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DEVICE AND METHOD FOR DEPLOYING AND ORGANIZING
SUTURES FOR ANASTOMOTIC AND OTHER ATTACHMENTS

CROSS-REFERENCES TO RELATED APPLICATIONS

The present application is related to commonly assigned, copending U.S.
Patent Applications No. 08/824,031 (Attorney Docket No. 15508-000140US) filed on
March 26, 1997, No. 08/883,246 (Attorney Docket No. 15508-000150US) filed on
June 26, 1997, and No. 09/395,901 (Attorney Docket No. 15508-002900) filed on the
same day as the present application. The full disclosures of each of these applications are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates generally to devices and methods for suturing
body tissue. More particularly, the present invention is useful for performing end-to-side
and end-to-end attachments of body ducts, such as in suturing coronary blood vessel
grafts.

In many medical procedures today, it is desirable to connect a body duct,
such as a hollow organ or blood vessel, to a targeted piece of tissue. In coronary surgery,
this type of attachment is commonly referred to as an anastomosis. In coronary artery
bypass graft surgery (“CABG”), a graft blood vessel may be anastomosized to an arterial
wall of an artery to supply blood downstream of a blockage in another blood vessel. The
proximal end of the blood vessel graft is typically connected to a pressurized arterial
blood supply, such as the aorta, while the distal end is coupled to the vessel lumen
downstream of the blockage. The amount of time spent performing these anastomosis
procedures to connect blood vessel grafts between blocked arteries and pressurized blood
supplies is critical to patient mortality and morbidity. In conventional CABG surgery,
three critical determinates that affect the outcome of a bypass surgery are (1) time the
patient spends on cardiopulmonary bypass, (2) time the patient spends with a clamped
aorta, and (3) the quality of the anastomosis. It is generally understood that the risk of
patient morbidity rises significantly after a threshold time of one hour on cardio-
pulmonary bypass. Continual circulation of blood through the mechanical apparatus of

the bypass machine can cause various degradations to the blood. Perhaps the most
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prevalent complication arising from prolonged cardiac bypass is the high risk of distal
thrombosis, which can embolize in the neurovasculature and potentially cause a stroke.

A critical factor in reducing the amount of time a patient spends on bypass
is directly related to the time spent anastomosing the blood vessel grafts used during
surgery. The average time for suturing one anastomosis is approximately seven to ten
minutes. It is believed that an average CABG procedure involves approximately five
anastomoses. Therefore, the average time for graft suturing ranges from thirty-five to
fifty minutes, which is a significant portion of the sixty-minute threshold for patient
morbidity. Patients treated with conventional coronary surgery and placed on
cardiopulmonary bypass would benefit from reducing the amount of time spent
performing each anastomosis.

In “off pump” procedures where patients are not placed on cardio-
pulmonary bypass and the heart remains beating, the difficulty of suturing an anastomosis
graft on a moving surface of the heart may degrade the quality of such grafts completed
on patients. “Off pump” procedures do not use cardiopulmonary bypass pumps or
devices and thus reduces the blood damage associated with bypass devices. “Off pump”
procedures, however, require a higher degree of expertise to perform coronary artery
bypass grafts on a beating or moving object. An anastomosis differs from straight line
suturing in that each suture has a different orientation that is based on its position around
the cross-sectional circumference of the blood vessel graft. It can be appreciated that
some of the sutures are easily made from on top of the conduit or blood vessel graft,
while others are more difficult to complete as they are beneath the conduit. It can be
further appreciated that performing such complex suturing procedures on a moving
platform, such as the beating heart, further increases the difficulty associated with such
suturing procedures. Improperly connecting blood vessel grafts to the patient may
present substantial post-operative complications and/or increase operating room time
spent correcting the improperly connected graft.

Accordingly, it would be desirable to provide improved devices and
methods that simplify anastomosis graft procedures performed on patients, particularly
where multiple graft procedures are to be performed. Simplifying the anastomosis
procedure would typically reduce the time spent on each graft and thus minimize the time
a patient spends on cardiopulmonary bypass. Additionally, it would desirable to provide
a device that improves the consistency of the suture pattern created during each

anastomosis graft.
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SUMMARY OF THE INVENTION

The present invention comprises devices, methods, and kits for use with a
body duct. The present invention improves and simplifies suture placement through the
body duct is particularly useful for placing multiple sutures in the end of a body duct in a
manner which is useful for forming an anastomotic attachment to the side or end of
another body duct. The present invention is particularly useful in performing anastomotic
attachments as part of coronary artery bypass grafting (CABG) procedures in a variety of
environments including to both stopped heart and beating heart procedures. The present
invention may be used in open surgical procedures as well as in minimally invasive
procedures using percutaneous access such those developed by Heartport, Inc. of
Redwood City, California and by CardioThoracic Systems, Inc. of Cupertino, California.

The present invention preferably provides for the delivery of a plurality of
needles through the body duct in a single continuous motion by the user.
Advantageously, this simplified needle delivery reduces the overall amount of time spent
on performing a body duct connection such as an anastomosis. Although not limited in
this manner, the invention provides for rapid and consistent placement of both needles
and sutures through the body duct. The present invention preferably allows the sutures to
be easily organized to facilitate the tying off of the sutures during an anastomosis
procedure. In situations where the invention is used with a beating heart, the invention
allows for rapid actuation once the device is properly positioned, reducing the likelihood
that movement of the beating heart may misposition the device during actuation. The
present invention further allows for the simultaneous delivery of a plurality of needles
through the body duct in a desired pattern, typically in an evenly-spaced manner, which
thus improves the quality of the anastomosis by having a consistent suture pattern and a
calculated tissue capture.

In one aspect of the present invention, a device is provided for use with a
body duct. The device of the present invention comprises a shaft structure for holding the
end of the body duct on a portion of the structure and a suture organizer mounted about
the shaft structure. A plurality of needles are arranged on the shaft structure where each
of the needles can be advanced along a path in a radially outward direction from the shaft
structure, through the end of the body duct, and into a suture organizer. The suture
organizer is preferably movable relative to the shaft structure so that the organizer can be
moved away from the shaft structure to facilitate placement of the body duct over the

structure. The suture organizer can then be moved back into place over the body duct to
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be in position to receive the needles and/or suture, as described in more detail below.
After capturing the needles/suture, the suture organizer can then be moved or removed
from the shaft to permit access to the suture ends which are to be tied off. Typically, after
the sutures have been positioned through the body duct, they may be tied off with sutures
from a target body duct or tissue, where the tying off of the sutures will join the body duct
to the targeted area. The suture organizer can hold the needle and sutures to facilitate the
tying off of individual sutures. The present invention preferably allows for the placement
of sutures in the body duct in a pre-determined pattern, usually an evenly spaced radial
pattern, at a specified distance from the end of the body duct.

In one embodiment of the invention, the suture organizer is designed to
mate with another suture organizer containing sutures attached to a target tissue to
facilitate connection of the body duct to the target tissue. The suture organizer may have
an engaging surface or similar structure to allow mating of the organizers. Typically,
mating the portions of the suture organizer will facilitate the mapping of the sutures from
different suture organizer portions. Typically, the suture organizer will be moved to mate
with the other suture organizer portions. The suture organizer may be moveable while
attached to the apparatus, or in some embodiments, may be completely removed from the
apparatus to facilitate mapping of the sutures.

When pairs of suture organizers are used, each organizer will typically be
attached to opposite ends of common groups of sutures. While in some instances it may
be desirable to tie-off separate lengths of sutures for various purposes, it will be far more
common to tie-off opposite ends of single suture lengths in order to attach tissue, close
wounds, etc. When handling pluralities of suture lengths, the need to track and identify
individual sutures so that the appropriate suture ends can be tied together can be quite
challenging. The present invention addresses this challenge by capturing at least a first
group of suture ends in a first organizer and optionally capturing the second ends of the
same sutures in a second organizer. By then appropriately aligning the two organizers,
optionally including attaching portions of the organizers together, the suture ends will be
arranged in a fashion which permits easy access to the particular ends which are to be tied
together.

The suture organizer preferably has a soft material insert made of a
material such as a polymer or silicone for receiving and holding needles inserted therein.
The material insert preferably has a thickness sufficient to substantially contain the

needles therein. Needles substantially embedded in the suture organizer are more easily
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retained therein. The suture organizer is adapted to hold said needles after the needles are
removed from the shaft structure and may be mounted in a needle receiving position
about the body duct when the body duct is on the shaft structure. Preferably, but not
necessarily, the needles are maintained in a substantially fixed configuration after the
needles are removed from the shaft structure. This organizes the attached sutures to
facilitate the tying off of the individual sutures.

The suture organizer may be made of a plurality of portions. In one
embodiment, the suture organizer may have a first breakaway portion and a second
breakaway portion where the portions are separable. Although not limited in this manner,
each portion may then be coupled or mated to another suture organizer carrying other
sutures. The portions may be coupled together using a variety of releasable connection
devices such as hook and loop fasteners (e.g., Velero®), ratcheting ties, snaps, elastic
loops, banded clips, pre-tied suture knots, and the like. The needles are typically arranged
on the shaft structure to deploy in an evenly spaced radial pattern. This facilitates a
consistent tissue capture for the suturing device. The radial pattern will typically be
arranged so that the needle tips deploy in an annular fashion consistent with a “straight”
cut body lumen. The pattern can also be shifted or inclined relative to the axis of the
shaft structure.

While the suture organizers will typically be adapted to capture needles
which carry suture ends, the present invention also covers devices and methods where the
suture organizers directly capture suture. For example, a needle which is used to
penetrate the tissue duct may carry the suture in such a manner that the suture organizer
will capture only the suture, leaving the needle free to be proximally withdrawn back
through the tissue. Capture of the suture directly, rather than the needle which carries the
suture, can eliminate the need for the surgeon to remove the suture from the needle prior
to tying.

The present invention will also include needles and drivers which carry
separate pluralities of needles capable of separate deployment. Usually, such separate
needle pluralities will be connected to opposite ends of individual suture lengths so that
the same needle driver can be used to first deploy one group of suture ends through a first
tissue target site and then deploy a second group of suture ends through a second tissue
target site. By then applying the suture organizers, the opposite ends of the suture lengths
can be captured and rearranged to facilitate tying of the individual sutures. While the

specific embodiments illustrated hereinafter generally show only a first needle driving
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mechanism suitable for manipulating a first group of the needles and suture ends, it will
be appreciated that an identical structure can be provided on another portion or end of the
device to permit deployment of both hands of the suture pluralities in a given suture
attachment protocol, €.g., an end-to-end anastomotic attachment of body duct ends.

In another aspect of the present invention, a method is provided for placing
a plurality of sutures through a body duct using a suturing device having a shaft structure.
Although not limited in this manner, such suturing is particularly suited for performing an
anastomosis graft during coronary surgery. The method involves positioning an end of
the body duct over the shaft structure of the suturing device. A plurality of needles each
carrying a suture are advanced radially outwardly from the shaft structure, radially
outwardly through the end of the body duct, and into a suture organizer. The suture
organizer may be moved to extend the sutures between the needles in the suture organizer
and the body duct. Typically, the suture organizer is mated to another suture organizer
having a plurality of corresponding sutures to facilitate the tying off of the sutures. Tying
off of the sutures brings the body duct in contact with a target tissue. Preferably, but not
necessarily, the needles are maintained in a substantially fixed configuration by the suture
organizer after the needles are removed from the shaft structure. This organizes the
attached sutures to facilitate the tying off of the individual sutures. Typically, the needles
are advanced by a plunger which pushes the plurality of needles through needle channels
in the shaft structure. The suture organizer may also be used to clamp the body duct to
the shaft structure. The suture organizer will usually define a ring having a plane
perpendicular to the axis of the shaft structure. Alternatively, the needle tips and suture
organizer can be inclined or angled relative to the axis of the shaft to accommodate
various angled grafts, i.e., those which are cut at an angle at the end to be sutured.

The present invention still further provides methods for suturing tissue
locations together. The tissue locations will typically include at least one body duct and
will more usually comprise two body ducts which are being connected in an end-to-end
anastomosis, end-to-side anastomosis, or side-to-side anastomosis. A plurality of suture
lengths are provided, typically having needles connected at each end. The first ends of
the suture lengths are then penetrated in a pre-determined pattern at a first tissue location,
such as at the end or in a side of a body duct. The first suture ends are then captured in a
first suture organizer, typically by penetrating needles into a soft material as described
above. Alternatively, the sutures can be captured directly and removed from the

penetrating needles as part of the suture capture. The second ends of the suture lengths
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are penetrated in a pre-determined pattern at a second tissue location which may be the
end of a body duct, the side of a body duct, or elsewhere. The second suture ends are
captured in a second suture organizer, and the first suture organizer and second suture
organizer are positioned relative to each other in a manner which will facilitate
organization of the multiple suture ends. Typically, the first and second ends of each
individual suture length are positioned adjacent one another so that it is immediately
apparent to the surgeon which sutures are to be secured. The first and second ends of at
least some of the sutures are then secured to each other, typically by tying, fusing,
clipping, or other conventional suture attachment techniques.

Kits according to the present invention will comprise a graft suturing
device which delivers a plurality of needles. The kits will further include instructions for
use setting forth a method as described above. Optionally, the kits will further include
packaging suitable for containing the graft device and the instructions for use. Exemplary
containers include pouches, trays, boxes, tubes, and the like. The instructions for use may
be provided on a separate sheet of paper or other medium. Optionally, the instructions
may be printed in whole or in part on the packaging. Usually, at least the graft suturing
device will be provided in a sterilized condition. Other kit components, such as the graft
to be sutured, may also be included.

A further understanding of the nature and advantages of the invention will
become apparent by reference to the remaining portions of the specification and

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a cross-section of a preferred embodiment of the apparatus
according to the present invention.

Figs. 2 through 4 provide perspective views of the apparatus in Fig. 1
when it is used to deliver sutures through a body duct.

Figs. 5 through 6 are cross-sectional views of the distal end of the
apparatus in Fig. 1 showing the delivery of a needle into a suture organizer.

Figs. 7 through 8 show various views of one embodiment of the suture
organizer.

Figs. 9 through 10 are cross-sectional views of a distal end of the apparatus

according to the present invention showing a variety of needle guide channels.
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Figs. 11 through 12 show embodiments of a drive shaft used with the
present invention.

Fig. 13 shows a kit according to the present invention.

Fig. 14 shows an alternative embodiment of the suture organizer according

to the present invention.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

The present invention is directed towards devices, methods, and Kits for
facilitating the delivery of sutures through a body duct. Although applicable to a variety
of surgical environments, the present invention has particular application to coronary
heart surgery. The device of the present invention may be used with other suture devices
to perform end-to-side or end-to-end anastomosis.

As described below, devices of the present invention can preferably deploy
a plurality of needles in an evenly spaced or otherwise predetermined configuration
through a body duct to perform an anastomosis. In preferred embodiments, a device of
the present invention can position the suture for performing the end-to-side anastomosis
through one hand stroke or motion by the user. Deployment of a plurality of needles in a
predetermined pattern increases the likelihood that that the anastomosis will have
sufficient patency to channel blood as desired and have reduced incidence of fluid
leakage. More importantly, however, the present device will reduce the amount of time a
patient spends on a cardiopulmonary bypass, which has a direct relationship to a patient’s
operative and peri-operative morbidity. In preferred embodiments, the present invention
advantageously facilitates the tying off of the sutures in the body duct by organizing the
sutures after they have been delivered through the duct. The reduced number of steps
required for a user to perform an anastomosis lends the present device for use in beating
heart or off-pump procedures.

The term “body duct” as used herein is generally in reference to a blood
vessel. It should be understood, however, that the term is intended to cover a variety of
body lumens and may refer to non-vascular body lumens such as the bile duct, the
urethra, the urinary bladder, or other body lumens which require assistance to be rejoined.
Typically target blood vessels and graft vessels include internal mammary arteries
(IMA’s), saphenous veins, radial arteries, coronary arteries, synthetic grafts, and the like.

The present invention is particularly useful in attaching a tubular graft to

the side of another tissue structure or to the end of another tissue structure. Preferably,
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but not necessarily, the device of the present invention is used to deliver one end of a
suture through a tubular body graft while the other end of the suture is delivered through
tissue of another tissue structure using other needle delivery devices or methods. These
suture ends may be brought together and tied off to secure the tubular body graft or body
duct to the target tissue. As will be described in further detail below, the needles are
delivered along a path in a radially outward direction from the shaft structure and
outwardly through the end of the body duct into a suture organizer. Preferably, the
needles advanced along the path are maintained in a fixed configuration relative to one
another once they enter the suture organizer and are removed outwardly from the body
duct. Typically, maintaining the needles in a fixed configuration organizes the sutures
and will reduce the amount of the time needed to individually tie off the ends of the
sutures.

Referring now to Fig. 1, a needle driving device or driver 10 according to
the present invention will be described in further detail. Fig. 1 shows a cross-section of
the needle driving device 10. The device 10 is used to position sutures and suture ends
through a body duct B that can be mounted on a shaft structure 20 of the device. The
device 10 includes a suture organizer 30 which, in the embodiment shown, comprises a
cylindrical-shaped clamp having an opening through the center which may be used to
surround the body duct B when the duct is mounted at a location on the shaft structure 20
(as indicated by arrow 32). The needle driver device 10 has a needle actuator in the form
of a plunger 40 which may be reciprocated as indicated by arrow 42. In the embodiment
of Fig. 1, the plunger 40 has a rack 43 and a pinion gear 44 which are used to reciprocate
the plunger. The plunger 40 is coupled to the pinion gear 44 which is rotated when
trigger 46 is squeezed. In this embodiment, the gear 44 may be used in a fashion similar
to rack and pinion to drive or reciprocate the plunger 40. As will be described below,
movement of the plunger 40 will be used to deliver needles into the suture organizer 30.
Sutures S are typically coupled to the needles. The device 10 is used to deliver one end
of the suture S into the body duct B, while the other end of the suture S may be delivered
into another targeted tissue structure using a needle drive attached to the other end of the
device 10 (as indicated in phantom) or by using an altogether separate device or method
to connect the end of the suture to the targeted tissue.

Figs. 2 through 4 will now illustrate the use of device 10 to deploy sutures
S through a body duct B. Referring now to Fig. 2, in this embodiment of the needle

driver device 10, the suture organizer 30 may be divided into a first breakaway portion 33
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and a second breakaway portion 34 which may be held in a retracted position as shown in
Fig 2. The suture organizer portions 33 and 34 are preferably pivotally mounted to the
housing 50 of the device 10 through a ball socket 52. The housing 50 as shown in Fig 1.
has a pistol grip configuration. Of course, the suture organizer 30 may also be mounted at
various other locations on the device such as on the shaft structure 20 for example. The
body duct B is advanced onto the shaft structure 20 as indicated by arrow 54.

Referring now to Fig. 3, after the body duct B is properly positioned over
the shaft structure 20, the suture organizer 30 is moved into a needle receiving position
about the body duct. The position of the body duct B over the shaft structure 20 may be
used to determine how far in from the end of the body duct the sutures are positioned.
Typically, needles enter the body duct B about 0.5 mm to 2 mm from the proximal end of
the duct. The suture organizer 30 may be used to clamp the body duct B onto the shaft
structure. Of course in some embodiments, the suture organizer 30 may also be located
about the body duct without contacting the body duct. As will be shown more clearly in
Figs. 5 and 6, needles are delivered in a radially outward direction from the shaft structure
20 and outwardly through the body duct into the suture organizer 30. The suture
organizer 30 preferably, but not necessarily, holds the needles in a fixed configuration
relative to one another which will organize the sutures to be tied off individually.
Typically, one portion of the suture organizer 30 holds about half of the needles in the
fixed configuration while second portion of the suture organizer 30 holds the other half of
the needles in a fixed configuration.

As seen in Fig. 4, portions 33 and 34 of the suture organizer 30 may be
removed from the needle driver 10. With the suture organizer 30 disconnected, the
breakaway portions 33 and 34 may be used to draw the sutures away from the body duct
B. Of course, the suture organizer 30 may also be moved away from the needle receiving
position without having to be disconnected from the needle driver 10. As seen in Fig. 4,
another suture organizer 60, which may be a suture organizer from another needle driver
device, may be coupled to suture organizer 30 as indicated by arrow 62. The organizers
30 and 60 preferably have a surface adapted to engage one another. In some
embodiments, the other suture organizer 60 may be carrying the ends of sutures which are
coupled to a target tissue T. They may be the other end of the sutures held in the suture
organizer 30. Mating the suture organizer 60 with the suture organizer 30 will organize

and align opposite ends of individual sutures to facilitate the tying off of the sutures.
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Referring now to Figs. 5 and 6, needle delivery using the device 10 will be
described in further detail. Fig. 5 shows a cross-section of the shaft structure 20 with the
first breakaway portion 33 of the suture organizer mounted in a needle receiving position
about the body duct B. For ease of illustration, only one needle 70 and push rod 72 is
shown in the device. It should be understood that a preferred embodiment of the device
10 includes a plurality of needles 70 and push rods 72. Typically, the needles 70 and
push rods 72 are made of superelastic material such as a nickel-titanium alloy which can
traverse a curved channel 80. The body duct B shown in phantom is mounted between
the shaft structure 20 and portion 34 of the suture organizer 30. The needle 70 and push
rod 72 are positioned in the needle guide channel 80, and the guide channels 80 are
spaced to deliver the needles in an evenly spaced radial pattern (i.e., spaced peripherally
apart by generally equal distances, typically 1 mm to 2 mm). In some embodiments,
these needle guides may comprise tubes or other devices for guiding the needles. As seen
in Fig. 5, the channel 80 has a curved portion 82 which directs the needles outwardly
towards the body duct B. In some embodiments, the push rod 72 extends to the plunger
40 (more clearly illustrated in Fig. 9) and may be moved in the direction indicated by
arrow 92.

As seen in Fig. 6, the push rod 72 will deliver the needle 70 in a radially
outward direction as indicated by arrow 83 into a soft material insert 94 in breakaway
portion 33 of the suture organizer 30. Preferably, the needle 70 is substantially, more
preferably fully, embedded into the soft material insert 94 after being advanced. The
material insert 94 may be a polymer or a silicone material, which has sufficient
compressive strength to retain the needle 70 in the suture organizer. Preferably, but not
necessarily, shorter needles 70 preferably between the range of about 3 mm to 6 mm are
used in the device so that they may be more easily retained in the suture organizer.
Although longer needles may be used, of course, the shorter needles, as shown in Fig. 6,
facilitate the removal of the suture organizer 30 by staying within the organizer and not
pulling out. The sutures S attached to the needles are typically, but not necessarily,
attached to the distal tip of the needle. This facilitates loading of the needle 70 into the
needle guide channel of the shaft structure 20 since the suture S does not need to be
loaded completely into the channel 80. As seen in Figs. 5 and 6, the sutures S typically
extend towards a proximal end of the device 10 to facilitate the suturing process. The

sutures S may also be positioned to extend towards a distal end of the body duct B.
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To facilitate manufacturing, a preferred embodiment of the device 10 has a
distal mating portion 100 having a plurality of radial grooves which are used to define the
needle guide channel 80. The insert 100 is received into a lumen of the shaft 20 which is
the proximal mating portion. Although the channels may be integrally formed in the shaft
structure 20, drilled or otherwise formed within the shaft structure, using a multi-piece
device where one of the pieces has a surface with grooves and facilitates the manufacture
of the device by eliminating the need for the more expensive forming or drilling steps.
For example, the grooves could be formed on a proximal, tapered surface of the
insert 100 and/or on the distal, interior surface of the main shaft 20. In all cases, the
grooves would form the desired needle-guiding channels when the insert 100 is attached
to the shaft 20. Such fabrication techniques not only simplify construction but also
permit the fabrication of smaller diameter devices.

Referring now to Figs. 7 and 8, another embodiment of the suture
organizer will now be described. As seen in Fig. 7, suture organizer 130 has a first
breakaway portion 132 and a second breakaway portion 134. Each portion has a surface
135 adapted to mate with another suture organizer portion. A tab 136 having ratchet teeth
138 may be used to hold portions 132 and 134 together. As seen in Fig. 8, the portions
132 and 134 are attached to the shaft structure 20 with ball joints 140. These hinges are
located closer to the distal end of the shaft 20 wherein the suture organizer 30, as shown
in Fig. 2, has ball joints located further from the distal end. The ball joints in Fig. 8 allow
the portions to be separated and easily removed from the shaft structure 20. Aside from
the ratchet tab 134, a variety of other attachment devices may be used to secure the
portions 132 and 134 together in a releasable manner.

Referring now to Figs. 9 through 12, the actuating shaft used in the shaft
structure 20 will be described in further detail. As seen in Fig. 9, small needles 70 are
typically used with the needle driving device 10. The needle actuator 150 has an elongate
portion 152 which can advance the needle 70 out of the channels 80 in the shaft structure
20. Preferably, the needles can be completely advanced from the needle guide channel
80. Depending on the shape of the channels 80, the elongate portion 152 of the needle
actuator 150 may use a cylindrical structure 154 as shown in Fig. 11 or have a plurality of
push rods 156 as shown in Fig. 12. The push rods 156 are preferably made of a
superelastic material such as a nickel-titanium alloy which can traverse the curved
channel 80. Fig. 10 shows an alternative embodiment where the actuating member 160

has a center portion 162 which is received by lumen 164 in the shaft structure 20. As the
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actuating member 160 is advanced, the lips 166 will push the needles from the needle
guide channels 80.

Referring now to Fig. 13, the suturing device 10 of the present invention
will usually be packaged in kits. In addition to the suturing device 10, such kits will
include at least instructions for use 300 (IFU). The suturing device and instructions for
use will usually be packaged together within a single enclosure, such as a pouch, tray,
box, tube, or the like 302. In alternative embodiments, the kit may also include the body
duct B to be sutured to a target vessel or other accessories such as sutures and additional
needles. Such body ducts B are typically artificial or synthetic grafts. At least some of
the components may be sterilized within the container. Instructions for use 300 will set
forth any of the methods described above.

While all the above is a complete description of the preferred
embodiments of the inventions, various alternatives, modifications, and equivalents may
be used. For example, the shaft structure may have markings such as grooves, texturing,
or visible stripping to facilitate positioning of the graft body duct on the shaft structure.
The device may be adapted for use with other anastomosis devices such as the device

described in commonly assigned, copending application (Attorney

Docket No. 15508-2900) filed on , the full disclosure of which is
incorporated herein by reference.  Of course, the device may also be used to deliver
needles or other body duct connectors which are not carrying sutures but include other
connecting devices. Additionally, the suture organizer may be divided into more than
just one or two portions. The suture organizer may have three, four, or five, or any
number of portions in these alternative embodiments. These portions of the suture
organizer may also be partially contained in a housing or other structure which may
surround the body duct. For example, the body duct may be contained or otherwise
mounted on a cylindrical housing surrounding the body duct. As illustrated in Fig. 13,
the housing may have a plurality of openings in the side wall, where these openings may
each contain a portion 400 of the suture organizer which may be removed to pull sutures
away from the body duct. These portions may be press-fit, clamped, or otherwise held in
the openings on the housing. Although the foregoing invention has been described in
detail for purposes of clarity of understanding, it will be obvious that certain

modifications may be practiced within the scope of the appended claims.

13
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WHAT IS CLAIMED IS:

1. A needle driver for use with a body duct, the needle driver
comprising:

a shaft structure having a portion which holds an end of the body duct;

a suture organizer mounted about said portion of the shaft structure; and

a plurality of needles on the shaft structure, wherein each of said needles is
arranged to be advanced along a path to carry suture in radially outward direction from

the shaft structure through said body duct and into said suture organizer.

2. A device as in claim 1, wherein said shaft structure comprises a
plurality of needle guides for directing said needles longitudinally along the shaft

structure and then radially outward from the shaft structure.

3. A device as in claim 2, wherein said needle guides comprise a

plurality of needle guide channels in said shaft structure.

4. A device as in claim 3, wherein each of said needle guide channels
includes a curved portion directing said needles outwardly from the shaft structure

towards the body duct when said needles are advanced.

5. A device as in claim 3, wherein each of said needle guide channels

forms a J-shaped path.

6. A device as in claim 1, wherein said shaft structure comprises a
distal mating portion and a proximal mating portion, wherein said distal mating portion is

partially mounted within a lumen of the second mating portion to define needle guides.

7. A device as in claim 1, further comprising a needle actuator for
simultaneously advancing said plurality of needles from the shaft structure, through the

body duct, and into the suture organizer.

8. A device as in claim 7, wherein said needle actuator comprises a

plurality of push rods for engaging and advancing said needles.

9. A device as in claim 7, wherein said needle actuator comprises a

plunger having a rack coupled to a pinion which rotates to move said plunger.

14
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10. A device as in claim 1, wherein said shaft structure includes a

pistol grip housing.

11. A device as in claim 1, wherein said suture organizer is adapted to

mate with another suture organizer.

12. A device as in claim 11, wherein said suture organizer is

removably secured to the shaft structure.

13. A device as in claim 11, wherein said suture organizer comprises a
first breakaway portion and a second breakaway portion to facilitate removal of the suture

organizer from the body duct.

14. A device as in claim 11, wherein the suture organizer comprises a
plurality of portions adapted to be mounted about the body duct graft wherein each of
said portions has a releasable connection with the device so that the portions may be

removed for pulling sutures away from the body duct.

15. A device as in claim 1, wherein the suture organizer is adapted to

hold said needles after the needles are removed from the shaft structure.

16. A device as in claim 15, wherein the suture organizer comprises a

polymeric material for receiving and holding needles inserted therein.

17. A device as in claim 16, wherein said polymeric material has a

thickness sufficient to substantially contain said needles therein.

18. A device as in claim 1, wherein the suture organizer has a
cylindrical configuration when mounted radially about said tubular portion of the body

duct.

19. A device as in claim 1, wherein the suture organizer further

comprises an arm pivotally coupling a portion of the suture organizer to the device.

20. A device as in claim 1, wherein said plurality of needles are

arranged in an evenly spaced radial pattern about said shaft structure.
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21. A device as in claim 1, wherein each of said plurality of needles

carries a suture having a suture end.

22. A device as in claim 1, wherein said plurality of needles comprise a

superelastic material.

23. A device as in claim 1, wherein said plurality of needles each have

a length in the range from 3 mm to 6 mm.

24, A method for penetrating a plurality of first suture ends through a
body duct, the method comprising:

positioning an end of the body duct over a shaft structure;

advancing a plurality of needles carrying a plurality of sutures having said
first sutures ends in a radially outward direction from the shaft structure through the end
of the body duct, and into a suture organizer, wherein the suture ends are captured by the

suture organizer; and

moving said suture organizer relative to the shaft structure to draw said

first suture ends away the body duct.

25. A method as in claim 24 further comprising mating said suture
organizer to another suture organizer having a plurality of second suture ends to facilitate

the tying off of said first and second suture ends.

26. A method as in claim 25, wherein said second suture ends are on

said plurality of sutures having said first suture ends.

27. A method as in claim 25, wherein said tying off of said first and

second suture ends brings said body duct in contact with a target tissue.

28. A method as in claim 25, further comprising mapping said suture
ends coupled to said needles in said suture organizer to suture ends on said another suture

organizer.

29. A method as in claim 24 further comprising maintaining said
needles in a substantially fixed configuration by the suture organizer after the needles are

removed from the shaft structure.
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30. A method as in claim 24, wherein said positioning step comprises

clamping said body duct to the shaft structure with the suture organizer.

31. A method as in claim 24, wherein said advancing of said needles
includes advancing a needle actuator to move said plurality of needles through needle

channels in said shaft structure.

32. A method as in claim 24, wherein advancing of said needles
embeds said needles in the suture organizer, said suture organizer retaining said needles

after said needles have been removed from the shaft structure.

33. A method as in claim 24, wherein said needles are advanced into a

suture organizer mounted in a needle receiving position about the body duct.

34. A method as in claim 24, wherein said moving step comprises
separating said suture organizer into a first breakaway portion and a second breakaway

portion each having a surface adapted to mate with another suture organizer.

35. A method as in claim 24, wherein said moving step comprises

moving a plurality of suture organizer portions relative to the shaft structure.

36. A method as in claim 24, wherein said needles are advanced in a

evenly spaced radial pattern through the body duct.

37. A kit comprising:

a suturing device adapted to deliver a plurality of needles;

instructions for use in placing a plurality of suture ends through a body
duct wherein the instructions comprise positioning an end of the body duct over a shaft
structure, advancing a plurality of needles carrying sutures with said suture ends, each of
said needles advancing in a radially outward direction from the shaft structure through the
end of the body duct and into a suture organizer, and moving said suture organizer to
draw said sutures away from the body duct; and

a package adapted to contain the device and the instructions for use.
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38. A kit as in claim 37, wherein said instructions for moving said
suture organizer further comprises mating said suture organizer with another suture

organizer.

39. A method for suturing tissue locations together, said method
comprising:

providing a plurality of suture lengths, wherein each suture length has a
first end and a second end;

penetrating the first ends of the suture lengths in a pre-determined pattern
at a first tissue location;

capturing the first suture ends in a first suture organizer,

penetrating the second ends of the suture lengths in a pre-determined
pattern at a second tissue location;

capturing the second suture ends in a second suture organizer;

positioning the first suture organizer relative to the second suture
organizer; and

securing the first and second ends of at least some of the suture lengths.
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