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DEVICES, SYSTEMS, AND METHODS FOR IMPLANTING AND USING A
CONNECTOR IN A TISSUE WALL

FIELD OF THE INVENTION

[0001] The present invention relates to devices, systems, and methods for
implanting and using a connector in a tissue wall to establish, maintain, control, and close

a fluid communication between opposing surfaces of the tissue wall.

BACKGROUND OF THE INVENTION

[0002] In the human body, various organs contain fluids both in liquid and gaseous
forms within tissue layers or cavities formed by tissue. These liquids may or may not be
contained under pressure. The tissue walls around these cavities are normally designed to
confine these liquids to specific areas of the body. Blood as in the heart and vasculature in
order to preserve its volume and transport oxygen to tissue, gastric and intestinal fluids as
in the stomach and intestines in order to transport remains of digestion out of the body
after nutrients are absorbed, urine in the bladder in order to expel liquid waste from the
body, fluid within the eye to maintain its shape and passage of light, are examples of such
tissue fluid-confining systems. During medical procedures within these cavities it is of
extreme importance to control the fluid within. The most common example is
cardiopulmonary bypass during open heart surgery, although, in all procedures associated
with the systems above emphasis is placed on control of the fluid within these cavities or
organs. For this control, extra space often is required to conduct these interventions;
therefore, highly invasive procedures may be required for surgery within these cavities,
especially while maintaining organ function. The most complex example of these
interventions is beating heart surgery, involving procedures that are conducted “off
pump.” Tor less invasive procedures, especially those within the vascular system, access
ports or conduits which allow for fluid communication, control, and tissue closure within

the organ being repaired are therefore required.

[0003] Because of the importance of heart function and the complexities
associated with this pressurized system, some of the most complex procedures associated

with bodily fluids are performed on this organ. Several of these procedures would benefit



10

15

20

25

30

WO 2014/144085 PCT/US2014/028346

R

from an access port or conduit that can be connected to the heart while maintaining a fluid

tight seal with tissue surfaces.

[0004] One procedure that would benefit from an improved fluid tight access port
or conduit into the heart would be the implantation of a ventricular assist device (VAD),
such as a left ventricular assist device (LVAD) between the left ventricle and the aorta, or
a right ventricular assist device (RVAD) between the right ventricle and the pulmonary
artery. The LVAD includes a mechanical pump that assists a failing heart by circulating
blood through an alternative conduit from the left ventricle to the aorta. According to
current techniques for LVAD implantation, which typically are performed on-pump, a
hole is formed in the apex of the left ventricle and a conduit is secured within the hole via
sutures. The RVAD similarly includes a mechanical pump that assists a failing heart by
circulating blood through an alternative conduit from the right ventricle to the pulmonary
artery. RVAD implantation techniques, which also tend to be performed on-pump,
involve forming a hole in the lateral wall of the right ventricle and securing a conduit
within the hole via sutures. After establishing a fluid tight connection between the conduit
and the ventricular wall, an inlet tube of the VAD is attached to the conduit, which allows
blood to flow from the ventricle to the pump. Due to the substantial risks of
cardiopulmonary bypass, particularly for patients with advanced heart failure, it would be
highly desirable to implant the VAD during an off-pump procedure. However, due to
challenges in forming a hole in the ventricle of an active heart and then securely suturing a
traditional conduit in place, on-pump techniques remain the standard for VAD

implantation.

[0005] Another procedure that would benefit from an improved fluid tight access
port or conduit into the heart would be heart valve replacement, which is the most
common open heart cardiovascular surgery procedure. Currently, most heart valve repair
or replacement surgeries are conducted on a heart at rest under cardiopulmonary bypass
through a large median sternotomy. This surgery is highly invasive, and therefore, the
population that may survive such a procedure is limited to those who are strong surgical
candidates. In recent years, valves for minimally invasive deployment through the
femoral artery or apex of the heart have been developed. These valves may be used in
patients that would under other conditions be deemed non-candidates. The use of these

valves may also in the future reduce complications associated with cardiopulmonary
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bypass and large incisions in surgical candidates. For those procedures through the apex
of the heart, it has been shown that bleeding complications are directly associated with
50% increased mortality, and thus an access port or conduit that would reduce bleeding

complications, decrease incision size, and simplify closure would be of great benefit.

[0006] Yet another procedure that would benefit from an improved fluid tight
access port or conduit into the heart would be the construction of an alternative conduit
between the left ventricle and the aorta (an apicoaortic conduit, or AAC). This procedure
creates a double-outlet left ventricle (V) to treat a variety of complex congenital LV
outflow obstruction (fibrous tunnel obstruction, aortic annular hypoplasia, tubular
hypoplasia of the ascending aorta, and patients with diffuse septal thickening, severe LV
hypertrophy, and a small L.V cavity) as well as adult-onset aortic stenosis in patients with
complicating preoperative conditions (previous failed annular augmentation procedures,
previous infection, previous CABG with patent anterior internal mammary artery grafts,
and a porcelain ascending aorta). However, the AAC insertion procedure has been poorly
accepted, with or without cardiopulmonary bypass, and has not been as technically
straightforward as direct aortic valve replacement. Nonetheless, several studies have
demonstrated that AAC insertion successfully lessens the L.V-aortic pressure gradient,
preserves or improves ventricular function, and maintains normally distributed blood flow

through the systemic and coronary circulation.

[0007] While there have been several techniques described, the most commonly
employed method is the lateral thoracotomy approach with placement of the AAC to the
descending aorta or a median sternotomy. The current techniques and technology
available to perform AAC insertion were originally designed to be performed on-pump,
either with an arrested or fibrillating heart, and are therefore, highly invasive. Although
off-pump cases have been described, they can be technically difficult due to the
shortcomings of presently available conduits and systems for installing such conduits. For
example, because existing conduits require the use of sutures to reliably secure the
conduits in place, it is often difficult for surgeons or other clinicians to insert such sutures

reliably in active cardiac and/or vascular tissue.

[0008] The various devices and systems described herein may be utilized as an
accompaniment with any number of surgical procedures to gain access through a variety

of possible tissues. For example, the devices and systems may be utilized to provide fluid
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access across a tissue wall for various procedures, such as, but not limited to, implantation
of a VAD, establishing an AAC, establishing a port for inter-ventricular repairs (e.g.,
valve repair, valve replacement, or ablation procedures, etc.), establishing valved and/or
open conduits (including bypass conduits) to augment native blood vessels in order to treat
a variety of vascular conditions (e.g., aortic valvular disease, congestive heart failure, left
ventricle outflow tract obstructions (LLVOTOQO), peripheral arterial obstructions, small
vessel obstructions, etc.), providing a conduit across a urinary bladder wall, providing a
conduit across a gall bladder wall, providing a conduit into a thoracic cavity, providing a
conduit into an abdominal cavity, providing a conduit into a cecal cavity, providing access
into the cornea or eye walls, or providing access across or into any other tissue wall
structures. Accordingly, the devices and systems described herein may be utilized with
any of the aforementioned procedures and/or to gain access through any of the

aforementioned tissue walls.

[0009] Certain related devices, systems, and methods have been previously
described, such as those described in U.S. Patent No. 7,846,123, PCT Patent Publication
WO 2012/103546, and PCT Patent Publication WO 2012/106422, which are hereby
incorporated by reference herein in their entirety. However, improved devices, systems,
and methods for implanting and using a connector in a tissue wall are desirable, which
may be used to establish, maintain, control, and close a fluid communication between

opposing surfaces of the tissue wall.

SUMMARY OF THE INVENTION

[0010] Various embodiments of the present invention provide improved devices,
systems, and methods for implanting and using a connector in a tissue wall to establish,
maintain, control, and close a fluid communication between opposing surfaces of the
tissue wall. Accordingly, such devices, systems, and methods may allow for implanting
and using the connector in various tissue walls, including those of the heart, the stomach,
or the bladder, to access various cavities defined therein. In certain applications,
embodiments of the devices, systems, and methods may significantly simplify the in vivo
beating heart treatment of cardiac patients. For example, embodiments of the devices,

systems, and methods described herein may allow for implanting and using the connector
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in the beating cardiac apex, in areas near the apex including the fat-free brown patch on
the anterolateral side of the apex, in the lateral wall of the right ventricle, or in other tissue
walls (such as other areas of the heart including the anterior, lateral, posterior walls of the
left or right ventricle, the left or right atrium, the aortic wall, ascending, transverse, or
descending, or other blood vessel walls), such that it may effectively reduce and/or negate
the detrimental effects of both cardio-pulmonary by-pass (CPB) and global cardiac
ischemia. In this manner, the connector may be used as a fluid-tight access port for
implantation of a VAD. Alternatively, the connector may be used as a fluid-tight access
port for construction of an AAC. Further, the connector may be used as a fluid-tight
access port for intravascular and intracardiac procedures such as heart valve repair or

replacement.

[0011] In one embodiment of the present invention, a connector is provided for
implanting in a tissue wall to establish, maintain, control, and close a fluid communication
between opposing surfaces of the tissue wall. Specifically, the connector may be utilized
as a heart connector configured for use in various cardiac procedures, including, but not
limited to implantation of a VAD. The connector may include an anchoring device, a port,
and a coupler device. The anchoring device may be configured for advancing at least
partially through the tissue wall. The port may be positioned about a proximal end of the
anchoring device, and the port may define an aperture therethrough. The coupler device
may be positioned about the port, and the coupler device may be configured for coupling

to a medical device.

[0012] The anchoring device may be a suture-less device configured for advancing
at least partially through the tissue wall. In some aspects, the anchoring device may
include a helical coil or spring. The helical coil or spring may include a radially-
expanding helical coil or spring such that a helical diameter of the coil or spring increases
from a proximal end of the anchoring device toward a distal end of the anchoring device.
Alternatively, the helical coil or spring may include a straight helical coil or spring such
that a helical diameter of the coil or spring is substantially constant from a proximal end of
the anchoring device to a distal end of the anchoring device. In other aspects, the
anchoring device may include a plurality of pins, prongs, barbs, or hooks. In some

aspects, the anchoring device may be configured for compressing at least a portion of the
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tissue wall inward toward an axis of the anchoring device when advanced at least partially

therethrough.

[0013] In certain aspects, the port may be formed as a substantially ring-shaped
member. The port may include a flange formed about a distal end of the port, and the
flange may be configured for contacting the tissue wall upon advancing the anchoring
device at least partially therethrough. The port also may include tool attachment features

configured for attaching various tools to the connector.

[0014] In some aspects, the coupler device may be a suture-less device configured
for coupling to the medical device. The coupler device may be configured for receiving
and axially retaining the medical device. The coupler device also may be configured for
preventing axial rotation of the medical device. The coupler device may be configured for
locking onto a smooth outer surface of the medical device. The medical device may be an
inlet tube of a ventricular assist device, and the coupler device may be configured for
receiving and retaining the inlet tube. The coupler device may be configured for locking
onto a smooth outer surface of the inlet tube. In certain aspects, the coupler device may
include a deflection arm mechanism configured for receiving and axially retaining the
medical device. The deflection arm mechanism also may be configured for preventing
axial rotation of the medical device. The deflection arm mechanism may include a
deflection arm configured for deflecting inward into an aperture of the coupler device and
retaining the medical device. In other aspects, the coupler device may include a taper lock
mechanism configured for receiving and retaining the medical device. In some aspects,
the coupler device may include an axial clip mechanism configured for receiving and
retaining the medical device. In other aspects, the coupler device may include a worm
gear collet mechanism configured for receiving and retaining the medical device. In still
other aspects, the coupler device may include a hinged ring lock mechanism configured
for receiving and retaining the medical device. In other aspects, the coupler device may
include an axial clip and clamp mechanism configured for receiving and retaining the
medical device. In certain aspects, the coupler device may include a universal coupler
device configured for receiving and axially retaining an inlet tube having an outer
diameter within a selected range. In some such aspects, the outer diameter may be
between 15 mm and 30 mm. In other such aspects, the outer diameter may be between 19

mm and 22 mm.



10

15

20

25

30

WO 2014/144085 PCT/US2014/028346

-

[0015] In certain aspects, the connector may further include a secondary sealing
element configured for contacting and sealing against the tissue wall upon advancing the
anchoring device at least partially therethrough. The secondary sealing element may be
formed as a substantially ring-shaped member positioned about the distal end of the port.
In some aspects, the secondary sealing member may have a generally frusto-conical shape.
In other aspects, the secondary sealing member may have a generally flat annular shape.
The secondary sealing member may be formed of a rigid or substantially rigid material
configured for biasing the tissue wall to conform to the geometry of the secondary sealing
element. Alternatively, the secondary sealing member may be formed of a flexible or

elastic material configured for conforming to the shape of the tissue wall.

[0016] In some aspects, the connector may further include a hemostasis valve
configured for closing a fluid communication through the connector. The hemostasis
valve may be positioned at least partially within the aperture of the port, and the
hemostasis valve may be configured for closing the fluid communication through the
aperture. The hemostasis valve may be formed as a one-way valve. Specifically, the
hemostasis valve may be formed as a one-way multi-leaflet valve. Alternatively, the
hemostasis valve may be formed as a tubular membrane. In some aspects, the hemostasis
valve may be configured for allowing at least a portion of the medical device to pass
therethrough. In some such aspects, the hemostasis valve may be configured for forming a

fluid-tight seal about an outer surface of the medical device.

[0017] In some aspects, the connector may further include a cannula configured
for positioning at least partially through the aperture of the port and at least partially
through the tissue wall. The cannula may include threads configured for engaging mating
threads of the port. The connector may include a hemostasis valve positioned at least
partially within the cannula and configured for closing a fluid communication through the

connector.

[0018] In certain aspects, the connector may include one or more de-airing orifices
configured for de-airing a cavity defined by the tissue wall, such as a ventricle defined by
a heart tissue wall. The de-airing orifices may be defined in the hemostasis valve of the
connector. Specifically, the de-airing orifices may be defined in the base of one or more
valve leaflets at a proximal end of the valve. Alternatively, the de-airing orifices may be

defined between the valve leaflets. In some aspects, the de-airing orifices may be defined
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in the port or in the cannula of the connector. The de-airing orifices also may be
configured for allowing the passage of a small amount of fluid contained within the cavity.
In certain aspects including the de-airing orifices defined in the hemostasis valve, the
hemostasis valve may include flaps positioned adjacent the de-airing orifices and
configured for re-directing the flow of fluid onto proximal surfaces of the hemostasis

valve.

[0019] In some aspects, the connector may include a rotation element configured
for allowing the medical device, such as a VAD inlet tube, to rotate relative to the
anchoring device and/or the port of the connector in a manner that changes an angle of
incidence of the medical device with respect to the tissue wall. The rotation element may
be a rotation knee-type joint. In some aspects, the rotation element may be positioned
between the port and the cannula. Alternatively, the rotation element may be positioned
between the cannula and the medical device. In certain aspects, the connector may also
include a locking mechanism for retaining the angular position of the medical device

relative to the anchoring device and/or the port.

[0020] In one embodiment of the present invention, a cutting tool is provided for
forming a hole in a tissue wall. The cutting tool may include a piercing device and a
coring device. The piercing device may include a piercing element configured for
piercing the tissue wall and advancing therethrough. The piercing device may also include
an expandable element positioned adjacent the piercing element and configured for
expanding from a laterally contracted state to a laterally expanded state. The coring
device may include a coring tube configured for removably receiving the piercing element
and the expanding element therein. The expandable element and the coring tube may be
configured to form the hole in the tissue wall by removing a tissue core therefrom. In
some aspects, the expandable element may include a plurality of plates configured for
moving from an axial position to a lateral position. In certain aspects, the piercing device
and the coring device may be configured for translating axially with respect to one

another.

[0021] In one embodiment of the present invention, an intra-cardiac circulatory
support system is provided. The system may include a valved port, an anchoring device,
and an intra-ventricular VAD. The valved port and the anchoring device may be

configured for delivering the intra-ventricular VAD into a ventricle of a heart, and the
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anchoring device may be configured for maintaining the intra-ventricular VAD therein for
treatment of a patient. The valved port may be removably attached to a proximal end of
the anchoring device and configured for receiving the intra-ventricular VAD therein. In
some aspects, the system may also include a closure element configured for occluding or
closing fluid communication through the heart tissue wall. The closure element may
include a pass-through orifice configured for allowing passage of a catheter, cables, or
other elements that may need to be externalized through the heart tissue wall. The closure
element also may include a hemostasis element configured for sealing around the catheter,

cables or other externalized elements.

[0022] These and other features and improvements of embodiments of the present
invention will become apparent to one of ordinary skill in the art upon review of the
following detailed description when taken in conjunction with the several drawings and

the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Having thus described various embodiments of the present invention in
general terms, reference will now be made to the accompanying drawings, which are not

necessarily drawn to scale, and wherein;

[0024] FIG. 1A shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0025] FIG. 1B shows a non-limiting side cross-sectional view of the connector of
FIG. 1A.
[0026] FIG. 1C shows a non-limiting side cross-sectional view of a taper lock

mechanism of the connector of FIG. 1A.

[0027] FIG. 1D shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0028] FIG. 1E shows a non-limiting perspective view of the connector of FIG. 1A

attached to a tool.
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[0029] FIG. 1F shows a non-limiting perspective view of the connector of FIG. 1A
attached to a tool.
[0030] FIG. 2A shows a non-limiting perspective view of an exemplary connector

for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0031] FIG. 2B shows a non-limiting side cross-sectional view of the connector of
FIG. 2A.
[0032] FIG. 2C shows a non-limiting side perspective view of the connector of
FIG. 2A.
[0033] FIG. 2D shows a non-limiting perspective view of the connector of FIG.

2 A attached to a tool.

[0034] FIG. 2E shows a non-limiting side view of the connector of FIG. 2A

attached to a tool.

[0035] FIG. 2G shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0036] FIG. 3A shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0037] FIG. 3B shows a non-limiting top view of a worm gear collet mechanism of

the connector of FIG. 3A.

[0038] FIG. 3C shows a non-limiting top view of a worm gear collet mechanism of

the connector of FIG. 3A.

[0039] FIG. 4A shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0040] FIG. 4B shows a non-limiting perspective view of a cannula of the

connector of FIG. 4A.
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[0041] FIG. 4C shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0042] FIG. 4D shows a non-limiting perspective view of a cannula of the

connector of FIG. 4C.

[0043] FIG. 4E shows a non-limiting perspective view of the cannula of FIG. 4D.
[0044] FIG. 4F shows a non-limiting perspective view of the cannula of FIG. 4D.
[0045] FIG. 4G shows a non-limiting top view of the cannula of FIG. 4D.

[0046] FIG. 4H shows a non-limiting perspective view of the cannula of FIG. 4D.
[0047] FIG. 41 shows a non-limiting perspective view of an exemplary connector

for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0048] FIG. 5A shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0049] FIG. 5B shows a non-limiting perspective view of the connector of FIG.
SA.

[0050] FIG. 5C shows a non-limiting top view of the connector of FIG. SA.

[0051] FIG. 5D shows a non-limiting side cross-sectional view of the connector of
FIG. 5A.

[0052] FIG. 5E shows a non-limiting perspective view of the connector of FIG. 5A

and a mating medical device.

[0053] FIG. 5F shows a non-limiting perspective view of the connector of FIG. 5A

and a mating medical device.

[0054] FIG. 6A shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.
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[0055] FIG. 6B shows a non-limiting side perspective view of the connector of
FIG. 6A.
[0056] FIG. 6C shows a non-limiting top view of the connector of FIG. 6A.
[0057] FIG. 6D shows a non-limiting side cross-sectional view of the connector of
FIG. 6A.
[0058] FIG. 6F shows a non-limiting perspective view of an exemplary connector

for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0059] FIG. 6F shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0060] FIG. 6G shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0061] FIG. 6H shows a non-limiting perspective view of an exemplary connector
for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0062] FIG. 7A shows a non-limiting perspective view of an exemplary delivery
tool for implanting a connector in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0063] FIG. 7B shows a non-limiting detailed perspective view of the delivery tool
of FIG. 7A.
[0064] FIG. 8A shows a non-limiting perspective view of an exemplary cutting

tool for forming a hole in a tissue wall, in accordance with one embodiment of the present

invention as may be described herein.
[0065] FIG. 8B shows a non-limiting side view of the cutting tool of FIG. SA.

[0066] FIG. 9A shows a non-limiting perspective view of an exemplary cutting
tool for forming a hole in a tissue wall, in accordance with one embodiment of the present

invention as may be described herein.
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[0067] FIG. 9B shows a non-limiting side cross-sectional view of the cutting tool
of FIG. 9A.
[0068] FIG. 9C shows a non-limiting side view of the cutting tool of FIG. 9A,

along with various cutting tubes that may be used by the cutting tool.

[0069] FIG. 10A shows a non-limiting side view of an exemplary combination tool
for implanting a connector and forming a hole in a tissue wall, in accordance with one

embodiment of the present invention as may be described herein.

[0070] FIG. 10B shows a non-limiting detailed perspective view of the
combination tool of FIG. 10A.

[0071] FIG. 10B shows a non-limiting detailed perspective view of the
combination tool of FIG. 10A.

[0072] FIG. 11A shows a non-limiting side view of an exemplary combination tool
for implanting a connector and forming a hole in a tissue wall, in accordance with one

embodiment of the present invention as may be described herein.

[0073] FIG. 11B shows a non-limiting side view of the combination tool of FIG.
11A.
[0074] FIG. 11C shows a non-limiting detailed perspective view of the

combination tool of FIG. 11A.

[0075] FIG. 11D shows a non-limiting perspective view of the combination tool of
FIG. 11A.
[0076] FIG. 12A shows a non-limiting side view of an exemplary system for

implanting a connector and forming a hole in a tissue wall, in accordance with one

embodiment of the present invention as may be described herein.

[0077] FIG. 12B shows a non-limiting perspective view of the cutting tool of the
system of FIG. 12A.

[0078] FIG. 12C shows a non-limiting perspective view of the cutting tool of the
system of FIG. 12A.

[0079] FIG. 12D shows a non-limiting perspective view of the cutting tool of the
system of FIG. 12A attached to a cannula.
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[0080] FIGS. 13A-13F show a sequence of steps of an exemplary method for
implanting a connector and a medical device in a tissue wall, in accordance with one

embodiment of the present invention as may be described herein.

[0081] FIG. 14A shows a non-limiting view of an exemplary connector being

implanted in a tissue wall of a heart.

[0082] FIG. 14B shows a non-limiting top view of an exemplary connector for
implanting and using in a tissue wall, in accordance with one embodiment of the present

invention as may be described herein.

[0083] FIG. 14C shows a non-limiting perspective view of the connector of FIG.
14B.

[0084] FIG. 14D shows a non-limiting side cross-sectional view of the connector
of FIG. 14B.

[0085] FIG. 14E shows a non-limiting perspective view of an exemplary connector

for implanting and using in a tissue wall, in accordance with one embodiment of the

present invention as may be described herein.

[0086] FIG. 14F shows a non-limiting perspective view of the connector of FIG.
14E.
[0087] FIG. 15A shows a non-limiting side cross-sectional view of an exemplary

system for implanting and using in a heart including an intra-cardiac circulatory support
system, in accordance with one embodiment of the present invention as may be described

herein.

[0088] FIG. 15B shows a non-limiting perspective view of an anchoring device

and an intra-ventricular VAD of the system of FIG. 15A implanted in a heart.

[0089] FIG. 15C shows a non-limiting perspective view of a plug of the system of
FIG. 15A.

[0090] FIG. 15D shows a non-limiting perspective view of the plug of FIG. 15C.
[0091] FIG. 16A shows a non-limiting side cross-sectional view of an exemplary

flexible locking tool for use with a connector for implanting and using in a tissue wall, in

accordance with one embodiment of the present invention as may be described herein
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[0092] FIG. 16B shows a non-limiting perspective view of the flexible locking tool
of FIG. 16A.
[0093] FIG. 17A shows a non-limiting side cross-sectional view of an exemplary

connector for implanting and using in a tissue wall, in accordance with one embodiment of

the present invention as may be described herein.

[0094] FIG. 17B shows a non-limiting side cross-sectional view of the connector

of FIG. 17A.

DETAILED DESCRIPTION OF THE INVENTION

[0095] Embodiments of the present invention now will be described more fully
hereinafter with reference to the accompanying drawings, in which some, but not all,
embodiments of the inventions are shown. Indeed, the invention may be embodied in
many different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art. Like
reference numbers refer to like elements throughout. The singular forms *“a,” “an,” and

“the” can refer to plural instances unless the context clearly dictates otherwise or unless

explicitly stated.

[0096] Embodiments described herein provide devices, systems, and methods for
implanting and using a connector in a tissue wall to establish, maintain, control, and close
a fluid communication between opposing surfaces of the tissue wall. The embodiments
may rely, in part, on the material characteristics of tissue to allow for the connector to
establish, maintain, control, and close such fluid communication. In this manner, the
geometric configuration and/or elastic properties of certain features of the embodiments
may be utilized in combination with the material characteristics of the tissue and puncture
site anatomy. Most soft tissues in the body are elastic, viscoelastic, and/or
quasilinearelastic in nature, and therefore, are highly deformable under external loads or
forces. Areas of cut, punctured, or disrupted tissue may therefore be deformed so as to
manipulate the severed areas of tissue to establish, maintain, control, and close fluid

communication between opposing surfaces of the tissue wall.
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[0097] FIGS. 1A-1F illustrate an exemplary embodiment of a connector 100 (also
referred to herein as a tissue connector or a heart connector) configured for implanting and
using in a tissue wall to establish, maintain, control, and close a fluid communication
between opposing surfaces of the tissue wall, as may be described herein. In this manner,
the connector 100 may be utilized as a tissue connector configured for use in any number
of surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 100 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of an VAD.
As is shown, the connector 100 may include an anchoring device 102, a port 106, and a
coupler device 110. The anchoring device 102 may be configured for advancing at least
partially into the tissue wall to secure the connector 100 for subsequent use during a

surgical procedure.

[0098] The port 106 may be attached to a proximal end of the anchoring device
102 and may define an aperture 114 therethrough. In this manner, upon advancing a distal
end of the anchoring device 102 at least partially into the tissue wall, the port 106 may be
positioned against the tissue wall and the aperture 114 may provide access to the tissue
wall for carrying out the procedure through the connector 100. The coupler device 110
may be positioned about the port 106 and may be configured for coupling various medical
devices to the connector 100, as will be described in detail below. For example, the
coupler device 110 may be configured for coupling various tubular medical devices
having an outer diameter within the range of 10 mm and 30 mm, and more particularly
within the range of 15 mm and 25 mm. An aperture 118 may be defined through the
coupler device 110 for receiving such medical devices as well as various surgical tools

that may be passed through the connector 100 to the tissue wall.

[0099] In certain aspects, the anchoring device 102 may include a helical coil or
spring positioned about an axis of the connector 100. Accordingly, the anchoring device
102 may be configured for advancing at least partially into the tissue wall along a helical
path defined by the coil or spring. In this manner, the anchoring device 102 provides a
suture-less device for securing the connector 100 to the tissue wall. The distal end of the
helical coil or spring may include a sharpened tip 122 configured for piercing a first
surface (e.g., an outer surface) of the tissue wall upon contact and for allowing the helical

coil or spring to then be easily advanced toward a second surface (e.g., an inner surface) of
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the tissue wall upon rotation of the connector 100. In this manner, the anchoring device
102 may be configured for advancing at least partially into the tissue wall such that at least
a portion of the anchoring device 102 becomes disposed substantially between the first
surface and the second surface of the tissue wall. Upon advancing the anchoring device
102 at least partially into the tissue wall, the helical coil or spring may provide support and
reinforcement of the tissue wall. TFor example, the helical coil or spring may assist in
preventing tearing or expansion of a hole subsequently formed in the tissue wall through
the connector 100 during the surgical procedure. In certain aspects, the anchoring device
102 may include a plurality of helical coils or springs having sharpened tips 122 that are
radially offset and equally spaced apart from one another. For example, the anchoring
device 102 may include two helical coils or springs having tips 122 that are spaced 180-
degrees apart, or three helical coils or springs having tips 122 that are spaced 120-degrees.
In this manner the plurality of helical coils or springs may be configured to balance the
anchoring device 102 in the tissue wall, and may enhance starting the anchoring device

102 in the tissue wall in a manner similar to that of a multi-start threadform.

[00100] In some aspects, as is shown in FIG. 1A, the helical coil or spring may be
formed as a radially-expanding helical coil or spring having a helical diameter that
increases from the proximal end toward the distal end of the anchoring device 102. In this
manner, the helical coil or spring may have a conical shape such that the diameter of the
distal end is substantially larger than the diameter of the proximal end. Due to the shape
of the radially-expanding helical coil or spring, the anchoring device 102 may be
configured to compress at least a portion of the tissue wall inward toward an axis of the
anchoring device 102 when advanced therethrough. Such inward compression of the
portion of the tissue wall may assist in securely attaching the connector 100 to the tissue
wall. Moreover, such inward compression of the portion of the tissue wall may be utilized
to compress tissue toward or against a conduit or other medical device that may be
inserted through the connector 100 and through the hole formed in the tissue wall. In this
manner, the compressed tissue may assist in securely positioning the conduit or medical
device within the hole in the tissue wall and within an approximate center of the anchoring
device 102. Additionally, the compressed tissue may provide a fluid tight seal between
the tissue wall and an outer surface of the conduit or medical device. In other aspects, as

is shown in FIG. 1D, the helical coil or spring may have a substantially constant helical
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diameter along the length of the anchoring device 102. In this manner, inward tissue
compression caused by the anchoring device 102 may be limited to that resulting from
tissue displacement caused by advancing the helical coil or spring into the tissue wall.
Additional tissue compression, however, may be achieved between the helical coil or
spring and the outer surface of the conduit or medical device, as described in detail below.
Specifically, a hole may be formed in the tissue wall, the hole having a diameter less than
an outer diameter of the conduit or medical device inserted therein. Accordingly, upon
insertion, the conduit or medical device may compress at least a portion of the tissue wall
radially outward toward the helical coil or spring. In still other aspects, the helical coil or
spring may have a varying helical diameter along the length of the anchoring device 102,
including radially-expanding portions and radially-contracting portions extending from the
proximal end toward the distal end of the anchoring device 102. In this manner, tissue
compression may vary along the thickness of the tissue wall according to the radially-
expanding portions and radially contracting portions positioned therein. In some aspects,
the helical coil or spring may have a varying pitch along the length of the anchoring

device 102 and thus may be configured for axially compressing layers of the tissue.

[00101] In other aspects where the anchoring device 102 does not include a helical
coil or spring, the anchoring device 102 may include non-helical elements, such as pins,
prongs, barbs, hooks, staples, or other similar features, configured for advancing at least
partially into the tissue wall to secure the connector 100 for subsequent use during a
surgical procedure. In some such aspects, the anchoring device 102 may be configured to
compress at least a portion of the tissue wall inward toward an axis of the anchoring
device 102 when advanced therethrough, due at least in part to the configuration of the
pins, prongs, barbs, hooks, staples, or other similar features. Such inward compression of
the portion of the tissue may provide functional advantages similar to those described
above with respect to the anchoring device 102 including the helical coil or spring. In
some aspects, the anchoring device 102 may include a glue or adhesive configured for

enhancing attachment of the anchoring device 102 to the tissue wall.

[00102] In certain aspects, the port 106 may be formed as a substantially ring-
shaped member having a circumferential inner surface 126 and a circumferential outer
surface 128. In this manner, the aperture 114 may be defined by the circumferential inner

surface 126 of the port 106. As noted above, the port 106 may be attached to the proximal
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end of the anchoring device 102. Specifically, the port 106 may be rigidly attached to the
proximal end of the anchoring device 102 such that axial rotation of the port 106 results in
corresponding axial rotation of the anchoring device 102 for advancing the anchoring
device 102 at least partially into the tissue wall. As is shown, the proximal end of the
anchoring device 102 may be positioned within the aperture 114 of the port 106. In some
aspects, the port 106 may include a flange 132 formed about the distal end of the port 106
and extending radially outward. Accordingly, the flange 132 may be configured for
contacting the first surface of the tissue wall upon advancing the anchoring device 102

therethrough.

[00103] As is shown, the flange 132 may have a generally frusto-conical shape, and
the proximal end of the anchoring device 102 may be positioned within the portion of the
aperture 114 defined by the flange 132. In some aspects, the flange 132 may include a
plurality of holes 134 defined through the flange 132 and arranged in a circumferential
array about an axis of the port 106. The holes 134 may be utilized during certain
procedures for suturing the port 106 to the tissue wall to provide additional fixation of the
connector 100. In some aspects, the port 106 may include tool attachment features 138
formed on the circumferential outer surface 128 and configured for attaching various tools
to the connector 100, as will be described in detail below. The tool attachment features
138 may be formed as protrusions or tabs extending axially along the port 106. In this
manner, the protrusions or tabs may be configured for transferring torque from a delivery
tool to the connector 100 for advancing the anchoring device 102 at least partially into the
tissue wall. As is shown, the protrusions or tabs may be generally T-shaped and thus may
be configured to be axially retained by various tools that may be attached to the connector

100.

[00104] In certain aspects, the coupler device 110 may include a taper lock
mechanism 142 positioned about the proximal end of the port 106 and configured for
axially coupling various medical devices to the connector 100. Specifically, the taper lock
mechanism 142 may be configured for receiving and axially retaining a tube element of a
medical device, such as an inlet tube of an LVAD or an AAC, positioned within the
aperture 118 of the coupler device 110. In this manner, after advancing the anchoring

device 102 at least partially into the tissue wall, the tube element may then be secured to
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the connector 100 via the coupler device 110, and thus the tube element may be secured to

the tissue wall.

[00105] As is shown, the taper lock mechanism 142 may include a locking ring 144
including a plurality of fingers 146 positioned in a circumferential array and extending
axially about the locking ring 144. Fach finger 146 may include a tab 148 extending
radially outward from the finger 146. At least a portion of each of the tabs 148 may be
positioned within a circumferential groove 152 defined in the circumferential inner surface
126 of the port 106. Each of the tabs 148 may be angled radially inward toward a distal
end of the finger 146 to ease insertion into the groove 152, as the tabs 148 may be
configured for deflecting radially inward upon contact with the proximal end of the port
106. The groove 152 may include a tapered surface 154 angled radially inward toward the
proximal end of the port 106. In this manner, the tabs 148 of the fingers 146 may face the
tapered surface 154 of the groove 152. Based on this arrangement, the tube element of the
medical device may be inserted into the aperture 118 and axially retained by the taper lock
mechanism 142. Specifically, axial removal of the tube element may be prevented by
interaction between the tabs 148 of the fingers 146 and the tapered surface 154 of the
groove 152, which may deflect the fingers 146 radially inward and thus may increase
frictional forces between the fingers 146 and the smooth outer surface of the tube element.
Accordingly, the taper lock mechanism 142 may be configured for receiving and axially
retaining the tube element within the aperture 118 without the need to provide any mating
features on the outer surface of the tube element. In this manner, the taper lock
mechanism 142 may be configured for coupling various medical devices to the connector
100, provided the mating tube elements have an outer diameter within a selected range.
For example, the taper lock mechanism 142 may be configured for receiving and axially

retaining tube elements having an outer diameter between 19 mm and 22 mm.

[00106] In certain aspects, the connector 100 also may include a secondary sealing
element 158 configured for contacting and sealing against the first surface of the tissue
wall upon advancing the anchoring device 102 therethrough. The secondary sealing
element 158 may be formed as a substantially ring-shaped member attached to the distal
end of the port 106 and extending radially. In some aspects, the secondary sealing element
158 may be formed as an O-ring configured for contacting and sealing against the first

surface of the tissue wall. In other aspects, as is shown, the secondary sealing element 158
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may be formed to have a generally frusto-conical shape extending radially outward and
configured for receiving at least a portion of the tissue wall, particularly where the first
surface of the tissue wall is curved in a substantially convex manner. In other aspects, the
secondary sealing element 158 may be formed to have a generally frusto-conical shape
extending radially inward and configured for being received by at least a portion of the
tissue wall, particularly where the first surface of the tissue wall is curved in a
substantially concave manner. In still other aspects, the secondary sealing element 158
may be formed to have other geometries, which may be selected depending upon the shape
of the tissue wall into which the connector 100 may be implanted. Such geometries may
include, but are not limited to, a hemispherical shape (e.g., for a substantially curved tissue
wall), a substantially flat annular shape (e.g., for a substantially flat tissue wall), and other

mating shapes.

[00107] In some aspects, the secondary sealing element 158 may be formed of a
rigid or substantially rigid material and thus may be configured for biasing the tissue wall
to conform to the geometry of the secondary sealing element 158 to provide a secondary
seal. In other aspects, the secondary sealing element may be formed of a flexible or
elastomeric material and thus may be configured for conforming to the shape of the tissue
wall to provide a secondary seal. In this manner, when the conduit or other medical
device is inserted through the connector 100 and through the hole formed in the tissue
wall, the secondary sealing element 158 may be configured for providing a secondary
fluid tight seal about the conduit or medical device, which may be in addition to the
primary fluid tight seal provided by the anchoring device 102 compressing tissue against
the conduit or medical device, as described above. Alternatively, in aspects where the
anchoring device 102 is not configured to compress tissue inward, the secondary sealing
element 158 may be configured for providing the only fluid tight seal about the hole or
about the conduit or medical device. In some aspects, the secondary sealing element 158
may include an adhesive or chemical means applied to at least a portion of the secondary
sealing element 158 to create or enhance the secondary seal against the first surface of the

tissue wall.

[00108] In certain aspects, the connector 100 also may include a hemostasis valve
162 configured for closing fluid communication through the connector 100. As is shown,

the hemostasis valve 162 may be positioned at least partially within the aperture 114 of the
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port 106 and may be attached to the circumferential inner surface 126. In certain aspects,
the hemostasis valve 162 may be a passive valve. In other aspects, the hemostasis valve
162 may be an active valve. In some aspects, the hemostasis valve 162 may be formed as
a one-way valve configured for preventing a flow of fluid through the aperture 114 from
the distal end of the port 106 to the proximal end of the port 106. In this manner, after
advancing the anchoring device 102 at least partially into the tissue wall and forming the
hole in the tissue wall through the connector 100, the hemostasis valve 162 may prevent
fluid contained by the tissue wall from flowing through the port 106. For example, when
the connector 100 is utilized as a heart connector and attached to a cardiac tissue wall, the
hemostasis valve 162 may prevent blood contained by the tissue wall from flowing
through the port 106. In some aspects, as is shown, the hemostasis valve 162 may be
formed as a multi-leaflet one-way valve including a plurality of leaflets 164 configured to
open radially outward. In other aspects, the hemostasis valve 162 may be formed as a
single-leaflet one-way valve including a single leaflet 164 configured to open and close.
In still other aspects, the hemostasis valve 162 may be a diaphragm valve having an
expanded, open configuration and a collapsed, closed configuration. According to some
such aspects, the diaphragm valve may include a small orifice or slit defined therein and
configured for selectively controlling fluid communication therethrough, and the
diaphragm valve may be manipulated from the collapsed, closed configuration into the
expanded, open configuration by expanding the orifice or slit. In some aspects, the
diaphragm valve may include an aperture defined therein and configured for selectively
controlling fluid communication therethrough, and the diaphragm valve may be
manipulated between the collapsed, closed configuration and the expanded, open
configuration by rotating at least a portion of the valve to open or close the aperture.
Specifically, rotation of at least a portion of the diaphragm valve in a first direction may
cause the aperture to open, and rotation of at least a portion of the diaphragm valve in an

opposite, second direction may cause the aperture to close.

[00109] According to aspects where the hemostasis valve 162 has a one-way
configuration, the hemostasis valve 162 may be configured for allowing various tools,
conduits, or medical devices to be passed through the aperture 114 from the proximal end
of the port 106 to the tissue wall. In some aspects, the hemostasis valve 162 may be

formed of a flexible or elastic material, such as silicone, and thus may be elastically
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deformed by the tools, conduits, or medical devices passed through the aperture 114 to the
tissue wall. In this manner, when the tool, conduit, or medical device is inserted through
the connector 100, the hemostasis valve 162 may be configured for providing a fluid tight
seal about an outer surface of the tool, conduit, or medical device. In certain aspects
including the hemostasis valve 162, as is shown in FIGS. 1B and 1C, the hemostasis valve
162 may be positioned radially between the taper lock mechanism 142 and the tube
element of the medical device that may be inserted through the aperture 114. In this
manner, the frictional forces that retain the tube element are generated between the
hemostasis valve 162 and the smooth outer surface of the tube element, instead of being
generated directly between the fingers 146 and the smooth outer surface of the tube
element. In some aspects, the hemostasis valve 162 may be formed of a flexible or elastic
material, such as silicone, and thus may provide result in a high coefficient of friction

between the hemostasis valve 162 and the tube element.

[00110] FIGS. 2A-2G illustrate another exemplary embodiment of a connector 200
configured for implanting and using in a tissue wall to establish, maintain, control, and
close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 200 may include various elements corresponding to those
described above with respect to connector 100, which elements are identified in FIGS. 2A-
2G with corresponding numerals and may not be described in further detail herein. The
connector 200 may be utilized as a tissue connector configured for use in any number of
surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 200 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of a VAD. As
is shown, the connector 200 may include an anchoring device 202, a port 206, and a
coupler device 210, which may be configured in a manner similar to the corresponding
elements of connector 100. Certain structural and functional differences between the

connector 200 and the connector 100 will be described as follows.

[00111] In certain aspects, the coupler device 210 may include an axial clip
mechanism 242 positioned about the proximal end of the port 206 and configured for
axially coupling various medical devices to the connector 200. Specifically, the axial clip
mechanism 242 may be configured for receiving and axially retaining a tube element of a

medical device, such as an inlet tube of a VAD, positioned within the aperture 218 of the
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coupler device 210. In this manner, after advancing the anchoring device 202 at least
partially into the tissue wall, the tube element may then be secured to the connector 200
via the coupler device 210, and thus the tube element may be secured to the tissue wall.
As is shown, the axial clip mechanism 242 may include a clip ring 244 including a
plurality of fingers 246 positioned in a circumferential array and extending axially about
the clip ring 244. FEach finger 246 may include a tab 248 extending radially inward from
the finger 246. At least a portion of each of the tabs 248 may be configured for
positioning within a circumferential groove 252 defined in the circumferential outer
surface 228 of the port 206. The port 206 also may include a circumferential ring 253
formed on the circumferential outer surface 228 about the proximal end of the port 206.
Specifically, the ring 253 may be positioned adjacent the groove 252 along the
circumferential outer surface 228 of the port 206. The ring 253 may include a tapered
surface 254 angled radially inward toward the proximal end of the port 206. Each of the
tabs 248 may be angled radially outward toward a distal end of the finger 246 to ease
advancing the tabs 248 over the ring 253 and into the groove 252, as the tabs 248 may be
configured for deflecting radially outward upon contact with the tapered surface 254 of the
ring 253. In this manner, upon positioning at least a portion of each of the tabs 248 within
the groove 252, the clip ring 244 may be axially coupled to the port 206. The clip ring 244
may be configured for being secured to the tube element of the medical device prior to
being coupled to the port 206. Specifically, the clip ring 244 may be configured for being
sutured to a sewing cuff of the tube element of the medical device prior to being coupled
to the port 206. The sewing cuff may be spaced apart from a distal end of the tube
element. Based on this arrangement, after securing the clip ring 244 to the tube element,
the tube element may then be inserted into the aperture 214 of the port 206 as the clip ring
244 is advanced toward the proximal end of the port 206. Upon coupling the clip ring 244
to the port 206, the tube element may be axially coupled to the connector 200, and thus the
tube element may be secured to the tissue wall. It will be understood that, in other
embodiments, the mating features of the axial clip mechanism 242 may be reversed such
that the clip ring 244 may include the groove and ring, and the port 206 may include the

fingers having tabs.

[00112] FIGS. 3A-3C illustrate another exemplary embodiment of a connector 300

configured for implanting and using in a tissue wall to establish, maintain, control, and
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close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 300 may include various elements corresponding to those
described above with respect to connector 100, which elements are identified in FIGS. 3A-
3C with corresponding numerals and may not be described in further detail herein. The
connector 300 may be utilized as a tissue connector configured for use in any number of
surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 300 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of a VAD. As
is shown, the connector 300 may include an anchoring device 302, a port 306, and a
coupler device 310, which may be configured in a manner similar to the corresponding
elements of connector 100. Certain structural and functional differences between the

connector 300 and the connector 100 will be described as follows.

[00113] In certain aspects, the coupler device 310 may include a worm gear collet
mechanism 342 positioned about the proximal end of the port 306 and configured for
axially coupling various medical devices to the connector 300. Specifically, the worm
gear collet mechanism 342 may be configured for receiving and axially retaining a tube
element of a medical device, such as an inlet tube of a VAD, positioned within the
aperture 318 of the coupler device 310. In this manner, after advancing the anchoring
device 302 at least partially into the tissue wall, the tube element may then be secured to
the connector 300 via the coupler device 310, and thus the tube element may be secured to
the tissue wall. Additionally, the worm gear collet mechanism 342 may be configured for
preventing axial rotation of the tube element positioned within the aperture 318 of the
coupler device 310. As is shown, the worm gear collet mechanism 342 may include a
collet ring 344 including a plurality of fingers 346 positioned in a circumferential array
and extending circumferentially about a circumferentially inner surface of the collet ring
344. Each finger 346 may include a fixed end attached to the collet ring 344 and a free
end configured for deflecting radially. Each finger 346 also may include a tab 348
extending radially outward from the free end of the finger 348. The worm gear collet
mechanism 342 also may include a locking ring 350 positioned within the collet ring 344
and configured for axially rotating relative to the collet ring 344. The locking ring 350
may include a plurality of tabs 352 positioned in a circumferential array and extending

radially inward from a circumferentially inner surface of the locking ring 350. The
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locking ring 350 also may include a plurality of teeth 353 positioned in a circumferential
array and extending axially along a circumferentially outer surface of the locking ring 350.
The worm gear collet mechanism 342 further may include a worm gear 354 positioned
within a pocket 355 defined in the collet ring 344. Specifically, the pocket 355 may be
positioned adjacent the locking ring 350, and the worm gear 354 may engage the teeth 353
of the locking ring 350. The worm gear 354 may be configured for axially rotating within
the pocket 355. In this manner, axial rotation of the worm gear 354 may result in axial
rotation of the locking ring 350 about the axis of the coupler device 310. The worm gear
354 may include a driving feature, such as a female hexagonal socket or other known

driving feature, configured for engaging and axially rotating the worm gear 354.

[00114] As is shown, the worm gear collet mechanism 342 may be configured for
moving from an unlocked state to a locked state. When in the unlocked state, the tabs 348
of the fingers 346 of the collet ring 344 may be positioned outside of the aperture 318 of
the coupler device 310, and the tabs 352 of the locking ring 350 may be positioned
adjacent the tabs 348 of the fingers 346. Upon axially rotating the worm gear 354 in a first
direction, the worm gear collet mechanism 342 may move from the unlocked state to the
locked state. Specifically, upon axially rotating the worm gear 354 in the first direction,
the locking ring 350 may rotate axially such that the tabs 352 of the locking ring 350
contact the tabs 348 of the fingers 346 and deflect the tabs 348 radially inward into the
aperture 318 of the coupler device 310. Based on this arrangement, the tube element of
the medical device may be inserted into the aperture 318 and axially retained by the worm
gear collet mechanism 342. Specifically, the tube element may be inserted into the
aperture 318 when the worm gear collet mechanism 342 is in the unlocked state, and after
advancing the tube element through the hole formed in the tissue wall, the worm gear
collet mechanism 342 may be moved to the locked state. When in the locked state, axial
removal of the tube element may be prevented by frictional forces between the fingers 346
and the smooth outer surface of the tube element. Additionally, when in the locked state,
axial rotation of the tube element relative to the coupler device 310 also may be prevented
by such frictional forces. Accordingly, the worm gear collet mechanism 342 may be
configured for receiving and axially retaining the tube element within the aperture 318
without the need to provide any mating features on the outer surface of the tube element.

In this manner, the worm gear collet mechanism 342 may be configured for coupling
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various medical devices to the connector 300, provided the mating tube elements have an
outer diameter within a selected range. F'or example, the worm gear collet mechanism 342
may be configured for receiving and axially retaining tube elements having an outer

diameter between 19 mm and 22 mm.

[00115] FIGS. 4A-41 illustrate another exemplary embodiment of a connector 400
configured for implanting and using in a tissue wall to establish, maintain, control, and
close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 400 may include various elements corresponding to those
described above with respect to connector 100, which elements are identified in FIGS. 4A-
41 with corresponding numerals and may not be described in further detail herein. The
connector 400 may be utilized as a tissue connector configured for use in any number of
surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 400 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of a VAD. As
is shown, the connector 400 may include an anchoring device 402, a port 406, and a
coupler device 410, which may be configured in a manner similar to the corresponding
elements of connector 100. Certain structural and functional differences between the

connector 400 and the connector 100 will be described as follows.

[00116] In certain aspects, the coupler device 410 may include a deflection arm
mechanism 442 positioned about the proximal end of the port 406 and configured for
axially coupling various medical devices to the connector 400. Specifically, the deflection
arm mechanism 442 may be configured for receiving and axially retaining a tube element
of a medical device, such as an inlet tube of an LVAD or an AAC, positioned within the
aperture 418 of the coupler device 410. In this manner, after advancing the anchoring
device 402 at least partially into the tissue wall, the tube element may then be secured to
the connector 400 via the coupler device 410, and thus the tube element may be secured to
the tissue wall. Additionally, the deflection arm mechanism 442 may be configured for
preventing axial rotation of the tube element positioned within the aperture 418 of the
coupler device 410. As is shown, the deflection arm mechanism 442 may include a base
ring 444 extending circumferentially about the aperture 418. The deflection arm
mechanism 442 also may include a deflection arm 446 formed substantially in the shape of

an arc. The deflection arm 446 may be positioned in a mating slot 448 defined in the base



10

15

20

25

30

WO 2014/144085 PCT/US2014/028346

28-

ring 444 and extending along a circumferentially inner surface of the base ring 444. As is
shown, the deflection arm 446 may include a fixed end 450 securely attached to the base
ring 444 and a free end 451 configured for deflecting radially inward. The deflection arm
mechanism 442 further may include a deflecting member 454 positioned within a mating
hole 455 defined in the base ring 444. The deflecting member 454 may be configured for
deflecting the deflection arm 446 inward. In some aspects, as is shown, the deflecting
member 454 may be a threaded member, such as a screw or a bolt, positioned within the
mating hole 455 defined in the base ring 444, which may also be threaded. Specifically,
the mating hole 455 may be positioned adjacent the free end 451 of the deflection arm
446, and the deflecting member 454 may be configured for advancing through the mating
hole 455 to contact a radially outward side of the free end 451 of the deflection arm 446.
The deflecting member 454 may include a driving feature, such as a female hexagonal
socket or other known driving feature, configured for engaging and axially rotating the
threaded member 454 for advancement through the mating hole 455. In such aspects, the

deflecting member 454 may be rotated by a simple tool, an attached wire, or a knob.

[00117] As is shown, the deflection arm mechanism 442 may be configured for
moving from an unlocked state to a locked state. When in the unlocked state, the free end
451 of the deflection arm 446 may be positioned outside of the aperture 418 of the coupler
device 410. Upon advancing the deflecting member 454 through the mating hole 455, the
deflection arm mechanism 442 may move from the unlocked state to the locked state.
Specifically, upon advancing the deflecting member 454 through the mating hole 455 and
contacting the deflection arm 446, the free end 451 of the deflection arm 446 may deflect
radially inward into the aperture 418 of the coupler device 410. Based on this
arrangement, the tube element of the medical device may be inserted into the aperture 418
and axially retained by the deflection arm mechanism 442. Specifically, the tube element
may be inserted into the aperture 418 when the deflection arm mechanism 442 is in the
unlocked state, and after advancing the tube element through the hole formed in the tissue
wall, the deflection arm mechanism 442 may be moved to the locked state. When in the
locked state, axial removal of the tube element may be prevented by frictional forces
between the deflection arm 446 and the smooth outer surface of the tube element, as well
as frictional forces between the base ring 444 and the smooth outer surface of the tube

element. Additionally, when in the locked state, axial rotation of the tube element relative
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to the coupler device 410 also may be prevented by such frictional forces. Accordingly,
the deflection arm mechanism 442 may be configured for receiving and axially retaining
the tube element within the aperture 418 without the need to provide any mating features
on the outer surface of the tube element. In this manner, the deflection arm mechanism
442 may be configured for coupling various medical devices to the connector 400,
provided the mating tube elements have an outer diameter within a selected range. For
example, the deflection arm mechanism 442 may be configured for receiving and axially

retaining tube elements having an outer diameter between 19 mm and 22 mm.

[00118] In certain aspects, the connector 400 also may include a cannula 470
configured for positioning through the aperture 414 of the connector 400 and through the
tissue wall. Accordingly, the cannula 470 may provide a rigid member for positioning
within the hole formed in the tissue wall. In this manner, the cannula 470 may be
configured to stabilize the tissue positioned adjacent the hole and thus may prevent fluid
leakage about the interface between the port 406 and the first surface of the tissue wall or
between the secondary sealing member 458 and the first surface of the tissue wall. In
some aspects, as is shown, the connector 400 further may include a hemostasis valve 462
configured for closing fluid communication through the connector 400. Specifically, the
hemostasis valve 462 may be positioned at least partially within the cannula 470 for
closing fluid communication therethrough. In such aspects, the cannula 470 may include
a lateral opening 474 configured to allow the deflection arm 446 of the deflection arm
mechanism 442 to pass through the lateral opening 474 in order to engage and retain the
tube element via the frictional forces generated between the hemostasis valve 462 and the
smooth outer surface of the tube element. Additionally, the cannula 470 may include tool
engagement features 478 configured for engaging various tools for delivering and
positioning the cannula 470 within the connector 400. In some aspects, the coupler device
410 may be positioned on or within the cannula 470. In such aspects, the cannula 470
would not include the lateral opening 474 as described above. In certain aspects, as is
shown in FIGS. 4C and 4D, the cannula 470 may include threads 482 formed on an outer
surface of the cannula 470 and configured for engaging mating threads defined within the
aperture 414 of the connector 400. In this manner, the cannula 470 may be securely

positioned within the connector 400.
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[00119] In some aspects, the deflection arm or cantilever 446 may be located on the
port 406. In other aspects, the deflection arm 446 may be located on the cannula 470. In
some embodiments, the deflection arm 446 may be actuated as to deflect and lock the inlet
of the VAD or other medical device. In other embodiments, the deflection arm 446 may
be actuated as to deflect and deform a portion of another component, such as a portion of
the hemostasis valve 462, which would in turn lock the inlet of the VAD or other medical
device. It is understood that several other elements or surfaces may be positioned between
deflection arm 446 and the VAD inlet surface and that deflection of the deflection arm 446
may cause deflection, deformation, or other mechanical changes in these intermediate

elements or surfaces, which may in turn lock the inlet of the VAD in place.

[00120] Independent of the primary locking mechanism, the friction between the
hemostasis valve 462 and the inlet of the VAD may be enough for locking the VAD inlet
in place. In some embodiments, the leaflets 464 or surfaces of the hemostasis valve 462
may serve as a Chinese finger trap. In these embodiments, the VAD inlet may be
relatively free to move forward into the cavity or ventricle though the valve 462, but
backward motion to retrieve the VAD may be reduced or totally limited by the
geometrical configuration or friction of the contacting surfaces of the hemostasis valve

462.

[00121] FIGS. 5A-5F illustrate another exemplary embodiment of a connector 500
configured for implanting and using in a tissue wall to establish, maintain, control, and
close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 500 may include various elements corresponding to those
described above with respect to connector 100, which elements are identified in FIGS. 5A-
SF with corresponding numerals and may not be described in further detail herein. The
connector 500 may be utilized as a tissue connector configured for use in any number of
surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 500 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of a VAD. As
is shown, the connector 500 may include an anchoring device 502, a port 506, and a
coupler device 510, which may be configured in a manner similar to the corresponding
elements of connector 100. Certain structural and functional differences between the

connector 500 and the connector 100 will be described as follows.
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[00122] In certain aspects, the coupler device 510 may include a hinged ring lock
mechanism 542 positioned about the proximal end of the port 506 and configured for
axially coupling various medical devices to the connector 500. Specifically, the hinged
ring lock mechanism 542 may be configured for receiving and axially retaining a tube
element of a medical device, such as an inlet tube of an LVAD or an AAC, positioned
within the aperture 518 of the coupler device 510. In this manner, after advancing the
anchoring device 502 at least partially into the tissue wall, the tube element may then be
secured to the connector 500 via the coupler device 510, and thus the tube element may be
secured to the tissue wall. As is shown, the hinged ring lock mechanism 542 may include
a first ring 544 formed about the proximal end of the port 506 and extending
circumferentially about the aperture 518. The hinged ring lock mechanism 542 also may
include a second ring 546 connected to the first ring 544 and extending circumferentially
about the aperture 518. Specifically, the second ring 546 may be connected to the first
ring 544 by a hinge 548 positioned along the circumferentially outer surfaces of the
second ring 546 and the first ring 544. Accordingly, the second ring 546 may be
configured to pivot about the hinge 548 relative to the first ring 544 and the remainder of
the connector 500. Specifically, the second ring 546 may be configured to pivot from a
closed position, in which the second ring 546 contacts and is coaxial with the first ring
544, to an open position, in which the second ring 546 is pivoted away from and is not
coaxial with the first ring 544. In some aspects, the aperture defined by the second ring
546 may have an irregular shape (i.e., non-cylindrical) and may be configured to interfere
with the tube of the medical device to be inserted into the aperture 518 of the coupler
device 510. Additionally or alternatively, in some aspects, the hinged ring lock
mechanism 542 may include a catch element 549, such as a deformable sleeve, positioned
on the tube element and configured to interfere with the aperture defined by the second
ring 546. Based on these arrangements, the tube element of the medical device may be
inserted into the aperture 518 and axially retained by the hinged ring lock mechanism 542.
Specifically, the tube element may be inserted into the aperture 518 when the second ring
546 is in the closed position, and axial removal of the tube element may be prevented by
interaction between the tube element, the first ring 544, and the second ring 546, which
may cause the second ring 546 to pivot to the open position. Because the second ring 546

is not coaxial with the first ring 544 when in the open position, such pivoting may increase
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frictional forces between the first ring 544 and the smooth outer surface of the tube
element as well as frictional forces between the second ring 546 and the smooth outer
surface of the tube element. Moreover, in aspects including the catch element 549,
frictional forces may be enhanced by the catch element 549, which may be formed of an
elastic and deformable material, such as silicone. Accordingly, the hinged ring lock
mechanism 542 may be configured for receiving and axially retaining the tube element
within the aperture 518 without the need to provide any mating features defined by the
outer surface of the tube element. In this manner, the hinged ring lock mechanism 542
may be configured for coupling various medical devices to the connector 500, provided
the mating tube elements have an outer diameter within a selected range. For example, the
hinged ring lock mechanism 542 may be configured for receiving and axially retaining
tube elements having an outer diameter between 19 mm and 22 mm. In some aspects, the
connector 500 may include a hemostasis valve 562 configured to close a fluid
communication therethrough. Specifically, as is shown, the hemostasis valve 562 may be
formed as a diaphragm valve positioned within the aperture 514 of the connector 500. The
diaphragm valve may be configured in a manner described above with respect to the

hemostasis valve 162 of the connector 100.

[00123] FIGS. 6 A-6D illustrate another exemplary embodiment of a connector 600
configured for implanting and using in a tissue wall to establish, maintain, control, and
close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 600 may include various elements corresponding to those
described above with respect to connector 100, which elements are identified in FIGS. 6A-
6D with corresponding numerals and may not be described in further detail herein. The
connector 600 may be utilized as a tissue connector configured for use in any number of
surgical procedures, including, but not limited to, the example procedures described
above. Specifically, the connector 600 may be utilized as a heart connector configured for
use in various cardiac procedures, including, but not limited to implantation of a VAD. As
is shown, the connector 600 may include an anchoring device 602, a port 606, and a
coupler device 610, which may be configured in a manner similar to the corresponding
elements of connector 100. Certain structural and functional differences between the

connector 600 and the connector 100 will be described as follows.
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[00124] In certain aspects, the coupler device 610 may include an axial clip and
clamp mechanism 642 positioned about the proximal end of the port 606 and configured
for axially coupling various medical devices to the connector 600. Specifically, the axial
clip and clamp mechanism 642 may be configured for receiving and axially retaining a
tube element of a medical device, such as an inlet tube of an LVAD or an AAC, positioned
within the aperture 618 of the coupler device 610. In this manner, after advancing the
anchoring device 602 at least partially into the tissue wall, the tube element may then be
secured to the connector 600 via the coupler device 610, and thus the tube element may be
secured to the tissue wall. As is shown, the axial clip and clamp mechanism 642 may
include a clip ring 644 including a plurality of fingers 646 positioned in a circumferential
array and extending axially about the clip ring 644. Each finger 646 may include a tab
647 extending radially inward from the finger 646. At least a portion of each of the tabs
647 may be configured for positioning within a circumferential groove 648 defined in the
circumferential outer surface 628 of the port 606. The port 606 also may include a
circumferential ring 649 formed on the circumferential outer surface 628 about the
proximal end of the port 606. Specifically, the ring 649 may be positioned adjacent the
groove 648 along the circumferential outer surface 628 of the port 606. The ring 649 may
include a tapered surface 650 angled radially inward toward the proximal end of the port
606. Each of the tabs 647 may be angled radially outward toward a distal end of the finger
646 to ease advancing the tabs 647 over the ring 649 and into the groove 648, as the tabs
647 may be configured for deflecting radially outward upon contact with the tapered
surface 650 of the ring 649. In this manner, upon positioning at least a portion of each of
the tabs 647 within the groove 648, the clip ring 644 may be axially coupled to the port
606. 'The axial clip and clamp mechanism 642 also may include a plurality of clamp
portions 651 positioned within and retained by the clip ring 644 and extending
circumferentially about the aperture 618. Specifically, as is shown, the axial clip and
clamp mechanism 642 may include two clamp portions 651 each extending along
approximately half of the circumference of the aperture. The clamp portions 651 may be
coupled to one another by threaded members 652 configured to engage mating threaded
holes 653 defined in each of the clamp portions 651. The threaded members 652 each

may include a driving feature, such as a female hexagonal socket or other known driving
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feature, configured for engaging and axially rotating the threaded members 652 for
advancement through the threaded holes 653.

[00125] As is shown, the clamp portions 651 may be configured for moving from
an unlocked state to a locked state. When in the unlocked state, the clamp portions 651
may be spaced apart from one another and the circumferentially inner surfaces of the
clamp portions 651 may be positioned outside of the aperture 618 of the coupler device
610. Upon advancing the threaded members 652 through the threaded holes 653, the
clamp portions 651 may move from the unlocked state to the locked state. Specifically,
upon advancing the threaded members 652 through the threaded holes 653, the clamp
portions 651 may move toward one another and the circumferentially inner surfaces of the
clamp portions 651 may move into the aperture 618 of the coupler device 618. Based on
this arrangement, the tube element of the medical device may be inserted into the aperture
618 and axially retained by the axial clip and clamp mechanism 642. Specifically, the
tube element may be inserted into the aperture 618 when the clamp portions 651 are in the
unlocked state, and after advancing the tube element through the hole formed in the tissue
wall, the clamp portions 651 may be moved to the locked state. When in the locked state,
axial removal of the tube element may be prevented by frictional forces between the
circumferentially inner surfaces of the clamp portions 651 and the smooth outer surface of
the tube element. Additionally, when in the locked state, axial rotation of the tube element
relative to the coupler device 610 also may be prevented by such frictional forces.
Accordingly, the axial clip and clamp mechanism 642 may be configured for receiving
and axially retaining the tube element within the aperture 618 without the need to provide
any mating features on the outer surface of the tube element. In this manner, the axial clip
and clamp mechanism 642 may be configured for coupling various medical devices to the
connector 600, provided the mating tube elements have an outer diameter within a selected
range. For example, the axial clip and clamp mechanism 642 may be configured for
receiving and axially retaining tube elements having an outer diameter between 19 mm
and 22 mm. It will be appreciated that the coupler device 610 may instead be configured
as a threaded clamp mechanism including mating threads instead of clip features on the
ring 644 and the port 606. In this manner, such threads may provide a secure mechanism
that may be progressively tightened to ensure a strong connection between the ring 644

and the port 606.
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[00126] In certain aspects, the connector 600 also may include a hemostasis valve
662 configured for closing fluid communication through the connector 600. As is shown,
the hemostasis valve 662 may be formed as a tubular membrane extending axially between
the port 606 and the clamp portions 651 of the coupler device 610. Specifically, a distal
end of the hemostasis valve 662 may be attached to the proximal end of the port 606, and a
proximal end of the hemostasis valve 662 may be attached to the proximal ends of the
clamp portions. The hemostasis valve 162 may be formed of a flexible or elastic material
and thus may be configured for moving from an expanded state, when the deformed and
compressed when the clip ring 644 is separated from the port 606, to a compressed state,
when the clip ring 644 is attached to the port 606. Moreover, when the hemostasis valve
162 is in the expanded state, a surgical clamp or similar tool may be placed over a portion
of the hemostasis valve 162 to close fluid communication therethrough. In this manner,
after advancing the anchoring device 602 at least partially into the tissue wall and forming
the hole in the tissue wall through the connector 600, the hemostasis valve 662 may be
clamped to prevent fluid contained by the tissue wall from flowing through the connector
600. For example, when the connector 600 is utilized as a heart connector and attached to
a cardiac tissue wall, the clamped hemostasis valve 662 may prevent blood contained by
the tissue wall from flowing through the connector 600. Moreover, based on its flexible or
elastic nature, the hemostasis valve 662 may be elastically deformed by tools, conduits, or
medical devices passed through the connector 600 to the tissue wall. In this manner, when
the tool, conduit, or medical device is inserted through the connector 600, the hemostasis
valve 662 may be configured for providing a fluid tight seal about an outer surface of the

tool, conduit, or medical device.

[00127] In certain aspects, the connector 600 also may include a cannula 670
configured for extending at least partially through the hole formed in the tissue wall to
establish fluid communication between the first surface and the second surface of the
tissue wall. As is shown, the cannula 670 may be positioned within and extend through
the aperture 614 of the port 606. In some aspects, the cannula 670 may be axially coupled
to the port 606 and may be configured for axially rotating relative to the port 606. In such
aspects, a proximal end of the cannula 670 may be attached to the distal end of the

hemostasis valve 662, as is shown. In this manner, the hemostasis valve 662 and the clip
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ring 644 also may be configured for axially rotating relative to the port 606, along with the

cannula 670.

[00128] FIGS. 6E-6H illustrate additional exemplary embodiments of a connector
600 configured for implanting and using in a tissue wall to establish, maintain, control,
and close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein, which embodiments may include certain structural and functional
differences between the as compared to the other connectors disclosed herein. For
example, some such embodiments may include a hemostasis element 662 formed as an O-
ring, as is shown in FIGS. 6F and 6F. Additionally, some such embodiments may include
a coupler device 610 including a keyed locking mechanism for attaching a locking ring to
the port 606, as is shown in FIG. 6G. Further, some such embodiments may include a
coupler device 610 including a threaded mechanism for actuating a collet configured to
retain a tube element of a medical device, as shown in FIG. 6H. Additional features

shown in FIGS. 6E-6H will be appreciated by one having skill in the art.

[00129] FIGS. 7A-7B illustrate an exemplary embodiment of a delivery tool 700
configured for implanting a connector, such as the connector 400, in the tissue wall. The
delivery tool 700 may include a connector interface 702, an elongated shaft 706, and a
handle 710. The connector interface 702 may be positioned about a distal end of the
delivery tool 700 and may be configured for attaching to and retaining the connector 400
for implanting in the tissue wall. Tor example, the connector interface 702 may be
configured for attaching to and retaining the connector 400 by mechanical, chemical, or
magnetic means. The handle 710 may be positioned about a proximal end of the delivery
tool 700 and may be configured for being grasped by a user to guide the attached
connector 400 toward the tissue wall and to then advance the anchoring device 402 at least
partially into the tissue wall. Accordingly, the handle 710 may include various grip
features or shapes, as is shown, to assist the user in implanting the connector 400,
particularly where the anchoring device 402 includes a helical coil or spring and thus is
advanced into the tissue wall by rotation. The elongated shaft 706 may extend axially
between the connector interface 702 and the handle 710. In some aspects, the elongated
shaft 706 and the handle 710 may be cannulated, and thus the delivery tool 700 may be

configured for implanting the connector 400 over a guide wire.
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[00130] As is shown, the connector interface 702 may include a ring-shaped
receptacle 714 configured for receiving at least a portion of the connector 400.
Specifically, the receptacle 714 may define a counterbore 718 configured for receiving at
least a portion of the port 406. The receptacle 714 also may define one or more slots 722
extending radially through a circumferential wall 724 of the receptacle. Specifically, the
receptacle 714 may define a plurality of slots 722 configured for receiving the tool
attachment features 438 of the port 406. In this manner, the slots 722 may be configured
for transferring torque from the delivery tool 700 to the connector 400 for advancing the
anchoring device 402 at least partially into the tissue wall. In some aspects, as is shown,
the slots 722 may be formed to be substantially J-shaped. Accordingly, each tool
attachment feature 138 may be inserted axially into one of the slots 722, and the port 406
may be axially rotated such that the tool attachment features 438 are axially retained
within the slots 722. In this manner, the receptacle 714 may be configured for axially
retaining the connector 400 via the slots 722. In some aspects, the slots 722 of the
receptacle 714 and the tool attachment features 438 of the port 406 may be configured for
having an interference fit. Accordingly, upon inserting the portion of the port 406 into the
counterbore 718 of the receptacle 714, the connector 400 may be axially retained by the
delivery instrument 700 until a sufficient axial removal force is applied. In other aspects,
the receptacle 714 may include a retention element configured for axially retaining the
connector 400 within the counterbore 718. For example, the retention element may
include a threaded member configured for contacting the circumferential outer surface 428
of the port 406. Alternatively, the retention element 726 may include a deflection arm
configured for contacting either the circumferential outer surface 428 or one of the tool
attachment features 438 of the port 406. In this manner, the receptacle 714 may be

configured for axially retaining the connector 400 for implanting in the tissue wall.

[00131] FIGS. 8A-8B illustrate an exemplary embodiment of a cutting tool 800
configured for forming the hole in the tissue wall. The cutting tool 800 may include a
coring device 802 and a piercing device 806. The coring device 802 may include a coring
tube 810 positioned at a distal end of the coring device 802, and a coring handle 812
positioned at a proximal end of the coring device 802. The coring tube 810 may be
removeably connected to the coring handle 812, for example by threads, such that

different coring tubes 810 of different outer diameter sizes may be used in the cutting tool
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800 for forming the hole to have a desired size. In certain aspects, the outer diameter of
the distal end of the coring tube 810 may be selected to match the outer diameter of the
tube element of the medical device to be positioned through the tissue wall. Accordingly,
the hole formed may provide a close fit around the tube element. In other aspects, the
outer diameter of the distal end of the coring tube 810 may be selected to be smaller than
the outer diameter of the tube element, such that the undersized hole may assist in
providing a fluid tight seal about the tube element. In still other aspects, the outer
diameter of the distal end of the coring tube 810 may be selected to be larger than the
outer diameter of the tube element, such that the oversized hole may allow the tube
element to be easily positioned within the hole and also may allow the anchoring device to

provide a fluid tight seal about the tube element by tissue compression.

[00132] As is shown, both the coring tube 810 and the coring handle 812 may be
cannulated, and a portion of the piercing device 806 may be positioned therethrough. The
piercing device 806 may include a piercing element 820, an elongated shaft 824, and a
piercing handle 828. The piercing element 820 may be positioned at a distal end of the
piercing device 806, the piercing handle 828 may be positioned at a proximal end of the
piercing device 806, and the elongated shaft 824 may extend axially between the piercing
element 820 and the piercing handle 828. The piercing element 820 may include a
sharpened tip 832 configured for piercing the tissue wall and advancing therethrough. In
some aspects, as is shown, the piercing element 820 may be formed in the shape of an
arrowhead, although other shapes may be used. In this manner, the piercing element 820
may be configured for advancing along a straight path through the tissue wall. The
piercing device 806 also may include an expandable element 836 positioned adjacent the
piercing element 820. Specifically, as is shown, the expandable element 836 may be
positioned along the elongated shaft 824 and adjacent a proximal end of the piercing
element 820. The expandable element 836 may be configured for expanding from a
laterally contracted state to a laterally expanded state, in which the lateral cross-sectional
area is substantially equal to the inner diameter of the coring tube 810. As is shown, the
expandable element 836 may include a plurality of pivotable plates 840 configured for
pivoting from an axial position to a lateral position. Alternatively, the expandable element
836 may include an expandable balloon. The piercing device 806 further may include a

stop ring 844 positioned along the elongated shaft 824 and adjacent the piercing handle
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828. Specifically, as is shown, the stop ring 844 may be positioned along the elongated
shaft 824 and adjacent a distal end of the piercing handle 828. The stop ring 844 may be
configured for limiting translation of the piercing device 806 through the coring device
802. In some aspects, the entire cutting tool 800 may be cannulated and thus may be

configured for use over a guide wire.

[00133] After securing a connector, such as the connector 100, to the tissue wall,
the cutting tool 800 may be used to form the hole in the tissue wall. Initially, the piercing
element 820 and the distal end of the coring tube 810 may be inserted into the aperture 114
of the port 106. Next, a portion of the piercing device 806 may be advanced through the
coring device 802 such that the piercing element 820 may pierce the first surface of the
tissue wall, and the piercing element 820 and the expandable element 836 may be
advanced therethrough beyond the second surface of the tissue wall. The expandable
element 836 may then be expanded from the contracted state to the expanded state and
may be drawn against the second surface of the tissue wall. Next, the piercing device 806
may be retracted relative to the coring device 802 such that the expandable element 836
and the coring tube 810 form the hole in the tissue wall by removing a tissue core from the
tissue wall. The piercing device 806 may be further retracted relative to the coring device
802 such that the expandable element 836 and the tissue core are positioned within the
coring handle 812. In this manner, the expandable element 836 may be configured for
retrieving the tissue core from the tissue wall. In certain aspects, the coring handle 812
may be formed from a transparent or translucent material such that complete removal of
the tissue core from the tissue wall and the connector 100 may be visually confirmed
through the coring handle 812. Finally, the cutting tool 800 may be removed from the

connector 100.

[00134] FIGS. 9A-9C illustrate another exemplary embodiment of a cutting tool
900 configured for forming the hole in the tissue wall. The cutting tool 900 may include a
coring device 902 and a piercing device 906. The coring device 902 may include a coring
tube 910 positioned at a distal end of the coring device 902, and a coring handle 912
positioned at a proximal end of the coring device 902. The coring tube 910 may be
removeably connected to the coring handle 912, for example by threads, such that
different coring tubes 910 of different outer diameter sizes may be used in the cutting tool

900 for forming the hole to have a desired size. As is shown, both the coring tube 910 and
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the coring handle 912 may be cannulated, and a portion of the piercing device 906 may be
positioned therethrough. The piercing device 906 may include a piercing element 920, an
elongated shaft 924, and a piercing handle 928. The piercing element 920 may be
positioned at a distal end of the piercing device 906, the piercing handle 928 may be
positioned at a proximal end of the piercing device 906, and the elongated shaft 924 may
extend axially between the piercing element 920 and the piercing handle 928. 'The
piercing element 920 may include a sharpened tip 932 configured for piercing the tissue
wall and advancing therethrough. In some aspects, as is shown, the piercing element 920
may be formed in the shape of a helical coil or spring, although other shapes may be used.
In this manner, the piercing element 920 may be configured for advancing along a helical
path through the tissue wall. The helical coil or spring may have an outer diameter that is
substantially equal to the inner diameter of the coring tube 910. The coring device 902
further may include a stop ring 944 positioned at a proximal end of the coring handle 912.
As is shown, the stop ring 944 may be configured for limiting translation of the piercing

device 906 through the coring device 902.

[00135] After securing a connector, such as the connector 100, to the tissue wall,
the cutting tool 900 may be used to form the hole in the tissue wall. Initially, the piercing
element 920 and the distal end of the coring tube 910 may be inserted into the aperture 114
of the port 106. Next, a portion of the piercing device 906 may be advanced through the
coring device 902 such that the piercing element 920 may pierce the first surface of the
tissue wall, and the piercing element 920 may be advanced along a helical path
therethrough beyond the second surface of the tissue wall. Next, the piercing device 906
may be retracted relative to the coring device 902 such that the piercing element 920 and
the coring tube 910 form the hole in the tissue wall by removing a tissue core from the
tissue wall. Alternatively, the coring device 902 may be advanced over the piercing
device 906 such that the piercing element 920 and the coring tube 910 form the hole in the
tissue wall by removing a tissue core from the tissue wall. The piercing device 906 then
may be further retracted relative to the coring device 902 such that the piercing element
920 and the tissue core are positioned within the coring handle 912. In this manner, the
piercing element 920 may be configured for retrieving the tissue core from the tissue wall.
In certain aspects, the coring handle 912 may be formed from a transparent or translucent

material such that complete removal of the tissue core from the tissue wall and the
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connector 100 may be visually confirmed through the coring handle 912. Finally, the

cutting tool 900 may be removed from the connector 100.

[00136] FIGS. 10A-10C illustrate an exemplary embodiment of a combination tool
1000 configured for implanting the connector 100 and forming the hole in the tissue wall.
Specifically, the combination tool 1000 may include a delivery device 1002 configured for
implanting the connector 100, and a cutting device 1006 configured for forming the hole
in the tissue wall. As is shown, a portion of the cutting device 1006 may be positioned
within the delivery device 1002. In some aspects, the delivery device 1002 and the cutting
device 1006 may be configured for rotating axially relative to one another. Moreover, in
some aspects, the delivery device 1002 and the cutting device 1006 may be configured for
translating axially relative to one another. However, in some such aspects, the delivery
device 1002 and the cutting device 1006 may be configured for limiting a range of axial

translation.

[00137] In certain aspects, as is shown, the delivery device 1002 may include a
connector interface 1012, an elongated shaft 1016, and a handle 1020. The connector
interface 1012 may be positioned about a distal end of the delivery device 1002 and may
be configured for attaching to and retaining the connector 100 for implanting in the tissue
wall. For example, the connector interface 1002 may be configured for attaching to and
retaining the connector 100 by mechanical, chemical, or magnetic means. The handle
1020 may be positioned about a proximal end of the delivery device 1020 and may be
configured for being grasped by a user to guide the attached connector 100 toward the
tissue wall and to then advance the anchoring device 102 at least partially into the tissue
wall. Accordingly, the handle 1020 may include various grip features or shapes to assist
the user in implanting the connector 100, particularly where the anchoring device 102
includes a helical coil or spring and thus is advanced into the tissue wall by rotation. The
elongated shaft 1016 may extend axially between the connector interface 1012 and the

handle 1020.

[00138] As is shown, the connector interface 1012 may include a bore 1022 defined
in a distal end of the elongated shaft 1016 and configured for receiving at least a portion of
the connector 100. Specifically, the bore 1022 may be configured for receiving at least a
portion of the port 106. The connector interface 1012 also may include a plurality of

driving tabs 1024 positioned in a circumferential array and extending axially about the
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distal end of the elongated shaft 1016. The driving tabs 1024 may be configured for
engaging the tool attachment features 138 of the port 106. Specifically, each of the
driving tabs 1024 may be configured for positioning between adjacent tool attachment
features 138 of the port. In this manner, the driving tabs 1024 may be configured for
transferring torque from the delivery device 1002 to the connector 100 for advancing the
anchoring device 102 at least partially into the tissue wall. In aspects where the tool
attachment features 138 of the port 106 are generally T-shaped, as is shown, the driving
tabs 1024 may be configured for laterally engaging the laterally extending portions of the

tool attachment features 138 to facilitate such transfer of torque.

[00139] The connector interface 1012 further may include a locking ring 1028
positioned about the distal end of the elongated shaft 1016. The locking ring 1028 may be
configured for receiving and engaging at least a portion of the connector 100.
Specifically, the locking ring 1028 may define a bore 1032 configured for receiving at
least a portion of the port 106. Additionally, the locking ring 1028 may include a plurality
of locking tabs 1036 positioned in a circumferential array and extending axially about a
distal end of the locking ring 1028. The locking tabs 1036 also may extend radially
inward over a portion of the bore 1032. As is shown, the locking tabs 1036 may be
configured for engaging the tool attachment features 138 of the port 106. Specifically,
each of the locking tabs 1036 may be configured for positioning distally of a portion of at
least one of the tool attachment features 138 of the port 106. In this manner, the connector
interface 1012 may be configured for axially retaining the connector 100 via the locking
tabs 1036. In aspects where the tool attachment features 138 of the port 106 are generally
T-shaped, as is shown, the locking tabs 1036 may be configured for distally engaging the
laterally extending portions of the tool attachment features 138 to facilitate such axial

retention.

[00140] As is shown, the locking ring 1028 may be configured for moving from an
unlocked position to a locked position. Specifically, the locking ring 1028 may be
configured for axially rotating and translating relative to the elongated shaft 1016 from the
unlocked position to the locked position. Such axial rotation and translation of the locking
ring 1028 relative to the elongated shaft 1016 may be facilitated by guide pins 1040
extending radially inward from the locking ring 1028 and mating guide channels 1044

defined in the outer surface of the elongated shaft 1016. When in the unlocked position,
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the locking tabs 1036 of the locking ring 1028 are circumferentially aligned with and
axially offset from the driving tabs 1024 of the elongated shaft 1016. Accordingly, the
connector interface 1012 may receive the connector 100 when the locking ring 1028 is in
the unlocked position, as the tool attachment features 138 may be inserted between the
axially aligned locking tabs 1036 and driving tabs 1024. When in the locked position, the
locking tabs 1036 of the locking ring 1028 are circumferentially offset from and axially
overlapping with the driving tabs 1024 of the elongated shaft 1016. Accordingly, the
connector interface 1012 may retain the connector 100 when the locking ring 1028 is in
the unlocked position, as the tool attachment features 138 may be axially restricted by the
locking tabs 1036 and rotatably restricted by the driving tabs 1024. In this manner, the
connector interface 1012 may be configured for retaining the connector 100 for implanting

in the tissue wall.

[00141] In certain aspects, as is shown, the cutting device 1006 may include a
coring device 1050 and a piercing device 1054. The coring device 1050 may include a
coring tube 1058 positioned at a distal end of the coring device 1050, and a coring handle
1062 positioned at a proximal end of the coring device 1050. The coring tube 1058 may
be removeably connected to the coring handle 1062, for example by threads, such that
different coring tubes 1058 of different outer diameter sizes may be used in the cutting
device 1006 for forming the hole to have a desired size. As is shown, both the coring tube
1058 and the coring handle 1062 may be cannulated, and a portion of the piercing device
1054 may be positioned therethrough. The piercing device 1054 may include a piercing
element 1066, an elongated shaft 1068, and a piercing handle 1070. The piercing element
1066 may be positioned at a distal end of the piercing device 1054, the piercing handle
1070 may be positioned at a proximal end of the piercing device 1054, and the elongated
shaft 1068 may extend axially between the piercing element 1066 and the piercing handle
1070. The piercing element 1066 may include a sharpened tip 1072 configured for
piercing the tissue wall and advancing therethrough. In some aspects, as is shown, the
piercing element 1066 may be formed in the shape of an arrowhead, although other shapes
may be used. In this manner, the piercing element 1066 may be configured for advancing
along a straight path through the tissue wall. The piercing device 1054 also may include
an expandable element 1076 positioned adjacent the piercing element 1066. Specifically,

as is shown, the expandable element 1076 may be positioned along the elongated shaft
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1068 and adjacent a proximal end of the piercing element 1066. The expandable element
1076 may be configured for expanding from a laterally contracted state to a laterally
expanded state, in which the lateral cross-sectional area is substantially equal to the inner
diameter of the coring tube 1058. As is shown, the expandable element 1076 may include
a plurality of pivotable plates 1078 configured for pivoting from an axial position to a
lateral position. Alternatively, the expandable element 1076 may include an expandable

balloon.

[00142] After securing the connector 100 to the tissue wall via the delivery device
1002, the cutting device 1006 may be used to form the hole in the tissue wall. Initially, the
piercing element 1066 and the distal end of the coring tube 1058 may be inserted into the
aperture 114 of the port 106. Next, a portion of the piercing device 1054 may be advanced
through the coring device 1050 such that the piercing element 1066 may pierce the first
surface of the tissue wall, and the piercing element 1066 and the expandable element 1076
may be advanced therethrough beyond the second surface of the tissue wall. The
expandable element 1076 may then be expanded from the contracted state to the expanded
state and may be drawn against the second surface of the tissue wall. Next, the piercing
device 1054 may be retracted relative to the coring device 1050 such that the expandable
element 1076 and the coring tube 1058 form the hole in the tissue wall by removing a
tissue core from the tissue wall. The piercing device 1054 may be further retracted
relative to the coring device 1050 such that the expandable element 1076 and the tissue
core are positioned within the coring handle 1062. In certain aspects, the coring handle
1062 may be formed from a transparent or translucent material such that complete removal
of the tissue core from the tissue wall and the connector 100 may be visually confirmed
through the coring handle 1062. Finally, the locking ring 1028 may be moved to the
unlocked position, and the combination tool 1000 may be disengaged from the connector

100.

[00143] FIGS. 11A-11D illustrate another exemplary embodiment of a combination
tool 1100 configured for implanting the connector 200 and forming the hole in the tissue
wall. The combination tool 1100 may include various elements corresponding to those
described above with respect to combination tool 1000, which elements are identified in
FIGS. 11A-11D with corresponding numerals and may not be described in further detail

herein. As is shown, the combination tool 1100 may include a delivery device 1102
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configured for implanting the connector 200, and a cutting device 1106 configured for
forming the hole in the tissue wall, which may be configured in a manner similar to the
corresponding devices of the combination tool 1000. Certain structural and functional
differences between the combination tool 1100 and the combination tool 1000 will be

described as follows.

[00144] In certain aspects, as is shown, the delivery device 1102 may include a
connector interface 1112, an elongated shaft 1116, and a handle 1120. The connector
interface 1112 may be positioned about a distal end of the delivery device 1102 and may
be configured for attaching to and retaining the connector 200 for implanting in the tissue
wall. The handle 1120 may be positioned about a proximal end of the delivery device
1120 and may be configured for being grasped by a user to guide the attached connector
200 toward the tissue wall and to then advance the anchoring device 202 at least partially
into the tissue wall. Accordingly, the handle 1120 may include various grip features or
shapes to assist the user in implanting the connector 200, particularly where the anchoring
device 202 includes a helical coil or spring and thus is advanced into the tissue wall by
rotation. The elongated shaft 1116 may extend axially between the connector interface

1112 and the handle 1120.

[00145] As is shown, the connector interface 1112 may include a bore 1122 defined
in a distal end of the elongated shaft 1116 and configured for receiving at least a portion of
the connector 200. Specifically, the bore 1122 may be configured for receiving at least a
portion of the port 206. The connector interface 1112 also may include a plurality of
retaining fingers 1124 positioned in a circumferential array and extending axially about
the distal end of the elongated shaft 1116. Each of the retaining fingers 1124 may include
a retaining tab 1125 extending radially inward from the retaining finger 1124. At least a
portion of each of the retaining tabs 1125 may be configured for positioning within the
circumferential groove 252 of the port 206. Each of the retaining tabs 1125 may be angled
radially outward toward a distal end of the retaining finger 1124 to ease advancing the
retaining tabs 1125 over the ring 253 and into the groove 252, as the retaining tabs 1125
may be configured for deflecting radially outward upon contact with the tapered surface
254 of the ring 253. In this manner, upon positioning at least a portion of each of the
retaining tabs 1125 within the groove 252, the port 206 may be axially retained by the

connector interface 1112.
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[00146] The connector interface 1112 further may include a driving ring 1128
positioned about the distal end of the elongated shaft 1116. The driving ring 1128 may be
configured for receiving and engaging at least a portion of the connector 200.
Specifically, the driving ring 1128 may define a bore 1132 configured for receiving at
least a portion of the port 206. Additionally, the driving ring 1128 may include a plurality
of driving tabs 1136 positioned in a circumferential array and extending axially about a
distal end of the driving ring 1128. As is shown, the driving tabs 1136 may be configured
for engaging the tool attachment features 238 of the port 206. Specifically, each of the
driving tabs 1136 may be configured for positioning between adjacent tool attachment
features 238 of the port. In this manner, the driving tabs 1136 may be configured for
transferring torque from the delivery device 1102 to the connector 200 for advancing the
anchoring device 202 at least partially into the tissue wall. The driving ring 1128 may be
coupled to the elongated shaft 1116 and may be configured for axially rotating upon axial
rotation of the elongated shaft 1116. In this manner, the driving tabs 1136 may be
configured for transferring torque from the handle 1120 to the connector 200 for

advancing the anchoring device 202 at least partially into the tissue wall.

[00147] FIGS. 12A-12D illustrate an exemplary system configured for implanting a
connector 400 and forming a hole in a tissue wall. As is shown, the connector 400 may
include the cannula 470 having the hemostasis valve 462 positioned therein. The system
may include a delivery tool 1200 and a cutting tool 1300, which may include various
elements corresponding to those described above with respect to delivery tool 700 and
cutting tool 800, respectively. Certain structural and functional differences will be
described as follows. In some aspects, the cutting tool 1300 may include one or more
buttons configured for actuating the expandable element 1336. For example, the cutting
tool 1300 may include a first button 1350 configured for expanding the expandable
element 1336 from the laterally contracted state to the laterally expanded stare in order to
subsequently form the hole in the tissue wall in the manner described above. In certain
aspects, such expansion may be spring-loaded. Further, the cutting tool 1300 may include
a second button 1354 configured for retracting the expandable element 1336 into the
cutting tool 1300 in order to form the hole in the wall in the manner described above. In
certain aspects, such retraction may be spring-loaded. In some aspects, as is shown in

FIG. 12B, the entire cutting tool 1300 may be cannulated such that the cutting tool 1300
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may be used over a guide wire. Additionally, the cutting tool 1300 may include mating
features 1360 configured for engaging the tool engagement features 478 of the cannula
470. In this manner, the cannula 470 may be attached to the cutting tool 1300 as the
cutting tool 1300 is inserted into the port 406 and forms the hole in the tissue wall.
Specifically, the cutting tool 1300 may be configured for attaching the cannula 470 to the
port 406 as the cutting tool 1300 forms the hole. In this manner, upon forming the hole
and removing the cutting tool 1300 from the aperture 414, the cannula 470 remains
attached to the port 406 and the hemostasis valve 462 positioned within the cannula 470

closes fluid communication through the connector 400.

[00148] FIGS. 13A-13F illustrate an exemplary method for implanting a connector,
such as the connector 100, and a medical device 1400 in a tissue wall 1500. As is shown,
the tissue wall 1500 may include an outer first surface 1502 and an inner second surface
1504. Additionally, the tissue wall 1500 may define a cavity 1506 that may contain a fluid
1508. For example, in certain aspects, the cavity 1506 may be the left ventricle of a heart,
and the fluid 1508 may be blood. As is shown in FIG. 13A, The method may include the
step of advancing the anchoring device 102 of the connector 100 at least partially into the
tissue wall 1500 to secure the connector 100 for subsequent use during a surgical
procedure. In certain aspects, where the anchoring device 102 includes a helical coil or
spring, the step of advancing the anchoring device 102 may include advancing the
anchoring device 102 at least partially into the tissue wall 1500 along a helical path. In
other aspects, where the anchoring device 102 includes pins, prongs, barbs, or hooks, the
step of advancing the anchoring device 102 may include advancing the anchoring device
102 at least partially into the tissue wall 1500 along a linear path. In certain aspects, the
step of advancing the anchoring device 102 of the connector 100 at least partially into the
tissue wall 1500 may include compressing at least a portion of the tissue wall 1500 inward
toward an axis of the connector 100. For example, such inward compression may be
achieved by the anchoring device 102 including a radially expanding helical coil, as

described above.

[00149] As is shown in FIG. 13B, the method also may include the step of piercing
the tissue wall 1500 by advancing a piercing element 820 through the aperture 114 of the
connector 100 and through the tissue wall 1500. The method further may include the step
of coring a hole 1510 in the tissue wall 1500 by advancing a coring tube 810 through the
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aperture 114 of the connector 100 and through the tissue wall 1500. In certain aspects, the
step of coring the hole 1510 in the tissue wall 1500 may include expanding an expandable
element 836 within the cavity 1506 and moving the expandable element 836 against the
second surface 1504 of the tissue wall 1500 and into the coring tube 810. In some aspects,
the step of coring the hole 130 in the tissue wall 1500 may include the step of positioning
a cannula 470 within the aperture 114 of the connector 100, as described above. In some
such aspects, the cannula 470 may include a hemostatic valve 462 positioned therein for
closing a fluid communication through the connector 100. In some aspects, a diameter of
the hole 130 may be undersized relative to an outer diameter of the cannula 470, such that
the cannula 470 compresses at least a portion of the tissue wall 1500 radially outward
toward the anchoring device 102. In such aspects, the anchoring device 102 may include a
coil or spring having a substantially constant helical diameter, as described above.
Alternatively, the anchoring device 102 may include a coil or spring having an expanding

helical diameter, as described above.

[00150] As is shown in FIG. 13C, the method further may include the step of
retrieving the tissue core 1512 from the tissue wall 1500 and through the aperture 114 of
the connector 100. In certain aspects, the step of retrieving the tissue core 1512 from the
tissue wall 1500 may include moving the expandable element 836 through the coring tube
810. The method also may include the step of confirming retrieval of the tissue core 1512

from the tissue wall 1500 by viewing the tissue core 1512 through the coring handle 812.

[00151] As is shown in FIG. 13D, the method also may include the step of
removing the coring tube 8§10 from the aperture 114 of the connector 100. In certain
aspects, the step of removing the coring tube from the connector 100 may include closing
fluid communication through the aperture 114 of the connector 100. Specifically, in some
such aspects, the step of removing the coring tube from the connector 100 may include
closing fluid communication through the aperture 114 of the connector 100 with a

hemostasis valve 162.

[00152] As is shown in FIG. 13E, the method further may include the step of
coupling the medical device 1400 to the connector 100 such that an inlet tube 1402 of the
medical device 1400 is in fluid communication with the cavity 1506 defined by the tissue
wall 1500. In certain aspects, the medical device 1400 may be a left ventricular assist

device, and the inlet tube 1402 may receive a flow of blood from the left ventricle 1506.
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In other aspects, the medical device 1400 may be an apicoaortic conduit, and the inlet tube
1402 may receive a flow of blood from the left ventricle 1506. In certain aspects, the step
of coupling the medical device 1400 to the connector 100 may include axially retaining
the inlet tube 1402 within the aperture 114 of the connector 100 via the coupler device
110. In some such aspects, the coupler device 110 may axially retain the inlet tube 1402
by frictional forces between the coupler device 110 and the smooth outer surface of the
inlet tube 1402. In some aspects, a diameter of the hole 130 may be undersized relative to
an outer diameter of the inlet tube 1402, such that the inlet tube 1402 compresses at least a
portion of the tissue wall 1500 radially outward toward the anchoring device 102. In such
aspects, the anchoring device 102 may include a coil or spring having a substantially
constant helical diameter, as described above. Alternatively, the anchoring device 102
may include a coil or spring having an expanding helical diameter, as described above. In
certain aspects, the method further may include the step of removing the medical device
1400 from the connector 100 and closing fluid communication through the connector via a

biocompatible plug or cap.

[00153] It will be understood that the above-described method for implanting a
connector and a medical device in a tissue wall may include additional or alternative steps
and aspects, based on the foregoing description relating to the various connectors and tools
described herein. Accordingly, as a result of the structure and functionality of the above-
described connectors and tools, one skilled in the art would appreciate the different

methods in which they may be utilized.

[00154] According to certain methods of implanting a connector, such as the
various connectors described above, in a tissue wall of a heart, air may become trapped in
a ventricle of the heart during implantation. In particular, this phenomenon may be
observed with connectors including a hemostasis valve configured for controlling fluid
communication therethrough. For example, FIG. 14A shows the connector 400 including
the hemostasis valve 462 implanted in the tissue wall 1500 of a heart, the hemostasis valve
462 configured for controlling blood flow out of the ventricle of the heart. During
implantation of the connector 400, an air bubble 1510 may become trapped in the ventricle
adjacent the hemostasis valve 462, as is shown. As described above, the hemostasis valve
462 may be a multi-leaflet valve, such as the tri-leaflet valve of the embodiment of FIG.

14A. Based on the mutli-leaflet configuration of the hemostasis valve 462, the air bubble
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1510 may have a tendency to become trapped in the sinus (i.e., the base) of the leaflets

464 of the valve 462. In such instances, it may be desirable to de-air the ventricle.

[00155] FIGS. 14B-14D illustrate another exemplary embodiment of a connector
1600 configured for implanting and using in a tissue wall to establish, maintain, control,
and close a fluid communication between opposing surfaces of the tissue wall, as may be
described herein. The connector 1600 may include various elements corresponding to
those described above with respect to the connectors 100, 200, 300, 400, 500, and 600,
which elements are identified in FIGS. 14B-14D with corresponding numerals and may
not be described in further detail herein. The connector 1600 may be utilized as a tissue
connector configured for use in any number of surgical procedures, including, but not
limited to, the example procedures described above. Specifically, the connector 1600 may
be utilized as a heart connector configured for use in various cardiac procedures,
including, but not limited to implantation of a VAD. As is shown, the connector 1600
may include an anchoring device 1602, a port 1606, a coupler device 1610, a hemostasis
valve 1662, and a cannula 1670, which may be configured in a manner similar to the
corresponding elements of the connector 400. Certain structural and functional
differences between the connector 1600 and the connector 400 will be described as
follows. Overall, the embodiment of the connector 1600 of FIGS. 14B-14D provides a de-

airing solution to the air bubble problem described above.

[00156] Specifically, in certain aspects, the connector 1600 may include one or
more de-airing orifices 1690. The de-airing orifices 1690 may be defined in the connector
1600 at the highest possible location that can be filled with air, where air bubbles may
naturally tend to form or gather. In this manner, the de-airing orifices 1690 may best
facilitate de-airing of the ventricle. According to certain embodiments, the de-airing
orifices 1690 may be defined in the hemostasis valve 1662. For example, the de-airing
orifices 1690 may be defined in the leaflets 1664 at a proximal end of the hemostasis valve
1662, where air bubbles may naturally tend to form or gather. In this manner, the de-
airing orifices 1690 may be configured for de-airing the ventricle through the hemostasis
valve 1662. Other locations for the de-airing orifices 1690 are contemplated, including
locations on components of the connector 1600 other than the hemostasis valve 1662. In
certain embodiments, the de-airing orifices 1690 may be defined in the port 1606 or the

cannula 1670 of the connector 1600. In other embodiments, the de-airing orifices 1690
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may be defined in any other component having a configuration that allows for
communication of a fluid from the ventricle, or from another tissue cavity according to

other uses of the connector 1600.

[00157] In certain embodiments, the de-airing orifices 1690 themselves may include
valves or may be selectively closed during the implantation procedure in order to control
the amount of blood lost during de-airing of the ventricle. For example, in some
embodiments, the de-airing orifices 1690 may be configured to naturally assume a closed
configuration and to be selectively opened by actuation or insertion of an element that

would create the fluid communication directly or indirectly through the orifices 1690.

[00158] According to some embodiments, the configuration of the leaflets 1664 of
the hemostasis valve 1662 may facilitate de-airing of the ventricle or other tissue cavity.
For example, in some such embodiments, the hemostasis valve 1662 may include leaflets
1664 that do not coapt or close completely and thus de-airing orifices 1690 may be defined
between the leaflets 1664. In this manner, the de-airing orifices 1690 may be configured
for allowing a small amount of fluid leakage through the de-airing orifices 1690.
Accordingly, the hemostasis valve 1662 may be configured for allowing some air to
escape through the coaptation line between the leaflets 1664 instead of being trapped in
the ventricle or other tissue cavity. Other non-leaflet configurations of the hemostatic
valve 1662 are contemplated, such as diaphragm valves, collapsible tubes, glove valves or
others, which also may include one or more de-airing orifices 1690 configured for de-

airing the ventricle or other tissue cavity in a similar manner.

[00159] According to certain embodiments, the de-airing orifices 1690 are
configured for not only allowing the passage of air but also allowing the passage of a
small amount of blood or other fluid therethrough. In such embodiments, the fluid may be
allowed to flow or otherwise be directed to flow over the surfaces of the hemostasis valve
1662. In this manner, the fluid may flow over the leaflets 1664, diaphragms, or other
surfaces of the valve 1662 such that the fluid acts as a lubricant or fluid film that reduces
friction when tools, conduits, or any other elements are passed through the hemostasis
valve 1662. FIGS. 14E-14F illustrate a further embodiment of the connector 1600
configured for directing the fluid that passes through the de-airing orifices 1690.
According to this embodiment, the hemostasis valve 1662 may include flaps 1694

positioned adjacent the de-airing orifices 1690 and configured for re-directing the flow of
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fluid onto friction contact surfaces of the valve 1662. For example, the flaps 1694 may be
positioned proximal of the de-airing orifices 1690 and configured for re-directing the flow
of fluid onto proximal surfaces of the leaflets 1664 of the valve 1662, as is shown. In this
manner, the flaps 1694 further may be configured for preventing un-necessary spillage,
splashing, or disturbance caused by the flow of fluid during the procedure. According to
other embodiments, the hemostasis valve 1662 or other components of the connector 1600
may include non-flap features positioned adjacent the de-airing orifices 1690 or other

leakage features and configured for re-directing the flow of fluid in a similar manner.

[00160] It will be understood that various embodiments of the technology described
and shown herein may be used not only for conventional VAD implantation but also for
intra-cardiac circulatory support. Such use may be facilitated by the intra-cardiac
circulatory support system 1700 shown in FIGS. 15A-15D. In certain embodiments, the
system 1700 may include a valved port 1710, an anchoring device 1720, and an intra-
ventricular VAD 1730. The valved port 1710 and the anchoring device 1720 may be
configured for delivering the intra-ventricular VAD 1730 into the ventricle of the heart,
and the anchoring device 1720 may be configured for maintaining the intra-ventricular
VAD 1730 therein for treatment of the patient. The intra-ventricular VAD 1730 may be,
for example, a catheter based circulatory support system, such as the Impella Device from

ABIOMED or another catheter based circulatory support system.

[00161] The anchoring device 1720 may be configured in a manner similar to the
anchoring devices of the connectors described herein, the anchoring device 1720 being
configured for attaching to the tissue wall of the heart. Specifically, the anchoring device
1720 may include one or more straight, conical, or heterogeneously shaped coils, pins,
hooks, barbs, sutures, other mechanical interference elements, or combinations thereof,
configured for attaching to the tissue wall of the heart. The valved port 1710 may be
removably attached to the proximal end of the anchoring device 1720 and configured for
receiving the intra-ventricular VAD 1730 therein, as is shown. The valved port 1710 may
be further configured for maintaining hemostasis during delivery of the intra-ventricular
VAD 1730 through the anchoring device 1720 and into the ventricle of the heart.
Specifically, the valved port 1710 may include one or more valves 1740 positioned therein
and configured for controlling fluid communication therethrough, as is shown. After

delivery of the intra-ventricular VAD 1730 into the ventricle, the anchoring device 1720
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may then be used as a closure element by itself or in combination with one or more other
components of the system 1700 configured for occluding or closing fluid communication
through the tissue wall of the heart. After occluding or closing fluid communication
through the tissue wall, the valved port 1710 may be removed from the anchoring device
1720, leaving the anchoring device 1720 implanted in the tissue wall and the intra-

ventricular VAD 1730 implanted in the ventricle, as is shown in FIG. 15B.

[00162] According to certain embodiments, the system 1700 may include a closure
element 1750 configured for occluding or closing fluid communication through the tissue
wall of the heart. Such occlusion or closure may be achieved by the closure element 1750
itself or in combination with inward tissue compression provided by the anchoring device
1720, as described above. In some embodiments, the closure element 1750 may be a plug,
as is shown in FIGS. 15C and 15D, although the closure element 1750 may be a cap, a
valve, or other mechanical element configured for occluding or closing fluid
communication through the tissue wall of the heart. The closure element 1750 may
include a pass-through orifice 1760 extending therethough and configured for allowing
passage of a catheter 1770, cables, or any other elements of the system 1700 that may need
to be externalized through the tissue wall. The closure element 1750 also may include a
hemostasis element 1780 positioned within or adjacent to the pass-through orifice 1760
and configured for sealing around the catheter 1770, cables, or other externalized
elements. Specifically, the hemostasis element 1780 may be a valve, a ring, or other
mechanical elements configured for sealing around the catheter 1770, cables, or other

externalized elements.

[00163] In some embodiments, the anchoring device 1720 may be configured for
stabilizing the position of the intra-ventricular VAD 1730 implanted within the ventricle.
Specifically, the anchoring device 1720 may be connected to the intra-ventricular VAD
1730 and configured for controlling the spatial position of the intra-ventricular VAD 1730
within the ventricle, preventing undesirable migration of the intra-ventricular VAD 1730.
According to various embodiments, the anchoring device 1720 may be connected
mechanically, magnetically, chemically, or in any other manner, to the intra-ventricular
VAD 1730. Further, the anchoring device 1720 may be used as a structural platform
configured for receiving or otherwise supporting a receiver, an interface, or a transmitter

operable for wireless communication of data or power between the intra-ventricular VAD
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1730 and a controller of the system 1700. It will be appreciated that, although the intra-
cardiac circulatory support system 1700 may be shown and described herein as including
the intra-ventricular VAD 1730, the intra-cardiac circulatory support system 1700 may

include any type of intra-cardiac circulatory support device.

[00164] In some embodiments of the intra-cardiac circulatory support system 1700
described above, adjustability and control of the spatial position of the intra-ventricular
VAD 1730 deployed within the ventricle may be attained by a connection element
configured to connect the anchoring device 1720 or the closure element 1750 to the VAD
1730. The connection element may include a ball joint, a deformable beam, a universal
joint, a linked structure, or any other type of mechanical interface configured for adjusting
or altering in order to angle or otherwise adjust the relative position between the anchoring
device 1720 or the closure element 1750 and the VAD 1730. In some embodiments, the
connection element also may be configured for adjusting or otherwise changing in axial
length to not only control angulation or rotation of the VAD 1730 but also the three-
dimensional spatial position of the VAD 1730 relative to the anchoring device 1720 or the
closure element 1750. Because the anchoring device 1720 may be deployed on a moving
structure, such as a beating heart or other cardiac surface, the interface between the VAD
1730 and the mating component of the system 1700, such as the anchoring device 1720 or
the closure element 1750, may include a motion absorption element. The motion
absorption element may include a spring and a dampener, a viscoelastic material
component, an accordion type structure, or any other component that creates an interface
configured for absorbing or otherwise controlling the transference of motion between the
anchoring device 1720 or the closure element 1750 and the VAD 1730. It will be
appreciated that, although the foregoing features are described with respect to the intra-
ventricular VAD 1730, such features similarly may be incorporated in a system for

deployment of an intra-vascular VAD.

[00165] As explained above, the various connectors shown and described herein,
such as the connectors 100, 200, 300, 400, 500, 600, and 1600, may be utilized as a heart
connector configured for use in various cardiac procedures, including, but not limited to
implantation of a VAD, such as the VAD 1400 including the inlet tube 1402. In some
embodiments, the inlet tube 1402 of the VAD 1400 may have a surface treatment

configured for promoting adhesion of the tissue or tissue ingrowth. Examples of the
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surface treatment may include bead sintering, titanium bead sintering, surface blasting,
etching or coating to promote adhesion or tissue ingrowth. When using the VAD 1400
including the inlet tube 1402 having the surface treatment, the coupler device of the
connector may be configured for attaching directly onto the treated surface of the inlet
tube 1402, or through another component such as the hemostatic valve onto the treated
surface of the inlet tube 1402, and may take advantage of the friction caused by the surface
treatment of the inlet tube 1402 to increase the axial force lock between the connector and

the inlet tube 1402.

[00166] It also will be understood that one or more of the components of the
connectors, such as the anchoring device, the port, the coupler device, or the cannula, may
have a surface treatment configured for promoting adhesion of the tissue or tissue
ingrowth in surfaces that may require or benefit from this function. Examples of the
surface treatment may include bead sintering, titanium bead sintering, surface blasting,
etching or coating. In some embodiments, the cannula may be fully or partially covered
using titanium bead sintering to improve healing, increase adhesion, and reduce the
possibility of thrombus formation. It also will be understood that other, non-implantable
components may be surface treated or coated to improve their function. For example, an
outer surface of the coring tube of one of the cutting tools described above may have a
surface treatment or coating configured for reducing the friction generated between the
outer surface and the hemostasis valve of the connector during deployment of the

connector.

[00167] As explained above, the various connectors shown and described herein,
such as the connectors 100, 200, 300, 400, 500, 600, and 1600, may include a coupler
device configured for receiving and locking a medical device, such as the inlet tube 1402
of the VAD 1400, in place relative to the connector. According to various embodiments, a
screw, a clip, a hook, a worm gear, or other mechanical element or elements may be used
(chemical or magnetic means may also be used in some embodiments) as an actuator or
activator for the coupler device, moving the coupler device from an unlocked state to
locked state or from a locked state to an unlocked state. In some embodiments, the
actuator or activator element may be part of the coupler device. According to such

embodiments, it is foreseeable that a locking tool may be used to engage and actuate the
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actuator or activator element for locking the coupler device within the surgical window,

from outside the body or through percutaneous access.

[00168] FIGS. 16A and 16B show an exemplary locking tool 1800 for use with one
or more of the above-described connecters for implanting and using in a tissue wall. The
locking tool 1800 may be configured to actuate or activate the coupler device of the
connector through rotational or linear motion, by electrical or magnetic means, or by
chemical means. In some embodiments, the locking tool 1800 may be releasably
attachable to an actuator or activator element 1810 of the coupler device, which may be a
screw as is shown in FIG. 16A or a similar element. When attached to the actuator or
activator element 1810, the locking tool 1800 may be rotated to transfer torque to the
actuator or activator element 1810, which then actuates the coupler device and locks the
VAD in place relative to the connector. Further actuation of the locking tool 1800 may
release the tool 1800 from the coupler device. According to various embodiments, a
releasable interface between the coupler device and the locking tool 1800 may be a
mechanical thread, a joint, a nut, a magnetic interface, a chemical bond, a weak-point
tearing interface, or any other means configured to allow the tool 1800 to remain in place
while needed and then be released from the connector. In some embodiments, the
connector may be delivered to the tissue wall with the locking tool 1800 attached to the
connector. In other embodiments, a guiding element, wire, or thread, or a magnetic field
may be used to guide the locking tool 1800 to the actuator or activator element 1810 after
the connector is delivered to the tissue wall. In these embodiments, the guiding element
may be released or left in place when actuation of the actuator or activator element 1810
via the locking tool 1800 is complete. In some embodiments, the locking tool 1800 itself
may be implantable and may be permanently attached to the coupler device of the

connector.

[00169] According to some embodiments, the locking tool 1800 may include a
flexible shaft 1820, as is shown in FIG. 16A, configured for allowing the tool 1800 to
bend during delivery or actuation of the actuator or activator element 1810, in order to
facilitate use of the tool 1800 through small incisions or in a percutaneous manner. As
discussed above, the interface between the coupler device and the locking tool 1800 may
be threaded and may include a hexagonal nut or allen key interface for transferring torque

between the tool 1800 and the coupler device. For embodiments including a threaded
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interface, the locking tool 1800 may include a plurality of knobs or handles 1830
configured for releasing the tool 1800 from the actuator or activator element 1810 by
relative rotation of the knobs or handles 1830 or by relative linear motion of the knobs or
handles 1830. Independent of the specific configuration of the interface between the
coupler device and the locking tool 1800 or the releasing knobs or handles 1830, the
flexible shaft itself should simplify surgical use of the tool 1800. For embodiments where

flexibility is not desired or required, the locking tool 1800 may include a stiff shaft.

[00170] According to certain embodiments of the connectors described above for
implantation of a VAD, such as the connector 400, the coupler device and the hemostasis
valve may be configured for controlling the axial position of an inlet tube of an extra-
cardiac VAD within the cannula. Therefore, the axial position of the inlet tube also may
be controlled with respect to the cavity, such as the ventricle, in which fluid (i.e., blood) is
contained. In certain applications, in order to avoid obstruction of an inlet orifice of the
VAD inlet tube, particularly against the septum, it may be desirable to angle the VAD inlet

tube with respect to the tissue wall.

[00171] FIGS. 17A and 17B illustrate another exemplary embodiment of a
connector 1900 configured for implanting and using in a tissue wall to establish, maintain,
control, and close a fluid communication between opposing surfaces of the tissue wall, as
may be described herein. The connector 1900 may include various elements
corresponding to those described above with respect to the connectors 100, 200, 300, 400,
500, 600, and 1600, which elements are identified in FIGS. 17A and 17B with
corresponding numerals and may not be described in further detail herein. The connector
1900 may be utilized as a tissue connector configured for use in any number of surgical
procedures, including, but not limited to, the example procedures described above.
Specifically, the connector 1900 may be utilized as a heart connector configured for use in
various cardiac procedures, including, but not limited to implantation of a VAD. As is
shown, the connector 1900 may include an anchoring device 1902, a port 1906, a coupler
device 1910, a hemostasis valve 1962, and a cannula 1970, which may be configured in a
manner similar to the corresponding elements of the connector 400. Certain structural and
functional differences between the connector 1900 and the connector 400 will be

described as follows. Overall, the embodiment of the connector 1900 of FIGS. 17A and
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17B allows for rotation or angulation of an inlet tube of a VAD coupled thereto, as may be

beneficial in certain patient applications.

[00172] As is shown in FIGS. 17A and 17B, the connector 1900 may include a
rotation element 1990 configured for allowing the VAD inlet tube to rotate relative to the
anchoring device 1902 and/or the port 1906 of the connector 1900 in a manner that
changes an angle of incidence of the VAD inlet tube with respect to the tissue wall.
According to various embodiments, the rotation element 1990 may be positioned between
the anchoring device 1902 and the port 1906, between the port 1906 and the cannula 1970,
or between the cannula 1970 and the VAD inlet tube. According to the embodiment
shown in FIGS. 17A and 17B, the rotation element 1990 may be a rotation knee-type joint
positioned between the port 1906 and the cannula 1970 of the connector 1900. In this
manner, the rotation element 1990 may be configured for allowing rotation of the cannula
1970 relative to the port 1906, thereby allowing rotation of the VAD inlet tube received
within the cannula 1970 relative to the port 1906, the anchoring device 1902, and the
tissue wall. In other embodiments, the rotation element 1990 may include one or more
magnetic, mechanical, or chemical joints, or one or more deformable materials configured
for allowing rotation of the VAD inlet tube relative to the tissue wall. In some
embodiments, the connector 1900 also may include a locking mechanism configured for
retaining, either permanently or temporarily, the angular position of the VAD inlet tube
relative to the anchoring device 1902 and/or the port 1906 of the connector 1900. The
locking mechanism may include one or more fasteners or interference elements, such as
pins, screws, hooks, or other similar features configured to restrict the rotation of the VAD
inlet tube via the rotation element 1990. In some embodiments, a rotation tool may be
used to control rotation of the VAD inlet tube relative to the anchoring device 1902 and/or
the port 1906 of the connector 1900. Further, a locking tool, such as the locking tool 1800
described above, may be used to facilitate actuation, locking, and/or unlocking, of the
locking mechanism. In this manner, the connector 1900 may be configured to move from
an unlocked state, allowing rotation of the VAD inlet tube relative to the tissue wall via
the rotation element 1990, to a locked state, preventing rotation of the VAD inlet tube
relative to the tissue wall. In some embodiments, a single combination tool may be

configured for operating as the rotation tool and the locking tool. The rotation tool, the
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locking tool, or the combination tool may be controlled from inside or outside the body,

depending on the invasiveness of the medical procedure being performed.

[00173] Many modifications and other embodiments of the present invention will
come to mind to one skilled in the art to which the invention pertains upon having the
benefit of the teachings presented herein through the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the present invention is not to
be limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terms are employed herein, they are used in a generic and descriptive

sense only and not for purposes of limitation.
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CLAIMS
What is claimed is:
1. A connector for implanting in a tissue wall, the connector comprising:

an anchoring device configured for advancing at least partially through the
tissue wall;

a port positioned about a proximal end of the anchoring device, wherein the
port defines an aperture therethrough; and

a coupler device positioned about the port, wherein the coupler device is

configured for coupling to a medical device.

2. The connector of claim 1, wherein the anchoring device is a suture-less device

configured for advancing at least partially through the tissue wall.

3. The connector of claim 1, wherein the anchoring device comprises a helical coil or
spring.
4. The connector of claim 3, wherein the helical coil or spring comprises a radially-

expanding helical coil or spring such that a helical diameter of the coil or spring increases

from a proximal end of the anchoring device toward a distal end of the anchoring device.

5. The connector of claim 3, wherein the helical coil or spring comprises a straight
helical coil or spring such that a helical diameter of the coil or spring is substantially

constant from a proximal end of the anchoring device to a distal end of the anchoring

device.

6. The connector of claim 1, wherein the anchoring device comprises a plurality of
pins.

7. The connector of claim 1, wherein the anchoring device comprises a plurality of

prongs.
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8. The connector of claim 1, wherein the anchoring device comprises a plurality of

barbs.

9. The connector of claim 1, wherein the anchoring device comprises a plurality of

hooks.

10. The connector of claim 1, wherein the anchoring device is configured for
compressing at least a portion of the tissue wall inward toward an axis of the anchoring

device when advanced at least partially therethrough.

11. The connector of claim 1, wherein the port comprises a flange formed about a
distal end of the port, wherein the flange is configured for contacting the tissue wall upon

advancing the anchoring device at least partially therethrough.

12. The connector of claim 1, wherein the coupler device is a suture-less device

configured for coupling to the medical device.

13. The connector of claim 1, wherein the coupler device is configured for receiving

and axially retaining the medical device.

14. The connector of claim 13, wherein the coupler device is further configured for

preventing axial rotation of the medical device.

15. The connector of claim 1, wherein the coupler device is configured for locking

onto a smooth outer surface of the medical device.

16. The connector of claim 1, wherein the medical device is an inlet tube of a
ventricular assist device, and wherein the coupler device is configured for receiving and

axially retaining the inlet tube.

17. The connector of claim 16, wherein the coupler device is configured for locking

onto a smooth outer surface of the inlet tube.
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18. The connector of claim 1, wherein the medical device is an inlet tube of an
apicoaortic conduit, and wherein the coupler device is configured for receiving and axially

retaining the inlet tube.

19. The connector of claim 18, wherein the coupler device is configured for locking

onto a smooth outer surface of the inlet tube.

20. The connector of claim 1, wherein the coupler device comprises a deflection arm

mechanism configured for receiving and axially retaining the medical device.

21. The connector of claim 20, wherein the deflection mechanism is further configured

for preventing axial rotation of the medical device.

22. The connector of claim 20, wherein the deflection arm mechanism comprises a
deflection arm configured for deflecting inward into an aperture of the coupler device and

retaining the medical device.

23. The connector of claim 1, wherein the coupler device comprises a taper lock

mechanism configured for receiving and axially retaining the medical device.

24. The connector of claim 1, wherein the coupler device comprises an axial clip

mechanism configured for receiving and axially retaining the medical device.

25. The connector of claim 1, wherein the coupler device comprises a worm gear collet

mechanism configured for receiving and axially retaining the medical device.

26. The connector of claim 1, wherein the coupler device comprises a hinged ring lock

mechanism configured for receiving and axially retaining the medical device.

27. The connector of claim 1, wherein the coupler device comprises an axial clip and

clamp mechanism configured for receiving and axially retaining the medical device.
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28. The connector of claim 1, wherein the coupler device comprises a universal
coupler device configured for receiving and axially retaining an inlet tube having an outer

diameter within a selected range.

29. The connector of claim 28, wherein the outer diameter is between 19 mm and 21
mm.
30. The connector of claim 1, further comprising a secondary sealing element

configured for contacting and sealing against the tissue wall upon advancing the anchoring

device at least partially therethrough.

31. The connector of claim 30, wherein the secondary sealing element is formed as a

substantially ring-shaped member positioned about the distal end of the port.

32. The connector of claim 30, wherein the secondary sealing member has a generally

frusto-conical shape.

33. The connector of claim 30, wherein the secondary sealing member has a generally

flat annular shape.

34. The connector of claim 30, wherein the secondary sealing member is formed of a
rigid or substantially rigid material configured for biasing the tissue wall to conform to the

geometry of the secondary sealing element.

35. The connector of claim 30, wherein the secondary sealing member is formed of a

flexible or elastic material configured for conforming to the shape of the tissue wall.

36. The connector of claim 1, further comprising a hemostasis valve configured for

closing a fluid communication through the connector.
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37. The connector of claim 36, wherein the hemostasis valve is positioned at least
partially within the aperture of the port, and wherein the hemostasis valve is configured for

closing the fluid communication through the aperture.

38. The connector of claim 36, wherein the hemostasis valve comprises a one-way
valve.
39. The connector of claim 38, wherein the hemostasis valve comprises a one-way

multi-leaflet valve.

40. The connector of claim 36, wherein the hemostasis valve comprises a tubular
membrane.
41. The connector of claim 36, wherein the hemostasis valve is configured for

allowing at least a portion of the medical device to pass therethrough.

42. The connector of claim 41, wherein the hemostasis valve is configured for forming

a fluid-tight seal about an outer surface of the medical device.

43. The connector of claim 1, further comprising a cannula configured for positioning
at least partially through the aperture of the port and at least partially through the tissue

wall.

44. The connector of claim 43, wherein the cannula comprises threads configured for

engaging mating threads of the port.

45. The connector of claim 43, further comprising a hemostasis valve positioned at
least partially within the cannula and configured for closing a fluid communication

through the connector.

46. The connector of claim 43, wherein the coupler device comprises a deflection arm

mechanism configured for receiving and axially retaining the medical device, wherein the
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deflection arm mechanism comprises a deflection arm configured for deflecting inward
into an aperture of the coupler device and retaining the medical device, and wherein the
cannula comprises an opening configured for allowing the deflection arm to pass

therethrough.

47. The connector of claim 46, further comprising a hemostasis valve positioned at
least partially within the cannula and configured for closing a fluid communication
through the connector, and wherein the deflection arm is configured for passing through
the opening of the cannula and engaging the hemostasis valve for retaining the medical

device.

48. A cutting tool for forming a hole in a tissue wall, the cutting tool comprising:

a piercing device comprising:

a piercing element configured for piercing the tissue wall and
advancing therethrough; and

an expandable element positioned adjacent the piercing element and
configured for expanding from a laterally contracted state to a laterally
expanded state; and
a coring device comprising a coring tube configured for removably

receiving the piercing element and the expandable element therein;

wherein the expandable element and the coring tube are configured to form

the hole in the tissue wall by removing a tissue core therefrom.

49. The cutting tool of claim 48, wherein the expandable element comprises a plurality

of plates configured for moving from an axial position to a lateral position.

50. The cutting tool of claim 48, wherein the piercing device and the coring device are

configured for translating axially with respect to one another.
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