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FIG. 2C
(57) Abstract: Disclosed herein is a cannula assembly for directing the flow of material from an organ chamber, e.g., blood from 
the left chamber of the heart, and methods of placing the cannula assembly in fluidic communication with the chamber. The can
nula assembly includes an elongate tubular member (110) and a coupling assembly (120) disposed at the distal end of elongate 
tubular member. The elongate tubular member includes a lumen extending from a distal opening at the distal end to a proximal 
opening at the proximal end. The coupling assembly includes a retaining element (122) and a retention member (124) configured 
to cooperate with each other and with the portion of the organ wall surrounding the opening in the wall to couple or anchor can
nula system (100) to the wall and to provide fluidic communication between the distal opening of the elongate tubular member 
and the organ chamber.
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CANNULA SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. Provisional Application No. 61/459,055, 

filed December 6, 2010, and U.S. Provisional Application No. 61/402,892, filed September 7, 

2010, the entire contents of which applications are hereby incorporated by reference.

FIELD OF INVENTION
[0002] Described herein is a cannula system to direct the flow of material from the chamber 

of an organ, e.g., the left atrium of a heart, and methods of placing the cannula system in fluidic 

communication with the organ chamber.

BACKGROUND OF THE INVENTION
[0003] Congestive heart failure occurs when cardiac function is impaired to the point that 

there is insufficient blood flow to support a person’s activities. It is the largest problem in 

cardiac care today and there are more than 5 million patients with this diagnosis in the U.S. In 

general, patients can be treated with medications, but when symptoms are advanced, cardiac 

transplantation or the implantation of blood pumps may be necessary. Unfortunately, cardiac 

transplantation is limited by the donor pool and each year fewer than 2,000 patients undergo 

this procedure.

[0004] It has also been determined that the inflow cannula for a blood pump may result in 

clinical compositions. Clots may form around the inflow cannula as it sits in the chamber of the 

left atrium (or left ventricle). These clots may break off and enter the pump and then pass 

anywhere in the circulation. Embolization of material can cause damage to any part of the body 

but embolization to the brain is the most feared complication. Entry of clot into the brain 

generally causes brain dysfunction and the results can be mild - such as a temporary and slight 

slurring of speech or gait impairment to a terrible catastrophic loss of function that leaves a 

patient in a wheelchair or bedridden and unable to communicate. In this situation death may be 

a potential outcome.

[0005] Another deficiency that is encountered with cannulation of the left atrium is collapse 

of the left atrium and occlusion (temporary or permanent) of the inflow cannula by atrial tissue. 

This is similar to what happens with a vacuum cleaner tube that is brought close to material 

such as a curtain - the tube becomes obstructed and eventually occluded by the fabric as it is
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progressively sucked inside the tube. The left atrium is a very pliable thin walled structure 

(usually 1 mm to 3 mm in thickness). An atrial cannula is fastened to the atrial septum with 

5 mm to 10 mm or more of cannula tip projecting into the left atrium. A cannula tip sitting in 

the left atrium and flowing at 2 to 3 liters per minute can easily suction a part of the atrial wall 

into the cannula leading to cannula obstruction and loss of pump flow. As flow stops in the 

cannula, clots may form in the cannula and when the obstruction is relieved a clot may be 

ejected into the circulation. Alternatively, the cannula may completely clot off and make it 

impossible to pump blood when the obstruction is relieved. The atrial tissue may also be 

injured. The first patients treated with superficial supplemental blood pumping had relatively 

low levels of flow, but new generations of pumps can flow at much higher rates and it would be 

useful to have a way to avoid the problem of a cannula suctioning atrial tissue that results in 

cannula obstruction and clotting and still allow the pump to flow at rates of 5 liters per minute 

or more.

[0006] Another problem with a cannula implanted in the left atrium is that it must be 

fastened securely in position. When a cannula is directed into the left atrium from the chest, it 

is necessary to seal the cannula to prevent bleeding and dislodgement. Typically this requires 

the placement of a suture circumferentially around the cannula to hold it in position e.g., a purse 

string suture. Also, there is frequently tissue such as fat around the entry site, and this must be 

dissected to ensure that no fat is forced into the heart when the cannula is pushed into the heart. 

If fat is pushed into the heart, it can embolize anywhere in the circulation. This means the 

surgeon must make a chest incision big enough to pass sutures and gain good exposure of this 

region. A better attachment to the heart would allow the surgeon to reduce the size of his 

incision and even work through endoscopic ports. Alternatively, the cannula may be passed into 

the left atrium from the right atrium, the hole through the septum must be sealed and the 

cannula must be held in place. Sealing and holding the cannula in place is not simple. An 

improved method of holding a cannula in place that eliminates the need for suturing and 

provides a secure and fluid tight seal would be valuable to patients and surgeons in preventing 

complications from superficial blood pumping.

[0007] Furthermore, creating a defect in the wall of the atrium to introduce a cannula is also 

a difficult problem. Simply pushing a cannula through a small hole is dangerous since the atrial 

tissue may tear. This may leave a large hole which is difficult to close.

[0008] Introducing a cannula inside the heart is usually done by placing the cannula inside 

catheters for delivery. This increases the diameter of the delivery system. It also creates further
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problems because a cannula may “snag” inside the delivery catheter. To guarantee delivery, 

there are serious development and manufacturing problems in maintaining the correct gap 

tolerances between the cannula and the catheter. Lubricants may be necessary. And even with 

excellent design, the operator may be forced to insert a cannula along a circuitous course. 

Bends may make it impossible for even the best engineered system to permit delivery of the 

cannula. It would be useful to eliminate the need for a catheter

[0009] In summary, superficial blood pumping is a promising therapy for many patients 

with heart failure and it is now technically possible to pump the entire blood flow from a 

surface location with a very small pump. Improvements in methods and devices for 

cannulating the heart will make this procedure easier and safer.

SUMMARY OF INVENTION
[0010] This disclosure describes new devices, methods and systems for directing the flow 

of material from a chamber of an organ, e.g., the left atrium of a heart via a wall of the organ.

In one embodiment, the flow of material is directed without the need to place a cannula into the 

chamber, e.g., the cannula system comprises a retention member that provides a smooth inflow 

for blood (eliminating clots) into an elongate tubular member, avoids suction against the atrial 

wall, and is held in place with a retaining means that provides solid fixation to prevent blood 

leaks and cannula dislodgement and eliminates the need for suturing.

[0011] Accordingly, in one embodiment, provided herein is a cannula system comprising a 

retention member, an elongate tubular member, and a means for retaining the cannula system in 

fluid communication with the organ chamber.

[0012] In one embodiment, the retention member is hollow and has a lumen or tubular 

cavity extending between its distal and proximal ends, wherein the distal end of the retention 

member may be expanded from a first configuration to a second configuration. When 

expanded to the second configuration, the perimeter of the outer surface of the distal end of the 

retention member is larger than the perimeter of the outer surface of the proximal end of the 

retention member. In one embodiment, the elongate tubular member has a distal end with a 

distal opening, a proximal end with a proximal opening, and a lumen extending therebetween, 

wherein the distal end of the elongate tubular member is configured to cooperate with one or 

both of the retention member and the organ wall to trap the outer surface of the distal end of the 

retention member to the chamber side of the organ wall, with the lumens of the retention 

member and the elongate tubular member in fluidic communication.
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[0013] In one embodiment, the retention member and the elongate tubular member are 

separable, and the perimeter of the outer surface of the proximal end of the retention member is 

smaller than the perimeter of the distal opening of the elongate tubular member such that the 

proximal end of the retention member may be disposed concentrically within the distal opening 

of the elongate tubular member to provide the fluid communication between the two lumens. In 

one embodiment the lumen of the elongate tubular member is flared, e.g., has a funnel or 

trumpet shape at its distal end. In one embodiment, where the expanded second configuration 

of the retention member conforms to the flared shape of the distal end of the elongate tubular 

member; material may flow from the chamber through the retention member into the elongate 

tubular member. In one embodiment, where the inner surface of the flared distal opening of the 

elongate tubular member is anchored to the organ wall outside the chamber, and the retention 

member may optionally be absent; material flows from the chamber directly into the elongate 

tubular member outside the organ.

[0014] In another embodiment, the retention member and the elongate tubular member are 

integrally connected and manufactured as single component, e.g., an inflow tube, of the system. 

In this embodiment, the proximal end of the retention member is integral with the distal end of 

the elongate tubular member to form the cannula. However, the distal end of the inflow tube 

may expand from a first configuration to a second configuration in which the perimeter of the 

outer surface of the distal end is larger than the perimeter of the outer surface of the proximal 

end of the inflow tube. Accordingly, the distal end of the cannula may still have a flared or 

trumpet shape, the outer surface of which may be anchored to the chamber side of an organ wall 

when the cannula system is in fluid communication with the organ.

[0015] The hollow retention member or distal end of an inflow tube may be self expanding 

or may require additional manipulation for expansion, e.g., inflation with a balloon. When self 

expanding, the hollow retention or distal end of an inflow tube member may be compressed or 

retained in the first compressed configuration by a compression member, which may be a 

sheath, a compression tip, a suture, a forceps and a combination thereof. In one embodiment, 

the means for compressing is a sheath. In another embodiment, the compression element is part 

of a dilator. In the first compressed configuration the distal end of the hollow retention member 

or inflow tube may have an outer surface perimeter that is generally consistent with, or in some 

embodiments smaller than, the outer surface perimeter of the elongate tubular member or the 

proximal end of the inflow tube, respectively.
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[0016] In one embodiment, the distal end of the retention member or inflow tube comprises

a textured surface at the interface of the distal end and the chamber side of the organ wall. In

one embodiment, the textured surface is provided by a fabric that promotes tissue ingrowth,

e.g., teflon, dacron, etc. In another embodiment, a circumferential step is formed at the junction

between the textured surface and/or fabric and the retention member.

[0017] A cannula system as disclosed herein further comprises a means for retaining the 

system in fluidic communication with the organ, such as a retaining element. In one 

embodiment, the retaining element is selected from the group consisting of a plurality of barbs, 

at least one annular ring, and elongate struts within the hollow retention member. Other 

retaining means include stents or springs that are configured to cause circumferential contact 

between the outer surface of the retention member and the chamber side of the wall.

[0018] In one embodiment, a cannula system as disclosed herein is made of any

biocompatible material. In another embodiment, the cannula system is made of a polymer such 

as silicone or polyurethane. In one embodiment, at least the elongate tubular member of a 

cannula system disclosed herein comprises cables embedded in the walls, stiffeners, or other 

means to adjust the position of the cannula system.

[0019] The major advantages of this cannula system are clear regardless of whether the 

hollow retention member and elongate tubular member are separable or manufactured as 

integrally connected. For example, the flared distal end of the cannula system reduces the 

formation of stagnant areas and eddy currents. Further, the flared, funnel, or trumpet shape of 

the cannula system herein provides for the flow of material out of the organ in a smooth gentle 

curve that will produce little turbulence. Accordingly, a cannula system disclosed herein may 

be useful to direct the flow of material from any organ chamber, e.g., food from the stomach, 

blood from the heart, etc. In one embodiment, the cannula system is used to direct blood from 

the left atrium of the heart.

[0020] In one embodiment, the cannula system is placed in fluidic communication with an 

organ chamber by advancing the cannula system as described herein to the chamber, disposing 

the retention member in the first configuration through an opening in a wall of the organ into 

the chamber so that the retention member is disposed inside the chamber of the organ and the 

lumen of the proximal end of the retention member is in fluid communication with the lumen of 

the elongate tubular member outside the chamber, expanding the retention member to a second 

configuration, and trapping the retention member to a portion of the chamber side of the organ
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wall surrounding the opening with at least a portion of the trapped wall conforming to the shape 

of the retention member in its second configuration.

[0021] In one embodiment, the retention member, or distal end of the cannula comprising 

an integrally connected retention member and elongate tubular member, is disposed through the 

opening with a catheter assembly. In one embodiment, the retention member or distal end of 

the cannula is disposed through the opening without a catheter.

[0022] In one embodiment, wherein the hollow retention member and the elongate tubular 

member are separable, and wherein the elongate tubular member includes a flared distal 

opening, the method comprises anchoring the inner surface of the flared distal opening of the 

elongate tubular member to the organ wall outside the chamber and removing the retention 

member from the inside chamber of the organ through the hole in the wall and the elongate 

tubular member.

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIGS. 1A-1C are diagrammatic views ofa prior art cannula accessing the left atrium 

of the heart by the atrial septum.

[0024] FIGS. 2A-2B are diagrammatic views of an illustrative circulatory assist system 

positioned in the human heart shown in cross-section.

[0025] FIG. 2C is a schematic representation of an exemplary cannula system for directing 

the flow of blood from the left atrium chamber of a heart in a patient through the right atrium 

chamber of the heart.

[0026] FIGS. 3A-3D are longitudinal cross-sectional views of an exemplary cannula system 

and an exemplary method of placing the cannula system into fluidic communication with a 

chamber of an organ using a catheter delivery system.

[0027] FIG. 3E is a longitudinal cross-sectional view of an exemplary cannula system in 

fluidic communication with a chamber of an organ.

[0028] FIGS. 4A-4E are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system into fluidic communication 

with a chamber of an organ using a catheter delivery system and a balloon.

[0029] FIG. 4F is a longitudinal cross-sectional view of the cannula system of FIGS. 4A-4E

in fluidic communication with a chamber of an organ.
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[0030] FIG. 5 is a longitudinal cross-sectional view of another exemplary cannula system in 

fluidic communication with a chamber of an organ.

[0031] FIG. 6 is a longitudinal cross-sectional view of another exemplary cannula system in 

fluidic communication with a chamber of an organ.

[0032] FIG. 7A is a longitudinal cross-sectional view of another exemplary cannula system 

in fluidic communication with a chamber of an organ.

[0033] FIG. 7B is a longitudinal cross-sectional view of another exemplary cannula system 

in fluidic communication with a chamber of an organ.

[0034] FIG. 7C is a longitudinal cross-sectional view of another exemplary cannula system 

in fluidic communication with a chamber of an organ.

[0035] FIG. 8 is a longitudinal cross-sectional view of another exemplary cannula system in 

fluidic communication with a chamber of an organ.

[0036] FIGS. 9A-9C are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system into fluidic communication 

with a chamber of an organ using a catheter delivery system.

[0037] FIG. 9D is a longitudinal cross-sectional view of another exemplary cannula system 

in fluidic communication with a chamber of an organ.

[0038] FIGS. 10A-10C are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system into fluidic communication 

with a chamber of an organ using a catheter delivery system.

[0039] FIG. 11A is a longitudinal cross-sectional view of another exemplary cannula 

system being placed into fluidic communication with a chamber of an organ using a catheter 

delivery system.

[0040] FIG. 1 IB is an enlarged cross-sectional view of the distal end of the cannula system 

of FIG. 11A, in a first, compressed configuration, taken along line 1 IB-1 IB of FIG. 11A.

[0041] FIG. 11C is an enlarged cross-sectional view of the distal end of the cannula system 

of FIG. 11A, in a second, expanded configuration, taken along line 1 IB-1 IB of FIG. 11A.

[0042] FIG. 1 ID is a longitudinal cross-sectional view of the cannula system of FIG. 11A

in the second configuration.
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[0043] FIG. 1 IE is a longitudinal cross-sectional view of another exemplary cannula system 

in fluidic communication with a chamber of an organ.

[0044] FIGS. 12A-12C are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system into fluidic communication 

with a chamber of an organ without use of a catheter.

[0045] FIG. 12D is a longitudinal cross-sectional view of another exemplary cannula 

system in fluidic communication with a chamber of the organ.

[0046] FIG. 12E is a longitudinal cross-sectional view of an alternate method of implanting 

the cannula system of FIGS. 12A-12C.

[0047] FIGS. 13A-13B are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system into fluidic communication 

with a chamber of an organ.

[0048] FIG. 13C is a cross-sectional view of another exemplary cannula system in fluidic 

communication with a chamber of an organ.

[0049] FIG. 13D is a three-dimensional rendering of another exemplary cannula.

[0050] FIGS. 14A-14C are enlarged cross-sectional views of an organ wall trapped between 

alternative embodiments of a retaining element and the outer surface of a retention member.

[0051] FIGS. 15A-15D are diagrammatic views of a method of adjusting the orientation of 

the tubular member of another exemplary cannula system.

[0052] FIGS. 16A-16B are cross-sectional views of the tubular member of FIGS. 15A- 

15DD, taken along the line 16A-16A of FIG. 15C.

[0053] FIG. 17 is a cross-sectional view of another exemplary cannula system in fluidic 

communication with a chamber of an organ.

[0054] FIG. 18A is a diagrammatic view of an illustrative circulatory assist system 

positioned in the human heart shown in cross-section.

[0055] FIGS. 18B-18F are longitudinal cross-sectional views of another exemplary cannula 

system and an exemplary method of placing the cannula system in fluidic communication with 

a chamber of an organ.

[0056] FIG. 19 is a longitudinal cross-sectional view of the cannula system of FIGS. 18B-

18F with an alternative embodiment of the sleeve.
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DETAILED DESCRIPTION
[0057] FIG. 1A illustrates an inflow cannula for a heart pump positioned in the left atrium 

of the heart according to a known approach, with the tip of the inflow cannula extending about 

one centimeter into the left atrium from the atrial septum. While blood flow into the inflow 

cannula is brisk, the blood around the inflow cannula is stagnant and can form eddy currents 

that limit the entry of fresh blood to wash the area surrounding the inflow cannula. Clots may 

form in this region.

[0058] FIG. IB shows that a clot has formed and attached to the atrial wall around the 

inflow cannula. Other clots may form along the side of the inflow cannula, and may not attach 

securely to the inflow cannula and thus may become dislodged. Clots may be drawn into the 

inflow cannula by the strong flow induced by the blood pump.

[0059] FIG. 1C indicates a catastrophic outcome for a clot originating around the inflow 

cannula inside the left atrium. A clot has formed around the inflow cannula tip, entered the 

inflow cannula and has been suctioned through the pump, into the subclavian artery and is 

shown passing into the patient’s right carotid artery. A clot of this size may be lethal - or cause 

permanent and severe brain dysfunction.

[0060] This disclosure describes new devices, methods and systems for directing the flow 

of material from a chamber of an organ, and in particular, for directing blood from the left 

atrium of the heart. For example, the devices, methods and systems described herein may be 

incorporated into a circulatory assist system to improve the flow of material from the left atrium 

of the heart and reduce the risk of embolism.

[0061] Shown in FIGS. 2A and 2B are diagrammatic views of an illustrative circulatory 

assist system positioned in the human heart for superficial blood pumping. Here an cannula 

system is shown directed from the axillary or subclavian vein, into the right atrium and across 

the interatrial septum with its retention member sitting inside the left atrium. The cannula 

system draws blood into a pump, which expels the blood via a second, outflow cannula into the 

subclavian artery. The cannula system can be introduced from any available large vein in the 

head or neck area including the axillary and subclavian veins in the shoulder and the jugular 

vein in the neck. The outflow cannula can be connected with a superficial operation to the 

subclavian, axillary and carotid arteries.

[0062] The cannula system shown in FIG. 2A enters the venous system in the subclavian or 

axillary vein. It is also possible to enter the venous system via the jugular vein as shown in
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FIG. 2B. The cannula system may be passed over the clavicle to the pump implanted in a 

pocket formed in the patient’s chest (which is in a typical location for a pacemaker). A tube 

running over the clavicle may feel uncomfortable for a patient or the tube may become 

compressed against the clavicle especially when a patient lies on his side (particularly risky 

when the patient is asleep and unaware). This can reduce blood inflow into the pump. A useful 

alternative would be to pass the cannula system under the clavicle to the pacemaker pocket as 

shown in FIG. 2B. The portion of the cannula system that passes under the clavicle is shown in 

dotted lines.

[0063] Using this configuration, the cannula system may be introduced into the jugular vein 

without cutting down on the vein. There are many standard commercially available kits that 

allow jugular access. Typically, the procedure starts by cannulating the jugular vein in the neck 

with a needle. A wire is then introduced into the vein through the needle. The skin entry site is 

then enlarged with a knife blade or other sharp instrument. A series of dilators are then passed 

over the wire to stretch a tract from the skin to the vein. The cannula system can then be passed 

down this track either directly or inside a catheter. The distal end of the cannula system can 

then be placed across the interatrial septum to provide inflow of blood from the left atrium to 

the pump. The proximal end of the cannula can be passed from the skin entry site, under the 

clavicle, and to the pacemaker pocket such that the entire cannula system is positioned below 

the skin after implantation. To facilitate passing the cannula system from the jugular entry site 

to the pacemaker pocket, one or more small incisions may be made above and/or below the 

clavicle. For example, the cannula system may first be passed from the initial skin entry site to 

the region just above the clavicle and subsequently be passed under the clavicle in a carefully 

controlled fashion to avoid injury to arteries, veins and nerves which pass under the clavicle.

[0064] The pump can be of any type or shape and it is shown disposed inside a superficial 

pocket outside the chest cavity in the area typically used to implant a pacemaker. It can be 

implanted under the skin or under the muscle on the chest wall.

[0065] The pump requires a control and power input (not shown). This is typically done 

with an electrical cable that travels from the pump to the outside of the patient. The electrical 

drive line or cable is attached to a controller and power source. Many varieties of cables, power 

supplies and controllers have been described.

[0066] Pumps can also be powered by a fully implantable system (not shown) that does not 

require a drive line through the skin. In this situation the controller unit is implanted in the 

patient and a transcutaneous energy transmission receiving system is implanted to receive
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power and it is stored in implanted batteries. Typically the system is recharged by placing an

external unit on the skin overlying the implant to allow recharging.

[0067] An exemplary cannula system 100 disclosed herein is shown schematically in FIG. 

2C in the right atrium of a patient’s heart, engaging the atrial septum at an opening in the 

septum. Cannula system 100 is configured to allow passage of blood from the left atrium via 

the opening in the atrial septum and to an intake port of a blood pump (not shown in FIG. 2C). 

Cannula system 100 includes an elongate tubular member 110 and a coupling assembly 120 

disposed at the distal end of elongate tubular member 110. Elongate tubular member 110 

includes a lumen extending from a distal opening at the distal end to a proximal opening at the 

proximal end. Coupling assembly 120 includes a retaining element 122 and a retention member 

124. Retaining element 122 and retention member 124 are configured to cooperate with each 

other and with the portion of the atrial septum surrounding the opening in the septum to couple 

or anchor cannula system 100 to the septum and to provide fluidic communication between the 

distal opening of the elongate tubular member 100 and the chamber of the left atrium.

[0068] The anchoring function of coupling assembly 120 can be performed by trapping, 

clamping, or otherwise retaining the portion of the atrial septum between retaining element 122 

and retention member 124. The retaining element 122 and retention member 124 can each 

include a lumen therethrough, which lumens can be in fluidic communication, e.g. by one of the 

retaining element 122 and retention member 124 being disposed concentrically within the other, 

and thus can collectively provide for fluidic communication between the distal end of coupling 

assembly 120 and the distal opening of flow tube 110. This concentric relationship is consistent 

with the anchoring function, i.e., by having the portion of the atrial septum disposed within the 

annulus between the concentrically arranged retaining element 122 and retention member 124.

[0069] At least the one of the retaining element 122 and/or retention member 124 that is 

disposed on the left atrium side of the atrial septum (and the lumen of which is therefore in the 

flow path from the left atrium to the lumen of flow tube 110) is preferably formed with a flared 

or tapered shape, i.e. having a distal end that has a larger perimeter than the perimeter of the 

proximal end.

[0070] In alternative embodiments of a cannula system disclosed herein, the retention 

member 124 and the elongate tubular member 110 may be separable or manufactured integrally 

connected to make a cannula or inflow tube 10 of the system. An ordinarily skilled artisan will 

understand that such a cannula or inflow tube will generally have a proximal end, a tubular 

body (e.g., an elongate tubular member 110), a distal end (e.g., a hollow retention member), an
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outer surface, and a lumen extending between a proximal opening at the proximal end and a 

distal opening at the distal end, wherein the distal end is self-expandable to a flared, funnel, or 

trumpet shape.

[0071] The broad inflow orifice, e.g., the distal flared end of a cannula system described 

herein increases the cross-sectional area for blood to enter the system and thus reduces blood 

velocity and pressure drop or suction. Accordingly, this cannula system is much less likely to 

suction atrial tissue that may result in cannula obstruction or tissue damage by suction despite 

the fact that part of the cannula system remains within the chamber. However, the flared distal 

end of the cannula system, e.g., hollow retention member 124, does not extend into the atrium 

and thus avoids having a tip inside the atrium that may suction tissue. Furthermore, after a 

cannula system described herein is anchored into the atrium, it can be pulled backward, or 

proximally, so that there is no protrusion into the left atrium. This may be further facilitated by 

anchoring the cannula system inside the chest to pull the atrial wall or septum outward. The 

major advantages of this system are clear. For example, there is no cannula tip in the left 

atrium to allow the formation of stagnant areas and eddy currents. Clots are less likely to form 

on the cannula tip, so, the risk of embolism and stroke is reduced. Also, the path for blood is 

very smooth. Blood passes along natural atrial tissue into the cannula in a smooth gentle curve 

that will produce little turbulence and reduce the risk of clotting.

[0072] The distal end of the cannula system will not be inclined to suction against the atrial 

wall and occlude the cannula, because there is no tip extending into the left atrium to suction 

tissue. Further, the enlarged inflow orifice reduces the velocity of blood as it enters the cannula 

system, reducing the likely hood of suction.

[0073] A lattice-like stent structure disposed on tissue quickly develops a covering of native 

tissue. So using a stent to anchor the distal end of the cannula system to the atrial septum will 

also lead to a covering of natural tissue (which is resistant to clotting) covering in the first part 

of the pump system.

[0074] Accordingly, a cannula system disclosed herein may be attached to the inside of the 

left atrium and the retention member held in place provides a smooth inflow for blood through 

the flared distal end (eliminating clots), avoids suction against the atrial wall, provides solid 

fixation by a retaining means, e.g., a retaining element, to prevent blood leaks and cannula 

dislodgement. Notably, the retaining element 122 also allows this system to be sutureless. 

Accordingly, the surgeon may work remotely from the point of entry into the left atrium. The
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retaining element also prevents movement. For tissue to heal and for attachment of the hollow

retention member to the tissue, a strong and immobile connection is important.

[0075] The cannula system can generally be made from any biocompatible material. It may 

be useful for the interior of the hollow retention member 124 to be soft or spongy, which will 

allow it to “bury” itself into the wall of the elongate tubular member 110 so that any elongate 

struts are not exposed to the path of blood flow beyond the point where there is atrial tissue.

The cannula system may be made of a polymer such as, for example, silicon or polyurethane 

such that the hollow retention member is flexible and can be reduced into a catheter or other 

delivery device. The cannula system may also be made according to well-known methods.

[0076] Additionally, the cannula system, and in particular, the distal end of the hollow 

retention member or inflow tube may also be expandable - it could be placed in a smaller 

diameter and then activated to a larger final size, e.g., with a balloon. In other embodiments, 

the cannula system can be restrained in a smaller diameter during the first part of implantation 

and allowed to regain its full size by the end of the procedure.

[0077] Several exemplary implementations of cannula system 100 are described in more 

detail below, and may be placed in fluid communication with an organ chamber with a catheter 

assembly. Catheter assemblies are well-known in the art, and may include any combination of 

a catheter 910, a wire 912, an obturator 914, and a dilator 916. In one embodiment, the dilator 

916 is modified to comprise cutting surfaces, e.g., metal blades or blade-like features which are 

molded into the dilator to enable a “clean” entry into the organ chamber through a chamber 

wall, e.g., into the atrium through the atrial septum, rather than an irregular cut that extends 

beyond the margin that can be easily sealed. In some cases, it may be difficult to create a defect 

that is exactly the size of the outer surface of the lumen of the elongate tubular member 110 to 

aid in the creation of a good seal. For atrial septal puncture a number of manufacturer’s make 

catheter assemblies which include sharp curved needles and catheters to accomplish this task. 

(St. Jude Medical).

[0078] The dilator may also have additional functions: it could be useful in advancing the 

cannula system by friction between the cannula lumen and the dilator. A balloon or even a 

mechanical assembly could be added to the dilator to increase or adjust the friction to move a 

cannula system and then minimize the friction to allow the removal of the dilator.

[0079] Although many embodiments describe placing a cannula system 100 in fluidic 

communication with the left atrium of a heart, an ordinarily skilled artisan will recognize that
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the devices, systems and methods disclosed herein may be used to direct the flow of material

(including liquid or gas) from, or into, most organs having a chamber, e.g., the flow of food

from the stomach, the draining of sinuses, bladders, kidneys, lungs, etc.

[0080] As described herein, a cannula system 100 comprises (a) a hollow retention member 

124 having a proximal end 121, a distal end 123, an outer surface 128, and a lumen 126 

extending between the proximal end 121 and the distal end 123, the distal end 123 being 

expandable between a first configuration and a second configuration in which the perimeter of 

the outside surface of the distal end is larger than the perimeter of the outside surface of the 

proximal end; (b) an elongate tubular member 110 having a distal end 113 with a distal 

opening 114, a proximal end 115 with a proximal opening 116 , and a lumen 117 extending 

therebetween, the distal end 113 of the tubular member 110 configured to cooperate with one or 

both of the retention member 124 and the organ wall 50 to anchor the distal end 113 of the 

tubular member 110 outside the chamber with the lumen 117 of the tubular member 110 in fluid 

communication with the lumen 126 of the retention member 124; and at least one retaining 

element 122 configured to anchor one or both of (a) at least a portion of the outer surface of the 

retention member 124 to the chamber side of the organ wall 50 and (b) the tubular member 110 

to the organ wall 50 outside the chamber.

[0081] FIGS. 3A-3D are longitudinal cross-sectional views of an exemplary cannula system 

100 and an exemplary method of placing the cannula system 100 into fluidic communication 

with a chamber of an organ using a catheter delivery system. In this exemplary embodiment, 

the elongate tubular member 110 is generally positioned outside the chamber against the organ 

wall 50 from which material is to be removed - e.g., for removing blood from the heart, the 

atrial septum if an intravascular approach is used or the left atrial free wall if an approach is 

used inside the chest. The elongate tubular member 110 has a flare, funnel or trumpet shape at 

its distal end 113. The elongate tubular member 110 may be fastened or anchored to the atrial 

wall or the septum so that it remains on the outside of the atrium in such a way that blood can 

pass freely through the hollow retention member 124 without leaking.

[0082] In FIG. 3A, the elongate tubular member 110 is shown with a trumpet-shaped distal 

end 113 on the outside of the left atrium. Inside the tubular member 110 is a catheter assembly 

which contains a wire 912 that is shown passing into the left atrium. The catheter assembly 

includes a dilator tipped obturator 914 which is used to follow over the wire 912 into the left 

atrium. The dilator tip allows the wall of the atrium to be gradually enlarged.
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[0083] As is generally well-known, the wire can be placed through a needle placed under 

direct vision if the surgeon is working through the chest. Alternatively, the wire 912 may have 

a sharpened tip to puncture the left atrium. If the interatrial septum is to be punctured, a variety 

of atrial septal puncture needles are available for this purpose. The surgeon may use use 

fluoroscopy (X-ray) or ultrasound (transthoracic, transesophageal, or even intravascular or 

intracardiac - ICE) during endovascular procedures to guide the needle/wire 912.

[0084] In FIG. 3B, the catheter assembly has been placed inside the left atrium. A hollow 

retention member 124 comprising a self expanding nitinol stent 108 is shown that is retained by 

a sheath 202 within the catheter assembly and is partly deployed by withdrawing the sheath 

202. The retention member 124 stent 108 can automatically spring open as the sheath 202 is 

withdrawn. In this embodiment, the retention member 124 is created to conform to the distal 

opening 114 of the flared distal end 113 of the elongate tubular member 110.

[0085] The catheter assembly can then be pulled back toward the atrial walFseptum as the 

elongate tubular member 110 is pushed against the wall of the left atrium (or the interatrial 

septum).

[0086] In FIG. 3C, the retention member 124 is shown pulled back the atrial tissue to trap 

the atrial tissue 50 between the retention member 124 and the elongate tubular member 110, 

which remains outside the atrium. In FIG. 3D, the sheath 202 restraining the retention member 

124 is further withdrawn, and the retention member 124 is fully expanded and released. The 

retention member 124 traps the atrial tissue against the tubular member 110. This provides a 

solid seal to hold the cannula system in place and to prevent leakage of blood. FIG. 3E shows 

the cannula system 100 in its final configuration and in fluidic communication with the left 

atrium after the catheter assembly has been withdrawn and released.

[0087] FIGS. 4A-4E provides another exemplary embodiment of a cannula system 

disclosed herein, wherein the hollow retention tube 100 is not be self-expanding and its 

placement into an organ chamber wall with another catheter assembly comprising a balloon. 

Generally, in FIG. 4A an elongate tubular member 110 with a trumpet- shaped distal end and a 

catheter assembly inside are shown outside the left atrium. A wire 912 has been introduced into 

the left atrium and a dilator 916 is positioned to guide the catheter assembly into the left atrium. 

In FIG. 4B, the catheter assembly has been introduced into the left atrium. A hollow retention 

member 124 comprising a stent 108 is mounted in a first configuration on a balloon 300 and is 

shown positioned partly inside the left atrium. The balloon 300 is shown partly inflated in FIG. 

4C to expand the hollow retention member 124 and the catheter assembly is pulled back against
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the septum or atrial free wall. Simultaneously, or shortly thereafter, the elongate tubular

member 110 is pushed forward against the septum or free wall of the atrium and the hollow

retention member 124 begins to take a second configuration in the shape of the balloon.

[0088] Vacuum may be placed on the catheter assembly to pull the atrial tissue into the 

assembly.

[0089] In FIG. 4D, the balloon 300 is fully inflated and the retention member 124 is fully 

expanded to its second configuration to a shape that conforms to that of the inner surface of the 

flared distal opening of the elongate tubular member 110. The atrial tissue 50 is now trapped 

between the retention member 124 and the elongate tubular member 110 and a fluid-tight seal is 

completed. The catheter assembly is shown withdrawn in FIG. 4E, and the elongate tubular 

member 110 is shown is shown attached to the atrial wall and entirely outside the left atrium.

[0090] Also shown in FIG. 4E is an optional reinforcement element 400 of a cannula 

system disclosed herein. The optional reinforcement element 400 is shown as surrounding the 

elongate tubular member 110 to help retain the system. The reinforcement element 400 may be 

disposed outside, inside, or within the wall of the elongate tubular member. The reinforcement 

element 400 may be constructed in any of a variety of ways including as a spring or a series of 

rings. This feature is designed to increase the counterforce of the elongate tubular member 110 

against the hollow retention member 124 to improve attachment.

[0091] Also shown in FIG. 4E is a means for retaining the outside surface of the hollow 

retention member 124 against the chamber side of the organ wall and/or the tubular member 

110 to the organ wall outside the chamber. The retaining element 122 shown in FIG. 4E is in 

the form of a plurality of elongate struts 127 that help retain the position of the hollow retention 

member 124, see also, e.g., FIGS. 3E, 4E, 7A, 8 and 17.

[0092] FIG. 4F shows an exemplary cannula system (including a reinforcement element 

400) in fluidic communication with the left atrium, with the elongate tubular member 110 

remaining outside the atrial wall and atrial tissue trapped between the hollow retention member 

124 and the elongate tubular member 110. Again, the key benefits of the system, devices and 

methods as shown include the absence of a cannula tip in the atrium, which reduces the risk of 

clots and embolization, a much lower risk of suction with a broad flat entry for blood, a non- 

thrombogenic inflow pathway for blood (clot resistant), and no need for suture and a secure 

hemostatic attachment.
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[0093] As described above, FIG. 4E introduces a means for retaining, e.g., anchoring, one 

or both of (a) at least a portion of the outer surface of the retention member to the chamber side 

of the organ wall and (b) the tubular member to the organ wall outside the chamber. Other such 

retaining means, such as retaining elements, include one or more annular rings 500 holding the 

atrial tissue 50 and elongate tubular member 110 in place (FIG. 5), a spring 600 that has been 

released from a compressed state to retain the elongate tubular member 110 in place (FIG. 6), a 

plurality of barbs 125 to retain either or both the elongate tubular member 110 and the hollow 

retention member 124 to the atrial wall (FIGS. 7A, 7B, 7C, and 8), and a combination of these 

and any other retaining means, see e.g., FIGS. 7A and 8 (showing a combination of elongate 

struts and barbs).

[0094] In one embodiment, the retaining element 122 comprises a plurality of barbs 125 

which may be by heat or current to curl or close or change shape such that the organ wall is 

retained, see, e.g., FIG. 7C. This can avoid the need for another retaining element 122. The 

barbs may be composed of nitinol and take this shape, or other shapes, on activation. Other 

shapes could be used to retain the hollow retention member 124 and/or elongate tubular 

member 110. In one embodiment, a balloon inflated against the atrial tissue may be used push 

the barbs into the atrial wall.

[0095] The cannula system 100 featured in the preceeding figures comprise a hollow 

retention member 124 that is separate from an elongate tubular member 110, which preferably 

has a flared distal opening. This configuration allows subsequent removal of the hollow 

retention member 124 from the organ chamber and system after the inner surface of the flared 

distal opening of the elongate tubular member 110 has been anchored to the outer surface of the 

organ chamber wall. For example, the hollow retention member 124 may be compressed into 

its first configuration, as it is withdrawn through a hole in the wall and the elongate tubular 

member and/or via a sheath.

[0096] As described above, in one embodiment of a cannula system disclosed herein, the 

hollow retention member 124 and the elongate tubular member 110 are manufactured integrally 

connected to form a cannula or inflow tube 10. As will be demonstrated in the following 

figures, even in these embodiments, the retaining element 122 is configured to anchor at least a 

portion of the flared distal end 13 of the inflow tube 10, to the chamber side of the organ wall.

[0097] Accordingly, also described herein is a cannula system comprising a inflow tube 10 

having a proximal end 15, a tubular body 11, a distal end 13, an outer surface 28, and a lumen 

17 extending between a proximal opening 16 at the proximal end 15 and a distal opening 14 at
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the distal end 13, the distal end 13 being self-expandable between a first configuration in which 

the distal opening 14 is substantially closed, and a second configuration in which the distal 

opening 14 is open and in which the perimeter of the outer surface 28 of the distal end 13 is 

larger than the perimeter of the outer surface 28 of the tubular body 11, at least a portion of the 

outer surface 28 of the distal end 13 including a material 804 suitable for promoting tissue 

ingrowth when the portion of the outer surface 28 of the distal end 13 is in contact with an atrial 

septum of a heart, the material 804 forming a circumferential step 806 at the junction between 

the material 804 and the distal end 13; a retaining element 122 configured to secure the distal 

end 13 to the atrial septum with the distal opening in fluidic communication with the left atrium 

of the heart and with the inflow tube 10 extending through an opening in the septum and into 

the right atrium; and a delivery catheter 910 including a compression element releasably 

engaged with the distal end to selectively maintain the distal end in the first configuration and 

to allow the distal end to self-expand to the second configuration.

[0098] As described herein the compression element may be a sheath 202 disposed about 

the outer surface 28 and movable proximally relative to the cannula 10 from a first position in 

which the sheath 202 engages the outer surface 28 of the distal end 13 and a second position in 

which the sheath 202 is not engaged with the distal end 13. In another embodiment, the 

compression element may be a compression tip 204 movable distally relative to the cannula 10 

from a first position in which the compression tip 204 engages the outer surface 28 of the distal 

end 13 and a second position in which the compression tip 204 is not engaged with the distal 

end 13.

[0099] For example, in FIGS. 9C and 10C, a cannula system in which the elongate tubular 

member 110 and hollow retention member 124 are manufactured as one inflow tube 10 is 

shown. In FIG. 9A, the inflow tube 10 is shown inside a catheter 910 of a catheter assembly.

In this embodiment, distal end 13 of the inflow tube 10 is self expanding and the catheter 910 is 

also acting as a sheath 202 to maintain the distal end 13 of the inflow tube 10 in the first 

configuration. Within the inflow tube 10 is a dilator 916 which is used to stretch an opening in 

the atrial tissue. The dilator has a central lumen to allow it to pass over a wire 912. The cannula 

system and catheter assembly is shown as it is being pushed into the atrium in the direction of 

the arrow. Also shown in FIG. 9A as circles within the cannula is a reinforcement element 400 

in the shape of a wire, such as stainless steel or nitinol, which has shape memory properties to 

ensure the cannula tip returns to the ideal shape after deployment.
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[00100] The inflow tube 10 would be deployed by first puncturing the atrial wall or 

interatrial septum. For use in blood pumping from the left atrium, a needle or wire 912 is first 

delivered into the cavity and used to guide the assembly shown in FIG. 9A. The small wire 

entry point can then be dilated to enlarge the opening into the left atrium. The entire catheter 

assembly can then be placed inside the left atrium. In FIG. 9B, the catheter 910 has been 

withdrawn and the distal end 13 of the inflow tube 10 is now expanded inside the atrium. In 

this embodiment, the cannula is self-centering and the inflow tube 10 centers itself inside the 

defect the dilator has created such that the flared distal end 13 of the singular inflow tube 10 

may seal the entry site. In FIG. 9C, the inflow tube 10 is now moved backward toward the left 

atrial wall as the remainder of the catheter assembly is removed. Also, the operator will feel the 

attachment and drag on the cannula as it anchors against the trial tissue. FIG. 9D depicts the 

cannula system in fluid communication with the left atrium and an additional retaining element 

700 that traps atrial tissue to at least a portion of the outer surface of the flared distal end of the 

inflow tube 10 in a lock and key fashion such that at least a portion of the trapped wall 

conforms to the shape of the flared distal end 13 of the inflow tube 10. The atrial wall is 

mobile and by trapping the mobile tissue and shaping it to engage between the flared distal end 

of the inflow tube 10 on the inside and the retaining element 700 on the outside, the risk of a 

gap in the connection is reduced. The strong locking reduces the risk of leaking of blood or 

suction of air - as it produces a water tight and air tight connection.

[00101] The particular retaining element 700 shown in FIG. 9D may be applied by sliding it 

along the outside of the elongate tubular member until the tissue is trapped. It may be held in 

place by many mechanisms including friction, threads, a washer etc. The retaining element 700 

may consist of a simple metal or polymer material or a combination of metal and polymer that 

can slide along the outside of the elongate tubular portion of the inflow tube 10. It may be 

introduced after the inflow tube 10 is placed inside the atrium - apart from the system shown in 

this series of figures.

[00102] In one embodiment, the retaining element 700 may be pre-positioned at a fixed but 

adjustable distance proximal to the distal end 13 of the inflow tube 10. When the operator 

introduces the distal end 13 of the inflow tube 10 into the atrium, the retaining element 700 may 

act as a stopper to demonstrate to the operator that the distal end of the inflow tube 10 is safely 

inside the atrium. The inflow tube 10 may then be withdrawn until the flared distal end 13 is 

snug against the inside of the heart and the retaining arm can be maneuvered along the elongate 

tubular member to its final position.
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[00103] Another important feature of the retaining element 700 is to provide an excellent 

approximation between the distal end 13 of the inflow tube 10 and the atrial tissue. As a means 

of circumferentially engaging the outer surface 28 of the flared distal end 13 of the inflow tube 

10 to the chamber side of the organ wall 50, the retaining element 700 works from both sides of 

the atrial wall as it ensures that the entire circumference of the distal end 13 of the inflow tube 

10 is firmly touching the atrial wall. This avoids leaving a gap that could allow the formation 

of a clot that could be drawn into the inflow tube 10 and thence into the blood pump and into 

the patient’s circulation, with the attendant risks to the patient described above.

[00104] A retaining element 122 may also be coupled directly to the inflow tube 10, see, e.g., 

FIGS.10A-10C. For example, in FIG. 10A, a retaining element 122 is shown as a retaining arm 

112 extending from and folded against the inflow tube 10. It may be held folded inside a 

catheter 910 during insertion and may self deploy to anchor the outer surface of the distal end 

of the inflow tube 10 to the atrial wall as the catheter 910 is withdrawn. Preferably, the 

deployed retaining arm 112 is a shape in conformity with the flared distal end 13 of the inflow 

tube 10. As shown in FIGS. 10A-10C, the cannula system and catheter assembly are 

introduced into the atrium as described for FIG. 9A. FIG. 10B shows the inflow tube 10 

positioned against the atrial wall as described previously for FIG. 9B In FIG. 10C, the dilator 

916 tipped obturator 914 has been withdrawn and the inflow tube 10 is positioned against the 

atrial wall. The retaining arm 112 “sprung” into position (curved arrows) upon release from the 

catheter, e.g., withdrawal of the catheter (straight arrows). The retaining arm 112 traps the 

atrial tissue, optionally a means of circumferentially engaging the outer surface 28 of the flared 

distal end 13 of the inflow tube 10 to the chamber side of the organ wall 50, to the outer surface 

of the flared distal end of the inflow tube 10 as a retaining means, to aid in preventing the entry 

of fluid leak/air entry, and to ensure that the margin of the flared distal end of the inflow tube 

10 is securely pressed against the atrial tissue.

[00105] The retaining arm 112 may be made from a flexible material such as nitino 1 that 

springs into the closed position of FIG. 10C, but is bent backwards inside the catheter 910 

during delivery. This retaining arm 112 could also be covered by a fabric to encourage healing 

into the heart tissue.

[00106] The hollow retention member 124 or flared distal end 13 of a inflow tube 10 does 

not necessarily need to expand to a perfect circular opening. In one embodiment, the hollow 

retention member 124 or flared distal end 13 of an inflow tube 10 may expand into “leaves or 

lobes.” For example, FIG. 11A shows latitudinal cross-sectional view of the distal end 13 of an
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inflow tube 10 that expands into a plurality of “leaves or lobes” 109. FIG. 1 IB shows an 

important potential advantage of these leaves. In FIG. 1 IB the leaves have been compressed by 

a compression means or element into a closed position. The arrows show how they can self- 

expand into the flared configuration of FIG. 11C. This variation allows folding to a shape like 

FIG. 11 A, to create a blunt tip, such as a “bullet” shape, that can be used to allow smooth 

passage of the inflow tube 10 without catching tissue, and even to function as a dilator to stretch 

an opening in the atrial tissue. In FIG. 11A, the inflow tube 10 is delivered inside a sheath 202. 

It has a fabric backing 804 on the flared distal end of the inflow tube 10 that will come to rest 

against the atrial wall.

[00107] A skilled artisan will recognize that the distal end does not need to have four leaves. 

Two or three might perform the same function. Or, to facilitate folding, the distal end of the 

inflow tube 10 may be formed with a plurality of leaves or lobes.

[00108] FIG. 11C shows how this may be constructed. The core of the inflow tube 10 may 

be made from a polymer such as silicone or urethane (shown here in shading and labeled 

Silicon). The outer surface the distal end of the inflow tube 10 (its outside) that interfaces the 

atrial wall in the final position may have a fabric coating 804, or roughened surface, that 

extends beyond the perimeter of the silicone to create a step 806.

[00109] In FIG. 11C, a wire is shown as a dotted line that can be used to keep this shape to 

the four leaves. The wire could be housed inside a fabric (like a closed sock) so it does not 

touch tissue and is not exposed to blood. Wire, such as nitinol with shape memory 

characteristics, may be a good choice for this location. The wire which creates the leaves may 

have important three-dimensional characteristics. In addition to creating a multi-sided leaf 

shape, it may also be important to have this wire curve backward toward the atrial wall in a 

direction orthogonal to the leaf shape. This will facilitate the contact with tissue. The wire may 

be more than just a simple single loop. It could be a series of wires in the fabric, in the silicone 

or both in the silicone and fabric. It is also possible that a stent structure could perform the 

same function - a nitinol or stainless steel stent could be within the fabric, the polymer or in 

both.

[00110] In FIG. 11C the margin of the silicon core of the cannula generally follows the 

course of the four lobes. It is also possible for the silicon to deviate from the path of the fabric 

804. For example, the margin of the silicon could also be circular or otherwise not precisely 

follow the fabric margin of the inflow tube 10.
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[00111] Shown in FIG. 1 ID is one embodiment that incorporates principles described 

herein. A inflow tube 10 is shown with the distal end in a flared second configuration which 

could have any number of leaves. The wire helps the distal end retain its shape and provides a 

solid edge to the inflow tube 10 at the point where it contacts tissue. A fabric backing 804 is 

shown. The fabric covers a wire at the margin of the trumpet tip. Alternatively the fabric, the 

cannula may have a roughened surface which functions to encourage tissue adhesion and 

eliminate the need for fabric.

[00112] The wire does not need to be in a circle - it could be formed in a zig-zag pattern that 

is easier to fold for insertion. An ordinarily skilled artisan will recognize that if the cannula is 

stiff enough, e.g., of adequate thickness, it may not at all be necessary to have a wire cannula. 

The cannula may retain its shape alone without support.

[00113] FIG. 1 IE shows a cannula system as described in fluidic communication with the 

left atrium of a heart. The atrial wall or atrial septum is trapped between the outside surface of 

the flared distal end of the inflow tube 10 and the retaining arm 112. The fabric material 804 on 

the cannula is held in position by a wire around its margin. The polymer material sits on the 

fabric material 804 and there is a small step 806 up along the polymer surface where it meets 

the fabric to mimic the situation found in a heart valve and to encourage tissue to grow from the 

wall of the heart, along the roughened fabric surface, but stop at the polymer material in the 

cannula.

[00114] In another embodiment, a cannula system need not be placed in fluidic

communication with an organ chamber with a catheter assembly. For example, in FIG. 12A, 

the cannula system is not inside a catheter assembly. The distal end of the inflow tube 10 is 

compressed in the first folded shape by a compression means.

[00115] In this figure, a dilator catheter has a central opening to allow passage of the system 

over a guidewire. As long as the dilator and distal end of the inflow tube 10 are held together, 

the distal end of inflow tube 10 is compressed into a first configuration and is compact and easy 

to insert inside the heart. In this embodiment, the dilator acts a means for compressing the 

distal end of the inflow tube 10, e.g., as a compression tip 204 and inflow tube 10 has just been 

pushed inside the left atrium, although the distal end is not ready for expansion into a second 

configuration until it is farther inside.
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[00116] In FIG. 12B, the cannula system and dilator assembly have been pushed further

inside the atrium. The dilator tip has then been pushed forward to allow the distal end of the

inflow tube 10 to “spring open” to reform into its generally flared shape.

[00117] A wire (labeled Hoop) is shown. This is a zig zag shaped wire that allows the 

trumpet tip to reform after unfolding. Note that a wire would not have to have a zig zag shape. 

A circular wire could be folded inside the dilator tip, but packing and stability may be better 

with a preformed zig zag wire. Also, with enough folds, the margin of perimeter of the distal 

end of the inflow tube 10 effectively becomes a circle.

[00118] In FIG. 12C, the distal end of the inflow tube 10 is expanding; with many folds, the 

generally circular shape is regained and the inflow tube 10 is pulled back, proximally against 

the inner wall of the heart chamber (in the direction indicated by the arrow). It is approaching 

its final position. The atrial wall is dragged with the distal end of the cannula and begins to take 

the general curve of the outer wall of the cannula.

[00119] In FIG. 12D, the inflow tube 10 is shown in fluidic communication with the left 

atrium. Although this figure does not depict a fabric backing, circumferential step, etc., at the 

interface of heart tissue and the cannula, all these features may be incorporated here. Also 

depicted in this figure is a means for retaining the cannula, trapping atrial tissue, etc. This 

means may comprise any of the retaining elements previously described and a combination 

thereof.

[00120] Notably, as depicted, there is no need for a catheter assembly to place the cannula 

system in fluidic communication. The distal end of the inflow tube 10 is bent inward and held 

by a compression means, e.g., the tip of a dilator. This solves many of the disadvantages 

associated with use of a catheter assembly, e.g, the cannula system may stick to a catheter wall 

and considerable engineering and expense is necessary to guarantee delivery. Even with good 

engineering, bends along the course may prevent easy delivery of the cannula system or blood 

can get inside the catheter, clot and lock the cannula system inside the catheter.

[00121] A dilator tip was shown as a compression means to hold the distal end of the cannula 

in a bullet shape. Other compression elements are available to perform this function. As shown 

in FIG. 12E, a smooth suture 206 may be run around the leaves of the cannula tip. To avoid 

injury to the polymer, the suture thread may be passed through fabric. The ends of the suture 

thread could be pulled to compress the distal end of the cannula and then passed down the 

inflow tube 10. The suture 206 may be held tight until the cannula is inside the left atrium. The



WO 2012/033847 PCT/US2011/050709
24

suture 206 may then be released to allow the distal end of the cannula to expand into the final

configuration. One end of the suture thread could be pulled until the entire suture is removed

from the system at the end of the procedure.

[00122] A suture could also be used to help retain the leaves in a closed system and hold the 

leaves to a dilator tip so they do not become separated. A suture loop could also be used 

temporarily to hold the dilator tip to the inflow tube 10 during the insertion procedure.

[00123] Another compression means is depicted in FIG. 13. In FIG. 13A, a coil is shown 

inside the distal end of the inflow tube 10. The natural shape of the distal end of the cannula is 

a trumpet or flare (see Figures 8C and 8D). The cannula is formed from silicone with a spiral 

channel inside that accomodates a wire spring that can be pulled out of the proximal end of the 

cannula. In FIG. 13A, the wire spring is shown being held by a forceps, but this could be any 

compression element. Upon release of the wire, it follows the track inside the distal end which 

then begins to unfold.

[00124] FIG. 13C shows a longitudinal cross section after the distal end of the inflow tube 10 

has achieved its second final configuration and the inflow tube 10 is in fluid communication 

with the organ. FIG. 13D is a three-dimensional rendering of this embodiment.

[00125] Attaching an artificial device inside the circulation preferably entails more than just 

providing a smooth surface on the artificial device. The interface of the heart tissue and the 

artificial material is often the site of clot formation as the artificial material does not easy heal 

or incorporate into the heart tissue. Unfortunately clots may be formed and released repeatedly. 

The clots can travel anywhere in the body. Fortunately, many lessons have been learned from 

multiple years of experience with heart valves. Valves are typically attached to the heart tissue 

with fabrics such as Dacron or Teflon. The artificial valve Is held Inside the fabric - which 

serves as a buffer for tissue ingrowth into the valve. The same principle of using a fabric to 

interface between a cannula system and the heart tissue will also prevent tissue growing into the 

cannula system.

[00126] Fabrics such as Teflon or Dacron are typically used for this purpose. Although a 

fabric is often used, roughened surfaces can be produced on otherwise smooth materials by 

adding a texture (roughening) to a plastic or by sintering a smooth metallic surface. The 

principal is to promote tissue ingrowth by altering the surface to encourage native tissue to fill 

spaces in the implanted material in order to close the gap between the patient’s tissue and the 

implanted device.
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[00127] FIG. 14 provides an enlarged view of how a fabric 804 or roughened surface may be 

added to the distal end of a hollow retention member 124/inflow tube 10 at the tissue interface. 

The combination of the smooth material of the cannula system, a material (such as a fabric) at 

the tissue interface and strong approximation to the heart tissue to hold it without risk of 

motion, to encourage tissue ingrowth into the material (by trapping the tissue between the 

cannula tip and the external retaining element) are prerequisites for excellent biologic 

compatibility.

[00128] An exemplary retaining means is also shown in FIG. 14A. The atrial tissue is 

deformed between the outer surface of the distal end of the hollow retention member/cannula 

and the retaining element 122 in such a way as to produce a solid and uninterrupted contact 

between the atrial tissue and the outer surface of the distal end around the entire perimeter.

FIG. 14B shows a stent as a retaining element.

[00129] The junction between a rough surface (such as a fabric coated surface) and a smooth 

surface (such as a urethane, silicone, pyrolytic carbon or a metal) can cause a risk to the patient. 

If the junction is in one plane, there is a risk that tissue will grow from the rough surface and 

onto the smooth surface. As the tissue does not adhere well to the smooth surface, the tissue 

traveling onto this smooth surface can break off and embolize - carrying the same risks to the 

patient as a blood clot. To avoid this problem, a step can be formed at the junction between the 

rough surface and the smooth surface. It is unusual for tissue to travel onto a smooth surface 

when there is a sharp change in direction at such a junction from rough to smooth surfaces.

[00130] FIG. 14C depicts a cross-sectional view of a step 806 at the junction of the fabric or 

roughened surface and the cannula to avoid the growth of tissue at the junction point.

[00131] There are many ways to create a step. The fabric could be disposed only on the side 

of the flared distal end that touches the atrial wall and the polymer such as silicon could be 

disposed on top of the fabric so that a step is created at their junction.

[00132] In order to improve the ability of the flow of material through the cannula system, it 

may be useful to be able to adjust the position of the elongate tubular member 110/singular 

inflow tube 10. A method for adjusting the cannula system is shown in FIG. 15, wherein the 

elongate tubular member has cables imbedded in the walls to steer and adjust the angle of the 

distal end of the elongate tubular member.

[00133] In FIG. 15 A, a cannula system is being placed in fluidic communication with the left 

atrium of a heart with an elongate tubular member 110 anchored outside of the left atrium and



WO 2012/033847 PCT/US2011/050709
26

with a hollow retention member 124 comprising a self expanding stent disposed in the chamber

as previously shown, see, e.g., FIG. 3. In FIG. 15B, the cannula system has been secured in

position.

[00134] In FIGS. 15C and 15D, the position of the distal end of the elongate tubular member 

has been adjusted with the cables slightly downward toward the mitral valve and reduce the risk 

of suctioning the atrial tissue into the mouth of the system. Cables are commonly used in the 

wall of a catheter. The cables are tensioned and loosened from the end of the cannula outside 

the patient. Typically the cables are fixed at the end of the cannula inside the patient and are 

attached to a push/pull mechanism or a rotating handle to tension and loosen them thereby 

adjusting the tip location.

[00135] ‘ ‘Stiffeners” inside the cannula system, particular the elongate tubular member may

aid in the methods of placing a cannula system in fluidic communication with an organ as 

described above. Stiffeners are generally known as trochars, and are often formed of metals 

that are malleable and allow a surgeon to generally form the shape of the cannula for insertion. 

After the cannula is placed, they are removed. In some embodiments, a dilator tip may serve 

as a trochar - it could have sufficient rigidity to serve as a stiffener to introduce the system, but 

the operator could bend it to a shape that makes it easy to enter the heart. In a form like this 

embodiment, the dilator could have central lumen to allow it to be guided over a wire. Many 

trochars are solid - they have no central lumen. In this case the surgeon pushes the trochar tip 

through the tissue directly (without the benefit of guidance over a wire). A variation of the 

dilator shown in these figures that retains the tip of the cannula for entry in the heart could also 

be formed without a central lumen.

[00136] In one embodiment, a cannula system, particularly the elongate tubular member will 

have to make a variety of turns inside the body to reach a pump. In one embodiment, such 

elongate tubular member comprises circumferential thickenings or ribs to give more stiffness to 

the elongate tubular member (prevent collapse) and to allow the cannula to make turns and 

bends without kinking the internal lumen. The ribs could be circular, linear or spiral or a 

combination. In another embodiment, the cannula system, particularly the elongate tubular 

member is externally reinforced with wire or polymers to prevent collapse and to help them 

maintain a desired pathway inside the body. Reinforcement elements may be wires or plastics 

that form spiral shapes or sleeves around the elongate tubular member.

[00137] Additionally, to give shape to the cannula system, longitudinal channels may be 

made in the wall of the cannula system members and elements to allow the passage of wires or
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shape retaining structures to force the system to follow a particular direction. The wires could

be maleable. The wires or shaping elements could also be removable from these channels.

This could allow softer, stiffer or different shapes to be placed in the wall of the cannula.

[00138] FIGS. 16A and 16B show an alternative embodiment to adjust the position of the 

cannula system. As shown in FIG. 16A, one embodiment uses channels inside the walls of the 

cannula system and to insert stiffener rods in preformed shapes to deflect the tip into a desirable 

shape. Rods can be preformed or can be adjusted by the user to achieve the required deflection.

[00139] FIG. 17 shows an embodiment of hollow retention member 124/distal end of a 

inflow tube 10 having an expanded flared, funnel or trumpet shape. The larger surface area 

provides a smooth path for blood, a reduced entry velocity and a lower suction pressure to 

entice atrial tissue to be suctioned into the cannula system.

[00140] When a cannula system is placed from outside the heart, a small entry is made into 

the chest and the cannula is placed directly into the atrium, see, FIG. 18A The entry site is 

typically in the region of the entry of the two right pulmonary veins. This area is often covered 

with tissue and fat, see, FIG. 18B. As the cannula system is attached to the atrium, fat may be 

brought into the cannula system and it could be sucked into the system, see, FIG. 18C to 

prevent embolization of fatty material, a cannula system as described herein may further 

comprise a “sleeve” 900 barrier configured to trap fat under it and prevent its entry into the 

cannula system, see, FIG. 18E. To deploy the sleeve 900, the sleeve may be positioned on a 

balloon such that inflation of the balloon expands the sleeve 900, which may then be disposed 

between the retention member 124 and the distal opening of the tubular member so that the 

organ wall can be trapped by the retention member and between the sleeve 900 and the distal 

opening of the tubular member. The blood encounters a smooth surface. The sleeve could be 

made from any biocompatible material.

[00141] The same configuration may be achieved with a hollow retention member 

comprising a stent including a covering between its elongate struts, see, FIG. 19. A wide variety 

of “covered stents” have been used and then often employ an ePTFE covering.

[00142] All patents and patent publications referred to herein are hereby incorporated by 

reference.

[00143] Certain modifications and improvements will occur to those skilled in the art upon a

reading of the foregoing description. It should be understood that all such modifications and
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improvements have been deleted herein for the sake of conciseness and readability but are 

properly within the scope of the following claims.
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Claims:

1. A cannula system to direct the flow of material from a chamber of an organ via a wall of 

the organ, comprising

a hollow retention member having a proximal end, a distal end, an outer surface, and a 

lumen extending between the proximal end and the distal end, the distal end being expandable 

between a first configuration and a second configuration in which the perimeter of the outer 

surface of the distal end is larger than the perimeter of the outer surface of the proximal end;

an elongate tubular member having a distal end with a distal opening, a proximal end 

with a proximal opening, and a lumen extending therebetween, the distal end of the tubular 

member configured to cooperate with one or both of the retention member and the organ wall to 

trap the outer surface of the retention member to the chamber side of the organ wall with the 

lumen of the tubular member in fluid communication with the lumen of the retention member; 

and

at least one retaining element configured to anchor one or both of (a) at least a portion 

of the outer surface of the hollow retention member to the chamber side of the organ wall and 

(b) the tubular member to the organ wall outside the chamber.

2. The cannula system of claim 1, wherein the distal opening of the tubular member is 

flared, at least a portion the distal opening having a perimeter larger than the perimeter of the 

outer surface of the proximal end of the retention member.

3. The cannula system of claim 2, wherein the retention member includes a stent that is 

expandable to a shape that conforms to that of the inner surface of the flared distal opening of 

the elongate tubular member.

4. The cannula system of claim 1, wherein the retention member includes a stent having a 

plurality of elongate struts and wherein the retaining element includes one or more of the 

elongate struts.

5. The cannula system of claim 4, wherein the stent is self-expanding and further 

comprising a sheath configured to retain the stent therein with the distal end of the stent in its 

first configuration and from which the stent can be removed to allow the distal end of the stent 

to expand to its second configuration.

6. The cannula system of claim 4, further comprising a balloon that is inflatable from a 

first, deflated configuration to a second, inflated configuration; the stent configured to be 

mounted on the balloon and to be expanded to the second configuration in which the perimeter
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of the outside surface of the distal end of the stent is larger than the perimeter of the outside

surface of the proximal end of the stent by inflation of the balloon to the second, expanded

configuration.

7. The cannula system of claim 2, further comprising a reinforcement element disposed 

about an outside surface of the distal end of the elongate tubular member.

8. The cannula system of claim 1, wherein the at least one retaining element includes a 

plurality of barbs extending from the outer surface of the retention member.

9. The cannula system of claim 1, wherein the at least one retaining element includes a 

plurality of barbs extending from an inner surface of the distal opening of the elongate tubular 

member.

10. The cannula system of claim 1, wherein the at least one retaining element includes at 

least one annular ring disposed on the distal side of the organ and configured to anchor the 

tubular member outside the organ wall.

11. The cannula system of claim 2, wherein the at least one retaining element includes a 

spring compressible between a first configuration and a second configuration that conforms to 

that of the inner surface of the flared distal opening of the elongate tubular member to anchor 

the distal end of the tubular member outside the organ wall.

12. The cannula system of claim 1, wherein the distal opening of the elongate tubular 

member is integral with the proximal end of the retention member.

13. The cannula system of claim 12, wherein the at least one retaining element includes a 

circumferential member configured to anchor the organ wall to the outer surface of the retention 

member.

14. The cannula system of claim 12, wherein the at least at one retaining element includes a 

retaining arm integrated into the tubular member and being foldable between a first folded 

configuration and a second unfolded configuration, and further comprising a sheath to retain the 

retaining arm therein in the first folded configuration against the outer surface of the tubular 

member and from which the retaining arm may be removed to allow the arm to unfold to its 

second unfolded configuration to trap the organ wall between the outer surface of the retention 

member and the retaining arm.

15. The cannula system of claim 12, wherein the distal end of the retention member is self 

expanding.
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16. The cannula system of claim 15, wherein the distal end of the retention member 

comprises a plurality of leaves.

17. The cannula system of claim 16, further comprising a removable compression member 

to compress the retention member in its first configuration for insertion and which when 

removed allows the retention member to expand to its second configuration.

18. The cannula system of claim 17, wherein said compression member is selected from the 

group consisting of a sheath, a compression tip, a suture, and a combination thereof

19. The cannula system of any of claims 1-18, wherein the distal end of the retention 

member comprises a textured surface at the interface of the retention member and the organ 

wall.

20. The cannula system of claim 19, further comprising a circumferential step formed at the 

junction between the textured surface and the retention member.

21. The cannula system of claims 1-18, wherein the distal end of the retention member 

comprises a material that promotes tissue ingrowth at the interface of the retention member and 

the organ wall.

22. The cannula system of claim 21, further comprising a circumferential step formed at the 

junction between the material and the retention member.

23. The cannula system of claim 2, wherein the elongate tubular member further includes at 

least one guidewire within a wall of the elongate tubular member to adjust the orientation of the 

flared distal opening relative to the proximal end of the elongate tubular member.

24. The cannula system of claim 1, further comprising a sleeve configured to be disposed 

between the retention member and the distal opening of the tubular member so that the organ 

wall can be trapped by the retention member between the sleeve and the distal opening of the 

tubular member.

25. The cannula system of claim 1, wherein the organ is a heart, the chamber is a left 

atrium, the chamber wall is one of an atrial septum and an external wall of the left atrium, the 

material is blood, and the elongate tubular member is an inflow tube for a blood pump.

26. A method of placing a cannula into fluidic communication with a chamber of an organ 

of a patient, the cannula having (i) an elongate tubular member with a lumen having a distal 

opening at a distal end thereof and a proximal opening at the proximal end thereof, (ii) a hollow 

retention member disposed at the distal end of the tubular member, the retention member
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including an outer surface and a lumen extending between a proximal end and distal end 

thereof, wherein the distal end of the hollow retention member is expandable between a first 

configuration and a second configuration in which the perimeter of the outer surface of the 

distal end is larger than the perimeter of the outer surface of the proximal end and wherein the 

lumen of the retention member at the proximal end is in fluidic communication with the distal 

end of the elongate tubular member, and (iii) a retaining element configured to trap one or both 

of (a) at least a portion of the outer surface of the retention member to the chamber side of the 

organ wall and (b) the tubular member to the organ wall outside the chamber, the method 

comprising:

advancing the cannula to the chamber;

disposing the retention member in the first configuration through an opening in a wall of 

the organ into the chamber so that the retention member is disposed inside the chamber of the 

organ and the lumen at the proximal end of the retention member is in fluid communication 

with the lumen at the distal end of the tubular member that is outside the chamber;

expanding the retention member to the second configuration;

trapping the retention member to a portion of the chamber side of the wall surrounding 

the opening in the wall with at least a portion of the trapped wall conforming to the shape of the 

retention member in its second configuration.

27. The method of claim 26, wherein the retention member includes a stent having a 

plurality of elongate struts and wherein the retaining element includes one or more of the 

elongate struts.

28. The method of claim 26, wherein the distal opening of the tubular member is flared in 

that at least a portion of the distal opening has a perimeter larger than the perimeter of the outer 

surface of the proximal end of the retention member and the trapping step comprises placing the 

proximal end of the retention member into the distal opening of the tubular member.

29. The method of claim 28, wherein the retention member includes a stent that is 

expandable to a second configuration having a shape that conforms to that of the inner surface 

of the flared distal opening of the elongate tubular member.

30. The method of claim 29, wherein the stent is self-expanding and is retained in its first 

configuration by placing the stent in a sheath and is expanded to its second configuration by 

removing the sheath.
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31. The method claim 30, further comprising as last steps anchoring the inner surface of the 

flared distal opening of the elongate tubular member to the organ wall outside the chamber and 

removing the retention member from the inside chamber of the organ through the hole in the 

wall and the elongate tubular member.

32. The method of claim 31, wherein the removing step comprises reconfiguring the 

retention member to its first configuration as it moves through the hole in the wall and the 

elongate tubular member.

33. The method of 32, wherein said step of removing comprises placing the stent in a sheath 

to reconfigure the stent into the first configuration and withdrawing the stent within the sheath 

from the organ chamber.

34. The method of claim 29, wherein the stent is mounted on a balloon in the first 

configuration and is expanded to its second configuration by inflating the balloon.

35. The method of claim 26, wherein the distal opening of the elongate tubular member is 

integral with the proximal end of the retention member.

36. The method of claim 35, wherein the distal end of the retention member is self

expanding and the trapping step comprise causing circumferential contact between the outer 

surface of the retention member and the chamber side of the wall with a retaining element.

37. The method of claim 36, wherein the retention member is retained in the first 

configuration with a compression element.

38. The method of claim 37, wherein the compression element is selected from the group 

consisting of a sheath, a compression tip, a suture, a forceps, and a combination thereof.

39. The method of claim 36, wherein the retaining element is integral with the elongate 

tubular member.

40. The method of any one of claims 26-39, wherein the distal end of the retention member 

comprises a textured surface at the interface of the retention member and the organ wall.

41. The method of claim 40, further comprising a circumferential step formed at the 

junction between the textured surface and the retention member.

42. The method of any one of claims 26-39, wherein the distal end of the retention member 

comprises a material that promotes tissue ingrowth at the interface of the retention member and 

the organ wall.
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43. The method of claim 42, further comprising a circumferential step formed at the 

junction between the material and the retention member.

44. The method of claim 26, wherein the organ is a heart, the chamber is a left atrium, the 

chamber wall is one of an atrial septum and an external wall of the left atrium, the material is 

blood, and the elongate tubular member is an inflow tube for a blood pump.

45. A cannula system to direct the flow of material from a chamber of an organ via a wall of 

the organ, comprising

an inflow tube having a proximal end, a distal end, an outer surface, and a lumen 

extending between the proximal end and the distal end, wherein the distal end comprises a 

plurality of leaves, is capable of self expanding between a first configuration and a second 

configuration in which the perimeter of the outer surface of the distal end is larger than the 

perimeter of the outer surface of the proximal end, and comprises a material that promotes 

tissue ingrowth at the interface of the retention member and the organ wall; wherein the 

material forms a circumferential step formed at the junction between the material and the 

retention member;

at least one retaining element configured to anchor at least a portion of the outer surface 

of the distal end to the chamber side of the organ wall; and

at least one removable compression element configured to retain at least the distal end 

of the inflow tube in the first configuration comprising a sheath.

46. A cannula system to direct the flow of material from a chamber of an organ via a wall of 

the organ, comprising

a inflow tube having a proximal end, a distal end, an outer surface, and a lumen 

extending between the proximal end and the distal end, wherein the distal end comprises a 

plurality of leaves, is capable of self expanding between a first configuration and a second 

configuration in which the perimeter of the outer surface of the distal end is larger than the 

perimeter of the outer surface of the proximal end, and comprises a material that promotes 

tissue ingrowth at the interface of the retention member and the organ wall; wherein the 

material forms a circumferential step formed at the junction between the material and the 

retention member;

at least one retaining element configured to anchor at least a portion of the outer surface 

of the distal end to the chamber side of the organ wall; and

at least one removable compression element configured to retain at least the distal end 

of the inflow tube in the first configuration comprising a compression tip.
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47. A method of coupling an inflow tube of a blood pump to the atrial septum of a patient’s 

heart, in fluidic communication with the left atrium of the heart, the inflow tube having a 

proximal end, a tubular body, a distal end, an outer surface, and a lumen extending between a 

proximal opening at the proximal end and a distal opening at the distal end and being initially 

disposed on a delivery catheter, the distal end of the inflow tube being self-expandable between 

a first configuration in which the distal opening is substantially closed, and a second 

configuration in which the distal opening is open and in which the perimeter of the outer 

surface of the distal end is larger than the perimeter of the outer surface of the tubular body, the 

catheter including a compression element movable between a first, engaged position in which 

the compression element is engaged with the distal end to maintain the distal end in the first 

configuration a second, released position in which the compression element is disengaged from 

the distal end and allows the distal end to self-expand to the second configuration, the method 

comprising:

advancing the distal end of the inflow tube distally through the right atrium of the heart, 

through an opening in the atrial septum, and at least partially into the left atrium of the heart;

moving the retention member from its first, engaged position to its second, released 

position in the first configuration thereby allowing the distal end to move to its second 

configuration and to establish fluidic communication between the left atrium and the distal 

opening;

withdrawing the distal end of the inflow tube proximally to engage the outer surface of 

the distal end with the atrial septum; and

anchoring the distal end of the inflow to the atrial septum.
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