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(57) ABSTRACT

The present invention concerns a flexible stapling device
(1). More particularly, this invention concerns a flexible
endovascular stapling device (1) for an intravascular proce-
dure such as patent foramen ovate closure, which is designed
to avoid open heart surgery by permitting the closure of the
defect utilizing a stapling means (26) which is positioned by
using a flexible shaft/guidewire system.
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ENDOVASCULAR FLEXIBLE STAPLING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of co-pending,
commonly assigned U.S. patent application Ser. No. 12/144,
828, filed Jun. 24, 2008, which in turn is a continuation of
co-pending, commonly assigned U.S. patent application Ser.
No. 10/104,876, filed Mar. 21, 2002, now U.S. Pat. No.
7,794,494, which in turn is a continuation of commonly
assigned U.S. patent application Ser. No. 09/242,969, filed
Jun. 7, 1999, now U.S. Pat. No. 6,482,224, which in turn is
a National Phase application of PCT Patent Application No.
PCT/US97/14772, filed Aug. 22, 1997, which in turn is
based upon commonly assigned U.S. Provisional Patent
Application Serial No. 60/024,640.

FIELD OF THE INVENTION

[0002] The present invention relates to a flexible stapling
device. More particularly, this invention relates to a flexible
endovascular stapling device useful for intravascular proce-
dures such as patent foramen ovale closure, atrial septal
defect closure, valve repair, or valve replacement, which is
designed to avoid open heart surgery by permitting the
closure of the defect and/or valve repair or replacement
utilizing a stapling means which is positioned by using a
flexible shaft/guide wire system or by direct vision.

BACKGROUND OF THE INVENTION

[0003] Cryptogenic strokes potentially account for 40% of
the 500,000 strokes which occur in the United States each
year. Many of these events may be associated with a patent
foramen ovale (small atrial septal defect) which permits
debris in the venous circulation to cross over into the arterial
circulation where it may travel to the brain. Treatment for
these patients often includes open heart surgery to close the
defect.

[0004] A number of prior art references are known:
[0005] U.S. Pat. No. 4,473,077, which issued to Noiles et
al on Sep. 25, 1984, discloses a flexible shafted surgical
stapler generally useful for anastomosis procedures;

[0006] U.S. Pat. No. 4,485,817, which issued to Swiggett
on Dec. 4, 1984, teaches a stapler with flexible shaft
construction having hydraulic transmission/drive means.
This stapler is used primarily for anastomosis of hollow
body vessels; and. U.S. Pat. No. 5,042,707, which issued to
Taheri on Aug. 27, 1991, relates to an articulated stapler for
use in the vascular system.

[0007] However, none of the above references teaches the
use of a flexible stapler for intravascular procedures such as
patent foramen ovale closure or a flexible stapler suitable for
these procedures.

OBIECTS OF THE INVENTION

[0008] It is an object of the invention to provide an
endovascular flexible stapling device.

[0009] It is also an object of the invention to provide an
endovascular flexible stapling device useful for closure of a
patent foramen ovale defect, atrial or ventricular septal
defect closure, valve repair, or valve replacement, without
the need for open heart surgery.
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[0010] It is a further object of the invention to provide a
method of performing intravascular procedures whereby a
endovascular flexible stapling device is inserted into a body.
[0011] It is a yet further object of the invention to provide
for 15 a method of closing a patent foramen ovale defect,
atrial or ventricular septal defect closure, valve repair, or
valve replacement, without the need for open heart surgery.
[0012] These and other objects of the invention ill become
apparent from the following discussion of the invention.

SUMMARY OF THE INVENTION

[0013] The present invention provides for a endovascular
flexible stapling device. More particularly, this invention
provides for a flexible endovascular stapling device for a
procedure such as patent foramen ovale closure, which is
designed to avoid open heart surgery by permitting the
closure of the defect utilizing a stapling means which is
positioned by using a flexible shaft/guide wire system intro-
duced via the femoral vein or the jugular vein. One appli-
cation for the flexible stapling device of the present inven-
tion is to pass the device via a femoral vein into the right
atrium of the heart and, with the guidance of transesophageal
echocardiography, position the device, and then fire one or
more staples to obtain closure of the defect.

[0014] The construction and obvious advantages of the
system provided for by the present invention will be more
clearly understood from the following description of the
various specific embodiments when read in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is alongitudinal, partly cross-sectional view
of the flexible stapling device of the present invention;
[0016] FIG. 1(a) is an end view of the flexible stapling
device of FIG. 1 showing in cross-section the position of the
staples prior to use for effecting closure of a defect;
[0017] FIG. 1(b) is a lateral view of a typical staple which
is incorporated into the distal end of the device of FIG. 1;
[0018] FIG. 1(c) is a cross-sectional view of the distal end
of the device of FIG. 1(a), showing a staple in a closed
position;

[0019] FIG. 2 is a longitudinal view of the introducer
element used for insertion of the flexible stapling device;
[0020] FIG. 3 is a longitudinal view of the guidewire upon
which 20 the flexible stapling device of the present invention
glides to position the device in proximity to the defect to be
closed;

[0021] FIG. 4 is a longitudinal view of a typical dilator
which is used for gradually increasing the size of a vein to
permit the easy introduction of the flexible stapling device of
the 25 present invention; and

[0022] FIG. 5 is a perspective view of a staple useful
according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0023] The present invention. is directed to an endovas-
cular flexible stapling device. More particularly, this inven-
tion relates to a transfemoral flexible stapling device useful
for a number of intravascular procedures. For example, the
flexible stapling device can he used for patent foramen ovale
closure which is designed to avoid open heart surgery by
permitting the closure of the defect utilizing a stapling
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means which is positioned by using a flexible shaft/guide
wire system. However, the device can also be used for atrial
or ventricular septal defect closure or valve repair or replace-
ment by an endovascular route or by direct vision.

[0024] As noted above, many of the cryptogenic strokes
which occur in the United States each year can be associated
with the existence of the small atrial septal defects known as
patent foramen ovale defects. Historically the primary treat-
ment used for patients who may have been diagnosed with
such defects has been medical therapy with anticoagulants
or antiplatelet agents, or open heart surgery to repair the
septal defect.

[0025] The device of the present invention is designed to
avoid open heart surgery by allowing for the closure of the
septal defect utilizing a flexible shaft device Which incor-
porates a stapling means. This device may be introduced by
a femoral vein into the right atrium of the patient’s heart
where, with the guidance of transesophageal echocardiog-
raphy, the device may be positioned and staples may be
fired.

[0026] The invention can perhaps be better appreciated by
making reference to the drawings. With reference to FIG. 1
a longitudinal, partly cross-sectional view of the flexible
stapling device 1 of the present invention is shown, wherein
the essential components are depicted. A flexible catheter
shaft 10 is shown which incorporates at the proximal end 11
multiple hand grips 12 for maneuvering the device 1 into a
patient’s vein and properly locating the distal end 14 in
proximity to the defect to be closed. Distal to the hand grips
12 is a guidewire port 16, through which passes the proximal
end of a guidewire 18 over Which the flexible stapling
device 1 slides and is guided into position. Guidewire port
16 could optionally be located elsewhere, for example, at the
proximal portion 17 of hand grips 12.

[0027] Distal to guidewire port 16 is a slide mechanism 20
for retracting a retractable external housing 22, located at the
distal end 14 of flexible shaft 10, Slide mechanism 20 is
operatively connected by suitable actuation means 24 to
retractable external housing 22 to facilitate retraction of the
housing 22 once the distal end 14 of the device 1 has been
properly positioned in proximity to the defect to be closed
Retractable housing 22 could comprise a cylindrical member
having an inner diameter slightly greater then the outer
diameter of shaft 10.

[0028] Located within retractable housing 22 are one or
more, preferably 2 or 4, barbed staples 26 which have been
properly positioned to present intimate contact between the
barbed tips 28 of the staples 26 and the portion of the
patient’s septum to be closed once external housing 22 has
been retracted.

[0029] FIG. 1a is a cross-sectional view of the distal end
of the 15 flexible device 1 of FIG. 1 showing four separate
barbed staples 26 releasably positioned on a staple holding
member 27 within external housing 22. Each of the staples
26 has been preformed and has barbed ends 28 for insertion
into the septum wall presenting the defect. Holding member
27 for the staples 26 has a guidewire exit port 30 through
which the guidewire 18 extends distally from the flexible
shaft 10 of the device.

[0030] An actuator such as handgrips 12 or, optionally, an
actuator 15, is operatively connected to holding member 27
and/or staple closer 25, so that staples 26 are simultaneously
closed and released when the handgrips 12 are squeezed
together or actuator 15 is activated. The operative connec-
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tion can be mechanical, electrical, or other. After discharge
of staples 26, holding member 27 could be either re-fitted
with new staples 26 or replaced with a replacement holding
member 27 with staples already in place, e.g., a “clip”.

[0031] In FIG. 15 a typical barbed staple 26 is depicted
showing the angular preformed configuration of the staple
26. The barbed tips 28 allow for the insertion of the staples
to effect closure of the defect without allowing them to
spontaneously release from the wall in which they have been
inserted.

[0032] FIG. 1(c) represents the distal end of flexible
device 1 where external housing 22 has been retracted and
staple 26 has been closed. Barbed ends 28 of staple 26 are
in a closed, almost touching position. In one embodiment of
the invention, staple closer 25 moves distally relative to
holding member 27 to cause barbed ends 28 to close on the
intended target tissue or organ, such as the septum. Option-
ally, other mechanisms that can be activated proximally, are
operatively connected to a distal staple holding member, and
cause the staples to close on an intended target could be used
in place of the system described here. Also, it is contem-
plated that the device 1 could optionally comprise fiber
optics and/or light or imaging transmitting means, as well as
one or more working channels or lumens.

[0033] With reference to FIG. 2, a longitudinal view of an
introducer element 40 of the system of the present invention
is depicted. A one way-valve 42 is located at the proximal
end 41 of the introducer element 40 and a generally circular
opening 44 is located at the distal end thereof.

[0034] FIG. 3 depicts a perspective view of the guidewire
50 showing a curved tip 52 at the distal end thereof.

[0035] FIG. 4 depicts a perspective view of a typical
dilator 60, which can be a set of 2 or more progressively
larger dilators for gradual dilation of a vein or artery. The last
dilator passes first through introducer 40 and then into, for
example, a vein. In a set of three dilators, the lengths could
be 20 cm, 20 cm, and 55 cm. An orifice 62 is located at the
proximal end of dilator 60 for passage of the guidewire. A
tapered tip 64 is located near the distal end thereof, and a
generally circular opening 66 is located at the distal end.

[0036] It is contemplated that the flexible shaft of the
stapling device of the present invention may be effectively
constructed of a suitable wire-reinforced polymeric material.
Preferably the material chosen should allow for the easy
curvature of the shaft of the device without the need for
excessive forces being applied, while at the same time
providing for the necessary overall rigidity to the shaft to
allow for the insertion of the device in the patient’s vein.

[0037] In overall length the flexible stapling device
depicted in FIG. 1 will be approximately 110 cm. Shorter or
longer overall lengths are also contemplated as may be
required to effect a particular procedure.

[0038] The overall diameter of the cross-section of the
flexible shaft 10 of the device 1 depicted in FIG. 1 is
approximately 5 mm. It is contemplated that similar devices
may be constructed having overall diameters of the flexible
shaft which vary somewhat to accommodate the different
size veins into which the device must be inserted. Therefore,
shaft diameters could range from about 5 to about 15 mm.
[0039] The retractable external housing 22 at the distal end

of the device 1 will have an overall diameter of approxi-
mately 5.5 mm to 16 mm. Again, variations in this diameter
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are contemplated depending upon the needs of a particular
procedure and to accommodate patients having unduly small
veins.

[0040] The barbed staples which are located at the distal
end of the stapler device will have an overall length of
approximately 4 mm to 14 mm. Again, the precise configu-
ration of the staple, the actual dimensions of the barbs as
well as the overall size of the staple itself, are variables
which will be determined by the conditions which prevail in
carrying out any particular procedure and the physiological
requirements of the patient involved.

[0041] The number and actual location of staples within
the retractable external housing 22 may also vary depending
upon the needs of a particular procedure.

[0042] In an optional embodiment of the invention shown
in FIG. 5, each staple 70 may have a filament 72 extending
from staple 70 a sufficient length that the proximal end of
each filament would extend outside the patient’s body, Then,
if staple 70 were not positioned properly, the surgeon could
retrieve staple 70 by pulling firmly on filament 72. If staple
70 is properly positioned, filament 72 would merely be cut.
It is contemplated that a length of from about 20 to 100 cm
of filament 72 would be fixedly attached to each staple 70.
The filaments 72 could be comprised of any flexible, physi-
ologically acceptable natural or manufactured material, such
as acetates or poly-acetates, etc., used in sutures. The distal
end of each filament 72 would be glued or physically affixed
to each staple 70.

[0043] With regard to the introducer element depicted in
FIG. 2 it is generally contemplated that the overall length of
this element, taken from the base of the one-way valve
located at the proximal end thereof to the distal tip of the
element, will be from about 30 to 60 cm, preferably approxi-
mately 50 cm. The overall diameter of the introducer ele-
ment at the distal end will be from about 6 mm to 20 mm,
or as initially depicted approximately 6.7 mm, to accom-
modate the passage of the flexible shaft stapling device
through the opening provided.

[0044] The guidewire which is depicted in FIG. 3 will
have an overall length of at least from about 90 to 130 cm,
preferably 110 cm, to properly function with the flexible
shaft stapling device depicted in FIG. 1. The overall diam-
eter of the guidewire will generally be from about 0.30 to
0.50 mm, preferably about 0.38 mm, although variations in
the actual diameter of the guidewire are contemplated.
[0045] The dilator depicted in FIG. 4 is typical of a series
of three or more dilators which vary in length from about 20
to 55 cm.

[0046] The overall diameter of the largest cross-section of
each dilator will be no more than the opening provided at the
distal end of the introducer element. It is, therefore, con-
templated that the overall diameter of the dilators will be
from about 5 to 15 mm.

[0047] In the method of the invention one or more of the
smaller diameter dilators is inserted into a femoral vein to
permit gradual enlargement of the patient’s vein using
successively larger diameter dilators and ultimately to allow
entry of the introducer element. The largest in the series of
dilators used will be inserted first through the introducer
element and then into the vein which had been previously
enlarged using smaller diameter dilators.

[0048] After the introducer element has been properly
positioned within the patient’s vein, and the guidewire
positioned through the defect, a flexible stapling device
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according to the invention is then inserted through the
introducer over the guidewire and with the aid of trans-
esophageal echocardiography or other similar procedure, the
distal end of the flexible stapler device is positioned adjacent
or near to the patent foramen ovale requiring closure. The
staples are then propelled or tired by retracting the external
housing utilizing the slide mechanism provided in the proxi-
mal end of the flexible stapler shaft.

[0049] While, as described above, the flexible stapling
device of the invention is useful for patent foramen ovale
closure, there are other intravascular procedures for which
the flexible stapling device can be used. Such procedures
include, for example, the correction of atrial septal or
ventricle septal defect, closure of paravalvular leaks, or
annuloplasty repair of valvular insufficiency or valve
replacement.

[0050] Also, the flexible stapling device need not be
inserted percutaneously. In certain applications a cut down
procedure at the leg can be employed with direct vision of
the procedure or with the heart open during minimally
invasive surgery. In addition, multiple sizes of the flexible
stapling device should be available.

[0051] It will be further apparent to one skilled in this art
that the improvements provided for in the present invention,
while described with relation to certain specific physical
embodiments also lend themselves to being applied in other
physical arrangements not specifically provided for herein,
which are nonetheless within the spirit and scope of the
invention taught here.

1-31. (canceled)
32. A surgical method for correcting a cardiac defect,
comprising the steps of:
making an incision in a patient’s vein or artery to create
an opening;
inserting one or more successively larger diameter dila-
tors into the opening to gradually increase the diameter
of the patient’s vein or artery;
inserting an introducer element into the vein or artery;
inserting a guidewire into the vein or artery through the
introducer element and advancing the guidewire
through the vein or artery to a cardiac defect to be
treated;
inserting a flexible shaft stapling device comprising one
or more staples into the vein or artery’ through the
introducer element and advancing the flexible shaft
stapling device over the guidewire to the cardiac defect;
and
actuating the flexible shaft stapling device to insert one or
more staples into tissue proximate the cardiac defect to
correct the cardiac defect.
33. The method of claim 32 which comprises patent
foramen ovale closure.
34. The method of claim 32 which comprises correction
of an atrial septal or ventricular septal defect,
35. The method of claim 32 which comprises closure of
a paravalvular leak.
36. The method of claim 32 which comprises an annulo-
plasty repair of valvular insufficiency.
37. The method of claim 32, wherein the vein or artery is
the femoral vein or artery.
38. The method of claim 32, wherein the flexible shaft
stapling device comprises:
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a generally elongated tubular flexible shaft having proxi-
mal and distal ends, a longitudinal axis extending
therebetween, and an outer surface;

an actuator located at the proximal end of said tubular
flexible shaft;

a retractable housing having proximal and distal ends and
being slidably located at and at least partially surround-
ing the distal end of the tubular flexible shaft;

one or more staples releasably positioned within the
retractable housing at the distal end of the tubular
flexible shaft and selectively covered and uncovered by
the retractable housing; and

a stapler closer within the retractable housing and opera-
tively connected to the actuator for closing the one or
more staples,

wherein activation of the actuator causes the one or more
staples to close and release from the stapling device.

39. The method of claim 32, wherein the flexible shaft

stapling device comprises:

a generally elongated tubular flexible shaft having a
longitudinal axis, proximal and distal ends, and an
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outer surface and having a length sized to pass via a
femoral vein into the right atrium of the heart of not less
than about 80 cm and not more than about 150 cm;

an actuator located at the proximal end of said tubular
flexible shaft:

a retractable housing having proximal and distal ends and
being slidably located at and at least partially surround-
ing the distal end of the tubular flexible shaft, said
retractable housing being retractable along the longi-
tudinal axis of the tubular flexible shaft;

a holding member within the retractable housing at the
distal end of said tubular flexible shaft, said holding
member being adapted for releasably holding at least
one staple; and

a stapler closer within the retractable housing and opera-
tively connected to the actuator for closing the at least
one staple,

wherein said staple closer and said holding member are
operatively connected to the actuator so as to close and
release at least one staple.
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