wo 2009/116042 A2 | I IO AT 0O 0 O Y

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Co o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN0 IT K0T 0NV OO OO L 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
24 September 2009 (24.09.2009) PCT WO 2009/116042 A2
(51) International Patent Classification: (74) Agent: REINHOLD COHN AND PARTNERS;
A61B 17/06 (2006.01) A61B 17/062 (2006.01) P.O.Box 13239, 61131 Tel Aviv (IL).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/IL2009/000307 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA., CH, CN, CO. CR, CU, CZ, DE, DK, DM. DO, DZ,
18 March 2009 (18.03.2009) EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
o . KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: Enghsh MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
(30) Priority Data: NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
12/050,184 18 March 2008 (18.03.2008) Us SK, SL, SM, ST, SV, 8Y, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): VEN- . o
TOR TECHNOLOGIES LTD. [IL/IL]; 7 Giborei Istael 84) D.e51gnated. States (unle.ss othemzse indicated, for every
Street, 43654 Netanya (IL). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
(72) Inventors; and ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TI,
(75) Imventors/Applicants (for US only): TUVAL, Yossi TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

[IL/IL]; 16 McDonald Street, 42262 Netanya (IL).
BERNARY, Rephael [IL/IL]; 15 Harav Ashi Street,
69395 Tel Aviv (IL).

ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),

[Continued on next page]

(54) Title: MEDICAL SUTURING DEVICE AND METHOD OF USE THEREOF

(57) Abstract: A suturing device for use with a delivery catheter in a
transcatheter procedure, for closing an opening formed in the body.
The suturing device comprises: a spiral needle having a central core, a
proximal end, and a distal end. The distal end terminates in a sharp
point for cutting a spiral passageway through body tissue surrounding
the opening that is to be closed. The device also includes a guide wire
having a suture eye at one end thereof for receiving suture thread after
the guide wire has been advanced through the hollow central core of
the spiral needle. The device further includes driving means, for al-
lowing advancing and retracting of the spiral needle and guide wire
with respect to the catheter, and for allowing connecting between the
suture thread and the suture eye of the guide wire. The present inven-
tion also relates to a method for closing an opening formed in the
body using a transcatheter procedure.
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MEDICAL SUTURING DEVICE AND METHOD FOR USE THEREOF

FIELD OF THE INVENTION

The present invention relates generally to the field of medical suturing devices.
More specifically, the present invention relates to a suturing device that is adapted for use

in a transcatheter procedure for closing a hole formed in the body.

BACKGROUND OF THE INVENTION

Recent advances in medical technology have made it possible to implant a
prosthetic valve device into a native heart valve orifice using a transcatheter procedure.
The use of a transcatheter procedure instead of open-heart surgery has many advantages,
among them, a significant reduction in the risk, cost, and recovery time that is
traditionally associated with heart surgery.

In one such transcatheter valve implantation procedure, a delivery catheter is
advanced through an opening formed in the apex of the heart to the site where the
prosthetic valve is to be implanted. A prosthetic valve device used in such a procedure is
disclosed in US Patent Application No. Application 2006/0149360 to Schwammenthal, et
al. which describes an expandable stent-mounted valve specially adapted for implantation
into a native valve orifice. The stent-mounted valve is loaded in a compressed state inside
of the delivery catheter. When the implantation site is reached, the stent-mounted valve is
released from the catheter and automatically assumes the proper position in the valve so
as to restore proper blood flow through the valve.

Following implantation of the valve, it is necessary to close the opening which
was formed in the heart apex. It would be desirable to perform such closing in
conjunction with the transcatheter procedure, so that a separate procedure would not be
required.

A variety of devices are known in the art for suturing an opening formed in a
body lumen. For example, Japanese Patent No. 2001198132 relates to a suturing device
for closing an opening following an operation. Suturing after a lesion is incised is made
possible by rotating a hollow and spiral suturing needle with curvature around the center

of the curvature as a shaft.
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U.S. Patent 5626613 to Schmieding et al., relates to a corkscrew suture anchor
having a spiral-shaped body with a hollow central core, a distal end, and a proximal end.
The distal end of the spiral body terminates in a sharp point, and the proximal end of the
spiral-shaped body has an eye for receiving suture.

U.S. Patent 6,916,333, also to Schmieding e al., relates to a corkscrew suture
anchor has a continuous thread spiraling around a tapering central core. At the distal end,
the suture anchor terminates in a rounded point. At the proximal end of the suture anchor
is an eye for receiving suture.

Russian Patent No. 2119771 relates to a device having a casing with an
unmovable working lip, movable working lip and handles. A mechanism for suturing is
enclosed in the casing.

Korean Patent Disclosure No. 20040075834 relates to a laparoscopic suture
instrument for allowing ease of surgery by removing a hinge between devices for holding
suture needles and integrating suture needles and a handle.

None of the aforementioned prior art references provide a suturing device that is
suitable for use in conjunction with a transcatheter procedure and specifically, for closing
an opening formed in the apex of the heart following implantation of a prosthetic valve
device.

SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the present invention to overcome thel
disadvantages of the prior art and provide a suturing device that is adapted for use with a
delivery catheter, for closing an opening formed in the body. The opening that is to be
closed may be any type of opening, such as an opening formed during a medical
procedure in order to reach a specific site in the body, or an unwanted opening in any
body passageway or organ, which formed on its own.

In accordance with a preferred embodiment of the present invention, there is
provided a suturing device for use with a delivery catheter in a transcatheter procedure,
for closing an opening formed in body tissue, said suturing device comprising;

(a) a spiral needle having a hollow central core, a proximal end, and a

distal end, said distal end terminating in a sharp point forming an aperture
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of said hollow core, for cutting a spiral passageway through body tissue
surrounding said opening to be closed;
(b) a guide wire having a suture eye at one end thereof for receiving
suture thread at said distal end after said guide wire has been advanced
through said hollow central core of said spiral needle, and
©) driving means, for rotatably advancing and retracting said spiral
needle and guide wire with respect to said catheter,
such that when said device is rotatably advanced with respect to said body tissue
opening, a connection can be made between said suture thread and said suture eye of said
guide wire,

thus enabling formation of a spiral suture as said device is rotatably retracted.

The suturing device of the present invention is adapted for being introduced to the
closure site using a delivery catheter. The catheter acts as a guide for allowing the
surgeon to control the suturing procedure. It will be appreciated that while the present
invention is described as being useful in conjunction with a delivery catheter in a
transcatheter procedure, it can be used in an independent procedure as well. In addition to
a conventional delivery catheter, any suitable substantially hollow and tubular body
adapted for being advanced through body tissue, such as but not limited to a trocar, may
be employed in the suturing device in order to facilitate reaching the suturing site and
performing of the suturing process (to be described further hereinbelow).

In a preferred embodiment of the present invention, the suturing device is adapted
for use for closing an opening formed in the apex of the heart during a transapical valve
implantation procedure. Using the suturing device of the present invention, closure of the
apex opening simply becomes one of the last steps in the valve implantation procedure,
before the delivery catheter is withdrawn from the body. Thus, the need for a separate
procedure for closing the opening is avoided. This is a great benefit, both for the surgeon
and for the patient. It will be appreciated by those skilled in the art that the device of the
present invention may be useful for other catheter-based procedures as well, for closing
an opening formed in the body.

The present invention thus relates to a suturing device for use with a delivery

catheter in a transcatheter procedure, for closing an opening formed in the body. The
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suturing device comprises: a spiral needle having a central core, a proximal end, and a
distal end. The distal end terminates in a sharp point for cutting a spiral passageway
through body tissue surrounding the opening that is to be closed. The device also includes
a guide wire having a suture eye at one end thereof for receiving suture thread after the
guide wire has been advanced through the hollow central core of the spiral needle. The
device further includes driving means, for allowing advancing and retracting of the spiral
needle and guide wire with respect to the catheter, and for allowing connecting between
the suture thread and the suture eye of the guide wire.

The present invention also relates to a method for closing an opening formed in
the body using a transcatheter procedure, comprising;
(a)  providing a spiral needle mountable around the exterior of a delivery catheter, the
spiral needle having a central core, a proximal end, and a distal end, the distal end
terminating in a sharp point for cutting a spiral passageway through body tissue
surrounding the opening to be closed;
(b)  providing driving means coupled to the spiral needle for driving said spiral needle
with respect to the catheter;
(©) loading and advancing the spiral needle on the catheter to the site of an opening to
be sutured;
(d)  cutting a spiral passageway through body tissue surrounding the opening using
said spiral needle;
(e) inserting a guide wire through the spiral needle, the guide wire having a suture
hook at the end thereof for receiving suture thread;
® introducing the first end of a suture thread through the inside of the catheter until
said first end becomes exposed at the end of the catheter;
(g)  connecting the first end of the suture thread to the suture hook of the guide wire,
preferably via counter-rotation of the spiral needle using the driving means, and;
(h)  retracting the guide wire and the suture thread connected thereto back through the
spiral passageway;
1 withdrawing the spiral needle from the suture site, and;
() withdrawing the delivery catheter or trocar, and
(k)  joining the first end of the suture thread to the second end of the suture thread,
preferably by tying the two ends in a surgical knot

4
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In some preferred embodiments, a flexible tube is advanced through the catheter
prior to insertion of the suture thread. Then, the suture thread is advanced through the
flexible tube inside of the catheter, until the end of the suture thread is exposed at the end
of the catheter. If the delivery catheter has a central shaft, this may also be employed for
advancement of the suture thread therethrough.

In some instances, step (g) is performed in two steps: first, the guide wire with the
suture thread attached thereto is retracted through the spiral needle; second, the spiral
needle is itself retracted and withdrawn from the spiral passageway.

Using the device of the present invention, the risks, and side effects, and recovery
time for the suturing procedure are each significantly reduced. The device itself is
relatively simple to operate, and allows the surgeon to easily visualize the procedure,
using radiology or any other suitable means, while it is being performed. The procedure
itself requires only a few steps, and thus is relatively easy to learn to do. Surface suturing,
which is currently the most commonly used technique for suturing the heart opening,
does not achieve closure throughout the heart apex wall. In contrast, the suturing device
of the present invention does achieve this.

Other features and advantages of the present invention will become apparent from

the following drawings and description.
BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention with regard to the embodiments
thereof, reference is made to the accompanying drawings, not to scale, in which like
numerals designate corresponding elements or sections throughout and wherein:

Fig. 1 is a schematic view of a suturing device for closing an opening formed in
the apex of the heart, according to a preferred embodiment of the present invention, with
the device shown positioned inside of the heart apex opening, in preparation for
performing suturing;

Fig. 2 is a cutaway view of the apex of the human heart, showing a catheter in

place inside of the apex opening;
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Figs. 3-6 represent cutaway views of the apex of the human heart, showing the
catheter in place inside of the apex opening and showing a spiral needle and driver
clement as the spiral needle is advanced (via rotation of the driver element) around the
catheter so as to cut a spiral passageway through the cardiac tissue surrounding the
opening;

Fig. 7 represents a cutaway view of the apex of the human heart, after the spiral
passageway has been cut through the cardiac tissue, and as a flexible tube is being
advanced through the interior of the catheter;

Figs. 8 - 9 represent cutaway views of the apex of the human heart, as a guide
wire having a suture hook at the end is advanced through the spiral needle;

Figs. 10a-b represent, respectively, a cutaway view of the apex of the human
heart, as the end of a suture thread is advanced through the flexible tube inside of the
catheter, and an enlarged view thereof;

Figs. 11a - 11b represent cutaway views of the apex of the human heart, as the
suture thread is becoming hooked onto the suture hook of the guidewire;

Figs. 12a-b are respectively, a schematic view of the suturing device, after the
suture thread has become hooked onto the suture hook, and an enlarged view thereof;

Fig. 13 is an enlarged and partially cut away view of the suturing device, as the
suture thread is being drawn downward via the guide wire through the spiral needle, and;

Figs. 14 -15 represent respectively, cutaway views of the human heart after the
suture thread has been advanced through the spiral needle and after the suturing device
has been withdrawn from the heart apex, with Fig. 14 showing the suture thread prior to
tightening and Fig. 15 showing the suture thread after tightening.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

It will be appreciated that the description provided is intended only to illustrate
and clarify a main preferred embodiment of the present invention. It is in no way meant
to limit the scope of the invention, as set out in the claims.

Referring now to the drawings, Fig. 1 is a schematic view of a suturing device for
closing an opening formed in the apex of the heart, according to a preferred embodiment

of the present invention. The device is shown positioned inside of the heart apex opening,
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in preparation for performing suturing. It is noted that all of the remaining drawings refer
to the preferred embodiment which is illustrated generally in Fig. 1.

The suturing device 20 of the present invention comprises a tubular delivery
catheter 22. Catheter 22 may be been employed in the performance of another catheter-
based procedure (prior to or following suturing), or catheter 22 may be solely used for *
the performance of suturing using the suturing device of the present invention.

In the example illustrated, suturing device 20 is being employed for closing an
opening 24 which was formed in the apex 26 of the heart during a prosthetic valve
implantation procedure. It is appreciated that the suturing device of the present invention
could be used in a variety of other applications as well.

Suturing device 20 further comprises a spiral needle 28 formed with a hollow
interior cross-section and having a proximal end 30 and a distal end 32. Spiral needle
28 terminates in a sharp point 34 for cutting a spiral passageway through body tissue
surrounding the opening to be closed. A spiral needle driver 38 is attached for facilitating
rotation and advancement of spiral needle 28 around catheter 22 .

Fig. 2 illustrates catheter 22 positioned inside of the opening 24 formed in
heart apex 26 prior to introduction of spiral needle 28 to the suturing site.

In Figs. 3-6, spiral needle 28 and its attached spiral needle driver 38 are
introduced and advanced with respect to catheter 22 by means of rotation of driver 38.
Spiral needle 28 is advanced towards opening 24 and sharp point 34 of spiral needle
28 then cuts a spiral shaped passageway through tissue surrounding opening 24.

Next, as seen in Fig. 7, a flexible tube 40 having a curved end 41 is introduced
through the interior of catheter 22 until end 41 of flexible tube 40 is seen extending
from the end of catheter 22 (see Fig. 8).

In Figs. 8 and 9, a guide wire 42 is advanced through the hollow interior of spiral
needle 28 from the proximal end 30 thereof until it is exposed at the distal end 32 of
spiral needle 28. Guidewire 42 is inserted into the hollow interior of spiral needle 28
via an opening 45 in the spiral needle driver 38 to which the hollow interior is
connected. Guide wire 42 has a suture hook 44 at the end thereof.

In Figs. 10a-b, a suture thread 46 is introduced into flexible tube 40 and
advanced through catheter 22 via flexible tube 40. A second driver 48 is provided for
facilitating advancement of suture thread 46 through tube 40. Suture thread 46 is

7
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inserted through an opening 49 in driver 48. Suture thread 46 is advanced until the first
end 50 ofsuture thread 46 is exposed at the end 41 of flexible tube 40. Preferably, a
loop is formed at first end 50 of suture thread 46.

In Figs. 11a-b, spiral needle driver 38 and second driver 48 are employed by
the operator so as to manipulate first end 50 of suture thread 46 to become linked to
suture hook 44 of guide wire 42 . This action may be performed via counter rotation of
one or both of drivers 38, 48 in the direction opposite the direction previously employed
for advancement of guide wire 42 and suture thread 46. In Fig. 12a and the enlarged
view 12b, suture thread 46 is shown linked to guide wire 42.

In Fig. 13, after first end 50 of suture thread 46 has been linked with hook 44
of guide wire 42, guide wire 42 is retracted backwards through spiral needle 28 such
that suture thread 46 becomes drawn through spiral needle 28. Subsequently, spiral
needle 28 is itself withdrawn from around opening 24 and from apex 26 of the heart.

As spiral needle 28 is withdrawn from the suturing site by reverse rotation using
driver 38, suture thread 46 remains at the site, in the configuration shown in Fig. 14,
with one section of suture thread 46 looped around the other. The operator then
ties the two free ends of the suture thread 46, tightening and joining the first end which is
located in the center of the apical opening 24 and the second end located in the spiral
opening cut by spiral needle 28 . The operator may choose to form more than one knot.

This procedure provides a reduction in the risks, side effects, and recovery time
for the suturing procedure. The device and method are relatively simple, and using
radiology or any other suitable means, the surgeon can easily visualize the procedure,
while it is being performed. The procedure itself requires only a few steps, and thus is
relatively easy to learn to do. Unlike the common technique of surface suturing, a closure
is provided throughout the heart apex wall, providing a stronger closure.

Having described the present invention with regard to certain specific
embodiments thereof, it is to be understood that the description is not meant as a
limitation, since further modifications may now suggest themselves to those skilled in the
art, and it is intended to cover such modifications as fall within the scope of the appended

claims.
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CLAIMS:

1. A suturing device for use with a delivery catheter in a transcatheter procedure, for
closing an opening formed in body tissue, said suturing device comprising:
(a) a spiral needle having a hollow central core, a proximal end, and a distal end, said
distal end terminating in a sharp point forming an aperture of said hollow core, for cutting
a spiral passageway through body tissue surrounding said opening to be closed;
(b)  a guide wire having a suture eye at one end thereof for receiving suture thread at
said distal end after said guide wire has been advanced through said hollow central core
of said spiral needle, and
(©) driving means, for rotatably advancing and retracting said spiral needle and guide
wire with respect to said catheter,

such that when said device is rotatably advanced with respect to said body tissue
opening, a connection can be made between said suture thread and said suture eye of said
guide wire,

thus enabling formation of a spiral suture as said device is rotatably retracted.

2.~ The device of claim 1, for use in closing an opening formed in the apex of the

heart during a transcatheter valve implantation procedure.

3. The device of claim 1 wherein said body tissue opening is formed by a lateral

surgical incision.

4. The device of claim 1 wherein said body tissue opening is formed by an internal
wound.
5. The device of claim 1 wherein said spiral needle surrounds said catheter, through

which said suture thread is delivered for connection to said guide wire suture eye.
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6. The device of claim 5 further comprising a hollow flexible tube for delivering said
suture thread through said catheter, said hollow tube having a curved distal end to direct
said suture thread against said spiral needle for connection with said guide wire suture

eye.

7. A method for closing an opening formed in the body using a transcatheter
procedure, comprising;

(a) providing a spiral needle mountable around the exterior of a delivery catheter, the
spiral needle having a central core, a proximal end, and a distal end, the distal end
terminating in a sharp point for cutting a spiral passageway through body tissue
surrounding the opening to be closed;

(b)  providing driving means coupled to the spiral needle for driving said spiral needle
with respect to the catheter;

(©) loading and advancing said spiral needle on the catheter to the site of an opening
to be sutured;

(d cutting a spiral passageway through body tissue surrounding the opening using
said spiral needle;

(e) inserting a guide wire through said spiral needle, said guide wire having a suture
hook at the end thereof for receiving suture thread;

® introducing the first end of a suture thread through the inside of said catheter until
said first end becomes exposed at the end of said catheter;

(2 connecting said first end of said suture thread to said suture hook of the guide
wire;

(h)  retracting said spiral needle and guide wire back through said spiral passageway
formed in the body tissue such that the suture thread becomes threaded through the spiral
passageway;

® withdrawing said spiral needle from said suture site, and

()] joining said first end of the suture thread to the second end of the suture thread.

8. The method of claim 7, for use in closing an opening formed in the apex of the

heart during a transcatheter valve implantation procedure.

10



WO 2009/116042 PCT/IL2009/000307

9. The method of claim 7, further comprising advancing a flexible tube through the
interior of the catheter, wherein in step (f), said suture thread is advanced through said

flexible tube.

10.  The method of claim 7, wherein step (h) comprises retracting said guide wire and
attached suture thread said spiral needle and subsequently retracting said spiral needle

from said spiral passageway.
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FIG. 10b
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