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MEDICAL DEVICES, SYSTEMS AND METHODS FOR CLOSING PERFORATIONS

FIELD OF THE INVENTION

[0001] The present invention relates generally to medical devices, systems, and
methods for closing perforations in tissue.

BACKGROUND OF THE INVENTION

[0002] Perforations in the walls of internal organs and vessels may be naturally
occurring, or formed intentionally or unintentionally. In order to permanently close these
perforations and allow the tissue to properly heal, numerous tissue fixation devices and
methods have been developed employing sutures, adhesives, clips, staples and the like.
One class of such devices is commonly referred to as T-anchors, also known as tissue
anchors or visceral anchors. An exemplary tissue anchor is disclosed in U.S. Pat. No.
5,123,914, the entire contents of which are incorporated by reference herein. Such tissue
anchors have been very successful in medical procedures requiring visceral wall
mobilization or wall apposition.

[0003] Tissue anchors have also been successfully used in closing perforations,
but are not without their drawbacks. For example, when a series of anchors are placed
around a perforation, each individual anchor is manually placed in sequence. This can be
time consuming, and can result in uneven spacing of the anchors around the perforation.
It can therefore be difficult to ensure proper approximation of the tissue around the
perforation and complete closure thereof. This is especially critical within the
gastrointestinal tract, where the travel of bacteria laden fluids outside of the tract may
cause unwanted and sometimes deadly infection.

BRIEF SUMMARY OF THE INVENTION

[0004] The present invention provides medical devices, systems and methods for
placing tissue fixation devices that are easy to employ, reduce procedure time, and
improve spacing of the tissue fixation devices. One embodiment of a medical device,
constructed in accordance with the teachings of the present invention, includes a medical
device for placing tissue fixation devices in bodily tissue, the medical device comprising:
an endoscope having a distal end; a plurality of elongate delivery devices, each delivery

device defining a delivery lumen sized to receive a tissue fixation device; a plurality of
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elongate tubes extending generally parallel to a longitudinal axis, each tube defining a
tube lumen sized to slidably receive one of the plurality of delivery devices, each tube
lumen ending proximate a distal end of each elongate tube, each delivery device sliding
within its elongate tube independently of the other delivery devices; and a distal tip
selectively fixed on the distal end of the endoscope, the distal tip fixedly connected to the
plurality of elongate tubes, the distal tip having an exterior surface defining a guide
surface positioned distally of the distal end of the plurality of elongate tubes, the guide
surface structured to redirect the plurality of delivery devices radially outwardly as the
plurality of delivery devices are distally translated through the tube lumens and the distal
ends of the plurality of elongate tubes.

[0005] According to more detailed aspects of the medical device, the guide
surface slopes radially outwardly, and preferably is curved. The guide surface redirects
the plurality of delivery devices in a direction angled relative to the longitudinal axis,
preferably angled in the range of 10 to 60 degrees, and most preferably about 30
degrees. The distal tip defines a hub having a plurality of pockets sized to receive the
plurality of elongate tubes. An end surface of the distal tip is atraumatically shaped.
Preferably, the delivery devices are puncture needles, and the tissue fixation devices are
tissue anchors.

[0006] A medical system for placing tissue fixation devices in bodily tissues is
also provided. According to one embodiment of the medical system, the system includes
a plurality of elongate delivery devices, a plurality of elongate tubes, a distal tip, and an
endoscope. The plurality of delivery devices each define a delivery lumen sized to receive
a tissue fixation device. The plurality of elongate tubes extend generally parallel to a
longitudinal axis and each tube defines a tube lumen sized to receive one of the plurality
of delivery devices. Each tube lumen defines a distal port. A distal tip is connected to the
plurality of elongate tubes and defines a guide surface positioned distally of the distal
ports and extending radially outwardly. The distal tip defines a passageway. The
endoscope is selectively attachable to the distal tip, and the passageway is sized to
receive a distal end of the endoscope therein.

{0007] According to more detailed aspects of the medical system, the endoscope
is loosely press fit within the passageway of the distal tip. The passageway defines an
inner surface, and the inner surface is positioned to frictionally engage the endoscope.
The plurality of tubes extend along an outer surface of the endoscope. The guide surface
is structured to redirect the plurality of delivery devices radially outwardly as the plurality
of delivery devices are distally translated through the tube lumens and the distal ports of
the plurality of elongate tubes.
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[0008] A method of placing tissue fixation devices in bodily tissue of a patient is also
provided in accordance with the teachings of the present invention. One embodiment of the
method includes providing a medical system comprising a medical device and an
endoscope, such as those previously described. The endoscope is attached to the medical
device, and the medical system is introduced through a bodily lumen of the patient to a
position proximate the bodily tissue. The plurality of delivery devices are translated distally
through the plurality of tubes such that the plurality of delivery devices engage the guide
surface and deflect radially outwardly. The plurality of delivery devices are positioned
proximate the bodily tissue. The plurality of tissue fixation devices are delivered through the
plurality of delivery devices to a position engaged with the bodily tissue.

[0009] According to more detailed aspects of the method, the plurality of delivery
devices are retracted into the plurality of tubes. A cutting instrument may be passed through
an accessory channel of the endoscope and used to form an opening in the bodily tissue.
The step of forming the opening is preferably performed after the step of positioning the
plurality of delivery devices proximate the bodily tissue, and most preferably after the step of
delivering the plurality of tissue fixation devices. The method also includes adjusting the
position of the medical system relative to the bodily tissue prior to the step of passing the
plurality of delivery devices through the bodily tissue. In this manner, the spacing of the
tissue fixation devices may be easily controlled. The endoscope and medical device may be
retracted, and the endoscope or other medical instrument may be reintroduced through the
bodily lumen and through the opening in the bodily tissue. Finally, the plurality of tissue
fixation devices are connected together, such as by tying one or more sutures which are

attached to the tissue fixation devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a plan view, partially cut-away, showing a medical device
constructed in accordance with the teachings of the present invention;

[0011] FIG. 2 is a front view, partially in cross-section, showing a medical system
including the medical device depicted in FIG. 1, constructed in accordance with the
teachings of the present invention;

[0012] FIG. 3 is an enlarged cross-sectional view, partially cut away, of the distal
end of the medical device depicted in FIG. 1;

[0013] FIG. 4 is an enlarged cross-sectional view, partially cut away, of the distal

end of the medical system depicted in FIG. 2; and
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[0014] FIGS. 5, 6 and 7 are enlarged cross-sectional views similar to FIG. 4 showing

operation of the medical system.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Turning now to the figures, FIG. 1 depicts a medical device 20 constructed in
accordance with the teachings of the present invention. As shown in FIG. 2, the medical
device 20 also forms part of a medical system 22, which includes the medical device 20 and
an endoscope 24. Generally, the medical device 20 is selectively attachable to the
endoscope 24, and the medical system 22 may be traversed through a bodily lumen of a
patient to a desired location for performing procedures within the body, such as at a
particular bodily wall or tissue. As depicted in FIG. 2, the bodily lumen may be the
esophagus 10 while the bodily tissue may be the gastric wall 12, although the medical
system 22 may be used with any bodily lumen and tissue, as will be understood by those
skilled in the art.

[0016] Turning back to FIG. 1, the medical device 20 generally includes a plurality of
puncture needles 30 and a plurality of tubes 32. The plurality of needles 30 have at their
proximal end a plurality of needle housings 34, while the proximal end of the plurality of
tubes 32 includes a plurality of tube housings 36. As is known to those skilled in the art, the
relative positions of the needle housings 34 and the tube housings 36 control the relative
positions of the needles 30 within the protective tubes 32. In this manner, the needles 30
may be operated to project from a distal end of the tubes 32, or operated to be retracted
within the tubes 32, as will be described in more detail hereinbelow. The proximal end of
the medical device 20 also includes a plurality of plungers 38 which are connected to stylets
40 (FIG. 3) that extend through the plurality of needles 30. The stylets 40 (operated via their
plungers 38) are used to push tissue fixation devices such as tissue anchors 54 (FIG. 3) out
from the distal ends of the needles 30.

[0017] With reference to FIGS. 1 and 3, the plurality of tubes 32 are connected to a
distal tip 42 at the distal end of the tubes 32. The distal tip 42 generally includes a plurality
of hubs 44 defining a plurality of pockets 46 for receiving the plurality of tubes 32, as best
seen in FIG. 3. The hubs 44 could be a single hub having a plurality of pockets 46, or as
shown in FIG. 2, individual and discreet hubs 44 may be designed to define the plurality of
pockets 46. Each hub 44 defines a shoulder 48 at the bottom of the pocket 46 for abutting a
distal end of each tube 32. The distal tip 42 and plurality of tubes 32 may be interconnected

through frictional engagement, adhesives, welding, soldering or any other well known
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means for connecting two structures. The hubs 44 define distal ports 55 through which the
plurality of needles 30 extend and are exposed for placement through the bodily tissue 12. It
will be recognized by those skilled in the art that the distal tip 42 may simply have the
plurality of tubes 32 attached to its exterior surface, thereby eliminating the hub or hubs 44
and their pockets 46. In this case, the plurality of tubes 32 themselves would define the
distal ports 55 though which the needles 30 can exit. The distal ports 55 are
circumferentially spaced about the distal tip 42. Preferably the distal ports 55 are
equidistantly spaced to provide for delivery of the tissue anchors 54 in a generally
equidistantly spaced configuration, although different spacings may be designed, such as to
match the shape of the perforation 16 (FIG. 7) in the tissue 12, which can be elongated or
otherwise uneven, rather than circular.

[0018] As also best seen in FIG. 3, the plurality of tubes 32 each define a tube
lumen 58 which slideably receives the needles 30 therein. Similarly, the needles 30 each
define a needle lumen 52 which is sized to receive the stylet 40. A distal end 31 of each
needle 30 contains one or more tissue anchors 54 positioned within the needle lumen 52.
The distal end 31 also includes a slot 33 through which the suture 56 passes. The suture 56
is connected to the tissue anchor 54 and is used to draw the perforation 16 (FIG. 7) closed,
as is known in the art. It can be seen in FIG. 3 that the suture 56 extends proximally
through the tube lumen 58 between the needle 30 and tube 32. It will also be recognized by
those skilled in the art that the suture 56 could alternatively pass through the interior of the
needle 30, i.e., through the needle lumen 52. The tissue anchors 54 may be pre-loaded
within the needles 30, and likewise the needles may be pre-loaded within the plurality of
tubes 32, although this is not necessary.

[0019] Notably, various types and designs of tissue anchors 54 may be employed in
conjunction with the present invention, exemplary tissue anchors being disclosed in U.S.
Patent No. 5,123,914; and U.S. Provisional Patent Application No. 60/872,023. It will also
be recognized that the medical device 20 and medical system 22 of the present invention
may also be used in conjunction with other tissue fixation devices such as staples, an
exemplary tissue staple and system being disclosed in U.S. Patent Application No.
60/956,580). The disclosures of all of the above-identified patents/applications are hereby
incorporated by reference in their entireties. Accordingly, it will be seen that the plurality of
puncture needles 30 can be replaced with other elongate delivery devices, such as delivery

catheters for tissue staples, dependent upon the particular tissue fixation device.
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[0020] As best seen in FIGS. 3 and 4, the distal tip 42 includes an interior
passageway 60 defined by an interior wall 62. As shown in FIG. 4, the passageway 60 and
interior wall 62 are sized to receive an endoscope therein for forming the medical system 22
of the present invention. In the depicted embodiment, the passageway 60 and wall 62 are
sized to be loosely press-fit with the endoscope 24 such that they are selectively attachable,
although it will be recognized by those skilled in the art that many different structures and
means for selectively attaching the endoscope 24 to the medical device 20 may be
employed. An end surface 66 of the distal tip is atraumatically shaped, i.e. rounded, such
that the medical system 22 may be safely navigated through the patient’s bodily lumens.
[0021] It can also be seen that the plurality of tubes 32 and needles 30 generally
extend along a longitudinal axis 14 that is also shared by the distal tip 42. The plurality of
tubes 32 are elongated and structured to extend longitudinally along the outer surface of the
endoscope 24, as shown in FIG. 2. A band 23 or other structure may be used to connect
the plurality of tubes 32 to the endoscope 24 at points along the length of the medical
system 22, although such bands 23 or the like are not necessary to traverse the medical
system 22 through the bodily lumen 10. It will also be recognized that the endoscope 24
can be integrally formed with the medical device 20, namely with the plurality of tubes 32
and distal tip 42. For example, the distal tip 42 and/or plurality of tubes 32 can be bonded to
the endoscope 24, such as with an adhesive or using welding techniques.

[0022] An outer surface of the distal tip 42 defines a guide surface 64. Generally,
the guide surface 64 extends radially outwardly and is positioned distally of the distal port
55. As best seen in FIG. 5, as the plurality of needles 30 are distally translated relative to
the plurality of tubes 32, the needles 30 project from the distal port 55 and engage the guide
surface 64. The guide surface 64 extends radially outwardly and deflects the needles 30
radially outwardly, as indicated by arrow 70. As shown in FIG. 6, upon further translation in
the distal direction, the needles 30 continue to flex and are directed radially outwardly. The
hubs 44 define slots 50 that open radially, and the slots 50 provide increased range of
movement to the needles 30 as they flex. In an embodiment where the plurality of tubes 32
are simply attached to the exterior surface of the distal tip 42 (i.e. without the hub 44 and
pockets 46) these slots 50 may be formed in the tubes 32 themselves. As such, the needles
30 enter the slots 50 defined by the hub 44 and pockets 46, thereby permitting greater range
of movement and preventing excessive flexing or bending of the needles 30.

[0023] Accordingly, the distal tip 42 and its guiding surface 64 move each of the

needles 30 radially outwardly away from each other and away from the longitudinal axis 14.
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While the figures have depicted the guide surface 64 as curved, and generally a bell-shaped
curve, it will be recognized by those skilled in the art that the guiding surface 64 may take
many different curvatures, or can even be flat, such as in a conical or pyramidal shape (i.e.
flat in the longitudinal direction). Further, the outer diameter of the distal tip 42 at its peak 65
may also be increased or decreased to increase or decrease the amount of deflection of the
plurality of needles 30. The peaks 65 are preferably spaced radially outwardly of the distal
ports 50. Preferably, the distal tip 42 and its guiding surface 64 are structured to cause the
needles 30 to be passed through the tissue 12 at an angle of about 10 to 60 degrees
relative to the longitudinal axis 14. Most preferably, the needles 30 are at an angle of about
30 degrees relative to the longitudinal axis 14. Further, the needles 30 are in paths that are
circumferentially spaced apart, and preferably equidistantly spaced apart, thereby greatly
improving the spacing of the tissue anchors 54 around a perforation 16 (FIG. 7) and
improving perforation closure.

[0024] A method for placing tissue fixation devices in bodily tissue 12 of a patient will
now be described with reference to FIGS. 2 and 5-7. A medical system 20 is provided, such
as the medical device 20 and endoscope 24 as previously discussed. The endoscope 24 is
attached to the medical device 20, namely by placing the distal end of the endoscope 24
into the interior passageway 60 of the distal tip 42. The medical system 20 is introduced
through a bodily lumen 10 of the patient to a position proximate the bodily tissue 12, as
shown in FIG. 2. The plurality of puncture needles 30 are translated distally through the
plurality of tubes 32 such that the plurality of needles 30 engage the guide surface 64 and
deflect radially outwardly, as shown in FIG. 5 and indicated by arrow 70. As shown in FIG.
6, the plurality of puncture needles 30 are passed through the bodily tissue 12. This may
occur sequentially or simultaneously. It will be recognized by those skilled in the art that
because the distance between each of the needles 30 increases in the longitudinal direction
(i.e. the more distal the greater the spacing), the medical system 22 and its distal tip 42 may
be placed closer to the tissue 12 to bring the placement sites closer together, or the medical
system 22 may be moved further away from the tissue 12 to increase the distance between
the placement sites. In embodiments where other types of tissue fixation devices and
delivery devices are employed (e.g. a visceral staple and delivery catheter, respectively) the
delivery device need only be positioned proximate the tissue 12, and need not pass through
the tissue 12.

[0025] Once the plurality of puncture needles 30 have been passed through the

bodily tissue 12, as shown in FIG. 6, the plurality of tissue anchors 54 are delivered to a
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position on the distal side of the bodily tissue 12. In the depicted embodiment, the tissue
anchors 54 are connected to suture 56, and the anchors 54 are gjected from the distal end
of the needles 30 through translation of the stylets 40 via depression of the plungers 38
(FIG. 1). As shown in FIG. 7 and indicated by arrow 72, the plurality of puncture needles 30
are then retracted into the plurality of tubes 30, leaving the tissue anchors 54 in place.
[0026] If desired, a cutting instrument 68 may then be delivered through the
accessory channel 25 of the endoscope 24, and used to form an opening 16 in the tissue
12. Preferably, the cutting tool 68 is an electrosurgical cutting instrument, although it will be
recognized by those skilled in the art that any type of cutting instrument or device may be
employed. Preferably, the step of forming the opening 16 is performed after the step of
translating the puncture needles 30 and most preferably after delivering the plurality of
tissue anchors 54, thereby reducing the potential for the tissue 12 to deflect or move when
placing the tissue anchors 54. However, the plurality of tissue anchors 54 or other tissue
fixation devices may be delivered after the opening 16 has already been formed in the tissue
12. In either case, the tissue 12 (and sometimes the opening 16) is preferably visualized
using the endoscope 24 prior to placing the plurality of puncture needles 30 through the
bodily tissue 12.

[0027] The medical system 22 may be retracted through the bodily lumen 10, and
the endoscope 24 may be detached from the medical device 20. If desired, the endoscope
24 may then be reintroduced through the bodily lumen 10 and through the opening 16 in the
bodily tissue 12. As such, various procedures may be employed with, or in conjunction with,
the endoscope 24 on the distal side of the bodily tissue 12. It will also be recognized that
various other medical devices may be passed through the bodily lumen 10 and through the
opening 16 formed in the bodily tissue 12. When the procedure(s) on the distal side of the
opening 16 are complete, the one or more sutures 56 attached to the tissue anchors 54 are
connected together, such as by using a suture lock. Exemplary suture locks are disclosed
in U.S. Patent Application Nos. 60/941,086 and 60/956,575, the disclosures of which are
incorporated herein by reference in their entirety. Through fixation of the sutures 56, the
perforation 16 can be easily and securely closed.

[0028] The foregoing description of various embodiments of the invention has been
presented for purposes of illustration and description. It is not intended to be exhaustive or
to limit the invention to the precise embodiments disclosed. Numerous modifications or
variations are possible in light of the above teachings. The embodiments discussed were

chosen and described to provide the best illustration of the principles of the invention and its
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practical application to thereby enable one of ordinary skill in the art to utilize the invention
in various embodiments and with various modifications as are suited to the particular use
contemplated. All such modifications and variations are within the scope of the invention
as determined by the appended claims when interpreted in accordance with the breadth
to which they are fairly, legally, and equitably entitled.

[0008] Throughout the description and claims of this specification, the word
“‘comprise” and variations of the word, such as “comprising” and “comprises”, is not
intended to exclude other additives, components, integers or steps.

[0009] The discussion of documents, acts, materials, devices, articles and the
like is included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these matters
formed part of the prior art base or were common general knowledge in the field relevant

to the present invention as it existed before the priority date of each claim of this

application.
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The claims defining the invention are as follows:

1. A medical device for placing tissue fixation devices in bodily tissue, the
medical device comprising:

an endoscope having a distal end,

a plurality of elongate delivery devices, each delivery device defining a delivery
lumen sized to receive a tissue fixation device;

a plurality of elongate tubes extending generally parallel to a longitudinal axis,
each tube defining a tube lumen sized to slidably receive one of the plurality of delivery
devices, each tube lumen ending proximate a distal end of each elongate tube, each
delivery device sliding within its elongate tube independently of the other delivery devices;
and

a distal tip selectively fixed on the distal end of the endoscope, the distal tip fixedly
connected to the plurality of elongate tubes, the distal tip having an exterior surface
defining a guide surface positioned distally of the distal end of the plurality of elongate
tubes, the guide surface structured to redirect the plurality of delivery devices radially
outwardly as the plurality of delivery devices are distally translated through the tube
lumens and the distal ends of the plurality of elongate tubes.

2. The medical device of claim 1, wherein the guide surface extends radially
outwardly to a peak, the peak being spaced radially outwardly of the distal ends of the

plurality of elongate tubes.
3. The medical device of claim 1, wherein the guide surface is curved.

4. The medical device of claim 1, wherein the distal tip defines one or more

hubs having a plurality of pockets sized to receive the plurality of tubes.

5. The medical device of claim 1, further comprising an endoscope
selectively attachable to the distal tip wherein the plurality of tubes extend along an outer
surface of the endoscope.

6. The medical device of claim 1, further comprising at least one band
pressing the plurality of tubes against the endoscope.

7. The medical device of claim 1, wherein the guide surface slopes radially

outwardly.

10
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8. The medical device of claim 1, wherein the guide surface redirects the

plurality of delivery devices in a direction angled relative to the longitudinal axis.

9. The medical device of claim 8, wherein the guide surface redirects the
plurality of delivery devices in a direction angled about 30 degrees relative to the

longitudinal axis.

10. The medical device of claim 1, wherein the plurality of elongate tubes are
equidistantly spaced circumferentiaily about the distal tip.

1. The medical device of claim 1, further comprising a plurality of tissue
fixation devices, wherein the plurality of delivery devices include a plurality of puncture
needles, and wherein the plurality of tissue fixation devices include a plurality of tissue
anchors.

12. The medical device of claim 4, where each hub has a bore extending
therethrough, proximal portions of the bores defining the pockets and distal portions of the
bores defining the distal ports, and wherein each hub defines a longitudinal slot in
communication with the bore and opening radially, each longitudinal slot sized to receive
one of the delivery devices therein.

13. The medical device of claim 1, wherein the plurality of elongate tubes are
directly fixed to the distal tip through frictional engagement, adhesives, welding or
soldering.

14, The medical device of claim 12, wherein each hub defines a shoulder at a
bottom of each pocket for abutting the distal end of each of the plurality of elongate tubes.

15. The medical device of claim 1, wherein the guide surface is curved radially
outwardly.
16. The medical device of any one of claims 1 to 15, and substantially as

herein described with reference to the accompanying drawings.

11
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