machine forming
the fabric 34. Thus, the number of ends 41 in the fabric 34 is the same as the number
of carriers in the weaving or braiding machine forming the fabric 34. Each camer

may carry more than one fiber 36 so that the number of fibers 36 is not necessarily the
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same as the number of ends 41. A preferred number of fibers 36 in the fabric 34 is
preferably at least 64, more preferably at least 80 and most preferably at least 96.

Referring to Fig. 5. the fabric 34 is preferably cobraided with the yamn fibers
38 and the monofilament fibers 40. The varn fibers 38 are preferably polyester having
a denier of between 150 and 1200, more preferably between 150 and 600 and most
preferably about 250. The monofilament fibers 40 provide column strength so that the
catheter 6 can be withdrawn if necessary. The monofilament fibers 40 also provides
resiliency which tends to bias the expandable portion 4 toward the expanded position
when in the collapsed position. The monofilament fibers 40 are preferably made of
polyester with a diameter between 0.002 and 0.016 inch, more preferably between
0.003 and 0.012 inch, and most preferably between 0.004 and 0.008 inch. The
monofilament fibers 40 preferably have a Rockwell hardness of at least R105 and
more preferably at least R110 and most preterably about R115.

The fabric 34 preferably has 64 ends 41 which means that the weaving
machine forming the fabric has 64 carriers. Each carrier will carry either one yarn
fiber 38 alone or both one yarn fiber 38 and one monofilament fiber 40. Preferred
ratios of yarn fibers 38 to monofilament fibers 40 are at least 1 to 1, at least 2 to 1,
and at least 3 to 1. A preferred number of monofilament fibers 40 is 32. Thus, 32
carriers of the 64 carrier weaving machine carry both yarn fibers 38 and monofilament
fibers 40 while 32 carriers carry only yarn fibers 38. The fabric 34 is preferably a
diamond braid having a braid angle of between 60° and 120° and more preferably
about 90°. The fabric 34 is preferably balanced so that the fabric 34 does not twist
when moving from the collapsed position to the expanded position. The
monofilament fibers 40 are equally distributed between right and left hand winding.

After forming the expandable portion 4, the expandable portion 4 is mounted
on a tapered mandrel (not shown) and then heated to about 350°F to set the
expandable portion in the natural. unbiased or “neutral” position of Fig. 2. The
expandable portion 4 initially has an inner diameter of about 0.27 inch for a length of
about 1 inch. The expandable portion 4 then flares outwardly at about 5.5 (degrees) to
an inner diameter of about 0.32 inch which remains constant for about 1.86 inches.

The expandable portion then expands at about 6.0 (degrees) to an inner diameter of
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0.37 inch which remains constant for 1.67 inches. The expandable portion 4 then
expands again at 6.0 degrees to a final inner diameter of 0.45 inch which remains
constant for about 2.67 inches. The neutral position described above is used with a 23
French tube 18. however, the neutral position may be altered depending upon the size
of the tube 18 and the particular application of the present invention.

Referring to Fig. 2, a distal end 42 is cut to produce two extensions 44 with a
slot 43 therebetween. The extensions 44 and slot 43 reduce the amount of fabric at the
distal end 42 so that the distal end 42 more easily fits into an introducer 46 (Fig. 1)
which is described in greater detail below. The distal end 42 is cut ultrasonically or
with a hot knife or laser to form the two extensions 44 and fuse together the distal end
of the fibers 38, 40. The expandable portion 4 is then preferably coated with a
radiopaque material such as platinum or gold. The radiopaque material may be
deposited in any manner and is preferably deposited by ion beam assisted deposition
(IBAD) or unbalanced magnetron sputtering. The expandable portion 4 is then
preferably coated with heparin and the proximal end is dipped in urethane and bonded
to the end of the tube 18. A conventional lubricious coating may also be applied to
the expandable portion 4.

Referring to Fig. 7. another preferred expandable portion 4B is shown in the
expanded position. The expandable portion 4B has the same shape as the expandable
portion 4 above when in the collapsed position of Fig. 1. Referring to Fig. 8, the
expandable portion 4B is made of another fabric 34B made of substantially only the
monofilament fibers 40. The monofilament fibers 40 may be made of polyester,
polyethylene, nylon. polyolefin, polypropylene or polyurethane and is preferably
made of polyester. The monofilament fibers 40 preferably have a diameter of between
0.004 and 0.008 inch. The monofilament fibers are braided with a 48 carrier weaving
machine with the resulting expandable portion 4b having a diameter of at least 0.300
inch and more preferably at least 0.500 inch in the expanded position. The weaving
machine is preferably configured to provide a diamond braid having a braid angle of
between 60° and 120° and more preferably about 90°

A first sheath 48 is positioned over the fibers 38B to provide a smooth outer

surface and to reduce the permeability of the relatively open structure of the fabric
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38B. A second sheath 50 may also be positioned on the inner surface to reduce
pressure losses and provide a smooth surface for advancing the catheter 6 through the
cannula 2. The first and second sheaths 48, 50 have holes 52 therein to provide the
preferred permeability and porosity described above. The first and second sheaths 48,
50 are preferably attached to the expandable portion 4B only at proximal and distal
ends so that the fibers 38B are free to displace relative to the first and second sheaths
48, 50 between the proximal and distal ends.

The first and second sheaths 48, 50 may be inelastic or elastic. When using an
elastic first sheath 48. the first sheath 48 preferably biases the expandable portion 4B
toward the expanded position so that when the introducer 46 releases the expandable
portion 4B, the expandable portion 4B moves to the expanded position of Fig. 7. The
first sheath 48 is attached to the expandable portion 4B by stretching the first sheath
48 and attaching the ends of the first sheath 48 to the ends of the fabric 34B. Thus, the
first sheath 48 applies a compressive force to the fabric 34B when released thereby
moving the fabric 34B to the expanded position. When using an elastic first sheath
48, the first sheath 48 is preferably made of styrene ethylene butylene styrene having a
thickness of about 0.005 to 0.010 inch. Alternatively, the first and second sheath 48,
50 may be made of polyurethane having a wall thickness of about 0.003 to 0.008 inch
when using inelastic first and second sheaths 48, 50.

Referring again to Fig. 1. the introducer 46 holds the expandable portion 4 in
the collapsed position when introducing the cannula 2 into the patient’s blood vessel.
After the cannula 2 is inserted into the patient’s blood vessel, the introducer 46
releases the expandable portion 4 thereby permitting the expandable portion 4 to
assume the expanded position. The introducer 46 has a tip 54 which holds the distal
end of the expandable portion 4 and exerts a tensile force on the expandable portion 4
so that the expandable portion 4 radially contracts to the collapsed position. An
advantage of the preferred expandable portions 4 described above is that the
expandable portions 4 radially contract to the collapsed position upon application of a
tensile force. Another hemostasis valve 56 provides a fluid tight seal between the
introducer 46 and the cannula 2.

The tip 54 of the introducer 46 is movable from the closed position of Fig. 9
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to the open position of Fig. 10. When the tip 34 is in the closed position, the distal
end of the expandable portion 4 is trapped between an outer tube 56 and the tip 54.
When the tip 54 is moved to the open position, the expandable portion 4 is released.
The expandable portion 4 is preferably configured to move proximally away from the
tip 54 when released as shown in Fig. 10. After releasing the distal end of the
expandable portion 4. the introducer 46 is then withdrawn from the cannula 2.

Referring to Figs. 9-11, the tip 54 is attached to a flexible inner tube 58. The
inner tube 38 is coupled to a rod 60 which in turn is coupled to a spring cap 64. An
actuator 66 is attached to the spring cap 64 so that movement of the actuator 66 moves
the tip 54 between the open and closed positions. A spring 68 biases the tip 54 toward
the closed position. The spring 68 engages a tube collar 70 on one side and the spring
cap 64 on the other. The tube collar 70 also receives a rigid support tube 72 which
helps guide movement of the rod 60. A teflon liner 74 provides a low friction
interface between the inner and outer tubes 38, 56. A throughhole 76 extends through
the actuator 66. tube 58. rod 60 and tip 34 for receipt of a guidewire 78 which is
advanced ahead of the introducer 46. Although it is preferred to use the introducer 46,
the expandable portion 4 may also be folded into the collapsed shape, inserted into a
hollow tube. or everted from the cannula 2 body without departing from the scope of
the invention. Furthermore. use of the introducer 46 in connection the expandable
portion 4 as described above is equally applicable to use of the introducer 46 for the
expandable portions 4A. 4B.

Referring to Figs. 12 and 13. another preferred cannula 2C is shown with a
distal end 71 of an expandable portion 4C attached to the catheter 6C so that
introduction of the catheter 6C and cannula 2C is accomplished in a single step. Like
reference number refers to like or the same structure as the embodiments described
above. The distal end 71 of the expandable portion 4C is bonded to a shaft 80 of the
catheter 6C by capturing the expandable portion 4C between layers of melted
polyurethane. The expandable portion 4C is not attached to the rest of the catheter 6C
along the length of the catheter 6C so that the expandable portion 4C is free to expand
and displace relative to the shaft 80. The expandable portion 4C and catheter 6C are

preferably the same as described above in connection with Figs. 2-5. An advantage of
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adding the expandable member 4C to the catheter 6C is that the catheter 6C can be
introduced into the patient in the collapsed position so that the catheter 6C can be
advanced through smaller, tortuous vessels. The femoral artery, for example, can be
somewhat small and tortuous and passing a rigid catheter such as the catheter
described in U.S. Patent No. 5,312.344 to Grinfeld can be challenging. The
expandable portion 4C is preferably the same as the expandable portion 4 while the
catheter 6C is preferably the same as the catheter 6 and the discussion above
concerning the preferred dimensions and features of the expandable portion 4 and
catheter 6 are equally applicable here.

The catheter 6C is introduced into the patient in the collapsed position until the
occluding member 10 is positioned in the ascending aorta as shown in Fig. 12. The
catheter 6C is then retracted relative to the cannula 2C so that the expandable portion
4C can move to the expanded position. The expandable portion 4C is then expanded
and oxygenated blood is passed through the expandable portion 4C from the source of
oxygenated blood 16 as shown in Fig. 13. The occluding member 10 is then inflated
to occlude the patient’s ascending aorta and cardioplegic fluid is delivered through the
lumen to arrest the patient’s heart and/or maintain the heart in an arrested state.

Referring to Figs. 14 and 15. another expandable portion 4D is shown wherein
like reference numbers refer to like structure. The expandable portion 4D is coupled
to the tube 18 and body 20 as described above. The expandable portion 4D is
preferably made of polyurethane having a wall thickness of about 0.002 inch. A
longitudinal wire 82 is attached to the expandable portion 4D by at the proximal and
distal ends by thermal welding between two sheets of polyurethane The wire 82
prevents the expandable portion 4D from buckling or collapsing when withdrawing
the catheter 6 through the expandable portion 4D. A distal end 84 of the expandable
portion 4D has a constriction 86 so that a backpressure is developed in the expandable
portion 4D when flowing a fluid through the expandable portion 4D. The
backpressure helps the expandable portion 4D maintain the expanded position after its
has been placed in tortuous vessels so that the expandable portion 4D does not
collapse or kink. Although it is preferred to use the constriction 86, any other feature

may be used to create the backpressure including fins, a baffle or a number of small
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outlets. The distal end 84 also has a flared end 88 which expands after the
constriction 86 to minimize pressure losses at the fluid exit. The expandable portion
4D is preferably 27 French before the constriction 86 and necks-down to 24 French at
the constriction 86 then increases in size to 27 French again at the flared end 88. The
expandable portion 4D is preferably folded into the collapsed position for introduction
into the patient in the manner described below in connection with Figs. 17-21.

Referring to Fig. 16. another expandable portion 4E is shown in the expanded
position. The expandable portion 4E has a bellows construction which provides
enhanced hoop strength to prevent kinking of the expandable portion 4E. The bellows
construction may be constructed in any suitable manner. A preferred method of
constructing the expandable portion 4E is to thermoform the bellow inside a coiled
spring. The coils are formed by releasing the spring and capturing the thermally
deformed material between the collapsed coils. Subsequent cooling sets the bellows.
The expandable portion 4E is preferably introduced in the manner described below in
connection with Figs. 17-21.

Referring to Figs. 17-19, yet another cannula 2F is shown where like reference
numbers refers to like structure. The cannula 2F preferably has the tube 18 and body
20 described above in connection with Figs. 1 and 2, however, any other structure
may also be used. An expandable portion 4E is movable from the collapsed position
of Figs. 18 and 19 to the expanded position of Fig. 17. The catheter 6 described above
extends through the cannula 2F and the discussion above concerning the use and
construction of the catheter 6 is equally applicable here.

The cross-sectional area of the expandable portion 4F in the collapsed position
is preferably between about 0.030 to 0.121 in’ and more preferably about 0.035 to
0.065 in®. In contrast, the cross-sectional area in the expanded position is preferably
between about 0.071 to 0.196 in?, more preferably about 0.071 to 0.121 in’, and most
preferably about 0.071 to 0.084 in®. Alternatively, the expandable portion 4F may
have the dimensions described above in connection with Figs. 1-16. The expandable
portion 4F is preferably made of polyurethane, polyethylene, styrene ethylene
butylene styrene, polyolefin, polyester, polyvinyl chloride, PTFE, rubber (e.g.,

silicone. etc.) or any other suitable material.
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The expandable portion 4F is substantially more flexible than the tube 18 and
has a modulus of flexure of about 8.000 to 15,000 psi and more preferably about
10,000 to 12,000 psi. The wall thickness is preferably about 0.001 to 0.010 inch,
more preferably about 0.001 to 0.005 inch, and most preferably about 0.001 to 0.002
inch. The minimum length of the expandable portion 4F is preferably at least about 3
times the length of the tube 18 or at least about 7, 12, 15 or 22 inches. Alternatively,
the length of the expandable portion 4F can be the same as described above in
connection with Figs. 1-16.

The expandable portion 4F may include a plurality of openings 90 for
discharge of fluid, such as oxygenated blood, along the length of the expandable
portion 4F. The openings 90 may be distributed along the expandable member 4F to
discharge fluid at predetermined locations and rates. The expandable portion 4F
preferably has the permeability and porosity ranges described above in connection
with Figs. 1-7. The expandable portion 4F may also be terminated proximal to the
occluding member.

Referring to Figs. 18-21. an introducer 92 is configured for sliding receipt in
the cannula 2F. As will be described below, the introducer 92 maintains the
expandable portion 4F in the collapsed position for introduction into the patient’s
blood vessel. The introducer 92 has an atraumatic tip 94 extending beyond the
expandable portion 4F to prevent injury to the vessel when advancing the cannula 2
through the vessel. The introducer 94 also has a proximal hub 96 with a luer lock
connector 98 at the opposite end. The introducer 94 passes through a wiper-type
hemostatic seal 100 in a connector plug 102 to form a fluid seal between the
introducer 94 and cannula 2F. It should be understood that a variety of hemostasis
valves may be used with the present invention, such as iris valves, without departing
from the scope of the invention. The introducer 94 is preferably made of extruded
polyurethane, however, any other suitable material may be used.

The introducer 94 includes a retaining structure 104 configured to retain the
expandable portion 4F in the collapsed position. The retaining structure 104 has a slot
106 leading to a channel 108 which receives the expandable portion 4F. A retainer

110 passes through a hole 112 in the expandable portion 4F and is slidably disposed
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within the channel 108 to hold the expandable portion 4F in the channel 108. Channel
108 1s preferably about 0.08 to 0.16 inch in diameter and terminates proximate to the
tip 94. Referring to Fig. 22. a cross-sectional view of Fig.18 along line I-I shows the
retainer 110 holding the expandable portion 4F in the channel 108 of the introducer
94. Referring to Figs. 20 and 21, a guidewire lumen 114 passes through the retainer
110 and introducer 94 and receives a guidewire which is preferably a 0.038 inch
diameter guidewire. It will further be appreciated that two opposed channels 108.
108, as shown in Fig. 23. could be provided for receipt of the expandable portion 4F.
In this configuration, the same diameter introducer 94 enables an even larger
expanded position. While the channels 108 are preferably cylindrical, the channels
108 may take any other shape such as C-shaped.

Referring to Figs. 20-22. the expandable portion 4F may include reinforcing
123 to prevent bunching of the expandable portion 4F when withdrawing the catheter
6 through the expandable portion 4F. Referring to Figs. 3. 6 and 10, the reinforcing
123 extends longitudinally along the expandable portion 4F. The reinforcing 123 is
preferably formed as two ribs 120, 122 each having an arc length of from about 5 to
180 degrees. The reinforcing 123 is preferably made of a biocompatible material such
as urethane. The introducer 94, retainer 110 and tube 18 are preferably coated with a
lubricious biocompatible coating such as polyvinyl pyrrolidone, however, any other
suitable coating may be used.

In operation, the cannula 2F is inserted into the patient with the introducer 94
holding the expandable portion 4F in the collapsed position of Figs. 18 and 19. The
retainer 110 passes through the hole 112 and into channel 108 to hold the expandable
portion 4F in the channel 108. The cannula 2F is introduced into the patient either
percutaneously or by surgical cutdown with surgical cutdown being a preferred
method. A suture 124 is tied around the artery at the cAutdown to prevent bleeding
from the vessel when inserting the cannula 2F. The guidewire is advanced ahead of
the cannula 2F and the cannula 2F is then advanced over the guidewire to the desired
location. The guidewire is removed and the retainer 110 and introducer 94 are
withdrawn thereby permitting the expandable portion 4F to take the expanded

position. The cannula 2F is then ready for any of the surgical procedures described
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above including insertion of the catheter 6 and/or infusion of fluid, such as
oxygenated blood, as described above in connection with Figs. 1-16.

Turning now to Figs. 24-26. another introducer 94G is disclosed wherein the
retainer 110G is attached to the introducer 94G so that the retainer 110G does not
require separation from the introducer 94G to deploy the expandable portion 4F. The
retainer 110 is coupled to the introducer 94G at a location distal to channel 108 and
extends proximally to a free end 126. The expandable portion 4F is mounted to the
introducer 94G by sliding the distal end of the expandable portion 4F into the channel
108 below the free end 126. A spring 128 biases the retainer 110G toward the channel
108 to prevent inadvertent release of the expandable portion 4F. The spring 128 is a
U-shaped clip having an end mounted to the introducer 94G and an opposite end
mounted to the retainer 110G. The spring 128 may also be integrally formed with the
retainer 110G and/or the introducer 94G.

In use. the introducer 94G is advanced into the patient’s blood vessel in the
manner described above. After the cannula 2 is advanced to the desired location, the
introducer 94G is advanced as shown in Fig. 26. During this relative movement, the
free end 126 of the retainer 110G moves beyond the distal end of the expandable
portion 4F so that the expandable portion 4F is free to move out of the channel 108.
The introducer 94G is then withdrawn and the cannula 2 may be used for introduction
of the catheter 6 and/or infusion of fluids in the manner described above.

Referring to Figs. 27 and 28. another method of deploying the expandable
portion 4 is shown. The expandable portion 4 is contained within the tube 18 when in
the collapsed position as shown in Fig. 27 and is then everted outwardly to the
expanded position of Fig. 28. The expandable portion 4 may be any of the
expandable portions 4, 4A, 4B, 4D, 4E, 4F described herein. In the collapsed
position, the expandable portion 4 is positioned in the tube 18 so that the expandable
portion 4 does not interfere with insertion into the blood vessel. Once the tube 18 is
in the patient, the expandable portion 4 is everted to the position of Fig. 28.

A tubular-shaped pusher 130 slides within the tube 118 to evert the expandable
portion 4. The pusher 130 has a bore 132 which receives the expandable portion 4.

As shown in phantom lines in Fig. 27, a distal end 134 of the pusher 130 slidably
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contacts the interior wall of the expandable portion 4 to evert expandable portion 4.
An introducer (not shown) may be included for receipt in the bore 132 to facilitate
introduction of the cannula 2.

Referring to Figs. 29 and 30. yet another cannula 2H is shown which has an
expandable portion 4H slidably received in the tube 18. A proximal end 136 of the
expandable portion 4H seats against an inwardly tapered wall 138 of the tube 18. The
proximal end 136 is configured to conform with the gradual inward taper of the tube
18 in a manner forming a hemostatic seal therewith. A ring 138 is embedded in the
proximal end to provide additional strength and resiliency and prevent collapse of the
proximal end. The ring 138 is also sized to provide sealed contact with the tube 18.
The ring 138 is preferably made of a superelastic material, such as nitnol, but may
also be made of any other suitable material. The expandable portion 4H is preferably
moved distally with a pusher 140. The expandable portion 4H may be made of any of
the suitable materials and may have any of the properties described herein.

Referring to Figs. 31-33, another expandable portion 4J is shown with the
expandable portion 4] being separated form the tube 18. Referring to Fig. 31, the
expandable portion 4] is inserted into the blood vessel ahead of the tube 18 using the
introducer 94 described above. The tube 18 is then inserted into the expandable
portion 4J as shown in Fig. 33 and the introducer 94 and retainer 110 are removed.
The tube 18 may be passed over the introducer 94 or the introducer 94 may be
removed before inserting the tube 18 into the expandable portion 4J. A suture or an
elastomeric ring 142 seals the space between the expandable portion 4J and tube 18.
The expandable portion 4] advantageously protects the vessel during advancement of
both the tube 18 and the catheter 6 (see Fig. 3). Furthermore, the tube 18 may be
advanced relatively far into the vessel to prevent collapse of the expandable portion 4J
without the risk of damaging the vessel with the tube 18 since the expandable portion
4] protects the vessel during advancement of the tube 18. The expandable portion 4]
may then be used to receive the catheter 6 and/or for infusion of fluids, such as

oxygenated blood. as described above.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A method of performing a surgical procedure in a patient's vascular
system, comprising the steps of:

providing a cannula having a fabric portion and a lumen, the fabric
portion being formed from a plurality of interlaced fibers and being movable
from a collapsed position to an expanded position;

inserting the fabric portion into a blood vessel of a patient in the
collapsed position;

performing a surgical procedure through the lumen of the fabric portion
with the fabric portion in the expanded position; and

removing the fabric portion after the surgical procedure performing step.
2. The method of claim 1, wherein:

the surgical procedure performing step includes the step of passing a
catheter through the lumen.
3. The method of claim 2, wherein:

the surgical procedure performing step is carried out with the catheter
being an aortic occlusion catheter, the aortic occlusion catheter having a
balloon configured to occlude the patient's ascending aorta.
4 The method according to any one of the preceding claims, wherein:

the surgical procedure performing step includes the step of passing a
fluid through the lumen.
5. The method of claim 4, wherein:

the surgical procedure performing step is carried out with the fluid being
oxygenated blood from a bypass system.
6. The method of claim 4 or claim 5, wherein:

the surgical procedure performing step is carried out with the fluid being
infused through the lumen in a direction opposite to normal blood flow in a
portion of the blood vessel in which the fabric portion is positioned.
7. The method according to any one of the preceding claims, wherein:
the providing step is carried out with the plurality of fibers forming a braided
structure.
8. The method according to any one of the preceding claims, wherein:
the providing step is carried out with the plurality of fibers being at least 64
fibers.
The method according to any one of the preceding claims, wherein:
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the providing step is carried out with the fabric portion having a porosity
of at least 100 cubic centimeters of water per square centimeter of surface area
per minute at 120 mm Hg.
10.  The method according to any one of claims 1 to 8, wherein:

the providing step is carried out with the fabric portion having a porosity
of at least 250 cubic centimeters of water per square centimeter of surface area
per minute at 120 mm Hg.
11, The method according to any one of claims 1 to 8, wherein:

the providing step is carried out with the fabric portion having a porosity
of at least 500 cubic centimeters of water per square centimeter of surface area
per minute at 120 mm Hg.
12.The method according to any one of the preceding claims, wherein:

the providing step is carried out with at least some of the plurality of
fibers being yarn.
13.  The method of claim 12, wherein:

the providing step is carried out with the yarn having a denier between
150 and 600.
14.  The method according to any one of claims 1 to 11, wherein:

the providing step is carried out with at least one of the plurality of fibers
being a monofilament.
15.  The method according to any one of claims 1 to 11, wherein:

the providing step is carried out with the monofilament being made of a
material selected from the group consisting of polyester, polyethylene,
polyolefin, polypropylene and polyurethane.
16.  The method according to any one of the preceding claims, further
comprising the steps of:

applying tensile force to the fabric portion during the surgical procedure
step; and releasing the tensile force on the fabric portion after the surgical
procedure step.
17.  The method of claim 16, wherein:

the tensile force applying step reduces a diameter of fabric portion.
18. The method of claim 16 or claim 17, wherein:

the tensile force applying step is carried out with an introducer passing
through the lumen of the fabric portion, the introducer extending beyond a distal
end of the fabric portion, the introducer having a holder which holds a distal end
f the fabric portion during the applying step; and

19




10

15

the releasing step is carried out by separating the holder from the distal
end of the fabric portion.
19.  The method according to any one of the preceding claims, wherein:

the providing step is carried out with the fabric portion having a first outer
dimension when in the collapsed condition and a second outer dimension when
in the expanded condition, the second outer dimension being at least 25
percent larger than the first outer dimension.
20. The method of claim 19, wherein:

the providing step is carried out with the second outer dimension being at
least 50 percent larger than the first outer dimension.
21.  The method of claim 19, wherein:

the providing step is carried out with the first outer dimension being no
more than 0.25 inch.
22. The method of claim 19, wherein:

the providing step is carried out with the second outer dimension being at
least 0.35 inch.
23. A method of cannulating a patient's blood vessel, substantially as
described with reference to the accompanying figures.

Dated this 5th day of September 2002

Heartport, Inc.
Patent Attorneys for the Applicant:

F BRICE & CO
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