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CANNULA INSERTION DEVICES, SYSTEMS, AND METHODS INCLUDING A
COMPRESSIBLE MEMBER

Cross-Reference

[0001] This application is a continuation-in-part of PCT Application Serial No.

PCT/US07/76956 filed on August 28, 2007 (pending) and claims the benefit of U.S.

Provisional Patent Application Serial No. 60/823,971 , filed August 30, 2006

(pending) and entitled "Devices, Methods and Systems for Establishing

Supplemental Blood Flow in the Circulatory System," the disclosures of which are

expressly incorporated by reference herein in their entirety. This application is also

generally related to co-pending U.S. Patent Application Serial No. 11/846,839,

entitled "Devices, Methods and Systems for Establishing Supplemental Blood Flow

in the Circulatory System," filed on even date herewith, which is expressly

incorporated by reference herein in its entirety.

Technical Field

[0002] This invention generally relates to medical devices and methods and,

more particularly, to devices and methods for inserting a cannula through tissue in a

patient's body.

Background

[0003] Various devices and methods have been utilized to conduct blood

from the heart to assist with blood circulation in a patient. This is often desirable or

necessary in cases where a patient is experiencing congestive heart failure and a

transplant organ has either not been located, or the patient is not a suitable

candidate for a transplant. The blood pumps are typically attached directly to the

left ventricle of the heart, however, at least one blood pump system locates the

pump remotely, such as subcutaneously in the manner of a pacemaker. In this

regard, see U.S. Patent No. 6,530,876, the disclosure of which is fully incorporated

by reference herein. In this situation or similar situations, a cannula may be used to

create an inflow conduit from the heart (an intra-thoracic location) to a pump located

in a superficial (non-thoracic cavity) location, which may be the so-called

"pacemaker pocket." The pacemaker pocket is a location usually accessed by a

surgical incision generally parallel to and below the collarbone extending down

toward the breast, and over the pectoral muscle. Sometimes the pacemaker pocket



is made below the muscle. The pump, to which the cannula is connected, is

intended to sit in the pacemaker pocket and is preferably at, but not limited to, a

location on the right side of the chest.

[0004] General cannula implantation methods known and usable in

connection with the present invention may involve many different approaches and

several of the representative approaches are described further below. For example,

the cannula may be implanted by directly invading the thoracic cavity. Surgical

methods include so-called open heart surgery in which a median sternotomy is

made to fully expose the heart within the thoracic cavity. Still other surgical

methods include less invasive surgical methods such as a thoracotomy, mini-

thoracotomy, thoracoscopic, or any other less invasive approaches. Any of these or

other surgical methods can be used to implant the cannula in fluid communication

with any desired location of the heart as described herein.

[0005] To accommodate such implantation methods and the chest anatomy

of a patient, it is highly desirable for the inflow cannula to be as flexible as possible

without kinking. One consideration that limits this design objective, however, is that

the cannula must be of a sufficient stiffness during implantation to extend into the

desired area of the patient's heart. For example, the cannula might be forced

through the left atrial wall of the patient's heart to be placed in fluid communication

with the left atrium. The cannula may be inserted through a hole in the atrial wall

created by a dilator, the cannula itself, or another device. Therefore, devices or

methods for providing the cannula with sufficient stiffness to extend through the wall

of a heart without compromising the flexibility of the cannula after implantation

would be desirable.

Summary

[0006] An insertion device, or trocar, is provided to facilitate inserting a

cannula through tissue. The insertion device generally comprises a shaft and a

compressible member operatively coupled to the shaft. The shaft is configured to

be received in a lumen of the cannula, and the compressible member is configured

to expand in a generally radially outward direction when compressed in an axial

direction. To this end, the compressible member is movable from an initial state in

which it has a radial dimension smaller than the lumen of the cannula to a

compressed state in which it has a radial dimension larger than the lumen of the



cannula to releasably secure the insertion device to the cannula. For example, the

compressible member may engage an inner wall of the cannula when expanded.

[0007] In one aspect or embodiment, the insertion device further includes a

first engagement member and a second engagement member operatively coupled

to the shaft. The compressible member is positioned between the first engagement

member and second engagement member, which are movable relative to each

other to in the axial direction to compress the compressible member therebetween.

[0008] In another aspect or embodiment, the compressible member is

received on an inner shaft having a distal end portion and a proximal end portion. A

tip member is coupled to the distal end portion of the inner shaft, and a hollow outer

shaft is slidably received over the inner shaft in a manner such that the

compressible member is positioned between the hollow outer shaft and the tip

member. The inner shaft is movable relative to the hollow outer shaft along an axial

direction to compress the compressible member between the tip member and the

hollow outer shaft. When compressed, the compressible member expands in the

generally radially outward direction to releasably secure the insertion device to the

cannula.

[0009] A system for increasing blood flow between a chamber in a heart of a

patient and a first location in the circulatory system of the patient is also provided.

The system includes the insertion device and cannula discussed above, along with

a blood pump having an inlet and an outlet. The outlet of the blood pump is

adapted for connection to the first location in the circulatory system of the patient,

which may be any location other than the chamber of the heart. Additionally, the

cannula includes a proximal end portion configured to couple to the inlet of the

blood pump and a distal end portion configured for insertion into the chamber of the

heart. The insertion device is received within the lumen of the cannula so that the

compressible member may be compressed in the axial direction to expand in the

generally radially outward direction and thereby releasably secure the insertion

device to the cannula.

[0010] Finally, a method of inserting a cannula through tissue is also

provided. The method generally comprises inserting an insertion device including a

distal connecting portion into a lumen of the cannula. A compressible member

operatively coupled to the insertion device is then compressed in an axial direction

to expand the compressible member in a generally radially outward direction. This



expansion connects the distal connecting portion of the insertion device to the a

distal end portion of the cannula. For example, the compressible member may

engage an inner wall of the cannula when expanded. The distal end portion of the

cannula is then inserted through the tissue. The method may also comprise

securing the cannula to the tissue. After radially contracting the compressible

member to release the distal connecting portion of the insertion device from the

distal end portion of the cannula, the insertion device may be removed from the

cannula.

[0011] As can be appreciated, insertion devices according to the invention

will temporarily provide a cannula with the required stiffness to be directed through

tissue, such as the tissue defining a wall of a patient's heart. Once the cannula is

secured to the tissue of the heart and the associated insertion device is removed,

the cannula may be arranged as needed to accommodate the chest anatomy of the

patient. Because the insertion device is removable, the flexibility of the cannula

itself need not be compromised.

[0012] Various additional features and aspects will be more readily

appreciated upon review of the following detailed description of the illustrative

embodiments taken in conjunction with the accompanying drawings.

Brief Description of the Drawings

[0013] Fig. 1 is a schematic representation of chest anatomy, and illustrates

one example of a blood circulation assist system implanted into a patient.

[0014] Figs. 2A and 2B are longitudinal cross-sectional views of an insertion

device according to one embodiment of the invention.

[0015] Figs. 3A and 3B are enlarged cross-sectional views illustrating the

distal end of the insertion device of Figs. 2A and 2B being releasably secured to a

cannula.

[0016] Figs. 4A-4C are longitudinal cross-sectional views illustrating the distal

end of an insertion device according to another embodiment of the invention being

used to insert an inflow cannula of a blood circulation assist system through a wall

of a patient's heart.

[0017] Figs. 5A-5C are longitudinal cross-sectional views of an insertion

device according to yet another embodiment of the invention.



Detailed Description of the Illustrative Embodiments

[0018] Fig. 1 illustrates one of many possible general configurations of a

system 10 for increasing blood flow between a chamber 12 in a heart 14 of a patient

16 and a remote location in the circulatory system of the patient 16 . The system 10

and components thereof may be implanted in any surgical manner, including by way

of the surgical techniques generally discussed further below.

[0019] As shown in Fig. 1, the system 10 includes a circulatory assist device

20 having an inlet 22 and an outlet 24. The circulatory assist device 20 may be any

suitable blood pump, including one of those described in U.S. Patent Nos.

6,1 76,848; 6,1 16,862; 6,942,61 1; and 6,623,475 or DE 10 2004 0 19 721 .0. An

inflow cannula 26 includes a proximal end portion 28 coupled to the inlet 22 of the

circulatory assist device 20 and a distal end portion 30 passing through a wall 18 of

the heart 14 into the chamber 12 . Although Fig. 1 shows the inflow cannula 26

extending into the left atrium, access may be made into any portion within the left

side of the heart 14 (e.g., the left atrium and/or left ventricle) to access oxygenated

blood.

[0020] The inflow cannula 26 may further include one or more anchor

elements 34 to secure the distal end portion 30 to the wall 18 . Fixation of the inflow

cannula 26 may also include the application of sutures (not shown) through the wall

18 around the inflow cannula 26 in a purse-string fashion or through a portion of the

anchor element(s) 34 and the wall 18 . Indeed, the inflow cannula 26 may be

secured to the wall 18 using any suitable technique and may be provided with any

configuration or components (e.g., anchor elements) for this purpose. Alternative

techniques and configurations include, without limitation, those described in the

above-mentioned U.S. Provisional Patent Application Serial No. 60/823,971 .

[0021 ] The system 10 also includes an outflow cannula 40 connected

between the outlet 24 of the circulatory assist device 20 and an artery, such as the

superficial artery 42. Once the system 10 is implanted into the patient 16 ,

oxygenated blood travels in the direction of arrows 44 from the chamber 12 (e.g.,

left atrium), through the inflow cannula 26, and to the circulatory assist device 20.

The circulatory assist device 20, in turn, pumps the blood into the outflow cannula

40 so that the blood is supplied into the patient's arterial system.

[0022] Figs. 2A and 2B illustrate an exemplary embodiment of an insertion

device 100 that may be used in the system 10 to facilitate inserting the inflow



cannula 26 through the tissue. For example, the insertion device 100 may be used

to facilitate inserting the inflow cannula 26 through the tissue defining the wall 18

(Fig. 1) of the heart 14 and into the left atrium or another chamber. The insertion

device 100 includes an inner shaft 102, which may be solid or hollow, having a

distal end portion 104 and a proximal end portion 106. A tip member 108 coupled

to the distal end portion 104 tapers toward a pointed end 110 to facilitate passage

of the insertion device 100 through the tissue, as will be described in greater detail

below. The tip member 108 may be a separate component secured to the inner

shaft 102 or may be integrally formed with the inner shaft 102. For example, the tip

member 108 may be secured to the inner shaft 102 by engaging threads 112

provided around the distal end portion 104.

[0023] The insertion device 100 further includes a compressible member 116 ,

a collar 118 , and a hollow outer shaft 120 all received over the inner shaft 102. The

compressible member 116 , which may be constructed from an elastomeric material,

is positioned between the collar 118 and the tip member 108. In one embodiment,

the tip member 108, compressible member 116 , and collar 118 include substantially

the same or similar outer diameters. The hollow outer shaft 120 includes a distal

end portion 122 and a proximal end portion 124, and is configured to slide relative

to the inner shaft 102. An end portion 126 of the collar 118 may be received over

the distal end portion 122 of the hollow outer shaft 120 so that the hollow outer shaft

120 engages the collar 118 . To this end, the collar 118 may be press fit or

otherwise secured to the hollow outer shaft 120 yet still configured to slide relative

to the inner shaft 102. Alternatively, the collar 118 may be integrally formed with the

hollow outer shaft 120 or simply configured to engage the hollow outer shaft 120

without being secured thereto.

[0024] A hub 130 is coupled to the proximal end portion 124 of the hollow

outer shaft 120. Like the collar 118 , the hub 130 may be secured onto the hollow

outer shaft 120 or integrally formed therewith. The hub 130 includes a lumen 132 to

allow the proximal end portion 106 of the inner shaft 102 to extend therethrough to a

handle member 134 associated with the proximal end portion 106. The handle

member 134 is configured to be manipulated to move the inner shaft 102 along an

axial direction 136 relative to the hollow outer shaft 120, as will be described below.

[0025] Those skilled in the art will appreciate that a wide variety of handle

members may be used to achieve the relative movement between the inner shaft



102 and hollow outer shaft 120. The handle member 134 shown in Figs. 2A and

2B, however, generally includes a disk or knob 138, a cylindrical boss 140, and a

bore 142 extending through the handle member 134. An actuating member 144

having internal threads 146 is received in the bore 142 and configured to engage

external threads 148 provided on the proximal end portion 106 of the inner shaft

102. The actuating member 144 is press-fit within the bore 142 or otherwise

secured to the handle member 134 so as to be configured to rotate therewith.

Alternatively, the bore 142 may be provided with internal threads (not shown) so as

to define the actuating member 144.

[0026] As shown in Fig. 2B, when the handle member 134 is rotated in a

clockwise direction 150, the inner shaft 102 is moved in the axial direction 136

relative to the handle member 134. The hub 130 abuts the handle member 134 and

maintains the position of the hollow outer shaft 120 such that the inner shaft 102

moves relative to the hollow outer shaft 120 as well. As the tip member 108 moves

with the inner shaft 102, the compressible member 116 is compressed in the axial

direction (indicated by arrow 136) between the tip member 108 and the collar 118 .

To this end, the tip member 108 and collar 118 serve as respective first and second

engagement elements for compressing the compressible member. This

compression causes the compressible member 116 to expand in a generally radially

outward direction as indicated by arrows 152.

[0027] Figs. 3A-3B illustrate how the axial expansion of the compressible

member 116 may be used to releasably secure the insertion device 100 to a

cannula 158. The insertion device 100 is first inserted into a lumen 160 of the

cannula 158 until the tip member 108 projects beyond a distal end 162 of the

cannula 158. To secure the insertion device 100, the handle member 134 (Figs. 2A

and 2B) is then rotated to move the inner shaft 102 relative to the hollow outer shaft

120 and thereby compress the compressible member 116 between the tip member

108 and collar 118 . The inner shaft 102 is moved in the axial direction 136 until the

compressible member 116 expands sufficiently in the generally radially outward

direction 152 (Fig. 2B) to frictionally engage an inner wall 164 defining the lumen

160 of the cannula 158. This frictional engagement provides a seal so that the

insertion device 100 may prevent blood loss and/or air egress into the patient's

blood stream, as will be described in greater detail below.



[0028] Numerous design considerations may be optimized to provide a

relatively strong frictional force between the compressible member 116 and the

cannula 158. For example, the radial force applied by the compressible member

116 , the amount of surface area in contact with the inner wall 164, and the

geometry and material of the compressible member 116 may all contribute to this

frictional engagement. Advantageously, the compressible member 116 is relatively

thick so that that the frictional forces applied are greater than those associated with

a balloon or other expandable member in which only a thin membrane or layer of

material contacts the cannula 158. The frictional forces securing the insertion

device 100 may be especially strong when the distal end 162 of the cannula 158 is

rigid.

[0029] With reference to Figs. 4A-4C, a method of inserting an inflow cannula

180 through tissue using an insertion device 200 will now be described. Although

the tissue shown in Figs. 4A-4C is the tissue defining the wall 18 of the heart 14, the

method may equally apply to other tissue or organ walls not associated with the

heart 14.

[0030] The insertion device 200 is substantially the same as the insertion

device 100 shown in Figs. 2A-3B. Accordingly, like reference numbers are used to

refer to like structure from the embodiment shown in Figs 2A-3B. In this

embodiment, however, the inner shaft 102 is hollow so as to include a lumen 204

extending at least partially therethrough. The tip member 108 also includes a lumen

206. Such an arrangement enables the insertion device 200 to be advanced along

a guide wire 208, which extends through the lumens 204, 206.

[0031] The lumen 204 may extend completely through the inner shaft 102 so

that the guide wire 208 exits the proximal end portion 106 as the insertion device

200 is advanced. It will be appreciated, however, that the guide wire 208 may

alternatively exit a side opening (not shown) provided on the inner shaft 102.

Additionally, the insertion device 200 may be configured such that the guide wire

208 only passes through the tip member 108. The insertion device 200 may be

secured to the inflow cannula 180 prior to or after receiving the guide wire 208 in the

same manner described above with reference to the cannula 158.

[0032] The inflow cannula 180 generally includes a main body 2 16 , a flared

tip portion 2 18 , and a ring member 220 spaced from the flared tip portion 2 18 . As

with the inflow cannula 26 (Fig. 1) , the inflow cannula 180 is merely one example of



a cannula that may be used in the system 10 . The flared tip portion 2 18 and ring

member 220 serve a similar function as the anchor element 34 (Fig. 1) . Thus,

although the flared tip portion 2 18 and ring member 220 are described briefly below,

those skilled in the art will appreciate that the inflow cannula 180 may have other

configurations and/or include other components.

[0033] As the insertion device 200 and inflow cannula 180 are advanced

along the guide wire 208, they are directed to the wall 18 of the heart 14 . The tip

member 108 first contacts the wall 18 and acts as a dilator because of its pointed

end 110 . In other words, the tip member 108 gradually expands an opening 2 14 in

the wall 18 so that the opening 2 14 can accommodate the inflow cannula 180 more

easily.

[0034] As shown in Fig. 4B, when the inflow cannula 180 is passed through

the wall 18 , the flared tip portion 2 18 flexes inwardly toward the main body 2 16 .

The inflow cannula 180 is further advanced until both the flared tip portion 2 18 and

ring member 220 are positioned in the chamber 12 , which may be the cavity of the

left atrium. The flared tip portion 2 18 flares back to its original shape once it passes

through the wall 18 , and the inflow cannula 180 is then retracted to pull the ring

member 220 back through the opening 2 14 . Advantageously, the flared tip portion

2 18 captures loose tissue produced as a result of the inflow cannula 180 being

inserted through the opening 214 and seals against the wall 18 upon retraction of

the ring member 220.

[0035] As shown in Fig. 4C, purse string sutures 224 may then be used to

help secure the wall 18 around the inflow cannula 180 between the flared tip portion

2 18 and the ring member 220. Again, such an arrangement is merely one example

of how the inflow cannula may be secured to the atrial wall. The method described

herein for inserting the inflow cannula may be used with a wide variety of other

cannulas and techniques for securing such cannulas to the wall of a heart.

Accordingly, those skilled in the art will appreciate that the method is not limited to

the specific inflow cannula and attachment technique described above. For

example, additional techniques for securing a cannula to a wall of a heart are shown

and described in U.S. Provisional Patent Application Serial No. 60/823,971 .

[0036] Once the inflow cannula 180 is secured to the tissue of the wall 18

surrounding the opening 214, the handle member 134 (Figs. 2A and 2B) may be

rotated in an opposite direction to move the inner shaft 102 back toward its initial



position relative to the hollow outer shaft 120. As the tip member 108 moves along

with the inner shaft 102, the compressible member 116 is able to lengthen in an

axial direction to reduce or contract the radial dimension thereof. Eventually the

compressible member 116 radially contracts back into its initial state and releases

the insertion device 200 from the inflow cannula 180. When this occurs, the

insertion device 200 and guide wire 208 may then be removed from the inflow

cannula 180.

[0037] Thus, the insertion device 200 temporarily provides at least the distal

portion of the inflow cannula 180 with sufficient rigidity during insertion through the

wall 18 of the heart 14 . This enables the inflow cannula 180 to be designed with

optimal flexibility. In other words, the flexibility of the inflow cannula 180 does not

need to be compromised to ensure that the inflow cannula 180 is able to extend

through the opening 214 in the wall 18 . Because the insertion device 200 may be

removed after the inflow cannula 180 is secured to the wall 18 , the inflow cannula

180 can still be manipulated as desired around the patient's chest anatomy.

[0038] When the guide wire 208 is not required to establish an initial path

leading to the wall 18 of the heart 14, the insertion device 100 (Figs. 3A and 3B)

may be used instead of the insertion device 200 to insert the inflow cannula 180

through the wall 18 . The insertion device 100 is substantially similar to the insertion

device 200, but does not include the lumen 204 and the lumen 206 for

accommodating the guide wire 208. As a result, when the compressible member

116 is compressed in the axial direction 136 so that it expands in a radial direction

to secure the insertion device 100 to the inflow cannula 180, the compressible

member 116 may provide a seal between the insertion device 100 and inflow

cannula 180. The seal advantageously protects against blood loss and/or air

ingress into the blood.

[0039] For example, after the tip member 108 is pushed against the wall 18

to form and expand the opening 214, pressures within the heart 14 may cause

blood to attempt to exit the heart 14 through the inflow cannula 180. Patients with

high blood pressures may be particularly susceptible to such blood loss through the

inflow cannula 180. However, by providing a seal between the insertion device 100

and the inflow cannula 180, the compressible member 116 prevents this blood loss

while the inflow cannula 180 is secured to the tissue of the wall 18 surrounding the

opening 214 (by forming the purse string sutures 224, etc.).



[0040] Once the inflow cannula 180 is secured to the wall 18 , the handle

member 134 may be manipulated to lengthen the compressible member 116 an

initial distance in an axial direction. The initial distance may be long enough to

reduce the radial force applied by the compressible member 116 against the inflow

cannula 180, yet small enough to maintain the seal with the inflow cannula 180. For

example, the radial force applied by the compressible member 116 may be reduced

until a surgeon is able to slide the insertion device 100 relative to the inflow cannula

180. The insertion device 100 may be pulled back through the inflow cannula 180,

which remains secured to the wall 18 of the heart 14 . Because the compressible

member 116 can still provide a seal between the insertion device 100 and inflow

cannula 180 during this relative movement, the insertion device 100 may function

like a piston that removes air. In particular, the insertion device 100 may create a

vacuum as it is retracted to draw blood from the heart 14 into the inflow cannula

180. The blood replaces air that previously occupied the inflow cannula 180.

[0041] Once the insertion device 100 has been pulled through a first portion

of the inflow cannula 180 to fill the first portion with blood, the first portion may be

clamped or otherwise sealed off from a second portion of the inflow cannula 180 still

occupied by the insertion device 100. Next, the insertion device 100 may be

completely removed from the inflow cannula 180. If desired, the handle member

134 may first be manipulated to lengthen the compressible member 116 an

additional distance in the axial direction to further reduce the radial force applied

against the inflow cannula 180. Because the first portion of the inflow cannula 180

has been clamped or sealed off, the compressible member 116 may even be

lengthened until it no longer maintains a seal between the insertion device 100 and

the inflow cannula 180. This allows the insertion device 100 to be more easily

pulled through and removed from the inflow cannula 180.

[0042] After removing the insertion device 100, the inflow cannula 180 may

be connected to the other components in the system 10 (Fig. 1) . For example, the

inflow cannula may then be connected to the inlet 22 of the circulatory assist device

20. The clamp or other structure sealing off the first portion of the inflow cannula

180 may be released once this connection is sealed against blood loss.

[0043] Figs. 5A-5C illustrate an insertion device 300 according to an

alternative embodiment. Again, the insertion device 300 is substantially similar to

the insertion devices 100, 200 such that like numbers are used to refer to like



structure from the insertion devices 100, 200. In this embodiment, the insertion

device 300 includes a handle member 302 having a joint portion 304 and a toggle or

lever portion 306 extending from the joint portion 304. The joint portion 304

includes an outer surface 308 having a round or substantially circular cross-

sectional profile, and the hub 130 includes a rear surface 3 12 generally shaped to

conform to the outer surface 308 of the joint portion 304. Such an arrangement

enables the handle member 302 to rotate relative to the hub 130 and hollow outer

shaft 120 about an axis 314.

[0044] The handle member 302 further includes an eccentric bolt 320

extending at least partially therethrough. In other words, the center of the bolt 320

is offset from the axis 3 14 . The bolt 320 has an elliptical cross-sectional

configuration and, despite its offset arrangement, includes a portion 322 that

overlaps the axis 3 14 .

[0045] A tab or protrusion 326 coupled to the proximal end portion 106 of the

inner shaft 102 is configured to contact the bolt 320 as the handle member 302

rotates. For example, Fig. 5A shows the insertion device 300 in a initial position

with the toggle 306 of the handle member 302 angled approximately 90° relative to

the inner shaft 102, the compressible member 116 in a uncompressed state, and

the tab 326 contacting the bolt 320 and positioned a first distance away from the

axis 3 14 . To compress the compressible member 116 between the tip member 108

and collar 118 , the handle member 302 is rotated in the direction 328. As the

handle member 302 rotates, the bolt 320 moves the tab 326 further away from the

axis 3 14 in an axial direction 330 due to the eccentric arrangement of the bolt 320.

Thus, by the time the toggle 306 is rotated approximately 180° (Fig. 5C), the tab

326 is positioned a second distance away from the axis 314 (with the second

distance greater than the first distance).

[0046] The inner shaft 102 moves in the axial direction 330 along with the tab

326 while the handle member 302 maintains the hub 130 and hollow outer shaft

120 in substantially the same position. As a result, the inner shaft 102 moves

relative to the hollow outer shaft 120 to compress the compressible member 116

between the tip member 108 and the collar 118 . The compressible member 116

expands in a generally radially outward direction as indicated by arrows 332 when

compressed in the axial direction as indicated by arrow 330 in the same manner as

described above with reference to the insertion devices 100 and 200. Thus,



reference can be made to Figs. 3A-4C and the description thereof for an

understanding of how the insertion device 300 may be releasably secured to a

cannula to facilitate inserting the cannula through the wall of a heart.

[0047] To release the cannula, the handle member 302 may simply be

rotated back to its initial position. This allows the compressible member 116 to

radially contract to its uncompressed shape, which causes the tip member 108 to

move away from the hollow outer shaft 120 and collar 118 . As a result, the inner

shaft 102 moves relative to the hollow outer shaft 120, hub 130, and handle

member 302 such that the tab 326 remains in contact with the bolt 320. Although

not shown in Figs. 5A-5C, it will be appreciated that the described operation of the

insertion device 300 will allow temporary attachment of the insertion device 300 to

the distal end of a cannula for stiffening the same during movement through tissue.

[0048] Other aspects relating to the surgical implantation of the inflow

cannula 180 are not described in detail because the insertion device 100, 200 or

300 may be used to facilitate implantation of the inflow cannula 180 and other

cannulas in a wide variety of surgical approaches. Non-limiting examples of such

surgical approaches are briefly described below.

[0049] Surgical Open Sternotomy - This approach allows full access to the

heart, especially the left atrium, and allows access to several different locations

where a blood inflow cannula might be attached to the heart. However, due to the

highly invasive nature of this approach, less invasive implantation approaches may

be more desirable to a surgeon.

[0050] Surgical Open Thoracotomy - In this surgical approach, a relatively

superior and caudal thoracotomy access is used to deliver the inflow cannula to the

left atrium where it is anchored. This location on the atrium has specific benefit

because the wall of the atrium is smooth and relatively large at this location,

isolating the cannula tip from other structures within the atrium.

[0051] In another suitable surgical method, a relatively lateral thoracotomy

access is used to deliver the blood inflow cannula to the left atrium where it is

anchored at a location on the postero-medial wall near the interatrial septum. This

location is often called "Waterson's groove" and is a common location to make a left

atriotomy when performing mitral valve repair surgery. Waterson's groove

terminates between the superior vena cava and the left pulmonary veins at the left

atrium.



[0052] Thoracoscopic Surgery - In this surgical method, a blood inflow

cannula may be implanted in a similar location as described above in that a tubular

trocar may be used to access the intra-thoracic location (Waterson's groove, for

example) where the cannula would be anchored through the heart wall. In this

minimally or less invasive surgical method, the entire operation is performed

through these relatively small tubular trocars thereby minimizing the size of the

opening in the patient's chest. Typically, additional small holes are made to deliver

trocars used in conjunction with the main delivery trocar to allow placement of an

endoscopic camera and specialized surgical tools for grasping, cutting, suturing,

cauterizing, or performing other operations on tissue. Through the main trocar, the

inflow cannula can be delivered to the same location as in the open surgical

technique (i.e. Waterson's groove) but with less invasive access across the chest

wall.

[0053] Over-the-Wire (Seldinqer) Technique - A variation of the Seldinger

technique might be utilized in the various surgical implantation approaches

described above, where the cannula system would be specifically adapted to

facilitate this implantation technique. Although the Seldinger technique is most

commonly associated with percutaneous access to blood vessels, an adapted

version of the technique utilizing a specifically adapted cannula introduction system

is a highly preferred approach to surgical implantation where direct access to the

heart itself is utilized. Here, for example, an atriotomy could be made by inserting a

needle across the heart wall and a guidewire then placed therethrough. After

removal of the needle, with bleeding controlled and minimal, the cannula system

with specialized insertion device within can be introduced over the wire thereby

maintaining many of the advantages of the so-called Seldinger technique even in a

surgical approach.

[0054] While the invention has been illustrated by the description of one or

more embodiments thereof, and while the embodiments have been described in

considerable detail, they are not intended to restrict or in any way limit the scope of

the appended claims to such detail. Additional advantages and modifications will

readily appear to those skilled in the art. For example, the insertion devices

disclose herein may alternatively be used to insert a cannula through a wall of a

kidney or other organ or body cavity (not shown). Additionally, the bolt 320 in Figs.

5A-5C may have a circular or any other desired cross-sectional profile instead of an



elliptical profile. The invention in its broader aspects is therefore not limited to the

specific details, representative apparatus and methods and illustrative examples

shown and described. The various features of the invention may be used alone or

in any combination depending on the needs and preferences of the user.

Accordingly, departures may be made from such details without departing from the

scope or spirit of the general inventive concept. What is claimed is:



1. An insertion device for inserting a cannula having a lumen through

tissue, the insertion device comprising:

a shaft configured to be received within the lumen of the cannula; and

a compressible member operatively coupled to the shaft and

configured to expand in a generally radially outward direction when compressed in

an axial direction;

wherein the compressible member is movable from an initial state in

which it has a radial dimension smaller than the lumen of the cannula to a

compressed state in which it has a radial dimension larger than the lumen of the

cannula to releasably secure the insertion device to the cannula.

2 . The insertion device of claim 1 wherein the compressible member is

received on the shaft.

3 . The insertion device of claim 1, further comprising:

a first engagement member operatively coupled to the shaft; and

a second engagement member operatively coupled to the shaft, the

compressible member being positioned between the first engagement member and

second engagement member;

wherein the first engagement member is movable relative to the

second engagement member in the axial direction to compress the compressible

member therebetween.

4 . A cannula assembly, comprising:

a cannula having a lumen; and

an insertion device including:

(a) a shaft configured to be received within the lumen of the

cannula; and

(b) a compressible member operatively coupled to the shaft and

configured to expand in a generally radially outward direction when compressed in

an axial direction;

wherein the compressible member is movable from an initial state in

which it has a radial dimension smaller than the lumen of the cannula to a



compressed state in which it has a radial dimension larger than the lumen of the

cannula to releasably secure the insertion device to the cannula.

5 . The cannula assembly of claim 4 , wherein the cannula has an inner

wall and the compressible member is configured to engage the inner wall when

expanded in the generally radially outward direction.

6 . An insertion device for inserting a cannula having a lumen through

tissue, the insertion device comprising:

an inner shaft having a distal end portion and a proximal end portion;

a tip member coupled to the distal end portion of the inner shaft;

a hollow outer shaft slidably received over the inner shaft;

a compressible member received over the inner shaft between the tip

member and the outer shaft, the compressible member configured to be received in

the lumen of the cannula;

wherein the inner shaft is movable relative to the hollow outer shaft

along an axial direction to compress the compressible member between the tip

member and the hollow outer shaft, the compressible member configured to expand

in a generally radially outward direction when compressed to releasably secure the

insertion device to the cannula.

7 . The insertion device of claim 6 wherein the compressible member

comprises an elastomeric material.

8 . The insertion device of claim 6 , further comprising:

a collar received over the inner shaft between the hollow outer shaft

and the compressible member;

wherein the hollow outer shaft engages the collar when the inner shaft

moves relative thereto so that the compressible member is compressed between

the collar and the tip member.

9 . The insertion device of claim 6 wherein the inner shaft includes a

lumen extending at least partially therethrough for receiving a guide wire so that the

insertion device can be directed to the tissue along the guide wire.



10 . The insertion device of claim 6 , further comprising:

a handle member associated with the proximal end portion of the inner

shaft and configured to be manipulated to move the inner shaft along the axial

direction relative to the hollow outer shaft.

11. The insertion device of claim 10 wherein the hollow outer shaft

includes a distal end portion and a proximal end portion, the insertion device further

comprising:

a hub coupled to the proximal end portion of the hollow outer shaft

and configured abut a portion of the handle member, the hub including a lumen to

allow the proximal end portion of the inner shaft to extend therethrough to the

handle member.

12 . The insertion device of claim 10 wherein the handle member includes

an actuating member having internal threads and the proximal end portion of the

inner shaft includes external threads, the handle member being received over the

proximal end portion of the inner shaft with the inner threads engaging the outer

threads.

13 . The insertion device of claim 10 wherein the handle member is

rotatable about an axis substantially perpendicular to the axial direction, the

insertion device further comprising:

a bolt coupled to the inner shaft, the bolt being offset from the axis of

rotation of the handle member;

wherein the handle member is configured to move the bolt and the

inner shaft along the axial direction when rotated.

14 . The insertion device of claim 13 wherein the handle member has a

range of rotation of approximately 180°.

15 . The insertion device of claim 6 wherein the tip member is integral with

the inner shaft.



16 . The insertion device of claim 6 wherein the distal end portion of the

inner shaft includes external threads and the tip member includes internal threads,

the tip member being received over the distal end portion of the inner shaft with the

internal threads engaging the external threads.

17 . The insertion device of claim 6 wherein the cannula has an inner wall, the

compressible member configured to engage the inner wall when expanded in the

generally radially outward direction.

18 . A system for increasing blood flow between a chamber in a heart of a

patient and a first location in the circulatory system of the patient remote from the

chamber, the system comprising:

a blood pump having an inlet and an outlet, the outlet being adapted

for connection to the first location in the circulatory system of the patient;

a cannula having a lumen, a proximal end portion configured to couple

to the inlet of the blood pump, and a distal end portion configured for insertion into

the chamber of the heart; and

an insertion device configured to be received within the lumen of the

cannula, the insertion device including:

(a) an inner shaft having a distal end portion and a proximal end

portion;

(b) a tip member coupled to the distal end portion of the inner

shaft;

(c) a hollow outer shaft slidably received over the inner shaft; and

(d) a compressible member received over the inner shaft between

the tip member and the hollow outer shaft;

wherein the inner shaft of the insertion device is movable relative to

the hollow outer shaft along an axial direction to compress the compressible

member between the tip member and the hollow outer shaft, the compressible

member configured to expand in a generally radially outward direction when

compressed to releasably secure the insertion device to the cannula.

19 . The system of claim 18 wherein the compressible member comprises

an elastomeric material.



20. The system of claim 18 wherein the insertion device further comprises:

a handle member associated with the proximal end portion of the inner

shaft and configured to be manipulated to move the inner shaft along the axial

direction relative to the hollow outer shaft.

2 1 . A system for increasing blood flow between a chamber in a heart of a

patient and a first location in the circulatory system of the patient, the system

comprising:

a blood pump having an inlet and an outlet, the outlet being adapted

for connection to the first location in the circulatory system of the patient;

a cannula having a lumen, a proximal end portion configured to couple

to the inlet of the blood pump, and a distal end portion configured for insertion into

the chamber of the heart; and

an insertion device configured to be received within the lumen of the

cannula, the insertion device including a compressible member configured to

expand in a generally radially outward direction when compressed in an axial

direction;

wherein the compressible member is movable from an initial state in

which it has a radial dimension smaller than the lumen of the cannula to a

compressed state in which it has a radial dimension larger than the lumen of the

cannula to releasably secure the insertion device to the cannula.

22. The system of claim 2 1 wherein the compressible member is

uncompressed in the axial direction in the initial state.

23. The system of claim 2 1 wherein the compressible member comprises

an elastomeric material.

24. The system of claim 2 1 wherein the insertion device further includes a

handle member configured to be manipulated to move the compressible member

from the initial state to the compressed state.



25. A method of inserting a cannula through tissue, the cannula including

a lumen and a distal end portion, the method comprising:

inserting an insertion device including a distal connecting portion into

the lumen of the cannula;

compressing a compressible member operatively coupled to the distal

connecting portion of the insertion device in an axial direction to expand the

compressible member in a generally radially outward direction and thereby connect

the distal connecting portion of the insertion device to the distal end portion of the

cannula; and

inserting the distal end portion of the cannula through the tissue.

26. The method of claim 25 wherein the tissue defines a wall of a

chamber of a heart, and wherein inserting the distal end portion of the cannula

through the tissue comprises inserting the distal end portion of the cannula into the

chamber of the heart.

27. The method of claim 25, further comprising:

securing the cannula to the tissue;

radially contracting the compressible member to release the distal

connecting portion of the insertion device from the distal end portion of the cannula;

and

removing the insertion device from the cannula.

28. The method of claim 25, the insertion device having an inner shaft

including the distal connecting portion, a tip member coupled to the distal

connecting portion of the inner shaft, and a hollow outer shaft slidably received over

the inner shaft, the compressible member being received on the inner shaft

between the hollow outer shaft and the tip member, and wherein compressing the

compressible member further comprises:

moving the inner shaft relative to the hollow outer shaft along the axial

direction so that the compressible member is compressed between the hollow outer

shaft and the tip member.



29. The method of claim 28 wherein moving the inner shaft relative to the

hollow outer shaft further comprises:

manipulating a handle member associated with the inner shaft.

30. The method of claim 25 wherein compressing the compressible

member causes the compressible member to exert a radial force against the

cannula and form a seal between the insertion device and the cannula, the method

further comprising:

radially contracting the compressible member an initial amount to

reduce the radial force applied by the compressible member against the cannula,

wherein the compressible member maintains the seal between the insertion device

and the cannula when radially contracted the initial amount; and

retracting the insertion device at least partially through the lumen of

the cannula.

3 1 . The method of claim 30 wherein retracting the insertion device

removes air from a first portion cannula while drawing blood into the first portion, the

method further comprising:

forming a seal between the first portion of the cannula and a second

portion of the cannula, the second portion being at least partially occupied by the

distal connecting portion of the insertion device; and

removing the insertion device from the cannula.

32. The method of claim 3 1 , further comprising:

radially contracting the compressible member an additional amount

before removing the insertion device from the cannula to release the distal

connecting portion from the second portion of the cannula;

33. The method of claim 3 1 , further comprising:

coupling the cannula to an inlet of a blood pump; and

releasing the seal formed between the first portion and second portion

of the cannula.



34. A method of inserting a cannula through tissue, the cannula including

a lumen and a distal end portion, the method comprising:

inserting an insertion device including a distal connecting portion into

the lumen of the cannula;

expanding a portion of the insertion device in a radially outward

direction to form a seal between the insertion device and the cannula and to

connect the distal connecting portion of the insertion device to the distal end portion

of the cannula,

inserting the distal end portion of the cannula through the tissue;

radially contracting the expanded portion an initial amount, wherein

the expanded portion maintains the seal between the insertion device and the

cannula when radially contracted the initial amount; and

retracting the insertion device at least partially through the lumen of

the cannula.
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