
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

26
0 

05
3

A
1

TEPZZ¥ 6ZZ5¥A_T
(11) EP 3 260 053 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
27.12.2017 Bulletin 2017/52

(21) Application number: 17181453.6

(22) Date of filing: 17.03.2014

(51) Int Cl.:
A61B 17/04 (2006.01) A61B 17/08 (2006.01)

A61B 17/12 (2006.01) A61B 17/122 (2006.01)

A61B 17/00 (2006.01) A61B 17/064 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 15.03.2013 US 201313843930

(62) Document number(s) of the earlier application(s) in 
accordance with Art. 76 EPC: 
14763744.1 / 2 967 532

(71) Applicant: Micro Interventional Devices, Inc.
Newtown, PA 18940 (US)

(72) Inventors:  
• WHITMAN, Michael, P.

New Hope, PA 18938 (US)

• DATCUK, Peter
Quakertown, PA 18951 (US)

(74) Representative: Grünecker Patent- und 
Rechtsanwälte 
PartG mbB
Leopoldstraße 4
80802 München (DE)

Remarks: 
This application was filed on 14-07-2017 as a 
divisional application to the application mentioned 
under INID code 62.

(54) TISSUE CLOSURE DEVICE

(57) A device that, when implanted in the heart, closes the wound and complies with wall motion (i.e., expands and
contracts with the myocardium).



EP 3 260 053 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent
Application Serial No. 13/843,930, filed March 15, 2013,
which is hereby incorporated herein in its entirety by ref-
erence thereto.
[0002] Further, each of the following is hereby incor-
porated in its entirety by reference thereto: U.S. Patent
Application Serial No. 13/010,769, filed January 20,
2011, U.S. Provisional Patent Application Serial No.
61/296,868, filed on January 20, 2010, U.S. Patent Ap-
plication Serial No. 13/010,766, filed on January 20,
2011, U.S. Patent Application Serial No. 13/010,777, filed
on January 20, 2011, and U.S. Patent Application Serial
No. 13/010,774, filed on January 20,2011.

FIELD OF THE INVENTION

[0003] The present invention relates to a tissue closure
device and method.

BACKGROUND INFORMATION

[0004] Surgical interventions require gaining access to
the surgical site where viscera is damaged and/or dis-
eased. This involves piercing or cutting an aperture into
healthy tissue layers to gain access. For example, during
a thoracotomy procedure, a surgeon would typically in-
cise the skin between the ribs thus piercing one or more
tissue layers with a trocar, scalpel or other sharp device
to allow the insertion of a cannula or retractor to maintain
an aperture in the tissue. Surgical instruments may be
inserted through the cannula or retractor in order to ac-
cess the surgical site. For example, a surgeon and/or
interventionist would obtain access to a diseased or dam-
aged aortic valve via a thoracotomy and myocardotomy
via the apex of the heart. This procedure requires that a
surgeon gain access to the myocardium of the patient’s
heart, e.g., via a small intercostal incision in the patient’s
chest. This procedure further involves incising the myo-
cardium of the heart to form an access aperture, and
insertion of a sheath introducer to maintain a desired di-
ameter of the access aperture and to protect the heart
tissue during subsequent insertion and/or removal of
catheters and other instrumentation through the sheath.
Catheters and other instrumentation may then be insert-
ed through the cannula and into one or more chambers
of the heart in order to repair defects or damaged portions
of the heart.
[0005] Further, some pericardiocentesis procedures
involve inserting a needle, via an intercostal opening in
the patient, into the pericardial sac, guiding a flexible
guide wire through the needle, and subsequent removal
of the needle with the guide wire left in place. After re-
moval of the needle, a tapered dilator may be advanced
over the guide wire to dilate the opening in the pericar-

dium tissue. The dilated opening, or tract, allows room
for a catheter. After the dilation, the catheter is guided
over the guide wire into the pericardial sac to drain fluid
from the pericardium.
[0006] Transpericardial or transapical access to the
myocardium is generally less intrusive than more tradi-
tional forms of surgery, since they generally require rel-
atively small entry openings or apertures. However,
these small apertures may be difficult to close, especially
as the closure location is inside the patient’s body. For
example, referring the procedures described above, after
removal of the sheath introducer and any catheters or
other instrumentation extending therethrough, the aper-
ture formed in the tissue, e.g., the heart or pericardium
tissue, is closed within the patient’s body. Since these
exemplary procedures involve accessing the *patient’s
thorax through a small intercostal aperture through the
patient’s skin and other underlying tissues (e.g., fat
and/or fascia), closure methods such as suturing are
more complicated than with traditional open surgical pro-
cedures. In particular, applying sutures to a closure lo-
cation inside the patient’s body through a small aperture
such as a mini-thoracotomy is more difficult and compli-
cated than directly manipulating a suture needle by hand
at an open surgical site. This difficulty can result in de-
fective closures and/or closures that require more time
than necessary.
[0007] Defective closures may expose the patient to
increased risk of complications such as internal bleeding
and/or infection. Even where defective closures are rec-
ognized and addressed prior to completion of the surgical
procedure, the correction of defective closures increases
the time required to affect the closure and may expose
the tissue to additional trauma. It is generally desirable
to minimize the amount of time for a surgical procedure
in order to reduce the possibility of complications and
unnecessary trauma to the patient.
[0008] Thus, there is a need for a closure mechanism
and method that is simple to operate, reliable, and re-
quires a small amount of time in which to form an effective
closure.

SUMMARY

[0009] In accordance with example embodiments of
the present invention, a device includes: a plurality of
anchors; at least one elastic closure element coupled to
the anchors and configured to urge the anchors toward
each other; and a driver configured to drive the anchors,
with the closure element coupled to the anchors, into
tissue; wherein the closure element has an elasticity suf-
ficient to urge the anchors, driven into the tissue, toward
each other to close an aperture in the tissue located be-
tween the anchors driven into the tissue and to resist
opposing forces exerted on the anchors that urge the
anchors apart.
[0010] The opposing forces may be exerted on the an-
chors by at least one of (a) the tissue, (b) a fluid flow, (c)
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pneumatic pressure, (d) hydraulic pressure, and (e) ex-
ternal forces.
[0011] The device may further include a safety release
mechanism including a plurality of spring-loaded mem-
bers, each spring-loaded member independently mova-
ble between an engagement position and a disengage-
ment position, the safety release mechanism adapted to
prevent the driver from driving the anchors unless all of
the spring-loaded members are in the engagement po-
sition.
[0012] The anchors may each include an elongated
body having a distal tip configured to pierce the tissue
when the respective anchor is distally driven into the tis-
sue.
[0013] The anchors may each include an anchoring
projection configured to resist proximal movement of the
anchor after the anchor is driven into the tissue.
[0014] The anchoring projection is a wing extending
proximally and radially from a connection between the
wing and the elongated body to a free end.
[0015] The wing may include a plurality of proximally
extending cutting projections at the free end of the wing.
[0016] The wing may be formed by a cut progressing
radially inwardly and distally into the elongated body.
[0017] The elongated body and the wing may include
a plurality of longitudinally extending corrugations, the
corrugations providing a plurality of proximally extending
cutting projections at the free end of the wing.
[0018] The anchors may each include first and second
anchoring projections configured to resist proximal
movement of the anchor after the anchor is driven into
the tissue, the first and second anchoring projections be-
ing disposed at respective positions that are offset from
each other along the length of the elongated body.
[0019] The first and second anchoring projections may
be first and second wings formed respectively by first and
second cuts progressing radially inwardly and distally into
the elongated body and ending at respective locations
that are offset from each other along the length of the
elongated body.
[0020] The closure element may include at least one
of a band, an elastomeric band, and a band formed of
silicon.
[0021] The anchors may each include a hooked pro-
jection configured to receive the band.
[0022] The hooked projection may be configured to
maintain engagement between the band and the anchor
by preventing the band from moving off the proximal end
of the anchor.
[0023] The device may include a plurality of closure
elements.
[0024] Each of the plurality of closure elements may
contact two or more of the anchors.
[0025] The closure elements may form a pattern of two
overlapping V-shaped configurations.
[0026] The plurality of closure elements may contact
three or more of the anchors.
[0027] The at least one closure element may include

a monolithic V-shaped element coupling three of the an-
chors.
[0028] The device may include two monolithic V-
shaped closure elements each configured to contact
three of the anchors. The two V-shaped closure elements
may overlap to form a diamond-shaped operational win-
dow.
[0029] The device may further include a centering el-
ement configured to receive a guide wire. The centering
element may be a tubular shaft.
[0030] The anchors may be disposed along a ring-
shaped circumference in the first configuration.
[0031] The closure element may be prevented from
extending within the ring-shaped circumference by one
or more tubes.
[0032] The driver may configured to simultaneously
drive the plurality of anchors.
[0033] The driver may comprise a spring-loaded ele-
ment configured to impact and impart a distally directed
momentum to the anchors.
[0034] The device may further include a trigger config-
ured to release the spring-loaded element from a
preloaded position in order to drive the plurality of an-
chors.
[0035] The device may further include a handle, the
trigger being disposed in handle.
[0036] The handle, the trigger, and the driver may be
detachable from the cannula, the outer working tube, the
plurality of anchors, and the closure element.
[0037] The plurality of anchors and the closure element
may be formed of bioabsorbable materials.
[0038] In accordance with example embodiments of
the present invention, a device includes: a plurality of
anchors; and at least one elastic closure element coupled
to the anchors and configured to urge the anchors toward
each other; wherein the closure element has an elasticity
sufficient to urge the anchors, driven into the tissue, to-
ward each other to close an aperture in the tissue located
between the anchors driven into the tissue and to resist
opposing forces exerted on the anchors that urge the
anchors apart.
[0039] The opposing forces may be exerted on the an-
chors by at least one of (a) the tissue, (b) a fluid flow, (c)
pneumatic pressure, (d) hydraulic pressure, and (e) ex-
ternal forces.
[0040] In accordance with example embodiments of
the present invention, a method includes: implanting a
plurality of anchors into tissue; and urging the implanted
anchors towards each other by at least one elastic clo-
sure element coupled to the anchors with sufficient force
to (a) close an aperture in the tissue located between the
implanted anchors and (b) resist opposing forces exerted
on the implanted anchors that urge the anchors apart
and the aperture open.
[0041] The opposing forces may be exerted on the an-
chors by at least one of (a) the tissue, (b) a fluid flow, (c)
pneumatic pressure, (d) hydraulic pressure, and (e) ex-
ternal forces.
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[0042] In accordance with example embodiments of
the present invention, a method includes: implanting a
plurality of anchors into tissue; urging the implanted an-
chors towards each other by at least one elastic closure
element coupled to the anchors; forming an aperture in
the tissue between the implanted anchors, the elastic
closure element urging the implanted anchors towards
each other and towards the aperture with sufficient force
to (a) maintain the aperture in the tissue in a closed po-
sition and (b) resist opposing forces exerted on the im-
planted anchors that urge the anchors apart and urges
the aperture open; inserting an instrument through the
aperture; and after removing the instrument from the ap-
erture, again urging the implanted anchors towards each
other and towards the aperture by the elastic closure el-
ement with sufficient force to (a) maintain the aperture in
the tissue in the closed position and (b) resist opposing
forces exerted on the implanted anchors that urge the
anchors apart and the aperture open.
[0043] The opposing forces may be exerted on the an-
chors by at least one of (a) the tissue, (b) a fluid flow, (c)
pneumatic pressure, (d) hydraulic pressure, and (e) ex-
ternal forces.
[0044] In accordance with example embodiments of
the present invention, a method includes: forming an ap-
erture in tissue; inserting a centering device through the
aperture; implanting a plurality of anchors into the tissue
using the centering device to center the anchors about
the aperture; urging the implanted anchors towards each
other and towards the aperture by at least one elastic
closure element coupled to the anchors; inserting an in-
strument through the aperture; and after removing the
instrument from the aperture, again urging the implanted
anchors towards each other and towards the aperture by
the elastic closure element with sufficient force to (a)
maintain the aperture in the tissue in the closed position
and (b) resist opposing forces exerted on the implanted
anchors that urge the anchors apart and the aperture
open.
[0045] The opposing forces may be exerted on the an-
chors by at least one of (a) the tissue, (b) a fluid flow, (c)
pneumatic pressure, (d) hydraulic pressure, and (e) ex-
ternal forces.
[0046] In accordance with example embodiments of
the present invention, a surgical device comprises two
or more anchors, a driver configured to drive the anchors
into a tissue, and at least one elastic closure element
extending between the anchors and configured to urge
the anchors from a first configuration in which the anchors
are a first distance from each other, toward a second
configuration in which the anchors are a second distance
from each other, the second distance being less than the
first distance, wherein the surgical device is configured
to maintain the driven anchors in the first configuration
and to selectably release the driven anchors to allow the
anchors to be moved by the at least one closure element
toward the second configuration.
[0047] The anchors may each include an elongated

body having a distal tip configured to pierce the tissue
when the respective anchor is distally driven into the tis-
sue.
[0048] The anchors may each include an anchoring
projection configured to resist proximal movement of the
anchor after the anchor is driven into the tissue.
[0049] The anchoring projection may be a wing extend-
ing proximally and radially from a connection between
the wing and the elongated body to a free end.
[0050] The wing may include a plurality of proximally
extending cutting projections at the free end of the wing.
[0051] The wing may be formed by a cut progressing
radially inwardly and distally into the elongated body.
[0052] The elongated body and the wing may include
a plurality of longitudinally extending corrugations, the
corrugations providing a plurality of proximally extending
cutting projections at the free end of the wing.
[0053] The anchors may each include first and second
anchoring projections configured to resist proximal
movement of the anchor after the anchor is driven into
the tissue, the first and second anchoring projections be-
ing disposed at respective positions that are offset from
each other along the length of the elongated body.
[0054] The first and second anchoring projections may
be first and second wings formed respectively by first and
second cuts progressing radially inwardly and distally into
the elongated body and ending at respective locations
that are offset from each other along the length of the
elongated body.
[0055] The closure element may be a band. The band
may form a continuous loop. The band may be elasto-
meric. The band may be formed of silicon.
[0056] The anchors may each include a hooked pro-
jection configured to receive the band.
[0057] The hooked projection may be configured to
maintain engagement between the band and the anchor
by preventing the band from moving off the proximal end
of the anchor.
[0058] The device may include a two or more closure
elements. Each of the plurality of closure elements may
contact only two of the anchors. For example, the two or
more closure elements may include four closure ele-
ments or may include six anchors, two of the six anchors
being connected to only two of four closure elements,
and four of the six anchors being connected to only a
respective one of the four closure elements. The closure
elements may form a pattern of two or more overlapping
V-shaped configurations.
[0059] The surgical plurality of closure elements may
contact three or more of the anchors. The at least one
closure element may include a monolithic V-shaped el-
ement configured to contact three of the anchors.
[0060] The at least one closure element may include
two or more monolithic V-shaped elements each config-
ured to contact three of the anchors. For example, the
V-shaped elements may overlap to form a diamond-
shaped operational window.
[0061] The device may further comprise a centering
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element configured to receive a guide wire. The device
of claim 25, wherein the centering element is a tubular
shaft. The centering element may have a proximal portion
configured to allow the centering mechanism to be re-
tracted from the remainder of the surgical device.
[0062] The device may further comprise at least one
pressure sensor configured to indicate whether the de-
vice is adequately contacting the tissue prior to driving
the anchors.
[0063] The at least one pressure sensor may include
at least one contact element extending distally from a
distal end of the device. The at least one contact element
may be depressible when a distal end of the device is
pressed against the tissue.
[0064] The device may further comprise a key plate
and at least one key member, the at least one key mem-
ber having a first position in which the at least key member
is engaged with the key plate and a second position in
which the at least one key member is disengaged with
the key plate, wherein depression of the contact element
causes the at least one key member to move from the
first position to the second position.
[0065] The key plate may prevent driving of the an-
chors when the at least one key member is engaged with
the key plate.
[0066] The at least one key member includes a plurality
of key members each being independently movable by
a respective contact element. The key plate may prevent
driving of the anchors if any one of the key members is
engaged with the key plate.
[0067] The anchors may be disposed along a ring-
shaped circumference in the first configuration.
[0068] The closure element may be prevented from
extending within the ring-shaped circumference when
the anchors are maintained in the first configuration.
[0069] The surgical device may further comprise a can-
nula configured to provide access to a surgical site dis-
posed between the anchors when the anchors are main-
tained in the first configuration.
[0070] The cannula may be configured to maintain the
anchors in the first configuration.
[0071] The anchors and closure element may be dis-
posed at a position radially exterior to the cannula.
[0072] The surgical device may further comprise an
outer working tube, the cannula extending within the out-
er working tube.
[0073] At least one of the cannula and the outer work-
ing tube may have an outer surface configured to prevent
the anchor and the closure element from extending to
any radial position corresponding to an interior of the can-
nula.
[0074] The surgical device may include a plurality of
closure elements prevented from extending to any radial
position corresponding to the interior channel of the can-
nula.
[0075] The cannula may include a distal portion having
a flanged orientation in which the distal portion forms a
radially extending flange configured to prevent the clo-

sure elements from moving distally beyond the distal end
of the cannula. The flange may extend radially beyond
an outer surface of the outer working tube.
[0076] The distal portion of the cannula may be actu-
atable to a second orientation, in which the distal portion
of the inner working channel does not prevent the closure
elements from moving distally beyond the distal end of
the cannula.
[0077] The flange may extend distally when the distal
portion of the cannula is in the second orientation.
[0078] The distal portion of the cannula may be actu-
atable from the flanged orientation to the second orien-
tation by proximally sliding the cannula with respect to
the outer working tube.
[0079] The depth to which the anchors are driven by
the driver may be limited by contact between the closure
element and the radially extending flanges.
[0080] The driver may be configured to simultaneously
drive the plurality of anchors.
[0081] The driver may comprise a spring-loaded ele-
ment configured to impact and impart a distally directed
momentum to the anchors.
[0082] The surgical device may further comprise a trig-
ger configured to release the spring-loaded element from
a preloaded position in order to drive the plurality of an-
chors.
[0083] The surgical device may further comprise a han-
dle, the trigger being disposed in handle.
[0084] The surgical device may further comprise a
safety element configured to prevent the trigger from re-
leasing the spring-loaded element when the safety ele-
ment is in a safety position.
[0085] The handle, the trigger, and the driver may be
detachable from the cannula, the outer working tube, the
plurality of anchors, and the closure element.
[0086] The plurality of anchors and/or the closure ele-
ment may be formed of bioabsorbable materials.
[0087] In accordance with example embodiments of
the present invention, a method comprises: implanting
two or more anchors into a tissue; maintaining the im-
planted anchors in a first configuration in which the an-
chors are a first distance from each other; urging the an-
chors from the first configuration toward a second con-
figuration in which the anchors are a second distance
from each other, the second distance being less than the
first distance; forming an aperture in the tissue in an area
between the two or more anchors; and constricting the
aperture by allowing the anchors to move from the first
configuration to the second configuration..
[0088] The aperture may be formed while the implant-
ed anchors are maintained in the first configuration.
[0089] The aperture may be formed with a trocar, scal-
pel or other sharp device and may be expanded using a
dilator, sheath introducer or catheter.
[0090] The method may further comprise performing
a thoracoscopic surgical procedure through the aperture.
[0091] The closure device may include a cannula or
sheath introducer configured to maintain the closure de-
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vice in the preloaded state, the surgical procedure being
performed through the cannula or sheath introducer.
[0092] The tissue may be a blood vessel or heart tis-
sue.
[0093] The surgical procedure may be a trans-apical
valve replacement or repair.
[0094] In accordance with example embodiments of
the present invention, a surgical device comprises a plu-
rality of anchors configured to be driven into a tissue, and
at least one closure element extending between the an-
chors and configured to urge the anchors from a first
configuration in which the anchors are a first distance
from each other, toward a second configuration in which
the anchors are a second distance from each other, the
second distance being less than the first distance, where-
in the surgical device is configured to maintain the an-
chors in the first configuration during a surgical procedure
and to subsequently allow the anchors to be moved by
the closure element toward the second configuration.
[0095] In accordance with example embodiments of
the present invention, a surgical device comprises a driv-
er configured to drive a plurality of anchors into a tissue
in a first anchor configuration in which the anchors are a
first distance from each other, wherein the device is con-
figured to maintain the driven anchors in the first anchor
configuration and to selectably release the driven an-
chors to allow the anchors to be moved by at least one
closure element toward a second anchor configuration
in which the anchors are closer to each other than when
the anchors are in the first anchor configuration.
[0096] The driver may be configured to drive each an-
chor by striking, e.g., a) the respective anchor or b) a pin
configured to transfer momentum from the driver to the
anchor.
[0097] The driver may be configured to be actuated
from a proximal position to a distal position in which the
driver imparts momentum to each respective anchor by
striking a) the respective anchor or b) a pin configured
to transfer momentum from the driver to the respective
anchor. The driver may be configured to be actuated by
a spring.
[0098] In accordance with example embodiments of
the present invention, a device comprises a plurality of
anchors, at least one tissue compression band coupled
to the anchors and configured to urge the anchors toward
each other, and a driver configured to drive the anchors,
with the tissue compression band coupled to the anchors,
into tissue, wherein the tissue compression band has an
elasticity sufficient to urge the anchors, driven into the
tissue, toward each other to close an aperture in the tis-
sue located between the anchors driven into the tissue.
[0099] Forces may be exerted on the anchors by at
least one of (a) the tissue, (b) a fluid flow, (c) pneumatic
pressure, (d) hydraulic pressure, and (e) external forces.
[0100] The anchors may each include a distal tip con-
figured to pierce the tissue when the respective anchor
is distally driven into the tissue.
[0101] The anchors may each include an anchoring

projection configured to resist proximal movement of the
anchor after the anchor is driven into the tissue.
[0102] The anchoring projection may be a wing extend-
ing proximally and radially from a proximal end of the
distal tip to a free end.
[0103] The wing may include a plurality of proximally
extending cutting projections at the free end of the wing.
[0104] The wing may include a plurality of longitudinally
extending corrugations, the corrugations providing a plu-
rality of proximally extending cutting projections at the
free end of the wing.
[0105] The tissue compression band may include at
least one of a band, an elastomeric band, and a band
formed of silicon.
[0106] The tissue compression band may comprise a
first and second end, each of the first and second end
having at least one projection extending radially from the
end, and further wherein each of the plurality of anchors
comprises a coupling element.
[0107] The coupling element may be configured to
maintain engagement between the tissue compression
band and the anchor by preventing the band from moving
off of the anchor.
[0108] The device may include a plurality of tissue
compression bands.
[0109] Each of the tissue compression bands may con-
tact two or more of the anchors.
[0110] Each of the tissue compression bands may con-
tact two anchors.
[0111] The tissue compression bands may overlap
other tissue compression bands.
[0112] Four tissue compression bands may overlap to
form a rectangle.
[0113] Four tissue compression bands may overlap to
form a diamond.
[0114] The anchors may be disposed along a ring-
shaped circumference in the first configuration.
[0115] The anchors may be disposed in a square in
the first configuration.
[0116] The driver may be configured to simultaneously
drive the plurality of anchors.
[0117] The driver may be configured to drive the plu-
rality of anchors a predefined distance.
[0118] The driver may comprise a spring-loaded ele-
ment confgured to impact and impart a distally directed
momentum to the anchors.
[0119] A trigger may be configured to release the
spring-loaded element from a preloaded position in order
to drive the plurality of anchors.
[0120] A handle, the trigger may be disposed in handle.
[0121] The plurality of anchors and the tissue compres-
sion bands may be formed of bioabsorbable materials.
[0122] The tissue compression band may have a re-
laxed state, in which the tissue compression band exerts
one of (i) no force and (ii) minimal force on the anchors,
and a tensed state, in which the tissue compression band
exerts a force urging the anchors toward each other.
[0123] The tissue compression band may be in the re-
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laxed state before being driven into the tissue by the driv-
er.
[0124] The tissue compression band may be in the
tensed state after being driven into the tissue by the driv-
er.
[0125] The tissue compression band may be coupled
to the anchor at a point disposed inside the tissue after
the anchor is driven into the tissue by the driver.
[0126] In accordance with example embodiments of
the present invention, a device comprises a plurality of
anchors, and at least one tissue compression band cou-
pled to the anchors and configured to urge the anchors
toward each other, wherein the tissue compression band
has an elasticity sufficient to urge the anchors, driven
into the tissue, toward each other to close an aperture in
the tissue located between the anchors driven into the
tissue.
[0127] In accordance with example embodiments of
the present invention, a method comprises implanting a
plurality of anchors into tissue, and urging the implanted
anchors towards each other by at least one tissue com-
pression band coupled to the anchors with sufficient force
to close an aperture in the tissue located between the
implanted anchors.
[0128] In accordance with example embodiments of
the present invention, a device comprises a plurality of
anchors, a closure plate coupled to the anchors, and a
driver configured to drive the anchors, with the closure
plate coupled to the anchors, into tissue, wherein the
closure plate coupled with the anchors is configured to
close an aperture in the tissue located between the an-
chors driven into the tissue.
[0129] The closure plate may be rigid.
[0130] The closure plate may be configured to urge the
anchors toward each other.
[0131] The anchors each may include an elongated
body having a distal tip configured to pierce the tissue
when the respective anchor is distally driven into the tis-
sue.
[0132] The anchors each may include an anchoring
projection configured to resist proximal movement of the
anchor after the anchor is driven into the tissue.
[0133] The anchoring projection may be a wing extend-
ing proximally and radially from a connection between
the wing and the elongated body to a free end.
[0134] The wing may include a plurality of proximally
extending cutting projections at the free end of the wing.
[0135] The wing may be formed by a cut progressing
radially inwardly and distally into the elongated body.
[0136] The elongated body and the wing may include
a plurality of longitudinally extending corrugations, the
corrugations providing a plurality of proximally extending
cutting projections at the free end of the wing.
[0137] The anchors may each include first and second
anchoring projections configured to resist proximal
movement of the anchor after the anchor is driven into
the tissue, the first and second anchoring projections be-
ing disposed at respective positions that are offset from

each other along the length of the elongated body.
[0138] The first and second anchoring projections may
be first and second wings formed respectively by first and
second cuts progressing radially inwardly and distally into
the elongated body and ending at respective locations
that are offset from each other along the length of the
elongated body.
[0139] Closure elements may have an elasticity suffi-
cient to urge the anchors, driven into the tissue, toward
each other to close an aperture in the tissue located be-
tween the anchors driven into the tissue.
[0140] The closure element may include at least one
of a band, an elastomeric band, and a band formed of
silicon.
[0141] The anchors may each include a hooked pro-
jection configured to receive the band.
[0142] The hooked projection may be configured to
maintain engagement between the band and the anchor
by preventing the band from moving off the proximal end
of the anchor.
[0143] The closure plate may be round.
[0144] The closure plate may be rectangular.
[0145] The closure plate may comprise a plurality of
sliding braces.
[0146] The driver may be configured to simultaneously
drive the plurality of anchors.
[0147] The driver may be configured to drive the plu-
rality of anchors a predefined distance.
[0148] The driver may comprise a spring-loaded ele-
ment configured to impact and impart a distally directed
momentum to the anchors.
[0149] A trigger may be configured to release the
spring-loaded element from a preloaded position in order
to drive the plurality of anchors.
[0150] The trigger may be disposed in a handle.
[0151] The plurality of anchors and the closure plate
may be formed of bioabsorbable materials.
[0152] In accordance with example embodiments of
the present invention, a device comprises a plurality of
anchors, a closure plate coupled to the anchors, and
wherein the closure plate coupled with the anchors is
configured to close an aperture in the tissue located be-
tween the anchors driven into the tissue.
[0153] In accordance with example embodiments of
the present invention, a method comprises implanting a
plurality of anchors into tissue, and closing an aperture
in the tissue located between the anchors driven into the
tissue.
[0154] In accordance with example embodiments of
the present invention, a device comprises a plurality of
anchors, at least one closure element coupled to the an-
chors and configured to urge the anchors toward each
other, and a driver configured to drive the anchors, with
the closure element coupled to the anchors, into tissue,
wherein the closure element has an elasticity sufficient
to urge the anchors, driven into the tissue, toward each
other to close an aperture in the tissue located between
the anchors driven into the tissue.
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[0155] Forces may be exerted on the anchors by at
least one of (a) the tissue, (b) a fluid flow, (c) pneumatic
pressure, (d) hydraulic pressure, (e) external forces, and
(f) manual pressure.
[0156] The anchors may each include a distal tip con-
figured to pierce the tissue when the respective anchor
is distally driven into the tissue.
[0157] The anchors may each include an anchoring
projection configured to resist proximal movement of the
anchor after the anchor is driven into the tissue.
[0158] The anchoring projection may be a wing extend-
ing proximally and radially from a proximal end of the
distal tip to a free end.
[0159] The wing may include a plurality of proximally
extending cutting projections at the free end of the wing.
[0160] The wing may include a plurality of longitudinally
extending corrugations, the corrugations providing a plu-
rality of proximally extending cutting projections at the
free end of the wing.
[0161] The closure element may include at least one
of a band, a tissue compression band, an elastomeric
band, and a band formed of silicon.
[0162] The closure element may comprise a first and
second end, each of the first and second end having at
least one projection extending radially from the end, and
further wherein each of the plurality of anchors comprises
a coupling element.
[0163] The coupling element may be configured to
maintain engagement between the closure element and
the anchor by preventing the band from moving off of the
anchor.
[0164] The device may include a plurality of closure
elements.
[0165] Each of the closure elements may contact two
or more of the anchors.
[0166] Each of the closure elements may contact two
anchors.
[0167] The driver may be tubular, and wherein each of
the closure elements is wrapped around the tubular driv-
er.
[0168] The tubular driver may comprise at least one
pusher pin configured to hold the closure element in a
wrapped position around the tubular driver.
[0169] A tubular outer sheath may be disposed annu-
larly about the wrapped closure element.
[0170] The outer sheath may be configured to slide in
a proximal direction to expose the wrapped closure ele-
ment.
[0171] The driver may be further configured to drive
the anchors radially outward.
[0172] In accordance with example embodiments of
the present invention, a method comprises inserting, into
an aperture in a tissue, a surgical device having at least
one closure element wrapped around a tubular drive, the
closure element coupled to a plurality of anchors, remov-
ing an outer sheath from an annular position about the
wrapped closure element, driving the anchors coupled
to the closure element into the tissue from beneath the

surface of the tissue, and removing the surgical device
from the tissue, wherein the anchors and closure element
remain within the tissue.
[0173] In accordance with an example embodiment of
the present invention, a surgical anchor includes a distal
end tapered to a distal tip configured to pierce tissue, a
flexible element extending proximally from the distal end,
and at least one wing extending proximally and radially
outwardly from the distal end to a free end, including a
radially exterior surface and a radially interior surface,
wherein the radially exterior surface includes longitudi-
nally extending corrugations providing a plurality of prox-
imally extending projections at the free end.
[0174] Forces may be exerted on the anchors by at
least one of (a) the tissue, (b) a fluid flow, (c) pneumatic
pressure, (d) hydraulic pressure, and (e) external forces.
[0175] The radially interior surface may be concave.
[0176] The flexible element may be configured to flex
in cooperation with a force exerted on the anchor.
[0177] The wing may be configured to resist proximal
movement of the anchor after the anchor is driven into
the tissue. The wing may further extend to a free end,
and include a plurality of proximally extending cutting pro-
jections at the free end. The corrugations providing a
plurality of proximally extending cutting projections at the
free end of the wing.
[0178] The anchor may be disposed in a configuration
with a plurality of anchors along a ring-shaped circum-
ference. The anchor may disposed in a configuration with
a plurality of anchors in a rectangular shape. The anchor
may be formed of bioabsorbable materials.
[0179] In accordance with an example embodiment of
the present invention, a surgical anchor includes a distal
end tapered to a distal tip configured to pierce tissue, and
at least one wing extending proximally and radially out-
wardly from the distal end to a free end, including a ra-
dially exterior surface and a radially interior surface,
wherein the radially exterior surface includes longitudi-
nally extending corrugations providing a plurality of prox-
imally extending projections at the free end.
[0180] In accordance with an example embodiment of
the present invention, a surgical device includes an an-
chor having a distal end tapered to a distal tip configured
to pierce tissue, at least one wing extending proximally
and radially outwardly from the distal end to a free end,
the wing extending from the distal end at a shoulder of
the anchor, and a flexible element extending proximally
from the distal end, the shoulder located at, or distal to,
the intersection of the flexible element and a distal portion
of the wing, and a driver configured to exert a driving
force on the shoulder of the anchor to drive the anchor
into the tissue, wherein the wing includes a radially ex-
terior surface and a radially interior surface, the radially
exterior surface including longitudinally extending corru-
gations providing a plurality of proximally extending pro-
jections at the free end.
[0181] The anchor may be disposed in a configuration
with a plurality of anchors, and the driver may be config-
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ured to simultaneously drive the anchors, or drive the
anchors a predefined distance. The driver may comprise
a spring-loaded element configured to impact and impart
a distally directed momentum to the anchors
[0182] The wing may extend proximally beyond the
shoulder, and the driver may include a pin in contact with
the shoulder of the anchor, the pin configured to drive
the anchor distally into tissue.
[0183] In accordance with an example embodiment of
the present invention, a surgical device includes a sur-
gical anchor including a distal end tapered to a distal tip
configured to pierce tissue, at least one wing extending
proximally and radially outwardly from the distal end to
a free end, and a delivery mechanism having a distal end
including at least one window configured to permit the
wing to expand to a relaxed position and at least one
narrowing element configured to compress the wing to a
compressed position, wherein the wing includes a radi-
ally exterior surface and a radially interior surface, the
radially exterior surface including longitudinally extend-
ing corrugations providing a plurality of proximally ex-
tending projections at the free end, wherein, prior to the
delivery mechanism ejecting the anchor, the wing is sit-
uated in the window so that the wing is in the relaxed
position, wherein, during the delivery mechanism eject-
ing the anchor, the wing encounters the narrowing ele-
ment so that the wing narrows from the relaxed position
to the compressed position, and wherein the wing is con-
figured to return to the relaxed position once ejected from
the delivery mechanism.
[0184] Further features and aspects of example em-
bodiments of the present invention are described in more
detail below with reference to the appended Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0185]

Figures 1 and 2 show a surgical closure device and
a detailed view of a distal tip of the surgical device
in accordance with an example embodiment of the
present invention.
Figure 3 is a front view with an inset partial front view
of the surgical closure device of Figure 1.
Figure 4 shows an anchor of the self-acting closure
arrangement of the device of Figure 1.
Figure 5A shows a subassembly of the surgical clo-
sure device of Figure 1.
Figure 5B is a partial view of the subassembly of
Figure 4.
Figure 5C is a partial sectional view of the device of
Figure 1 taken through a plane containing the longi-
tudinal axis of the device and bisecting two opposed
anchors.
Figure 6A is a partial cross-sectional view of the su-
bassembly of Figure 5A with a safety mechanism
engaged.
Figure 6B is a partial cross-sectional view of the su-

bassembly of Figure 5A with the safety mechanism
disengaged.
Figure 6C is a partial cross-sectional view of the su-
bassembly of Figure 5A when a trigger is in a de-
pressed state.
Figure 7 is a partial view of the working tube and a
self-acting closure arrangement of the surgical clo-
sure device of Figure 1.
Figure 8A is a cross-sectional view according to
plane A of Figure 7.
Figure 8B is a cross-sectional view according to
plane A of Figure 7 when a cannula is disposed in
the outer working tube.
Figures 8C, 8D, and 8E sequentially and schemati-
cally illustrate the retraction of the cannula of Figure
8B with respect to the outer working tube and the
release of the closure elements.
Figure 9A is a partial view of the outer working tube
of the device of Figure 1 with the self-acting closure
arrangement inserted into a tissue.
Figure 9B is a partial view of the outer working tube
and a cannula with the self-acting closure arrange-
ment of the device of Figure 1 inserted into a tissue.
Figure 10A shows the self-acting closure arrange-
ment of the device of Figure 1 inserted in the tissue
after removal of the cannula and working tube.
Figures 10B and 10C schematically illustrate the
forces exerted by the anchors of Figure 10A.
Figures 10D and 10E illustrate the anchors of Figure
10A when drawn to their closed or approximated po-
sitions to close a hole in a tissue.
Figure 11 shows a closure element with a V-shaped
configuration in accordance with an example em-
bodiment of the present invention.
Figure 12 shows another V-shaped closure element
in accordance with an example embodiment of the
present invention.
Figure 13 shows an anchor in accordance with an
example embodiment of the present invention.
Figure 14 shows a plurality of anchors of Figure 13
and closure elements of Figure 12 when closing a
hole in a tissue.
Figure 15 shows a surgical closure device in accord-
ance with an example embodiment of the present
invention.
Figure 16 shows a front perspective view of a distal
end portion of the surgical closure device of Figure
15 with anchors and closure elements.
Figure 17A is a partial view of a subassembly of the
device of Figure 15.
Figure 17B is a side view of the trigger of the device
of Figure 15.
Figure 17C is a top view of the trigger of the device
of Figure 15.
Figure 17D is a bottom view of the trigger of the de-
vice of Figure 15.
Figure 18A is a partial view of a trigger subassembly
of the device of Figure 15 with the trigger in an initial
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state.
Figure 18B is a partial view of the trigger subassem-
bly of Figure 18 with the trigger depressed.
Figure 18C is a front cross-sectional view of a sub-
assembly of the device of Figure 15 showing the key
plate in an engaged state and in a first position.
Figure 18D is a front cross-sectional view of the su-
bassembly of Figure 18C showing the key plate in a
disengaged state and in the first position.
Figure 18E is a front cross-sectional view of the su-
bassembly of Figure 18C showing the key plate in a
disengaged state and in a second position.
Figure 19A is a schematic illustration showing the
engagement of the trigger bar of the device of Figure
15 with a hammer sleeve.
Figure 19B is a schematic illustration showing the
trigger bar of the device of Figure 15 disengaged
with the hammer sleeve.
Figure 19C is a schematic front view of the latch
member and safety switch of the device of Figure 15
with the safety switch in an engaged state.
Figure 19D is a schematic front view of the latch
member and safety switch of the device of Figure 15
with the safety switch in a disengaged state.
Figure 20A shows the anchors driven into a tissue
without closure elements.
Figure 20B shows the tissue of Figure 20A punctured
at a location within the periphery defined by the an-
chors.
Figure 20C shows the anchors disposed around the
puncture formed in Figure 20B.
Figure 20D shows the puncture of Figures 20B and
20C closed by the anchors and closure elements.
Figure 20E shows the anchors surrounding the punc-
tured tissue.
Figure 21A is a perspective view of the tissue com-
pression band assembly in accordance with an ex-
ample embodiment of the present invention.
Figure 21 Bis a cross-sectional view of the tissue
compression band assembly in accordance with an
example embodiment of the present invention.
Figure 21C is a side view of the tissue compression
band assembly in accordance with an example em-
bodiment of the present invention.
Figure 21D is a cross-sectional view of the tissue
compression band assembly in accordance with an
example embodiment of the present invention.
Figure 21E is a perspective view of the tissue com-
pression band assembly in accordance with an ex-
ample embodiment of the present invention.
Figure 22 is a front view of the end portion and the
tissue compression band assembly in accordance
with an example embodiment of the present inven-
tion.
Figure 23 is a perspective view of the end portion
and the tissue compression band assembly in ac-
cordance with an example embodiment of the
present invention.

Figure 24 is a perspective view of the pusher plate
in accordance with an example embodiment of the
present invention.
Figure 25 is a cross-sectional view of the tissue com-
pression band assembly and pusher pin in accord-
ance with an example embodiment of the present
invention.
Figure 26A shows a tissue compression band as-
sembly and an opening in tissue in accordance with
an example embodiment of the present invention.
Figure 26B shows a tissue compression band as-
sembly and an opening in tissue in accordance with
an example embodiment of the present invention.
Figure 26C shows a tissue compression band as-
sembly and an opening in tissue in accordance with
an example embodiment of the present invention.
Figure 26D shows tissue closed by the tissue com-
pression band assembly in accordance with an ex-
ample embodiment of the present invention.
Figure 27A is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 27B is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 27C is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 27D is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 27E is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 27F is a schematic front view of an arrange-
ment of the tissue compression band assembly in
accordance with an example embodiment of the
present invention.
Figure 28A is a front view of an end portion in ac-
cordance with an example embodiment of the
present invention.
Figure 28B is a front view of an end portion and the
tissue compression band assembly in accordance
with an example embodiment of the present inven-
tion.
Figure 28C is a perspective schematic view of an
end portion and the tissue compression band as-
sembly in accordance with an example embodiment
of the present invention.
Figure 29A is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 29B is a perspective view of a large bore clo-
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sure in accordance with an example embodiment of
the present invention.
Figure 29C is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 29D is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 29E is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 30A is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 30B is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 31A is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 31B is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 31C is a perspective view of a sliding brace
of the device of Figures 31A and Figures 31B.
Figure 32A is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 32B is a perspective view of a large bore clo-
sure in accordance with an example embodiment of
the present invention.
Figure 33 is a perspective view of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.
Figure 34A is a perspective view of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.
Figure 34B is a perspective view of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.
Figure 34C is a perspective view of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.
Figure 35A shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35B shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35C shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35D shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35E shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.

Figure 35F shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35G shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 35H shows a percutaneous tissue closing de-
vice and an opening in tissue in accordance with an
example embodiment of the present invention.
Figure 36A shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 36B shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 37A shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 37B shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 38A shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 38B shows a percutaneous tissue closing de-
vice in accordance with an example embodiment of
the present invention.
Figure 39 shows a cam of a percutaneous tissue
closing device in accordance with an example em-
bodiment of the present invention.
Figure 40 shows a sleeve of a percutaneous tissue
closing device in accordance with an example em-
bodiment of the present invention.
Figure 41A shows a working tube of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.
Figure 41B shows a working tube of a percutaneous
tissue closing device in accordance with an example
embodiment of the present invention.

DETAILED DESCRIPTION

[0186] As set forth in greater detail below, example em-
bodiments of the present invention allow for the reliable
and effective closure of an opening in tissue (e.g., a peri-
cardial or myocardial window) that limits the possibility
of human error, e.g., by eliminating the need for suturing.
In some examples, a surgical device anchors a plurality
of anchors, which are connected to each other by one or
more elastic closure elements, into the tissue. The an-
chors are driven into the tissue in a spaced-apart config-
uration in which the elastic closure elements are ten-
sioned between the anchors. The anchors are held in the
spaced-apart arrangement while a surgical procedure is
performed through a tissue opening formed between the
anchored locations of the anchors. In order to close the
opening, the device simply releases the anchors from
the spaced-apart arrangement such that the tensioned
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elastic closure elements draw the anchors, as well as the
tissue in which the anchors are anchored, toward the
tissue opening. Thereby, the tissue opening is held
closed. The tension remaining in the elastic closure ele-
ments offsets the opposing forces that may be entered
on the anchors by at least one of (a) the tissue, (b) the
fluid flow, (c) pneumatic pressure, (d) hydraulic pressure,
and (e) external forces.
[0187] Referring, for example, to Figures 1 to 10E, a
surgical procedure involves positioning a surgical closure
device 5 at a surgical entry location, e.g., a location on
the wall of a heart where access to the interior of the
heart is desired. The surgical closure device 5 is then
actuated, e.g., via a trigger, to drive a plurality of anchors
200 into the tissue at predetermined locations spaced
around the surgical entry location. The anchors 200 are
preloaded toward the entry location by pre-tensioned clo-
sure elements 300 in the form of elastic bands. The an-
chors 200 are maintained in their outward positions by a
cannula 400 and/or an outer working tube 100. After the
anchors 200 are driven, the portions of the surgical device
other than the cannula 400, outer working tubes 100, the
anchors 200, and the closure elements 300 are removed.
[0188] The cannula 400 then provides a working chan-
nel through which the surgical procedure may be per-
formed. For example, a trocar may be extended through
the channel of the cannula 400 to pierce the tissue 900.
Catheters, guide wires and/or other instrumentation may
then be inserted through the working channel in accord-
ance with any suitable interventional or surgical proce-
dure. To conclude the procedure, any catheters or other
instrumentation extending through the working channel
are withdrawn and the cannula 400 and working tube 100
are proximally withdrawn from the surgical entry location.
The withdrawal of the cannula 400 and working tube 100
causes the pre-tensioned closure elements 300 to draw
the anchors 200 toward the surgical entry site. Since the
anchors 200 are anchored in the tissue surrounding the
surgical entry location, this results in the tissue surround-
ing the surgical entry location being drawn together,
thereby closing the surgical entry hole. In contrast to con-
ventional procedures, no sutures are required.
[0189] Although a cannula 400 is provided separately
from the outer working tube 100, it should be understood
that example embodiments may include only a single
tube. For example, if the cannula 400 is not provided in
the device 5, the working tube 100 functions as the can-
nula.
[0190] Figures 1 and 2 illustrate an example surgical
closure device 5. The surgical closure device 5 includes
a handle 10 configured to be held by an operator, e.g.,
a surgeon, to operate the surgical closure device 5 during
a surgical procedure. A shaft 20 extends distally from the
handle 10 and includes a distal end portion 25. An outer
working tube 100 is disposed in a bore of the shaft 20
and extends concentrically along the longitudinal axis x
of the shaft 20. The outer working tube 100 is distally
exposed through an opening in the shaft 20. The outer

working tube 100 has an outer diameter that is smaller
than an inner diameter of the shaft 20, thus allowing the
outer working tube 100 to be slidable along the longitu-
dinal axis x.
Although each of the outer working tube 100 and the
shaft 20 are configured as right circular cylinders with
concentric through bores, it should be understood that
the outer working tube 100 and/or the shaft 20 may be
provided with any appropriate geometry, e.g., a cross-
section that is oval, polygonal, etc. and/or a cross-section
that varies along the longitudinal axis x. Further, the ge-
ometry of the bore may differ substantially from the outer
geometry for the outer working tube 100 and/or the shaft
20.
[0191] Referring to the inset partial view in Figure 1,
the distal end portion 25 of the shaft 20 includes six notch-
es or slots 26, which extend from the distal tip of the shaft
20 a proximal distance along the longitudinal axis x. The
slots 26 may be formed in any suitable manner, e.g.,
making three cuts in the distal end portion 25, each cut
forming two of the slots 26 on opposed sides of the axis
x. The dimensions of the slots 26 are selected to allow
six respective anchors 200 to be disposed in the slots
26. In this regard, the wall thickness of the shaft (i.e., the
distance between the bore and the outer surface) and
the width of each slot 26 may be selected to be slightly
greater than a respective lateral dimension of the anchor
200. Where the anchor 200 has a radial projection, the
width of the slot 26 may be less than a diameter of the
anchor through the projection. Thus, the geometry of the
slot 26 may require that the anchor 200 be oriented such
that the radial projection is at least approximately aligned
with the longitudinal axis x of the shaft 20, since the an-
chor 200 would not otherwise fit into the slot 26.
[0192] Figure 3 is a front view of the surgical closure
device 5. The slots 26, with respective anchors 200, are
non-uniformly spaced apart along the circumferential pe-
riphery of the shaft 20. In particular, two groups of slots
26 are provided, one on the opposite side of the axis x
from the other. Each of the two groups includes three
slots 26 equally spaced apart. The circumferential spac-
ing between the groups is greater than the circumferential
spacing between the individual slots 26 in each group.
[0193] Referring to the inset partial view in Figure 3,
the slots 26 include side walls with opposed, longitudi-
nally extending cylindrical grooves 27 for receiving the
body 201 of the anchor 200. Further, the closure element
300 attached to the anchor 200 is able to pass along the
cylindrical grooves 27. The slots 26 are also elongated
in the radial direction to accommodate wings 207 and
208, which are described in greater detail below with re-
gard to Figure 4. Further, there is a gap between the
outer working tube 100 and the end portion 25 of the
shaft 20 to allow the closure elements 300 to be disposed
therebetween as illustrated in Figure 3.
[0194] Figure 4 shows an anchor or implant 200 which
is configured to be driven into a tissue. The anchor 200
includes a corrugated body 201. The body 201 includes
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grooves 203 that extend axially along the length of the
body 201. Thus, extending circumferentially around the
body 201, a plurality of grooves 203 alternate with a plu-
rality of ridges 205. Further, the anchor body 201 includes
a pair of wings or split portions 207 and 208. The split
portions 207 and 208 are formed by respective splits or
cuts 209 into the body 201. In this regard, the splits 209
may be formed by making a cut radially into the body 201
and extending in an axial direction. Thus, the two split
portions 207 and 208 are attached to the remainder of
the body 201 at a distal position and extend proximally
to free ends. The free ends include a plurality of sharp
protrusions along a curved surface. These points are
formed due to the corrugations. In particular, the ridges
205 form the sharp protrusions, as illustrated in the inset
partial side view in Figure 4, which are advantageous for
gripping tissue and preventing distal sliding of the anchor
200. Although each split portion 207 and 208 includes
three such protrusions as illustrated, it should be under-
stood that the anchor 200 may be designed such that
one or more of the split portions has any other number
of protrusions, including a single sharp protrusion. For
example, if a larger number of sharp protrusions are de-
sired, the body 201 could be more densely corrugated
(i.e., a greater number of alternating grooves 203 and
ridges 205 could be provided) and/or the angle of the cut
or slice could be adjusted. Further, the length of proximal
extension of the projections may be adjusted by varying
the depth of the grooves 203 with respect to the ridges
205.
[0195] The split portions 207 and 208 do not substan-
tially impede distal insertion into tissue but resist proximal
movement from an insertion location by engaging the
tissue. It has been discovered that the combination of
the pointed and/or sharp-edged proximal ends of the split
portions 207 and 208 with the alternating ridges on the
proximal end of the split portions creates improved per-
formance.
[0196] Further, the split portions or wings 207 and 208
are axially offset from each other. For example, split 207
is axially located at position along axis xx and split 208
is axially located at position b along axis xx. This allows
for greater structural strength of the other portions of the
body 201 as compared to a non-offset configuration. In
particular, since the cuts progress continually radially in-
ward as they progress distally, a non-offset portion would
have a substantially smaller amount of material in cross-
section at the distal end of the cut. This would lead to a
mechanically weak point or region along the axis of the
body and could lead to mechanical failure, especially in
anchors of small dimensions. Although the anchors 200
utilize a pair of wings 207 and 208 to anchor the anchors
200 against proximal retraction from a tissue, it should
be appreciated that any number of wings may be provid-
ed, and that as an alternative or in addition to the wings
207 and 208, any other appropriate anchoring struc-
ture(s), e.g., anchoring filaments, may be provided.
[0197] The distal tip of the anchor 200 is pyramidal,

with a sharp point, and a plurality of surfaces separated
by edges that converge at the sharp point. Although four
planar surfaces are provided, it should be appreciated
that any appropriate suitable number of surfaces may be
provided and that one or more or all of the surfaces may
be non-planar.
[0198] The anchor 200 also includes a hooked end por-
tion 210. The hooked portion 210 is configured to receive
one or more closure elements 300. On the side of the
anchor 200 opposite the hooked portion 210 is an align-
ment projection 220 configured to rotationally align the
anchor 200 about its longitudinal axis xx. Although the
anchors 200 in the illustrated examples are aligned with
the alignment projection 220 and the split portions 207
and 208 being intersected by and aligned along a plane
containing the longitudinal axis x of the shaft 20 and the
longitudinal axis xx of the anchor 200, it should be un-
derstood that the alignment projection 220 and the split
portions 207 and 208 may be intersected by and aligned
along a plane that contains the longitudinal axis xx of the
anchor 200 and is transverse, e.g., perpendicular, to the
plane containing the longitudinal axis x of the shaft 20
and the longitudinal axis xx of the device 20. Further, the
alignment projection may be provided at any appropriate
location around the circumference of the anchor 200 rel-
ative to the split portions 207 and 208 and that any ap-
propriate number of alignment projections 220 may be
provided for a particular anchor 200.
[0199] The anchor 200 may include one or more shoul-
ders, formed by the junction of a wing 207,208, with the
body 201, or otherwise defined by the area of the anchor
200 where the wing 207, 208, extends proximally and
radially outwardly from the distal end, or distal thereto.
As illustrated in Figure 4, wings 207, 208, have a relaxed,
uncompressed position, but may be compressed to a
second, compressed position, in closer approximation
with the body 201. Further, the body 201 may be flexible,
such that forces experienced in the proximal end may
influence the position of the body or stem 201 with respect
to the wings 207, 208, and the distal end.
[0200] Although the anchor 200 is shown in the exem-
plary illustrations with closure elements 300, it should be
understood that the anchor 200 may be used in connec-
tion with any other closure elements, including, e.g., clo-
sure elements 1300, 2300 described in greater detail be-
low.
[0201] The anchor 200 may be produced by first form-
ing the body 201 with the corrugations, e.g., by injection
molding or extrusion, and subsequently forming split por-
tions 207 and 208, e.g., by cutting radially into the side
of the body 201. As illustrated, the cut is curved, with an
angle (at the proximal entry point), relative to the longi-
tudinal axis xx of the body 201, that gradually decreases
from the proximal initial cutting location toward the distal
end of the anchor 200 and eventually becoming linear.
Although the split or cut of the illustrated example is made
with a curved or varying angle with respect to the longi-
tudinal axis xx of the body 201, it should be understood
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that any appropriate cut, including a linear cut, may be
made.
[0202] Although the anchor 200 includes two wings or
split portions spaced equally around the radial periphery
of the body 201, it should be appreciated that any number
of split portions, including a single split portion may be
provided and at any appropriate spacing around the ra-
dial periphery of the anchor 200.
[0203] Modem manufacturing processes allow for near
nano technology applications. This allows the anchors
200 to be manufactured in a size and complexity that
may not have been possible in years past. The anchor
200 may be injection molded of either absorbable or non-
absorbable polymers and then processed (e.g., by cut-
ting) to add the features of the wings 207 and 208. Al-
though the anchors 200 are formed of polymer, it should
be appreciated that any appropriate material may used,
e.g., metal or a composite material. The anchors 200
may have a diameter of, e.g., one millimeter, or approx-
imately one millimeter, and a length that is in a range
from, e.g., 5 millimeters to 10 millimeters. According to
some example embodiments, the diameter is less than
one millimeter. According to some example embodi-
ments, the diameter is in a range from 0.8 millimeters to
1.2 millimeters. It should be understood, however, that
other dimensions may be provided.
[0204] Figure 5 shows a subassembly of the surgical
closure device 5. The subassembly includes the trigger
30, the safety slide 35, a safety slide bias spring 40, a
hammer sleeve 500, a driving spring 550, anvil pins 600,
the outer working sleeve 100, and anchors 200. In the
state illustrated in Figure 5, the surgical closure device
5 is loaded and ready to be actuated in order to drive the
anchors 200. In this regard, a proximal end of the hammer
sleeve 500 contacts a distal end of the driving spring 550,
which is in a compressed state as illustrated in Figure 5.
To maintain the hammer sleeve 500 in its proximal posi-
tion while the compressed driving spring 550 applies a
distally directed force, the hammer sleeve 500 latches
with a trigger plate 32 of the trigger 30, as schematically
illustrated in Figure 6A. In Figures 6A to 6C, the hammer
sleeve 500 and the trigger plate 32 are shown in cross-
section to facilitate illustration. To latch the hammer
sleeve 500, the hammer sleeve 500 is pushed proximally,
while the trigger 30 is in a depressed state (such as il-
lustrated in Figure 6C) until a lip or step proximally clears
the proximal side of the trigger plate 32. The trigger 32
is then moved (e.g., via a spring bias force and/or man-
ually) to a non-depressed position, as illustrated in Figure
6A. The trigger moves in a transverse direction between
the depressed and non-depressed positions by sliding
within lateral channels in the housing of the handle 10.
However, any appropriate guiding mechanism may be
provided.
[0205] To maintain the trigger 32 in the non-depressed
position in order to prevent or reduce the likelihood of
accidental driving of the anchors 200 (e.g., due to user
error, during shipping, storage, etc.), the safety slide in-

cludes a safety rib or bar 38 which, as illustrated in Figure
6A, is positioned adjacent the trigger plate 32 to form a
positive or hard stop, thereby obstructing movement of
the trigger 30 from the non-depressed position of Figure
6A to the depressed position of Figure 6C. As illustrated,
e.g., in Figure 6A, the safety slide 35 includes a pair of
lateral projections 36 configured to longitudinally slide
within a corresponding channel in the housing of the han-
dle 10. It should be understood, however, that any ap-
propriate guide mechanism may be provided. The safety
slide 35 also includes a knob portion 37 to facilitate sliding
of the safety slide 35 using, e.g., one of the operator’s
fingers.
[0206] When the operator desires to drive the anchors
200, the operator must first move the safety slide 35 into
a driving position in which the safety bar 38 does not
obstruct movement of the trigger plate 32. Referring to
Figure 5, the safety slide is urged or biased toward the
proximal safety position by a compression spring 40.
Thus, the operator must continuously apply a force to the
knob 37 until the bottom of the trigger plate 32 moves to
a position that prevents or blocks the safety bar 38 from
returning to the safety position. This may provide for even
greater safety, since the operator must generally coordi-
nate the holding of the safety slide 35 in the driving po-
sition while depressing the trigger 30. It should be under-
stood, however, that the safety slide 35 may be config-
ured to remain in the driving position without continuous
application of force. Further, it should be understood that
the device 5 may be provided without any safety mech-
anism.
[0207] Figure 6B shows safety slide 35 in the driving
position. Although the safety slide is moved distally, i.e.,
in the direction of the arrow shown in Figure 6B, it should
be understood that the safety switch may be configured
to move in any suitable direction to move between safety
and firing positions. After the safety slide 35 is moved to
the driving position shown in Figure 6B, the operator de-
presses the trigger 30, e.g., with one of the operator’s
fingers, until the lower portion of the trigger plate 32 clears
the step 505 of the hammer sleeve 500, thereby releasing
the hammer sleeve 500 for distal movement actuated by
the compressed driving spring 550.
[0208] Referring, e.g., to the partial sectional view of
Figure 6B, the hammer sleeve 500 is spaced apart from
the anvil pins 600 prior to depressing the trigger. The
anvil pins 600 are slidable along the longitudinal axis x
of the shaft 20 within respective bores of the shaft 20
corresponding to respective anchors 200. As the hammer
sleeve 500 moves forward, it gains speed and momen-
tum. Upon contact with the proximal ends of the anvil
pins 600, the hammer sleeve 600 imparts a momentum
to the anchors 200, since the distal ends of the anvil pins
600 are in alignment with the proximal ends of the an-
chors 200. In this manner, the anchors 200 are driven at
a substantial speed, which facilitates driving of the an-
chors 200 into soft tissue.
[0209] The anchors are preferably driven at a speed
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greater than 50 meters per second, more preferably in a
range of 50 to 350 meters per second, and most prefer-
ably at 350 meters per second. However, it should be
understood that the anchors 200 may be driven at any
suitable speed sufficient for the anchors to puncture tis-
sue.
[0210] Further, the anchors 200 may be driven into a
single layer or multiple layers of tissue and that the speed
may be selected based on the structural properties, di-
mensions, and relative locations of the one or more tis-
sues into which the anchors are driven.
[0211] In order to accurately penetrate soft tissues that
are not held or secured on a distal side, a rapid penetra-
tion of each layer of tissue may be required in order to
effect penetration of the tissue layer or layers. If an anchor
200 is applied slowly, the tissue or tissues may be pushed
distally away by the anchor 200 without adequate pene-
tration. Thus, some example delivery mechanisms eject
each implant at a relatively high speed, as set forth above.
Although the example device 5 utilizes a spring-loaded
mechanical driving mechanism, it should be understood
that other drivers may be provided. In some examples,
saline is used to pressurize a channel within a catheter,
needle, or other tube at such a rate that a plunger will
eject the anchor at the precise speed. Further example
embodiments push the anchors using long push rods
which run the length of a catheter or other tube. The ejec-
tion modality may be computer-controlled and/or opera-
tor-controlled. For example, as with the spring loaded
mechanical system of the illustrated examples, an ejec-
tion force may be predetermined and repeatable by an
operator’s actuation of a trigger 30.
[0212] Moreover, the driver may be configured to drive
the anchors 200 to a predetermined depth. Although the
illustrated examples control the depth by contact be-
tween closure elements 300 (described in greater detail
below), which are coupled to the anchors 200, and flang-
es or flared portions 405, any other depth-controlling
mechanism may additionally or alternatively be provided.
For example, the precision of the depth may be accom-
plished by a precise hydraulic driving force, engagement
with other stops, or a suture that tautens to limit the depth.
Further, the depth may be monitored using fluoroscopy,
echocardiography, intravascular ultrasound or any other
appropriate imaging mechanism. The driving mechanism
may include pressurized saline or other hydraulic fluid
that is pressurized through the thoracoscopic catheter
shaft. Thus, very precise control may be accomplished.
[0213] Figure 6 is an enlarged partial view of the sub-
assembly of Figure 4. As illustrated, a plurality of closure
elements 300 are coupled to the hook portions 210 of
the anchors 200. There are four closure elements 300,
each of which is coupled to the hook portions 210 of ex-
actly two anchors 200. Thus, as illustrated, e.g., in Figure
10, two anchors 200 are attached to exactly two different
closure elements 300 and four anchors 200 are attached
to exactly one closure element 300. It should be under-
stood, however, that other arrangements may be provid-

ed.
[0214] Figure 7 is a partial view of the working tube
100, the anchors 200, and the closure elements 300. As
illustrated in Figure 7, the anchors 200 have been driven,
e.g., into tissue. The anchors 200 and the closure ele-
ments 300 form a self-acting closure arrangement of the
surgical closure device 5. During driving of the anchors
200, the closure elements 300 are also driven an analo-
gous distance due to the engagement of the closure el-
ements 300 with the anchors 200.
[0215] Referring to the cross-sectional view of Figure
8A, the closure elements 300 are layered and are held
along the periphery of the outer working tube 100, thereby
preventing the closure elements 300 from pulling the an-
chors 200 toward each other.
[0216] Figure 8B is the same as Figure 8A, except that
a cannula 400 is disposed within the outer working tube
100. The elements shown in Figure 8B may be separated
from the remainder of the surgical device 5 to allow a
surgical procedure to be conducted. For example, a tro-
car may be inserted longitudinally through the interior of
the cannula 400 to pierce the tissue at a location encircled
by the anchors 200 that are anchored into the tissue. The
piercing of the tissue may provide access to the opposed
side of the tissue (e.g., the interior of a viscus such as
the heart, etc.) by thoracoscopic or other surgical and
interventional instruments including guide wires and
catheters.
[0217] The cannula 400 includes six radially extending
flared portions or flats 405. The cannula 400 extends
concentrically within the outer working tube 100. The can-
nula 400 extends distally beyond the distal end of the
outer working tube 100 such that the flats 404 fold over
the distal end of the outer working tube 100. The radial
extension of the flats 405 beyond the circumferential pe-
riphery of the outer working tube 100 allows the flats 405
to form positive or hard stops that prevent or resist the
closure elements 300 from inadvertently sliding off the
end of the outer working tube 100, e.g., during thoraco-
scopic procedures being performed with access through
the cannula 400.
[0218] When the procedure no longer requires access
through the cannula 400, any surgical instruments may
be retracted via the cannula 400 from the viscus being
operated upon. At this stage, the hole in the tissue formed
by the trocar should be closed. In order to do so, the
cannula 400 is moved relative to the outer working tube
100, as illustrated sequentially in Figures 8C and 8D. In
doing so, the flats 405, which are formed as leaf springs,
rotate to a longitudinal orientation and are retracted.
Thus, the flats 405 no longer form stops against distal
sliding of the closure elements 300 along the outer work-
ing tube 100. This orientation is illustrated in Figure 8D.
The flats 405 may be formed of any suitable material,
e.g., a shape memory material such as nitinol, spring
steel, etc.
[0219] The flats 405 may be bistable, with two rest ori-
entation: one corresponding to the radially flared orien-
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tation, and the other corresponding to the longitudinal
orientation.
[0220] After the flats are retracted, the cannula 400
and the outer working tube 100 are proximally retracted
from the surgical entry site. Since the closure elements
300 are engaged with the hooked portions 210 of the
anchors 200, which are anchored into the tissue against
proximal retraction, the closure elements remain adja-
cent the surgical closure site. Thus, the proximal retrac-
tion of the cannula 400 and the outer working tube 100
causes the outer working tube 100 to slide distally with
respect to the closure elements 300. Further distal re-
traction of the cannula 400 and outer working tube 100
causes the closure elements 300 to slip off of the distal
end of the outer working tube 100, thereby entirely dis-
engaging the closure tubes 300, as well as the anchors
200, from the cannula 400 and working tube 100. Since
the closure elements 300 are pre-tensioned, they pull the
anchors 200 toward the hole formed at the surgical entry
location. Since the anchors 200 are anchored into the
tissue surrounding the hole, the pulling of the anchors
into approximation causes the surrounding tissue to be
pulled toward the hole. Thus, the hole is squeezed shut,
with the closure elements 300 maintaining a closure force
to keep the hole closed.
[0221] Figure 9A is a partial view of the outer working
tube 100 with the anchors 200 inserted into the tissue
900. Figure 9B is the same as Figure 9B but schemati-
cally shows the flats 405, which extend between the outer
working tube 100 and the closure elements 300 to pre-
vent the closure elements 300 from causing premature
or inadvertent closure of entry opening in the tissue. Fig-
ure 9B may be a working arrangement, whereby the por-
tions of the surgical device 5 other than the cannula 400,
the outer working tube 100, the anchors 200, and the
closure elements 300 are removed. Thus, various other
surgical instruments, e.g., catheters, guide wires and oth-
er instrumentation, may be maneuvered through the in-
terior of the cannula 400 and the working tube 100.
[0222] Figure 10 shows the self-acting closure ar-
rangement, in this case the anchors 200 and the closure
elements 300, inserted in the tissue after removal of the
cannula 400 and working tube 100. For illustration pur-
poses, the anchors 200 are shown in their initial driven
positions in the tissue 900. In other words, for ease of
illustration, the arrangement is illustrated as though the
anchors 200 are being prevented from being pulled to-
gether by the closure elements 300. The anchors 200
are disposed around a surgical entry opening 905, such
as formed, e.g., by a trocar.
[0223] The anchors 200 are arranged in two opposed
groups of anchors. To facilitate the description of the ar-
rangement shown in Figure 10A, the anchors 200 are
provided individual reference numbers 200a, 200b, 200c,
200d, 200e, and 200f. The first group includes anchors
200a, 200b, and 200c, and the second group includes
anchors 200d, 200e, and 200f. Each of the anchors in
each group is connected by a closure element 300 di-

rectly to at least one anchor of the other group. Further,
no two anchors within either group are directly connected
to each other by a closure element. That is, each closure
element 300 is connected at one end to an anchor of the
first group 200a, 200b, 200c and at the other end to an
anchor of the second group 200d, 200e, 200f. Thus, the
forces exerted by the elements 300 are primarily directed
in a direction from one group toward the other group.
[0224] It is further seen from Figure 10A that the an-
chor/closure element arrangement is configured as two
opposed and overlapping V-shaped groups. The first V-
shaped group is formed of anchors 200a, 200e, 200c and
closure elements 301, 304. The second V-shaped group
is formed of anchors 200d, 200b, 200f and closure ele-
ments 302, 303.
[0225] Since each closure element is wrapped around
two anchors and forms a single complete loop, the force
exerted by the respective closure element at each anchor
is equal to the sum of the tension forces in the two band
portions extending between the two anchors to which the
closure element is connected. Moreover, the force is ex-
erted along a line extending between the two anchors to
which the closure element is connected. In this regard,
the forces exerted at the locations of the anchors 200a,
200b, 200c, 200d, 200e, 200f are illustrated in Figure
10B by arrows F301a, F301e, F302b, F302d, F303b,
F303f, F304c, and F304e which represent respective
force vectors. In particular, F301a represents the force
exerted by closure element 301 at the anchored location
of anchor 200a, F301e represents the force exerted by
closure element 301 at the anchored location of anchor
200e, F302b represents the force exerted by closure el-
ement 302 at the anchored location of anchor 200b,
F302d represents the force exerted by closure element
302 at the anchored location of anchor 200d, F303b rep-
resents the force exerted by closure element 303 at the
anchored location of anchor 200b, F303f represents the
force exerted by closure element 303 at the anchored
location of anchor 200f, F304c represents the force ex-
erted by closure element 304 at the anchored location of
anchor 200c, and F304e represents the force exerted by
closure element 304 at the anchored location of anchor
200e. Further, the forces form three pairs of complemen-
tary forces that are equal and opposite to each other. In
particular, a first pair F301a, F301e, a second pair F302b,
F302d, a third pair F303b, F303f, and a fourth pair F304c,
F304e. Each pair corresponds to a single closure ele-
ment 301, 302, 303, 304, respectively and are directed
in opposite directions along the extension of the respec-
tive closure element 301, 302, 303, 304 between the two
anchors 200 to which the respective closure element 301,
302, 303, 304 is connected.
[0226] Since anchors 200a, 200c, 200d, 200f are each
connected to a single closure element 301, 304, 302,
303, respectively, only a single force vector F301a,
F304c, F302d, F303f, respectively, is shown in Figure
10B. Since anchors 200b and 200e are each connected
to two closure elements, two force vectors are associated
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with each of anchors 200b and 200e in Figure 10B. That
is, anchor 200b, which is connected to closure elements
302 and 303, has two force vectors F302b and F303b
acting through the anchored location of anchor 200b, and
anchor 200e, which is connected to closure elements
301 and 304, has two force vectors F301e, F304e acting
through the anchored location of anchor 200b.
[0227] Since the forces represented by vectors F302b
and F303b both act through the same location, i.e., the
anchored location of the anchor 200b, the resultant force
through the anchored location of anchor 200b may be
determined as the sum of the two vectors F302b and
F303b. Likewise, since the forces represented by vectors
F301e and F304e both act through the anchored location
of the anchor 200e, the resultant force through the an-
chored location of anchor 200b may be determined as
the sum of the two vectors F302b and F303b. Accord-
ingly, Figure 10C schematically illustrates the total forces
exerted by the closure elements on each anchor, with
the force exerted through anchor 200b represented by
the resultant vector F302f + F303f and the force exerted
through anchor 200e represented by the resultant vector
F301e + F304e.
[0228] Due to the positioning of the anchors 200a,
200b, 200c, 200d, 200e, 200f and the arrangement of
the closure elements 301, 302, 303,304, a greater
amount of compressive force is exerted in the direction
of a y axis than a z axis. The z axis corresponds to a line
that extends between the first group of anchors 200a,
200b, 200c and the second group of anchors 200d, 200e,
200f and is at least approximately equidistant from the
first group of anchors 200a, 200b, 200c and the second
group of anchors 200d, 200e, 200f. The y axis is perpen-
dicular to the z axis, and both the x axis and the y axis
extend along the surface of the tissue 900.
[0229] Since compressive force is greater in directions
parallel to the x axis than in directions parallel to the z
axis, the self-acting closure formed by the anchors 200a,
200b, 200c, 200d, 200e, 200f and the closure elements
301, 302, 303,304 tends to close the opening 905 such
that the opening 905 is flattened or elongated along the
z axis, as illustrated in closure of Figure 10D. This may
be desirable to maintain a more reliable closure that is
more resistant to leaking.
[0230] As schematically illustrated in Figure 10D, the
anchors 200a, 200b, 200c, 200d, 200e, 200f have been
drawn into their closed or approximated positions, there-
by pulling the tissue, to which they are anchored, toward
the opening 905, thereby closing the opening 905 as il-
lustrated. To facilitate illustration, the closure elements
301, 302, 303, 304 are not shown in Figure 10D. How-
ever, Figure 10E shows the closure of 10D with the clo-
sure elements 301, 302,303,304. The forces being ex-
erted by the closure elements 301, 302, 303, 304 on the
anchors 200a, 200b, 200c, 200d, 200e, 200f are analo-
gous to those illustrated in Figures 10B and 10C. How-
ever, since the exemplary closure elements 301, 302,
303, 304 are have a spring-like elasticity, the force ex-

erted by the closure elements 301, 302, 303, 304 may
be reduced as the anchors 200a, 200b, 200c, 200d, 200e,
200f are drawn into approximation.
[0231] In the resting closure position (i.e., the position
at which the anchors 200a , 200b, 200c, 200d, 200e, 200f
settle after transient movement from the orientation
around the working tube 100) illustrated in Figures 10D
and 10E, the force exerted by the closure elements 301,
302, 303, 304 through each anchor 200a, 200b, 200c,
200d, 200e, 200f is equal to an oppositely directed re-
sistance force exerted onto the anchors 200a, 200b,
200c, 200d, 200e, 200f by the tissue at the respective
location of each anchor 200a, 200b, 200c, 200d, 200e,
200f.
[0232] Figure 11 shows another closure element 1300.
The closure element 1300 includes three anchor-receiv-
ing portions 1310, 1320, 1330 arranged in a V-shaped
configuration with portion 1320 being disposed at the ver-
tex. Arm 1340 spans directly from anchor-receiving por-
tion 1310 to anchor-receiving portion 1320, and arm 1350
spans directly from anchor-receiving portion 1320 to an-
chor-receiving portion 1330. The anchor-receiving por-
tions 1310, 1320, 1330 each have a respective aperture
1312, 1322, 1332 for receiving a respective anchor, e.g.,
the anchor 200 described above or the anchor 1200 de-
scribed in greater detail below with respect to Figure 13.
The anchor-receiving portions 1310, 1320, 1330 are
each toroidal in shape and have a greater material thick-
ness than the arms 1340 and 1350. It should be under-
stood, however, that any appropriate geometry may be
provided and that any appropriate material thickness may
be provided. The toroidal shape of the anchor-receiving
portions 1310, 1320, 1330 couple with the anchors 200,
1200 in a manner analogous to the band-shaped closure
elements 300 described above with regard to anchor 200.
[0233] The closure element 1300 functions in the same
manner described above with regard to the closure ele-
ments 300, but differs in that only two closure elements
are required to generate the same forces illustrated in
Figures 10B and 10C. In particular, the closure element
1300 performs the same function as the two closure el-
ements 301, 304, or the two closure elements 302, 303
of the second V-shaped groups described above with
respect to Figure 10A. Further, the closure element 1300
differs in that a single structural element, i.e., each of
arms 1320, extends between opposed anchors.
[0234] Figure 12 shows another closure element 2300,
which includes three anchor-receiving portions 2310,
2320, 2330 arranged in a V-shaped configuration with
portion 2320 being disposed at the vertex. Arm 2340
spans directly from anchor-receiving portion 2310 to an-
chor-receiving portion 2320, and arm 2350 spans directly
from anchor-receiving portion 2320 to anchor-receiving
portion 2330. The anchor-receiving portions 2310, 2320,
2330 each have a respective aperture 2312, 2322, 2332
for receiving a respective anchor. The anchor 2300 in-
cludes all of the features described above with respect
to anchor 1300, but differs only in that the Arms 2340,
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2350 have are widened to be substantially the same width
as the outer diameter of each of the anchor-receiving
portions 2310, 2320, 2330. This may be advantageous
to provide additional strength and tension force when the
arms 2340, 2350 are stretched.
[0235] Figure 13 shows an anchor 1200. Anchor 1200
is identical to anchor 200 described above except that a
proximal end portion 1250 includes a circumferential
channel 1255 formed as a continuous radial recess ex-
tending around the entire circumference of the anchor
1200. The channel opens in the radial direction and in-
cludes a distally directed first surface 1260 and an op-
posed proximally directed second surface 1265. Extend-
ing between the first and second surfaces 1260 and 1265
is a surface 1270 corresponding to a reduced-diameter
portion 1280 of the anchor 1200. Although the reduced-
diameter portion 1280 is cylindrical and concentric with
the longitudinal axis xx’ of the anchor 1200, it should be
understood that any appropriate geometry and orienta-
tion may be provided. For example, the reduced-diame-
ter portion 1280 may be frustoconical and/or have a cross
section that is curved when viewed in a direction perpen-
dicular to the longitudinal axis xx’ of the anchor 1200.
Further, the surface 1270 of the reduced-diameter por-
tion 1280 may vary along the circumference of the anchor
1200.
[0236] The circumferential channel 1255 axially sepa-
rates a proximal head portion 1285 from the distal re-
mainder of the body of the anchor 1200.
[0237] When one or more closure elements 300, 1300,
2300 is coupled to the anchor 1200, the first surface 1260
restrains the one or more closure elements 300,
1300,2300 from proximally sliding beyond the channel
1255 and off the end of the anchor 1200. Likewise, the
second surface 1265 restrains the one or more closure
elements 300, 1300, 2300 from sliding distally beyond
the channel 1255. In this regard, the dimensions of the
channel 1265, e.g., the width and depth of the channel
1265, may be selected to accommodate a particular
number of closure elements 300, 1300, 2300, or a single
closure element 300, 1300, 2300.
[0238] A particular closure element 300, 1300, 2300 is
mated to the anchor 1200 by mating placing the anchor
300, 1300, 2300 around the reduced-diameter portion
1280 of the anchor 1200. For example, an anchor-receiv-
ing portion 1310, 1320, 1330 of anchor 1300 and/or an
anchor-receiving portion 2310, 2320, 2330 of anchor
2300 may be mated to the anchor 1200 stretching the
respective anchor-receiving portion 1310, 1320, 1330,
2310, 2320, 2330 over the proximal head portion 1285
and onto the reduced-diameter portion 1280 of the an-
chor 1200. When mated in this manner, the reduced-
diameter portion 1280 extends through the respective
aperture 1312, 1322, 1332, 2312, 2322, 2332, with the
anchor-receiving portion 1310, 1320, 1330, 2310, 2320,
2330 constrained between the first and second walls or
surfaces 1260 and 1265 of the channel 1255. In this re-
gard, the apertures 1312, 1322, 1332, 2312, 2322, 2332

may have resting diameters that are the same, larger, or
smaller than the diameter of the reduced-diameter por-
tion 1280. It may be advantageous, however, to provide
a resting diameter that is less than the outer diameter of
the first surface 1260, the second surface 1265, and/or
the proximal head portion 1285 in order to resist inad-
vertent disengagement of the closure element
1300,2300 from the anchor 1200.
[0239] The channel 1255 performs a function analo-
gous to that of the hooked portion 210 described above
with respect to Although the anchor 1200 does not in-
clude a hooked portion such as hooked portion 210 of
anchor 200, it should be understood that one or more
hooked portions may be provided in combination with the
channel arrangement of anchor 1200.
[0240] Figure 14 shows a plurality of anchors 1200 of
Figure 13 and closure elements2300 of Figure 12 when
closing an hole 1905 in a tissue 1900. As with the example
described above regarding anchors 200, individual in-
stances of the anchor 1200 are denoted with lower-case
letters. In this regard, anchors 1200a, 1200b, 1200c,
1200d, 1200e, and 1200f are arranged in the same con-
figuration as described above with respect to anchors
200a, 1200b, 1200c, 1200d, 1200e, and 1200f and exert
the same forces respectively. Axes yy and zz in Figure
14 correspond to axes y and z described above.
[0241] In Figure 14, there are first and second instanc-
es of closure element 2300, with the second instance
being distinguished by like reference characters being
followed with the character’ (prime). In comparison to the
overlapping V-shaped arrangements shown in Figure
10A, arm 2350 of Figure 14 performs a function analo-
gous to the closure element 301, arm 2340’ performs a
function analogous to the closure element 302, arm 2350’
performs a function analogous to the closure element
303, and arm 2340 performs a function analogous to the
closure element 304. Further, as with the arrangement
of Figure 10A, the two V-shaped arrangements are both
overlapping and interlocking. That is, when viewed along
a line normal to the surface of the tissue 900, 1900, each
V-shaped arrangement of each configuration has a first
extension that intersects on a proximal side of the re-
spective opposed V-shaped configuration and a second
extension that intersects on a distal side of the respective
V-shaped configuration. Thus, referring to Figure 10A,
closure element 302 overlaps closure element 301 and
closure element 304 overlaps closure element 303, with
respect to the surface of the tissue 900. Likewise, refer-
ring to Figure 14, arm 2340’ overlaps arm 2350 and arm
2340 overlaps arm 2350’. It should be understood, how-
ever, that other configurations may be provided.
[0242] Figure 15 shows a surgical closure device 1005
according to an example embodiment of the present in-
vention. Except as indicated otherwise, the surgical clo-
sure device 1005 includes features that are the same or
analogous to all of the features of the surgical device 5
described in greater detail above. Further, the features
described with respect to surgical closure device 1005
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may be provided in combination with any feature of sur-
gical closure device 5.
[0243] The surgical closure device 1005 includes a
handle 1010 including a pistol grip 1015 configured to be
held by an operator, e.g., a surgeon or interventionalist,
to operate the surgical closure device 1005 during a sur-
gical procedure. A shaft 1020 extends distally from the
handle 10 and includes a distal end portion 1025. Unlike
the surgical closure device 5, the surgical closure device
1005 does not, at least initially, include an outer working
tube or a cannula extending therewithin. Instead, the sur-
gical closure device 1005 includes a centering mecha-
nism 1800 in the form an elongated tubular shaft with a
distal portion 1805 that tapers to have a reduced diameter
at the a distal end of the centering mechanism 1800. An
inner guide bore 1810 extends along the longitudinal axis
of the centering mechanism 1800 from the distal end
1815 to the proximal end 1825 of the centering mecha-
nism 1800. The longitudinal axis of the centering mech-
anism 1800 corresponds to the longitudinal axis x’ of the
shaft 1020 when the device is assemble in the state il-
lustrated in Figure 15.
[0244] The centering mechanism 1800 may be espe-
cially advantageous during "over the wire" surgical pro-
cedures such as pericardiocentesis. Some pericardio-
centesis procedures involve inserting a needle, via an
intercostal opening into the patient’s thorax, into the peri-
cardial sac, guiding a guide wire through the needle, and
subsequent removal of the needle with the guide wire left
in place. After removal the needle, a tapered dilator may
be advanced over the guide wire to dilate the opening in
the pericardium tissue. The dilated opening, or tract, al-
lows room for a catheter. After the dilation, the catheter
is guided over the guide wire into the pericardial sac to
drain fluid from the pericardium.
[0245] Referring the device 1005, after the flexible
guide wire is placed at the desired location in the peri-
cardial sac and needle has been withdrawn, the free prox-
imal end of the guide wire is introduced into the distal
opening of the guide bore 1810 and extended entirely
through the guide bore 1810 until the guide wire extends
from the proximal end portion 1820. The device 1005 is
then guided into the patient’s body to the location of the
pericardial tissue by distally sliding along the guide wire
extending through the guide bore 1810. Once positioned
such that the distal end portion 1025 of the shaft 1020
abuts the tissue, six anchors 1200 are driven into the
tissue in the same general manner described above with
regard to the anchors 200.
[0246] Referring to Figure 16, the anchors 1200 are
mated with two overlapping closure elements 1300 in the
same manner described above. In contrast to the closure
elements 300 of the device 5, the closure elements 1300
are not held radially outwardly on the surface of any tube
or other structure during driving of the anchors 1200.
Rather, the closure elements 1300 form an operational
window 1060 via the overlapping V-shaped structure of
the closure elements 1300, which is described in greater

detail above with regard to closure elements 300,2300.
[0247] Since the centering mechanism 1800, including
the guide bore 1810, extends through the operational
window 1060 when the guide wire is threaded through
the guide bore 1810, it is ensured that the guide wire
1810, as well as any instruments passing over the guide
wire 1810, extend through the operation window 1060
after the anchors are driven.
[0248] As illustrated in Figure 16, the tension on the
elastomeric closure elements 1300 causes the anchor-
receiving portions 1310, 1320, 1330 to stretch and elas-
tically deform. Thus, the apexes of the V-shaped portions
have moved closure to each other. Further, the displace-
ment of the vertices causes the anchors 1300 to each
have a Y-shaped configuration as illustrated in Figure 16.
[0249] After the anchors are driven into the tissue, the
centering mechanism 1800 is separated from the remain-
der of the device 1005 and distally retracted by sliding
along the longitudinal axis x’ and along the guide wire
away from the surgical site. The centering mechanism
1050 may be removed by the operator by proximally pull-
ing a proximal knob 1057 that projects proximally from
the handle 1010.
[0250] Upon removal of the guide mechanism 1050,
the guide wire exits the guide bore 1810. The proximal
free end of the guide wire may then be threaded into a
tapered dilator, which may be guided along the guide
wire and through the shaft 1020 to the operational window
1060. The dilator may then further progress in order to
contact and dilate the tract of tissue through which the
guide wire extends. After dilation, the dilator may be prox-
imally retracted and disengaged from the guide wire, at
which stage a catheter may be threaded and progressed
along the wire, through the shaft 1020 and the operational
window 1060. The catheter is further progressed through
the dilated tissue opening and into the pericardium. At
this stage, the guide wire may be retracted and pericardial
fluid allowed to drain through the catheter.
[0251] Upon completion of the draining, the catheter
may be proximally withdrawn from the surgical site and
through the shaft 1020, at which stage there are no sur-
gical components extending through the dilated opening.
At this stage, the device 1005 may be proximally retracted
from the tissue. The pulling the distal end of the shaft
1020 from the tissue causes disengagement, or release,
of the anchors 1200, allowing the closure elements 1300
to pull the anchors 1200 together in the same manner
schematically illustrated in Figure 14, thereby closing the
opening in the same manner the opening 1905 is closed
in Figure 14.
[0252] Referring to the inset partial view in Figure 15,
the distal end portion 1025 of the shaft 1020 includes six
slots 1026 analogous to the slots 26 described above
with regard to device 5. In the inset partial view, the an-
chors 1200 are shown schematically to facilitate illustra-
tion of the other components of the device 1005.
[0253] Referring to Figure 16, the slots 1026 of the de-
vice 1005 have a cross-sectional shape analogous to the
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slots 26 of the device 5, including circular bulges corre-
sponding to cylindrical grooves 1027 and dimensioned
to allow a small clearance between the diameter of the
main body of the anchor 1200.
[0254] Narrowed portions 1028 extend from opposite
sides of the enlarged region 1029 created by the cylin-
drical grooves 1027. The narrowed portions 1028 are
configured to receive the split portions 1207, 1208 of the
anchor 1200 but are more narrow than the diameter of
the body 1201 of the anchor 1200, thereby ensuring that
the anchor 1200 is constrained in the enlarged region
1029 of the cylindrical grooves 1027. Thus, when re-
ceived in the slots 1026, the anchors 1200 are retained
in their axial alignment such that the longitudinal axis xx’
is aligned with the longitudinal axis x’ of the shaft 1020.
[0255] The end portion 1025 is as a separate piece
that is attached to the remainder of the shaft 1020. In this
regard, the end portion 1025 may be replaced with a like
end portion 1025 or an end portion 1025 with a different
configuration, e.g., an end portion that holds the anchors
in a different pattern. Further, the end portion 1025, to-
gether with the anchors and closure elements, may form
a cartridge that is used once and discarded, with a new
cartridge attached for additional procedures. Moreover,
it should be understood that the end portion 1025 may
be integrally formed as a single monolithic piece with the
remainder of the shaft 1020.
[0256] Although the surgical closure device 1005 uses
a driving mechanism analogous to the driving mecha-
nism of device 5, including a hammer sleeve and anvil
pins (obstructed from view by the shaft 1020 in Figure
15), the device 1005 includes a different trigger and safe-
ty mechanism.
[0257] Referring to Figure 15, the device 1005 includes
a trigger 1030 extending below the housing 1010 in the
same general direction as the pistol grip 1015 such that
when the operator, e.g., a surgeon, grasps the pistol grip
1015, the trigger 1030 is actuatable with the operators
fingers, e.g., the index and/or middle fingers, by proxi-
mally pulling a gripping portion 1031, which is exposed
from the housing 1010, to pivot the trigger 1030 as set
forth in greater detail below.
[0258] Referring to Figures 15 and 17 to 19, the trigger
1030 is pivotable with respect to the handle 1010 about
a pivot axis p which corresponds to the longitudinal axis
defined by a pivot pin 1040 on which the trigger 1030 is
mounted. In particular, the pivot pin 1040 extends within
corresponding bore 1032 of the trigger 1030, which is
illustrated, e.g., in Figure 18C. The axial ends of the pivot
pin 1040 are mounted in corresponding recesses in the
handle 1010.
[0259] The trigger 1030 includes a pair of planar faces
1033 that face away from each other in opposite direc-
tions along the pivot axis p. The planar faces 1033 extend
along in the regions of the trigger around the bore 1032
and extending proximally along a proximal arm 1033.
[0260] The proximal arm 1033 extends proximally with
respect to the pivot axis p and has a curved upper surface

1034. Extending from each lateral side of the proximal
arm are lateral projections 1036, which project outwardly
away from respective planar faces 1031 and generally
extend parallel to the pivot axis p. The lateral projections
1036 each have a curved upper surface 1037.
[0261] A latch member 1045 includes a distally dis-
posed transverse portion 1050 that extends generally
along the pivot axis p and transverse with respect to the
longitudinal axis x’ of the shaft 1020 when the device is
assembled. A pair of parallel arms 1055 extends proxi-
mally from the transverse portion 1050. Each of the par-
allel arms 1055 includes a bore 1056 configured to re-
ceive the pivot pin 1040 and a pair of opposed faces 1057
configured to receive the trigger 1030 therebetween such
that each of the outwardly directed faces 1033 of the
trigger 1030 faces a respective one of the inwardly di-
rected faces 1057 of the arms 1055 when the device
1005 is in the assembled state. When the trigger 1030
is received between the arms 1055 of the latch element
1045 in the assembled state of the device 1005, the bores
1056 are concentric with the bore 1032 of the trigger
1030, with the pivot pin 1040 extending through each of
the two bores 1056 of the arms 1055 and the bore 1032
of the trigger 1030, thereby provided a mechanism about
which the trigger 1030 and the latch element 1045 are
pivotable about their common pivot axis p. Thus, the latch
member 1045 engages the trigger 1030 at the pivot pin
1040 in a manner analogous to a clevis. Although the
trigger 1030 and the latch element 1045 pivot about a
single common axis p, it should be understood that the
trigger 1030 and the latch element 1045 may pivot about
separate axes.
[0262] The portions of arms 1055 extending proximally
from the pivot axis p include lower surfaces 1058 config-
ured to engage with the upper surface 1035 of the prox-
imal arm 1034 of the trigger 1030. Thus, when the trigger
is pulled proximally, the trigger pivots about the pivot axis
p in a first rotational direction CW that is clockwise when
viewed from the side shown in Figure 17B.
[0263] The transverse portion 1050 of the latch mem-
ber 1045 also includes a latching projection 1052 that
projects upwardly beyond the adjacent structure of the
latch member 1045.
[0264] Referring to Figure 19A, a driver in the form of
a hammer sleeve 1500 is in its preloaded proximal posi-
tion and being urged or biased distally by a driving spring
1550 (shown in Figure 17A) in the same manner as the
hammer sleeve 500 of the device 5. The driving spring
1550 is mounted concentrically with respect to the ham-
mer sleeve 1500 and the shaft 1020 and exerts the dis-
tally directed force on the hammer sleeve 1500 via a force
transfer flange 1560 extending circumferentially around
the hammer sleeve 1500. Although the driving springs
550 and 1550 described in connection with devices 5 and
1005 are configured as compression springs, it should
be understood that tension springs or other drive mech-
anisms may be provided.
[0265] The hammer sleeve 1500 includes a latching
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channel 1510 that is configured to receive the latching
projection 1052 to thereby restrain the hammer sleeve
1500 by forming a positive stop between the latching pro-
jection 1052 and the latching channel 1510. In order to
release the hammer sleeve to drive the anchors 1200 in
the same manner described above with regard to the
device 5, the trigger is pulled distally to pivot the trigger
in the first rotational direction CW about the pivot axis p.
This pivoted orientation is illustrated in Figure 19B.
[0266] As illustrated in Figure 19B, the rotation of the
trigger 1030 causes the lateral projections 1036 to con-
tact and push against the lower surface 1058 of the arms
1055, thereby rotating the latch member 1045 into its
triggered position, i.e., the position shown in Figure 19B.
In the triggered orientation of the latch member 1045, the
rotation of the latch member 1045 has caused the distally
located latching projection 1052 to disengage the latch-
ing channel 1510 of the hammer sleeve, thereby allowing
the hammer sleeve to be driven along the longitudinal
axis x’ of the shaft 1020 in the distal direction D to drive
the anchors 1020.
[0267] As illustrated in Figure 1, there are two safety
mechanisms that prevent the release of the hammer
sleeve 1500 by the latch member 1045. Both of these
safety mechanisms must be simultaneously disengaged,
or changed from a locked state to an unlocked state, in
order for device to drive the anchors 1200.
[0268] The first safety mechanism includes a pressure
sensing mechanism including spring-loaded contact el-
ements 1100, illustrated, e.g., in the inset portion of Fig-
ure 15. The contact elements 1100 are configured as
rectangular blocks that slide along the longitudinal axis
x’ of the shaft 1020 between an extended position as
illustrated in the inset portion of Figure 15, wherein the
contact elements 1100 extend distance beyond the distal
end surface of the shaft 1020, and a proximal position in
which the contact elements 1100 are pushed proximally
with respect to the shaft 1020, e.g., until the contact el-
ements 1100 are flush with the distal ends of the shaft
1020. The safety release mechanism may include a plu-
rality of spring-loaded members, each spring-loaded
member independently movable between an engage-
ment position and a disengagement position, the safety
release mechanism adapted to prevent the driver from
driving the anchors unless all of the spring-loaded mem-
bers are in the engagement position.
[0269] Each contact element 1100 is axially slidable
within a respective correspondingly dimensioned slot
1080, illustrated, e.g., in Figure 16. Although the illustrat-
ed example includes four rectangular contact elements
that are evenly spaced at approximately 90-degree in-
crements about the longitudinal axis x’ of the shaft 1020,
it should be understood than any appropriate number
(including one) of contact elements 1100 having any suit-
able geometry and disposed at any suitable location(s)
may be provided.
[0270] Each contact element 1100 is supported on a
respective pressure transfer shaft 1120 that extends and

is axially slidable within a respective bore 1085 that ex-
tends parallel to the longitudinal axis x’ of the shaft 1020.
Each pressure transfer shaft 1120 is proximally coupled
to a key member 1140, which as illustrated in Figure 17A,
extends into and engages a key plate 1160. One or more
springs exerts a spring force on the key members 1140
to urge or bias the contact elements 1100 toward their
distally extended positions.
[0271] When the distal end of the shaft 1020 is pressed
against a tissue through which the anchors 1200 are de-
sired to be driven, the tissue exerts a proximally directed
pressure on the contact elements 1100, which are initially
in their distally extended positions due to the spring load-
ing. The contact elements are pushed proximally with
respect to the shaft 1020 when the pressure exerted by
the tissue exceeds the bias or urging force of the
spring(s). This proximal movement within each slot 1080
is mechanically transferred via the respective pressure
transfer shaft 1120 to the key element 1140, thereby mov-
ing the key member proximally beyond the key plate
1160. In this regard, the there is a substantially 1:1 rela-
tionship between the axial movement of each contact
element 1100 and the respective key member 1140. It
should be understood, however, that the device may be
configured to provide a relationship between axial move-
ment of the key member 1140 and the axial movement
of the respective contact element 1100 that is other than
1:1. Further, although the example device 1005 utilizes
sliding shafts 1120 to mechanically couple and transfer
force from the contact elements 1100 to the respective
key members 1140, the contact elements may be me-
chanically coupled to the key members 1140 by other
mechanisms, e.g., hydraulic and/or pneumatic systems.
[0272] The key plate 1160 is slidable within the handle
1010 along an axis transverse to the longitudinal axis x’
of the shaft 1020 and the pivot axis p defined by the pivot
pin 1040. In this regard, the key plate 1160 is slidable
between a first position, illustrated in Figures 17A, 18A,
and 19A, and a second position, illustrated in Figures
18B and 19A. The movement of the key plate 1160 be-
tween the first and second positions is along a path that
is substantially within a plane perpendicular to the pivot
axis p. Referring the Figure 19B, the key plate 1160
moves from the first position to the second position by
moving in the direction U. Although the path the key plate
1160 travels between the first and second positions is
linear, it should be appreciated that the path may be non-
linear, e.g., curved. Further, a plane that includes the
pivot axis p and intersects a bottom surface 1161 of the
key plate 1160 rotates in the first rotational direction CW
when the key plate 1160 moves from the first position to
the second position. Likewise, the plane rotates in a sec-
ond rotational direction opposite the first direction CW
when the key plate moves from the second position to
the first position.
[0273] The key plate 1160 is slidably supported by a
proximal support block 1090 that is fixedly mounted in
the handle 1010 of the device 1005. In the illustrated
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example, the key plate 1140 is supported by a pair of
parallel guide ribs 1092 of the support block 1090 so that
the key plate 1160 is slidable between the first and sec-
ond positions. The support block 1090 also supports
each of the key members 1140 so that each of the key
members 1140 are slidable along the longitudinal axes
f, g, h, i of the respective shaft 1140 to which the key
member 1140 is attached. Thus, the key members 1140
are permitted to slide axially along axes f, g, h, i, but are
constrained from moving with respect to the handle 1010,
shaft 1020, and other fixed components of the housing
of the device 1005.
[0274] The geometry of the key plate 1160 is selected
such that the key plate 1160 is prevented from moving
to the second position if any one of the key members
1140 is still engaged with the plate, which would indicate
that one of the contact elements 1100 at the distal end
of the shaft 1020 is not fully proximally depressed.
[0275] The geometry of the key plate 1160 is such that
each of the pressure transfer shafts are allowed to pass
through the key plate 1160 when the key plate is either
of the first and second positions. However, the geometry
of the key plate 1160 does not allow any of the key mem-
bers 1140 to extend axially into any recess defined by
the key plate 1160 when the key plate 1160 is in the
second position. In the illustrated example, this is
achieved due to the fact that each key member 1140 has
a diameter, when viewed along a line parallel to the di-
rection of movement of the plate 1160, that is greater
than a diameter of the respective pressure transfer shaft
1120 to which it is coupled.
[0276] Referring to Figures 18A to 18E, the key plate
1160 has a complex cutout geometry including enlarged
regions 1165 configured to axially receive respective key
members 1140. Referring to Figure 18A, when the key
plate 1160 is in the first position, the clearance between
the structure of the key plate 1160 and the respective
enlarged regions 1165 where the longitudinal axes f, g,
h, and i of the four respective pressure transfer shafts
1120 pass through the key plate 1160 is sufficient to ax-
ially receive the key member 1140. Referring to Figure
18B, when the key plate 1160 is in the second position,
the clearance between the structure of the key plate 1160
and the respective regions 1170 where the longitudinal
axes of the pressure transfer shafts 1120 pass through
the key plate 1160 is insufficient to axially receive the key
member 1140, but great enough to allow the pressure
transfer shafts 1120 to pass through.
[0277] As illustrated in Figure 18C the geometry of
each key member 1140 is received in a closely fitting
corresponding recess of the key plate 1160 such that the
key plate 1160 is not able to move in the direction U from
the first position (illustrated, e.g., in Figures 18C and 18D)
to the second position (illustrated in Figure 18E). Refer-
ring to Figure 18D, all four of the key members 1140 have
been proximally depressed via the proximal depression
of the corresponding contact elements 1100 at the distal
end of the shaft 1020, thereby resulting in the key plate

being in a disengaged state with respect to the key mem-
bers 1140. As illustrated in Figure 18D, the key members
1140 are have proximally cleared the structure of the key
plate 1160 while the key plate 1160 is in the first position.
At this stage, the regions 1170 of the key plate 1140 are
able to receive the shafts 1120, which have reduced di-
ameters with respect to the respective key members
1140 to which the shafts 1120 are attached. Thus, the
key plate 1140 is in an unlocked state since it is able to
be moved in the direction U from the first position illus-
trated in Figure 18D to the second position illustrated in
Figure 18E. As previously indicated, this movement is
achieved by contact and application of force between the
upper surface 1035 of the proximal extension 1034 of
the trigger 1030
[0278] Since the key members 1140 are radially con-
strained in the handle 1010, the key plate 1160 is pre-
vented from moving to the second position when any one
or more of the key members 1160 are extended into the
cutout geometry of the key plate 1160. Thus, the first
safety mechanism is in a locked state when any one of
the contact elements 1100 is not fully depressed, leading
to engagement between at least one of the key members
1140 and the key plate 1160.
[0279] Referring again to Figure 19A, since the key
plate is not allowed to move from the illustrated first po-
sition in the locked state, contact between the upper sur-
face 1035 of the proximal arm 1034 of the trigger 1030
and the lower surface 1161 as the trigger 1030 would
form a positive stop to prevent the trigger 1030 from ad-
equately rotating to disengage the latch member 1045
from the hammer sleeve 1500. Thus, all four contact el-
ements 1100 must be depressed in order for the device
1005 to drive the anchors 1200. This safety mechanism
is advantageous because it requires that the distal end
of the shaft 1020 be properly seated against the tissue
before driving the anchors 1200, thereby reducing the
possibility of inadvertent or improper driving of the an-
chors 1200.
[0280] As illustrated in Figure 17A, the key plate 1160
is urged toward the first position by a spring 1162. Since
the operator may need to reposition the distal end of the
shaft 1020 before driving the anchors 1200, the spring
urging or biasing of the contact elements 1100 toward
the first position ensures that the contact elements 1100
will spring back to their extending positions. For example,
the operator may press the distal end of the shaft 1020
against a first portion of tissue such that all four of the
contact elements 1100 are sufficiently depressed, there-
by causing all four of the key members 1140 to move
proximally from the key plate 1160. At this stage, the first
safety mechanism is in a disengaged state, in order to
allow firing if the operator pulls the trigger 1030. Thus,
the key plate 1160 is slidable between the first and sec-
ond positions. If there were no urging of the key plate
1160 toward the first position, the key plate 1160 could
inadvertently slide to a position (e.g., the second position
or a position between the first and second positions) that
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would prevent the key members 1140 from re-engaging
the key plate 1160. Thus, even if the operator pulls the
distal end of the shaft 1020 away from the first portion of
tissue, e.g., to reposition the device 1005, first safety
mechanism would remain in the disengaged state and
the contact elements 1100 would not be returned to their
distally extended positions via the bias spring force.
Thus, the first safety mechanism would not be effective
at this stage. Since the spring 1162 acts to urge the key
plate 1160 toward its first position, it serves to ensure
that the distal end of the shaft 1020 may be repositioned
multiple times without rendering the first safety mecha-
nism ineffective.
[0281] The housing 1010 includes a window 1013 that
provides a visual indication to the operator regarding the
state of the contact elements 1100. For example, there
may be four discrete indicators that corresponding to re-
spective contact elements 1100. Thus, the operator
would be able to see that less than all of the four contact
elements 1100 are depressed and would therefore know
to continue maneuvering the device until all four contact
elements 1100 are depressed. Further, the indicators
may allow the operator to know which specific contact
element 100 is not depressed, so that that the operator
may maneuver the device 1005 accordingly.
[0282] Although the pressure sensing of device 1005
is purely mechanical, it should be understood that other
pressure sensing arrangements may be provided. For
example, electronic pressure sensors may be provided.
[0283] The second safety mechanism includes the
safety switch 1060. As illustrated in Figures 19A and 19C,
the safety switch 1060 is in a first position in which a first
surface 1062 of the safety switch 1060 forms a positive
stop against the bottom surface of the latch member 1045
to prevent the latch member 1045 from rotating about
the pivot axis p into the disengaged position illustrated,
e.g., in Figure 19B.
[0284] The safety switch 1060 is slidably mounted with-
in a corresponding bore of the handle 1010. The safety
switch 1060 is slidable about its longitudinal axis s be-
tween the first position with respect to the latch member
1045 and the second position with respect to the latch
member 1045, illustrated in Figures 19B and 19D. In this
regard, a first axial end 1066 is exposed from a first side
of the housing 1010 and an opposite axial end 1068 is
exposed from a second side of the housing 1010. The
operator may move the safety switch from the first posi-
tion to the second position by pressing the first axial end
1066 along the axis s. Likewise, the operator may move
the safety switch from the second position to the first
position by pressing the second axial end 1068 along the
axis s.
[0285] In the second position, the first surface 1062
has moved along the axis s to a position that does not
impede the rotation of the latch member 1045. Thus, the
latch member 1045 is freed to rotate to the second posi-
tion to thereby release the hammer sleeve 1500 and drive
the anchors 1200. Accordingly, the second safety mech-

anism is engaged when the safety switch is in the first
position and disengaged when the safety switch is in the
second position.
[0286] A second surface 1064 forms a positive stop to
prevent the latch member 1045 from rotating in the di-
rection CW beyond the second position.
[0287] As indicated above, both safety mechanisms
must be disengaged in order to drive the anchors 1200
from the device 1005. The first safety mechanism en-
sures that the distal end of the shaft 1020 is properly
seated against the tissue and the second safety mech-
anism prevents unintended firing due to inadvertent pull-
ing of the trigger 1030. In this regard, the operator may
wish to keep the second safety mechanism engaged until
satisfied with the placement of the distal end of the shaft
1020.
[0288] Although the first and second safety mecha-
nisms in the illustrated examples are entirely mechanical,
it should be understood that other mechanisms may be
provided. For example, electronic elements may be in-
corporated into the system and/or specific force or pres-
sure values at the locations of the contact elements may
be interpreted by a processor and a decision made, e.g.,
according to an algorithm, whether or not to allow driving
of the anchors 1200.
[0289] Referring to Figure 17A the handle 1010 is
formed as two corresponding injection molded halves,
one of which is illustrated in Figure 17A. Each half of the
handle 1010 includes various structures configured to
receive and support other components within the handle
1010. For example, a plurality of support ribs 1012 mate
with a corresponding pair of respective support slots
1012 in the shaft 1020 to secure the shaft 1020 to the
handle 1010 when the device is assembled. In the as-
sembled state, the first and second halves are connected
by anchors 1011, which are screws in the illustrated ex-
ample. Although an injection molded handle with two
joined halves is provided, it should be appreciated that
the handle 1010 may be formed in any appropriate man-
ner.
[0290] According to exemplary embodiments of the
present invention, the closure element includes tissue
compression bands 3300, attached on either end to an-
chors 3200. Referring to Figure 21A, tissue compression
band 330 is illustrated in a relaxed (i.e., no force, or min-
imal force) state. Anchors 3200 are attached to either
end of tissue compression band 3300. Thus, in this ex-
emplary embodiment, each anchor 3200 is connected,
via a tissue compression band 3300, to on other anchor
3200, in contrast to other embodiments of the invention
in which an anchor may be connected to two or more
other anchors. This example embodiment, and advan-
tages thereof, are described in further detail below.
[0291] Anchors 3200 include wings 3207 and coupling
element 3210. Referring to Figures 21A-21E, wings 3207
have a relaxed, uncompressed position, and form a
shoulder with anchor 3200 where the wing 3207 extends
proximally and radially outwardly from the distal end of
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anchor 3200, or distal thereto. As further illustrated in
Figures 21A-21E, wings 3207 include a radially exterior
surface and a radially interior surface. The radially exte-
rior surface, as described above in connection with Fig-
ure 4, may include longitudinally extending corrugations,
which may provide a plurality of extending projections at
a free end of the wing. The radially interior surface may
be concave.
[0292] Referring to Figure 21B, a cross-sectional view
of the tissue compression band assembly 3000, each
end of tissue compression band 3300 is terminates in a
cavity 3211 of an anchor 3200. Wings 3207 of anchor
3200 project away from the distal tip of the anchor 3200,
beyond the cavity 3211 and radially outward from the
axis of the anchor 3200. In this manner, wings 3207 cre-
ate separation between the anchor 3200 and the tissue
compression band 3300.
[0293] Referring to Figures 21C-21D, coupling ele-
ment 3210 is used to secure each end of the tissue com-
pression band 3300 in the cavity 3211 of the anchor 3200.
The ends 3310 of tissue compression bands 3300 may
include projections 3311, such that the ends 3310 have
a larger radius than the main portion of tissue compres-
sion band 3300, and a larger radius than the inner portion
of coupling element 3210. When situated in the cavity
3211 of anchor 3200, projections 3311 and coupling el-
ement 3210 operate to maintain a mechanical coupling
between tissue compression band 3300 and anchor
3200.
[0294] Referring to Figure 21E, the tissue compression
band assembly 3000 is shown, including anchors 3200
and tissue compression band 3300. Each anchor 3200
is shown as including two wings 3207, although any
number of wings may be provided. As illustrated in Figure
21E, tissue compression band 3300 is coupled to each
of two anchors 3200. Anchors 3200 are situated at an
angle to the axis of tissue compression band 3300, such
that tissue compression band 3300 is bent near each
end, inside the coupling to the anchors 3200. Tissue com-
pression band 3300 may pass through a space between
two wings 3207. It is in this position, with anchors 3200
situated as an angle with the axis of tissue compression
band 3300, that the tissue compression band assembly
3000 will be situated in surgical closure device 5 before
being implanted.
[0295] Referring to Figure 22, a front view of end por-
tion 3025 of device 5 is illustrated, including four tissue
compression band assemblies 3000. Each tissue com-
pression band assembly 3000 is depicted as shown in
Figure 21E, with each anchor 3200 situated at an angle
with the axis of tissue compression band 3300, and lo-
cated in a slot 3026. Tissue compression bands 3300
form a crossing pattern over the central area of the end
portion 3025, which will be targeted at the opening 3905
in the tissue 3900, as described below.
[0296] Figure 23 is a perspective view of the end por-
tion 3025 of device 5. Tissue compression band assem-
blies 3000 are shown loaded onto pusher pins 3600,

which, in the current illustration, are depicted extending
beyond the end of end portion 3025.
[0297] Distal end of device 5 may further include win-
dows and narrowing elements. Prior to the ejection of the
anchors 32300 from the distal end of device 5, wings
3207 of anchor 3200 may be permitted to expand to a
relaxed, first position, such that the wings are not com-
pressed. During ejection from the device 5, the anchors
3200 may encounter narrowing elements, such that the
narrowing elements may compress the wings to a sec-
ond, compressed position. Once the anchors have been
ejected from the device 5, the wings are permitted to
expand back to their relaxed, uncompressed position.
[0298] Referring to Figures 24 and 25, pusher plate
3500 includes pusher pins 3600 having fingers 3610 for
acting on the tissue compression band assemblies 3000.
Fingers 3610 meet with anchors 3200 at coupling ele-
ment 3210. Fingers 3610 may also meet with anchors
3200 at the shoulder, where wing 3207 extends proxi-
mally and radially outwardly from the distal end of anchor
3200, or distal thereto. Fingers 3610 contact anchor 3200
closer to the distal tip, such that wings 3207 extend be-
yond the point of contact between fingers 3610 and an-
chor 3200. The delivery mechanism or driver may drive
the anchors by exerting a driving force on the shoulder
to drive the anchor into tissue.
[0299] Use of the tissue compression band assembly
3000 to close an opening 3905 in tissue 3900 will now
be described. In reference to Figures 26A-26D, tissue
3900 is shown with opening 3905. Tissue compression
band assembly 3000, having tissue compression band
3300 and anchors 3200, is shown, for convenience, with-
out surgical device 5. Tissue compression band 3300
connects two anchors 3200, and wings 3207 extend be-
yond the coupling point of the tissue compression band
3300 and anchors 3200. In Figure 26A, tissue compres-
sion band assembly 300 is illustrated in its relaxed (i.e.,
no force, or minimal force) state, and is situated at a dis-
tance from tissue 3900. In Figure 26B, the distal tips of
anchors 3200 have been pushed through the surface of
tissue 3900, on either side of opening 3905. Anchors
3200 have only penetrated tissue 3900 as far as the distal
tips, and have not yet penetrated beyond the coupling
elements 3210, such that wings 3207 remain outside the
surface of tissue 3900.
[0300] In Figure 26C, anchors 3200 have now pene-
trated tissue 3900 at a depth equal to the height of the
anchors 3200. Wings 3207 are now just inside tissue
3900, on either side of opening 3905. While tissue com-
pression band 3300 remains largely above the surface
of tissue 3900, either end of tissue compression band
3300 has penetrated the surface of tissue 3900 with the
anchors 3200, so that tissue compression band 3300
tenses against tissue 3900, entering a tensed (i.e.,
forced) state. Fingers 3610 of pusher pins 3600 remain
in contact with anchors 3200. As anchors 3200 are
pushed into tissue 3900, tissue compression band 3300
forces the sides of opening 3905 to move closer together,
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shrinking the size of opening 3905.
[0301] In Figure 26D, anchors 3200 have now been
pushed to a predetermined distance below the surface
of tissue 3900, pulling tissue compression band 3300
against the surface of tissue 3900, pressing the sides of
opening 3905 closer together until the opening closes.
Fingers 3610 of pusher pins 3600 are retracted, leaving
tissue compression band assembly 3000 in tissue 3900.
As tissue compression band 3300 tenses against tissue
3900, tissue compression band acts on anchors 3200,
pulling them in against the direction of insertion. Wings
3207 resist this proximal movement, as described above,
holding anchors 3200 in place, which in turn maintains
tissue compression band 3300 in its tensed (i.e., forced)
state, which in turn holds closed opening 3905. This clo-
sure of the tissue is maintained in hemostasis.
[0302] In accordance with the measures described
herein several advantages may be achieved. For exam-
ple, because tissue compression band assembly 3000
may be loaded into surgical device 5 in its relaxed state,
the device is more easily stored and transported, with
fewer concerns that the assembly may wear out, cease
to function, or cause injury. The assembly only enters its
tensed state once anchors 3200 penetrate tissue 3900.
[0303] Further, tissue compression band assembly
3000 may have a lower mass than similar closure im-
plants. Anchors 3200 require less material, as the anchor
bodies are significantly shorter than other configurations.
Tissue compression bands 3300 couple to the anchors
3200 just inside the distal tip, instead of at the end of a
longer proximal body, so that a longer body is not nec-
essary. Because tissue compression band 3300 includes
small projections 3310 to mechanically couple with an-
chors 3200, less material is required to make tissue com-
pression bands than similar closure devices that wrap
entirely around the proximal end of an anchor. The low
mass of the assembly allows for greater compliance with
any movement of tissue 3900, so that the hemostasis
achieved in the initial application is more likely to with-
stand such movement. This can be crucial in certain or-
gans, such as the heart, where movement is expected,
and cannot be prevented. Compliance with movement
may also be achieved due to the reduced mass and, con-
sequently, reduced momentum.
[0304] The position of the connection between tissue
compression band 3300 and anchors 3200, below the
surface of tissue 3900, creates a more rounded diagram
of forces acting on tissue 3900 and opening 3905. The
forces from the anchors acting on the assembly are lo-
cated below the surface of the tissue, creating, in part, a
downward pull on the compression bands. This distribu-
tion of force can prevent a strangling of the tissue that
may arise from closure devices that only apply forces in
parallel along the surface of the tissue. The more rounded
force distribution may help maintain, and may enhance,
hemostasis in the tissue.
[0305] In general, this configuration can provide great-
er compliance with any movement of tissue 3900. Com-

pliance with tissue 3900 is maintained through an equi-
librium of forces acting in the x-direction (i.e., in the prox-
imal direction against wings 3207 embedded in the tis-
sue) and forces acting in the y-direction (i.e., across
opening 3905, along the length of tissue compression
band 3300). Maintaining this equilibrium between these
forces helps to maintain hemostasis in the tissue. Ac-
cordingly, the position of the anchors, in either the x-di-
rection (i.e., depth in the tissue) or in the y-direction (i.e.,
distance between anchors) is important for providing this
equilibrium. The forces acting in the y-direction may be
greater than or equal to twice the forces acting in the x
direction. As an example, tissue compression band 3300
may be 13mm long in the relaxed state, and may be ex-
tended to 26mm long in the tensed state.
[0306] Fingers 3610 may push anchors 3200 to a pre-
determined depth for optimal purchase and tension, to
optimize the equilibrium and create hemostasis in the
tissue.
[0307] Additional configurations for the distribution of
tissue compression band assemblies are shown in Fig-
ures 27A-27E. Figure 27A presents a squared, or boxed
arrangement. Figures 27B-27D present a circular ar-
rangement of anchors, with a squared, or boxed, config-
uration of bands, at varying distances. Figure 27E
presents a circular arrangement of anchors proving for
five tissue compression bands. Figure 27F presents a
squared, or boxed, arrangement providing for five tissue
compression bands. It should be understood that any
number of tissue compression bands may be used. More-
over, the equilibrium of forces is reached through the
proper distances between anchors, and proper depths
of insertion into tissue.
[0308] Additional configurations for the distribution of
tissue compression band assemblies are presented in
Figures 28A-28C. Two rows of opposing anchors may
be provided, with four tissue compression bands reach-
ing across the rows to diagonally connect anchors. It
should be understood that any orientation of tissue com-
pression band assemblies may be used.
[0309] Larger openings in tissue may require more
substantial closure elements. Accordingly, certain ar-
rangements are directed to a large bore closure.
[0310] An exemplary embodiment of large bore clo-
sure plate assembly 4000 is illustrated in Figures 29A
and 29B. The closure plate assembly includes anchors
200 coupled to closure plate 4300. Closure plate 4300
may be a circular disk, having a central opening. Anchors
200 are coupled, using coupling elements 4310, to clo-
sure plate 4300 around the circumference of the plate,
all anchors 200 extending in the same direction, in par-
allel with the axis of the closure plate. In this configuration,
closure plate 4300 is a rigid plate, having a set form used
to strictly hold tissue in place. The large bore closure
plate 4300, as illustrated in Figure 29C, may be construct-
ed as a disk having openings 4320 in its circumference,
so that the closure plate 4300 resembles two concentric
annular disks connected via coupling elements 4310.
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This arrangement has the benefits of using fewer mate-
rials, and having a lower mass.
[0311] Alternatively, anchors 200 can be coupled to
closure plate 4300 using hinged coupling elements 4330
(as illustrated in Figures 29D and 29E), so that anchors
200 are permitted to rotate about the axis created by the
circumference of closure plate 4300 meeting the proximal
end of anchors 200.
[0312] Other arrangements of the large bore closure
plate assembly may provide for additional movement in
the closure plate. For example, as illustrated in Figures
30A and 30B, large bore closure plate assembly 5000
includes a sliding closure plate 5300 made up of two slid-
ing braces 5350 and 5360. Sliding braces 5350, 5360
form a semicircle, having a sliding rack 5351, 5361, re-
spectively, situated in one of the two open ends of the
semicircle. Sliding rack 5351 is inserted into a compli-
mentary cavity in sliding brace 5360, and sliding rack
5361 is inserted into a complimentary cavity in sliding
brace 5350, so that the two sliding braces meet to form
a circular sliding closure plate 5300.
[0313] Sliding closure plate 5300 further includes an-
chors 200, which may be used, as described above, to
support closure elements 5301, 5302, 5303, 5304, which
may be bands, monolithic V-shaped elements, or other
similar elements as described herein. Closure elements
5301-5304 are, for example, used to keep sliding closure
element 5300 closed (i.e., to hold together sliding braces
5350, 5360). Although the closure plate has some free-
dom of movement in the direction of sliding racks 5351,
5361, large bore closure plate assembly 5000 is held
tightly, applying force to anchors 200, to bind together
the tissue and close the large bore opening.
[0314] Another exemplary embodiment of a large bore
closure plate assembly having some freedom for move-
ment of the closure plate is illustrated in Figures 31A-
31C. Large bore closure plate assembly 6000 includes
a sliding closure plate 6300 made up of two sliding braces
6350 and 6360. Sliding braces 6350, 6360 have sliding
racks 6351, 6361, respectively, situated in one of the two
open ends of the brace, and sliding cradles 6352, 6362,
respectively, situated in the other open end of the brace.
Sliding rack 6351 is inserted into sliding cradle 6362 in
sliding brace 6360, and sliding rack 6361 is inserted into
sliding cradle 6352 in sliding brace 6350, so that the two
sliding braces are brought together into sliding closure
plate 6300.
[0315] Sliding closure plate 6300 further includes an-
chors 200, which may be used, as described above, to
support closure elements, which may be bands, mono-
lithic V-shaped elements, or other similar elements as
described herein. Although the closure plate has some
freedom of movement in the direction of sliding racks
6351, 6361, large bore closure plate assembly 6000 is
held by applying force to anchors 200, to bind together
the tissue and close the large bore opening.
[0316] Another exemplary embodiment of a large bore
closure plate assembly having some freedom for move-

ment of the closure plate is illustrated in Figures 32A-
32B. Large bore closure plate assembly 7000 includes
a rectangular sliding closure plate 7300 made up of two
sliding braces 7350 and 7360. Sliding braces 7350, 7360
have sliding tubes 7351, 7361, respectively, situated in
one end of the brace, and cylindrical cavities 7352, 7362,
respectively, situated in the other open end of the brace.
Sliding tube 7351 is inserted into cylindrical cavity 7362
in sliding brace 7360, and sliding tube 7361 is inserted
into cylindrical cavity 7352 in sliding brace 7350, so that
the two sliding braces are brought together into sliding
closure plate 7300.
[0317] Sliding closure plate 7300 further includes an-
chors 200, which may be used, as described above, to
support closure elements (not shown), which may be
bands, monolithic V-shaped elements, or other similar
elements as described herein. Though the closure plate
has some freedom of movement in the direction of sliding
tubes 7351, 7361, large bore closure plate assembly
7000 is held by applying force to anchors 200, to bind
together the tissue and close the large bore opening.
[0318] Tissue closure may also be achieved percuta-
neously, using a percutaneous tissue closing device.
Such a device can apply forces to open tissue to draw
closed an opening in tissue from the inside of that tissue,
in contrast to the various embodiments presented herein
that apply forces to a tissue’s outer surfaces.
[0319] In exemplary embodiments, a percutaneous tis-
sue closure device 8005 is provided, for inserting closing
elements beneath the surface of the tissue, and drawing
the tissue’s opening to a close from within the tissue. As
illustrated in Figure 33, a percutaneous tissue closure
device 8005 includes a working tube 8100 having a distal
end, about which, in its pre-application state, pusher pins
and closure elements are wrapped. Closure elements
8300 are shown in Figure 33 wrapped around the distal
end of working tube 8100, and attached to anchors 3200
(described above). Pusher pins 8600, in the pre-applica-
tion state, are wrapped around working tube 8100. Each
pusher pin 8600 may include pusher collar 8610. In its
pre-application state, closure elements 8300 are
wrapped around working tube 8100, in line with each
pusher pin 8600, so that pusher collar 8610 fits around
closure element 8300, just below the coupling element
3210 of anchor 3200. In alternative example embodi-
ments, pusher pins 8600 do not include pusher collars
8610.
[0320] Outer sheath 8800, illustrated in Figure 34A,
may be introduced over the exterior of working tube 8100
and wrapped closure elements 8300 and pusher pins
8600. Outer sheath 8800 may be removable by sliding it
in the proximal direction, exposing the working tube 8100
and wrapped closure elements 8300 and pusher pins
8600, as shown in Figures 34B and 34C. Also illustrated
in Figures 34A-34C is dilator 8700, used to dilate or ex-
pand the opening in the tissue, for application of the clo-
sure elements 8300.
[0321] Although exposed closure elements 8300 and
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anchors 3200 are illustrated at an angle that is neither
parallel nor perpendicular to the axis of working tube 8100
and outer sheath 8800, it may be provided to dispose
closure elements 8300 and anchors 3200 at a range of
angles not parallel to the axis of working tube 8100 and
outer sheath 8800, including a perpendicular angle.
[0322] Referring to Figures 35A-35H, use of the per-
cutaneous tissue closure device 8005 will now be de-
scribed. Figure 35A illustrates tissue 8900, having been
penetrated by guide wire 8710. Guide wire 8710 is at-
tached to the device 8005 via dilator 8700. In this figure,
outer sheath 8800 covers working tube 8100 and
wrapped closure elements 8300 and pusher pins 8600.
[0323] Figure 35B shows device 8005 once dilator
8700 has been pushed through tissue 8900, so that distal
end of working tube 8100 (not shown) beneath outer
sheath 8800 is beneath the surface of tissue 8900. In
Figure 35C, outer sheath 8800 has been moved in a prox-
imal direction, exposing the wrapped closure elements
8300 and pusher pins 8600. For simplicity, only two clo-
sure elements 8300 are illustrated, although any number
of closure elements 8300 may be used. Figure 35D pro-
vides a closer view of closure elements 8300 and anchors
3200, still in their wrapped (i.e., pre-application) state,
with outer sheath 8800 removed to expose the closure
elements to the tissue.
[0324] Figure 35E illustrates the extension of the clo-
sure elements. Extension of the operator elements may
be manual, and an operator may apply an extending force
by turning a knob located at the proximal end of device
8005, or may be exerted by a fluid flow, pneumatic pres-
sure, hydraulic pressure, or any other external forces. As
closure elements 8300 extend, anchors 3200 are pushed
into tissue 8900 through the surface 8910 of the dilated
opening in the tissue. Once extended, as in Figure 35F,
anchors 3200 pass entirely into tissue 8900, and closure
elements 8300 reach their full extension length. Closure
elements 8300 may be formed from any appropriate
shape-memory alloys, e.g., nitinol, spring-loaded steel
or other alloy or material with appropriate properties,
such that the extended closure elements 8300 will exert
a force in the proximal direction from the perspective of
anchors 3200, pulling anchors 3200 against the direction
of insertion. Wings 3207 resist this proximal movement,
as described above, holding anchors 3200 in place, and
exerting a closing force on tissue 8900.
[0325] In Figures 35G and 35H, percutaneous tissue
closing device 8005 is removed from tissue 8900, leaving
behind closure elements 8300. The closing force exerted
by closure elements 8300 on tissue 8900 holds closed
the opening in the tissue. This closure of the tissue is
maintained in hemostasis. Further, because the device
operates percutaneously, all of the closure forces act in
a direction parallel to the closure elements 8300, helping
to maintain a proper hemostatic equilibrium. Moreover,
less material may be left behind in the tissue, and no
material may be left on the surface of the tissue where it
might interact with other parts of the body.

[0326] In exemplary embodiments, as illustrated in Fig-
ures 36A and 36B, percutaneous tissue closing device
8005 includes knob 8035 for initiating mechanical action
to drive anchors 3200 into tissue. In Figure 36A, closure
elements 8300 are wrapped about working tube 8100.
In Figure 36B, following rotation of knob 8035, sleeves
8350 are used to drive anchors 3200, attached to closure
elements 8300, into tissue percutaneously.
[0327] In exemplary embodiments, working tube 8100
may include cam 8150. The mechanical action initiated
by turning knob 8035 may then turn cam 8150, shown in
Figure 37A and 37B. As cam 8150 is turned, sleeves
8350 extend from a wrapped position around cam 8150
into an extended position, as shown in Figure 37B.
Sleeves 8350 are situated against the coupling element
3210 of anchors 3200, so that as sleeves 8350 extend,
anchors 3200 are driven radially outward from cam 8150.
The exemplary embodiment is shown in view from the
proximal perspective in Figures 38A and 38B.
[0328] Figure 39 illustrates cam 8150 and one closure
elements 8300, in isolation, with anchors 3200 and ex-
tended sleeves 8350.
[0329] Figure 40 illustrates sleeve 8350 in its extended
form, including fingers 8351 used to couple with anchor
3200.
[0330] In exemplary embodiments, at illustrated in Fig-
ures 41A and 41B, anchors 3200 may be driven into tis-
sue using working tube 8160, include press 8161 and
troughs 8162. As shown, press 8161 may drive, in the
distal direction, closure devices 8300, driving anchors
3200 into tissue.
[0331] The closure elements 300, 1300, 2300,
3300,4300, 5300, 6300, 7300, 8300 disclosed herein
may be elastomeric, e.g., silicon. It should be understood,
however, that the closure elements 300, 1300, 2300,
3300, 4300, 5300, 6300, 7300, 8300 may be formed of
any appropriate material, e.g., a bio-absorbable material.
Further, where the anchors 200, 1200, 3200 are also
formed of bio-absorbable material, the entire self-acting
closure assembly including anchors 200, 1200, and/or
3200 as well as closure elements 300, 1300, 1400, 3300,
4300, 5300, 6300, 7300 and/or 8300 (which is typically
left in the patient after completion of the procedure) may
be absorbable into the patient’s body. Although a plurality
of elastomeric closure elements 300, 1300,2300,3200
are described in connection with the exemplary embod-
iments, it should be a single continuous closure element
may be provided (e.g., a single monolithic piece that ex-
tends among the various anchors 200, 1200, 3200). Fur-
ther, as an alternative or in addition to the one or more
elastomeric closure elements, any other urging mecha-
nism, e.g., springs, may be provided as a closure ele-
ment. Further, it should be understood that the pattern
according to which the anchors 200, 1200, 3200 and clo-
sure elements 300, 1300, 2300, 3300, 4300, 5300, 6300,
7300, 8300 are oriented may vary from the exemplary
embodiments described herein.
[0332] Although the described use of the example de-
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vice 5 includes driving of the anchors 200, 1200, 3200
prior to forming a surgical access aperture, it should be
understood that the anchors 200, 1200, 3200 may be
driven after forming the aperture. Similarly, it is feasible
to drive the anchors 200, 1200, 3200 from the device
1005 prior to dilating the hole. However, driving the an-
chors after forming the aperture or dilating the hole may
be less advantageous because the formation of the ap-
erture in the former procedure and the dilation in the latter
presses tissue away from the hole and any subsequently
driven anchors would therefore be at a location closer to
the aperture when the tissue is in a relaxed state. Thus,
the amount of tissue between the anchors 200, 1200,
3200 would be less, likely resulting in less compressive
force being exerted to the tissue in comparison to anchors
driven prior to forming the surgical access aperture.
[0333] Further, it should be understood that the closure
devices 5, 1005, 8005 may be provided in connection
with any appropriate surgical device, e.g., a catheter or
flexible thoracoscopic shaft. Moreover, any appropriate
driving mechanism for driving the anchors 200 may be
provided.
[0334] Although the closure elements 300, 1300, 2300,
3300, 4300, 5300, 6300, 7300, 8300 are each formed as
a single monolithic piece, it should be understood that
any closure element described herein may be comprised
of multiple component pieces.
[0335] Moreover, although the examples described
herein are describes as firing a plurality of anchors 200,
1200, 3200 that are each identical to each other, it should
be understood that a driven set of anchors may include
one or more anchors that differ from the other anchors
of the set. For example, situations with non-uniform tis-
sue properties and/or dimensions may be addressed by
firing, e.g., simultaneously, different types of anchors at
different locations. In this regard, the device 5, 1005,
8005 may be adapted to receive different types of an-
chors in the same slot and/or have interchangeable hous-
ing portions to receive the various anchors.
[0336] Further, the anchors 200, 1200, 3200 may in-
clude any of the features of the fasteners or other anal-
ogous implants disclosed in U.S. Provisional Patent Ap-
plication Serial No. 61/296,868, filed on January 20, 2010
and in U.S. Patent Application Serial No. 13/010,766,,
filed on January 20, 2011, and may be driven using any
mechanism disclosed therein.
[0337] Further, any of the implantable elements de-
scribed herein, e.g., anchors 200, 1200, 3200 and/or clo-
sure elements 300, 1300, 2300, 3300, 4300, 5300, 6300,
7300, 8300 may be formed wholly or partly of a material
absorbable into the patient’s body, or of a non-absorba-
ble material, depending on, e.g., the specific application.
For example, these elements may be formed of polygly-
colic acid (PGA), or a PGA copolymer. These elements
may also, or alternatively, be formed af copolymers of
polyester and/or nylon and/or other polymer(s). Moreo-
ver, these elements may contain one or more shape-
memory alloys, e.g., nitinol, spring-loaded steel or other

alloy or material with appropriate properties.
[0338] Absorbable materials may be advantageous
where there is a potential for misfiring or improper locat-
ing of the various implants. For example, in a situation
where the driver drives an anchor 200, 1200, 3200 at an
unintended location, or where the tissue does not prop-
erly receive the anchor 200, 1200, 3200, the anchor 200,
1200, 3200 even where not needed, would be relatively
harmless, as it would eventually absorb into the patient’s
body.
[0339] Although particular example surgical applica-
tions have been described above, the devices 5, 1005
are in no way limited to these examples.
[0340] Although the present invention has been de-
scribed with reference to particular examples and exem-
plary embodiments, it should be understood that the fore-
going description is in no manner limiting. Moreover, the
features described herein may be used in any combina-
tion.
[0341] The invention provides the following further as-
pects:

A first aspect of a surgical anchor, comprising: a dis-
tal end tapered to a distal tip configured to pierce
tissue; a flexible element extending proximally from
the distal end; and at least one wing extending prox-
imally and radially outwardly from the distal end to a
free end, including a radially exterior surface and a
radially interior surface; wherein the radially exterior
surface includes longitudinally extending corruga-
tions providing a plurality of proximally extending
projections at the free end.
A second aspect of an anchor according to the first
aspect, wherein forces are exerted on the anchors
by at least one of (a) the tissue, (b) a fluid flow, (c)
pneumatic pressure, (d) hydraulic pressure, and (e)
external forces.
A third aspect of an anchor according to the first as-
pect, wherein the radially interior surface is concave.
A fourth aspect of an anchor according to the first
aspect, wherein the flexible element is configured to
flex in cooperation with a force exerted on the anchor.
A fifth aspect of an anchor according to the first as-
pect, wherein the wing is configured to resist proxi-
mal movement of the anchor after the anchor is driv-
en into the tissue. A sixth aspect of an anchor ac-
cording to the first aspect, wherein the wing extends
to a free end, and includes a plurality of proximally
extending cutting projections at the free end. A sev-
enth aspect of an anchor according to the first aspect,
wherein the wing extends to a free end, the corru-
gations providing a plurality of proximally extending
cutting projections at the free end of the wing.
An eighth aspect of an anchor according to the first
aspect, wherein the anchor is disposed in a config-
uration with a plurality of anchors along a ring-
shaped circumference. A ninth aspect of an anchor
according to the first aspect, wherein the anchor is
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disposed in a configuration with a plurality of an-
chors) in a rectangular shape.
A tenth aspect of an anchor according to the first
aspect, wherein the anchor is formed of bioabsorb-
able materials.
An eleventh aspect of a surgical anchor, comprising:
a distal end tapered to a distal tip configured to pierce
tissue; and at least one wing extending proximally
and radially outwardly from the distal end to a free
end, including a radially exterior surface and a radi-
ally interior surface; wherein the radially exterior sur-
face includes longitudinally extending corrugations
providing a plurality of proximally extending projec-
tions at the free end.
A twelfth aspect of a surgical device, comprising an
anchor having a distal end tapered to a distal tip con-
figured to pierce tissue, at least one wing extending
proximally and radially outwardly from the distal end
to a free end, the wing extending from the distal end
at a shoulder of the anchor, and a flexible element
extending proximally from the distal end, the shoul-
der located at, or distal to, the intersection of the
flexible element and a distal portion of the wing; and
a driver configured to exert a driving force on the
shoulder of the anchor to drive the anchor into the
tissue; wherein the wing includes a radially exterior
surface and a radially interior surface, the radially
exterior surface including longitudinally extending
corrugations providing a plurality of proximally ex-
tending projections at the free end.
A thirteenth aspect of a surgical device according to
the twelfth aspect, wherein the anchor is disposed
in a configuration with a plurality of anchors, and fur-
ther wherein the driver is configured to simultane-
ously drive the anchors.
A fourteenth aspect of a surgical device according
to the thirteenth aspect, wherein the driver is config-
ured to drive the anchors a predefined distance.
A fifteenth aspect of a surgical device according to
the thirteenth aspect, wherein the driver comprises
a spring-loaded element configured to impact and
impart a distally directed momentum to the anchors.
A sixteenth aspect of a surgical device according to
the twelfth aspect, wherein the wing extends proxi-
mally beyond the shoulder.
A seventeenth aspect of a surgical device according
to the twelfth aspect, wherein the driver includes a
pin in contact with the shoulder of the anchor, the
pin configured to drive the anchor distally into tissue.
An eighteenth aspect of a surgical device, compris-
ing a surgical anchor including a distal end tapered
to a distal tip configured to pierce tissue, at least one
wing extending proximally and radially outwardly
from the distal end to a free end; and a delivery mech-
anism having a distal end including at least one win-
dow configured to permit the wing to expand to a
relaxed position and at least one narrowing element
configured to compress the wing to a compressed

position; wherein the wing includes a radially exterior
surface and a radially interior surface, the radially
exterior surface including longitudinally extending
corrugations providing a plurality of proximally ex-
tending projections at the free end; wherein, prior to
the delivery mechanism ejecting the anchor, the wing
is situated in the window so that the wing is in the
relaxed position; wherein, during the delivery mech-
anism ejecting the anchor, the wing encounters the
narrowing element so that the wing narrows from the
relaxed position to the compressed position; and
wherein the wing is configured to return to the relaxed
position once ejected from the delivery mechanism.

Claims

1. A surgical device (5, 1005), comprising
a surgical anchor (200, 1200, 3200) including a distal
end tapered to a distal tip configured to pierce tissue,
at least one wing (207, 208, 3207) extending proxi-
mally and radially outwardly from the distal end to a
free end; and
a delivery mechanism having a distal end including
at least one window configured to permit the wing
(207, 208, 3207) to expand to a relaxed position and
at least one narrowing element configured to com-
press the wing (207, 208, 3207) to a compressed
position;
wherein the wing (207, 208, 3207) includes a radially
exterior surface and a radially interior surface, the
radially exterior surface including longitudinally ex-
tending corrugations providing a plurality of proxi-
mally extending projections at the free end;
wherein, prior to the delivery mechanism ejecting the
anchor (200, 1200, 3200), the wing (207, 208, 3207)
is situated in the window so that the wing (207, 208,
3207) is in the relaxed position;
wherein, during the delivery mechanism ejecting the
anchor (200, 1200, 3200), the wing (207, 208, 3207)
encounters the narrowing element so that the wing
(207, 208, 3207) narrows from the relaxed position
to the compressed position; and
wherein the wing (207, 208, 3207) is configured to
return to the relaxed position once ejected from the
delivery mechanism.

2. The surgical device (5, 1005) of claim 1, wherein the
radially interior surface is concave.

3. The surgical device (5, 1005) of claim 1, wherein the
wing (207, 208, 3207) is configured to resist proximal
movement of the anchor (200, 1200, 3200) after the
anchor (200, 1200, 3200) is driven into the tissue.

4. The surgical device (5, 1005) of claim 1, wherein the
wing (207, 208, 3207) extends to a free end, and
includes a plurality of proximally extending cutting
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projections at the free end.

5. The surgical device (5, 1005) of claim 1, wherein the
wing (207, 208, 3207) extends to a free end, the cor-
rugations providing a plurality of proximally extend-
ing cutting projections at the free end of the wing
(207, 208, 3207).

6. The surgical device (5, 1005) of claim 1, wherein the
anchor (200, 1200, 3200) is formed of bioabsorbable
materials.

7. The surgical device (5, 1005) of claim 1, wherein the
surgical anchor (200, 1200, 3200) is connected, via
a flexible element (300, 1300, 2300, 3300), to at least
one other surgical anchor (200, 1200, 3200).

8. The surgical device (5, 1005) of claim 7, wherein the
anchor (200, 1200, 3200) is connected with the at
least one other anchor (200, 1200, 3200) along a
ring-shaped circumference.

9. The surgical device (5, 1005) of claim 7, wherein the
anchor (200, 1200, 3200) is connected with the at
least one other anchor (200, 1200, 3200) in a rec-
tangular shape.

10. The surgical device (5, 1005) of claim 1, wherein the
delivery mechanism is configured to simultaneously
drive the anchor (200, 1200, 3200) and the at least
one other anchor (200, 1200, 3200).

11. The surgical device (5, 1005) of claim 10, wherein
the delivery mechanism is configured to drive the
anchor (200, 1200, 3200) and the at least one other
anchor (200, 1200, 3200) a predefined distance.

12. The surgical device (5, 1005) of claim 10, wherein
the delivery mechanism comprises a spring-loaded
element configured to impact and impart a distally
directed momentum to the anchor (200, 1200, 3200)
and the at least one other anchor (200, 1200, 3200).

13. The surgical device (5, 1005) of claim 1, wherein the
wing (207, 208, 3207) extends proximally beyond a
shoulder of the anchor (200, 1200, 3200).

14. The surgical device (5, 1005) of claim 1, wherein the
delivery mechanism includes a pin in contact with a
shoulder of the anchor (200, 1200, 3200), the pin
configured to drive the anchor (200, 1200, 3200) dis-
tally into tissue.
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