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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a suturing de-
vice for use with a suturing needle. In specific embodi-
ments, the devices are provided for suturing tissues in
open surgery, minimally invasive surgical procedures,
and the like.
[0002] Although many aspects of surgery have
changed radically over the last several decades, some
surgical techniques have remained remarkably constant.
For example, as was true fifty years ago, suturing remains
a common technique for approximation of tissues, liga-
tion of tissues, affixing tissues together, and the like.
[0003] Suture has been used in open surgical proce-
dures for generations to therapeutically treat diseased
tissue and to close surgical access sites and other
wounds. More recently, the use of minimally invasive sur-
gical techniques has expanded, with surgical therapies
often being performed at internal surgical sites. Although
a wide variety of visualization techniques (including
laparoscopes and other endoscopic viewing devices,
fluoroscopy and other remote imaging modalities, and
the like) have been developed to allow surgeons to view
these internal surgical sites, and although a large variety
of new tissue treatment techniques have been developed
(including ultrasound techniques, electrosurgical tech-
niques, cryosurgical techniques, and the like) and are
now widely available, many modern surgical interven-
tions continue to rely on suturing.
[0004] A wide variety of alternatives to suturing of tis-
sues have been developed, and have gained varying de-
grees of acceptance in certain surgical procedures. Sta-
ples and tissue adhesives are used quite frequently in
many open and minimally invasive surgical settings, and
a variety of tissue welding techniques have also been
proposed. Nonetheless, suturing remains ubiquitous in
surgery, as suturing provides a number of advantages
over many of the alternatives.
[0005] Suture’s advantages include the large knowl-
edge and skill base that surgeons have developed over
the years. Additionally, a variety of off-the-shelf, pre-
packaged surgical needles with suture are available from
a large number of suppliers at very reasonable cost. Sur-
geons are able to precisely control the location of suture
stitches by grasping the suture needle and first pushing
it and then pulling it through the target tissue. In open
surgery the surgeon may manually grasp the suture nee-
dle directly with his or her hand, although both open and
minimally invasive procedures are often performed by
grasping the needle with a needle grasping tool and ma-
nipulating the tool to place the suture stitches. The results
obtained using suture are highly predictable, although
dependent on the skill of the surgeon. In light of its ad-
vantages, the use of suture does not appear likely to dis-
appear any time soon, with even modern robotic surgical
techniques often making use of suture.

[0006] Although suture remains popular in surgery at
least in part due to its significant advantages, suturing is
not without disadvantages. In particular, placing a large
number of suture stitches can be tiring and quite time-
consuming. Manipulation of a suture needle can be dif-
ficult even in open surgery due to the limited space that
is often available around the target tissues. The challeng-
es of manipulating suture needles may be even greater
in minimally invasive surgical procedures, where the nee-
dles are often manipulated using long-handled tools ex-
tending through a small aperture, typically while viewing
the procedure on a display which is offset from the sur-
gical site. Tying knots with a desired amount of tension
and the like may call for intricate and precise manipulation
of the suture, further complicating and delaying open and
minimally-invasive surgeries. In fact, the time spent clos-
ing/suturing the access site may be significantly greater
than the time spent treating the underlying target tissues
for many procedures.
[0007] There have been a variety of proposals for mod-
ifications to standard surgical suturing structures and
methods to try to address the above disadvantages. At
least some of these proposals may seek to rely on spe-
cialized and/or proprietary suturing needle systems,
which could increase costs and preclude their wide ac-
ceptance, especially in third world countries. Unfortu-
nately, many proposals for modifying existing suturing
techniques may also decrease the surgeon’s control over
the placement of the suture, such as by relying on an
automated or indirect mechanical movement of a device
to drive a suture needle into and/or through tissues. While
these new proposals have in the past or may in the future
gain varying degrees of acceptance in one or more sur-
gical procedures, standard suturing techniques continue
to predominate throughout surgery in general.
[0008] In light of the above, it would be desirable to
provide improved suturing devices, systems, and meth-
ods. It would be generally desirable to maintain some,
most, or all of the advantages of standard suturing tech-
niques, preferably while decreasing the time required for
suturing, the strain on the surgeon, the training involved
in achieving competence or time-efficiency in suturing
techniques, or the like. It would be particularly advanta-
geous if these improvements could be provided without
requiring extensive capital investments for new equip-
ment, without significant increases in complexity of the
suturing process, or without having to resort to special-
ized or proprietary suturing needles and the like. Alter-
native needle grasper structures which increased the
ease and accuracy of stitching, and/or which are readily
adapted for a variety of different procedures and patient
physiologies would also be desirable.
[0009] US 6126665 discloses an instrument for manip-
ulating anatomical tissue having a barrel with two drivers
therein which can be manipulated from a proximal end
of the barrel. The end effector of each driver is offset from
a shaft by a transverse arm. In an insertion position, the
end effectors are confined within the diametrical dimen-
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sion of the barrel at a distal end thereof. After insertion,
the end effectors can be manipulated by rotationally or
arcuately moving the shafts to extend beyond the dia-
metrical dimension of the barrel to provide a large working
span in which a tissue procedure can be accomplished.
[0010] US 5954733 discloses an instrument for sutur-
ing anatomical tissue with a suture needle including a
handle, a needle driver mounted by the handle for rotation
along a first arcuate path having a radius of curvature
commensurate with a radius of curvature of the suture
needle, and a needle catcher mounted by the handle for
rotation along a second arcuate path coplanar with the
first arcuate path and having a radius of curvature com-
mensurate with the radius of curvature of the suture nee-
dle. The needle driver and the needle catcher each in-
clude needle holding members selectively operable to
grasp and release the suture needle.
[0011] US 6,071,289 describes a surgical device for
assisting a surgeon in suturing bodily tissue using a
curved surgical needle with a suture filament attached.
The device has a stationary arm having a first holder
fixedly attached to and extending from the distal end of
the shaft for operationally engaging with the needle. The
device also has a moveable arm having a second holder
extending from the distal end of the shaft and rotatable
about the longitudinal axis of the device. The moveable
arm is also operationally engageable with the needle. An
actuator is provided for cooperatively activating the first
and second holders so as to pass a needle along a cir-
cular path transverse to the longitudinal axis of the device
through the tissue, and thus place the suture filament
into the tissue.
[0012] US 5,938,668 describes a surgical suturing ap-
paratus having a pair of jaws extending distally from an
elongate tubular portion and each individually longitudi-
nally moveable with respect to the elongate tubular por-
tion and with respect to each other. Each of the jaw struc-
tures includes a jaw and a securing mechanism for tightly
holding the surgical needle within the jaw. Parts of the
securing mechanism engaging the needle also move lon-
gitudinally with respect to the associated jaw and the as-
sociated tubular portion. Various control structures are
provided to advance the securing mechanism relative to
its associated jaw to secure the surgical needle therein
and to move the entire jaw structure longitudinally with
respect to the suturing apparatus.
[0013] US 5,957,937 describes an instrument for su-
turing anatomical tissue with a suture needle in which a
needle holder is coupled with a housing for arcuate move-
ment about a longitudinal axis of an elongate tubular
member mounted by the housing such that a correspond-
ing distal end of the needle holder is caused to move
along an arcuate path extending outwardly of the periph-
eral edge and having a radius of curvature commensu-
rate with the radius of curvature of the suture needle.
[0014] US 5,897,563 describes a method for using a
needle holder to assist in the suturing in which the device
has right and left arms extending distally from a handle,

the arms having proximal ends attached to the handle
and distal ends having grippers attached thereto for grip-
ping and releasing a needle. The device includes at least
one mechanism for moving the distal ends of the arms
closely adjacent to one another and for passing the nee-
dle from one gripper to the other and thereafter moving
the distal ends of the arms further apart from one another.
The described method involves first moving the distal
ends of the arms apart from one another and manually
inserting the needle into the tissue and back out again.
Thereafter the method involves actuating the mechanism
so as to move the arms closely adjacent one another so
that the left gripper holds the needle and the right gripper
releases the needle. The method then involves moving
the distal ends of the arms further apart from one another
and lastly removing the needle from the tissue.

BRIEF SUMMARY OF THE INVENTION

[0015] The present invention is set out in the appended
claims. Described herein are suturing devices and meth-
ods that maintain some or all of the advantages of stand-
ard open and/or minimally invasive suturing techniques
while providing enhanced speed and ease of use. Exem-
plary suturing devices may hold a suture needle at a fixed
location relative to a handle of the device, allowing the
surgeon to grasp and manipulate the handle so as to
insert the needle through the tissues to be sutured in a
manner closely analogous to use of a standard needle
gripper. Cycling of the handle of the device from a closed
position to an open position and back to the closed po-
sition may result in the needle being alternatingly gripped
by a first clamp (for example, along a proximal portion of
the needle, suitable for insertion of the tip of the needle
into and through tissue), and then by a second clamp (for
example, along a distal portion of the needle, suitable for
pulling the protruding needle out from the tissue), and
optionally again by the first clamp (ready for initiation of
the next stitch). The needle will often remain at a sub-
stantially fixed location relative to the body and handle
of the suturing device during at least the insertion and/or
pulling of the needle through the tissue, allowing the sur-
geon to maintain precise control over needle movement
and positioning of the suture. Advantageously, standard
off-the-shelf suturing needles with their attached suture
may be used, and the device may be employed in an
open surgical setting or a minimally invasive procedure.
Needle grasping devices and methods are also provided
which can be bent plastically by a surgeon for use in a
particular patient, and/or having advantageous ergonom-
ics for use in surgery, these needle graspers optionally
having only a single clamp for grasping of an associated
needle.
[0016] A suturing method described herein comprises
inserting a distal portion of a suturing needle distally
through a tissue by moving a body of a suturing device.
The body is moved while a clamp of the suturing device
holds the needle at a fixed location relative to the body.
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The distal portion of the needle is grasped with a second
clamp of the suturing device, and the proximal portion of
the needle is released from the first clamp. The proximal
portion of the needle is pulled through the tissue by mov-
ing the body while the second clamp holds the needle.
[0017] The second clamp will often hold the needle at
a fixed location relative to the body of the suturing device
while the needle is pulled free. The needle may also re-
main at a substantially fixed location relative to the body
of the suturing device while alternating the clamps, for
example, by grasping the proximal portion of the needle
with the first clamp and only then releasing the distal por-
tion of the needle from the second clamp. The inserting
of the distal portion of the needle into the tissue with the
first clamp, switching clamps, and then pulling the prox-
imal portion of the needle through the tissue with the sec-
ond clamps can significantly facilitate forming a plurality
of suture stitches, and may avoid completely releasing
the needle and/or re-aligning the needle with the device
each time a stitch is formed. Handing the needle back
and forth between the first and second clamps will often
be effected by actuating a handle of the suturing device
with a hand of a surgeon, the handle typically moving
from an open handed configuration to a closed grasp
configuration. Preferably, the handle will be in the closed
grasp configuration at least while inserting the distal por-
tion of the needle into tissues.
[0018] In the exemplary embodiments, cycling the han-
dle (for example, from closed to open, and back to closed)
alternates which clamp of the suturing device is support-
ing the needle from the first clamp, to the second clamp,
and back (optionally) to the first clamp. By having both
clamps supporting the needle for at least a portion of the
handle actuation cycle, unintended movement of the nee-
dle relative to the body of the device (and the handle)
can be inhibited.
[0019] The suturing device body will often include a
housing containing a linkage, and the linkage may in-
clude an alternatable drive element. The linkage will often
drivingly couple the handle to the first and second clamps.
With each handle actuation cycle, the alternatable drive
element may move back an forth between a first config-
uration and a second configuration, hi its first configura-
tion, the alternatable drive element may drive a first por-
tion of the linkage coupled to the first clamp. In its second
configuration the alternatable drive element may drive a
second portion of the linkage coupled to the second
clamp.
[0020] In an exemplary embodiment, the handle actu-
ation cycle may effect rotation of a drive wheel. The first
and second linkage portions may each comprise a driven
wheel, and the alternatable drive element in the first con-
figuration may drivingly couple the drive wheel with the
driven wheel of the first linkage portion. In the second
configuration of the alternatable drive element, it may
drivingly couple the drive wheel with a driven wheel of
the second linkage portion. The alternatable drive ele-
ment may be, for example, slidingly or pivotally attached

to the drive wheel and may move back and forth so as
to engage surfaces of the driven wheels on either side
of the drive wheel, with the wheels being driven about a
common axis. Other linkage embodiments may employ
an alternatable drive element in the form of a slider having
alterative positions during axial movement, or the like.
Still further alternative linkage embodiments may employ
rack and pinion gears and cams, cables, and/or the like,
with or without alternatable drive elements.
[0021] In many embodiments, the first clamp will be
displaced laterally from around an axis of the needle
when the second clamp is used to move the needle
through tissue. Similarly, the second clamp may be dis-
placed laterally from around the needle when the first
clamp is used to move the needle through tissue. Each
clamp may, for example, be mounted to an associated
shaft, and these shafts may reciprocate so as to extend
distally from a housing of the body before closing of the
clamp around the needle. In some embodiments, the
clamp may also pivot about an axis of the shaft while
moving between a retraced position and an extended
needle grasping position. A spring or other biasing means
may inhibit closing of the clamp before the clamp is prop-
erly disposed around the needle, or the linkage may oth-
erwise be configured to extend the shaft before closing
of the clamp. In some embodiments, the shafts, clamps,
and needle may move axially slightly relative to the hous-
ing of the body when the handle is cycled.
[0022] Conveniently, a release input may be provided
on the suturing device so as to release the needle from
both the first and second clamps. The needle may com-
prise an off-the-shelf needle which is sold primarily for
standard open or laparoscopic procedures. These nee-
dles often come prepackaged with suture, and are avail-
able in a large variety of needle sizes and configuration,
suture types (including resorbable and non-resorbable
sutures), and the like, often at very modest costs. Alter-
natively, specialized needles may also be employed. An
alternatable latch may optionally maintain either of the
clamps closed over the needle during needle manipula-
tion. The body and handle may be configured so that a
rigid portion of the body can be comfortably grasped by
the hand while a portion of the hand (such as the fingers)
articulates the handle, so that inadvertent movement of
the body and needle relative to the hand is inhibited. The
surgeon may optionally plastically bend a distal extension
of the body along its longitudinal axis for use with a par-
ticular patient physiology. In such embodiments, drive
components within the body will typically be sufficiently
flexible to allow operation of the clamps through the bent
body
[0023] Described herein is a suturing device for use
with a suture needle. The device comprises a body hav-
ing a proximal end and a distal end. A first clamp is dis-
posed near the distal end of the body. A second clamp
is also disposed near the distal end of the body. A linkage
effects movement of the first and second clamps between
a grasping configuration and a displaced configuration.
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Each clamp grasps the needle at an associated grasping
location in the grasping configuration, and is laterally dis-
placed from the needle in the displaced configuration.
The grasping locations are substantially fixed relative to
the body.
[0024] Described herein is a suturing device for use
with a suturing needle. The device comprises a body hav-
ing a proximal end and a distal end. A handle is disposed
near the proximal end of the body. The handle is actuat-
able from a first configuration to a second configuration
and back to the first configuration so as to define an ac-
tuation cycle. A first clamp and a second clamp are dis-
posed near the distal end of the body, and the clamps
are coupled to the handle so that an actuation cycle ini-
tiated while the first clamp is grasping the needle results
in grasping of the needle with the second clamp and re-
lease of the needle from the first clamp, and (optionally)
then in the first clamp grasping the needle and the needle
being released from the second clamp.
[0025] In yet another aspect, the invention provides a
suturing device for use with a suturing needle. The su-
turing device comprises a body having a proximal end
and a distal end, with a clamp extendable distally of the
body. Biasing means is coupled to the clamp to urge the
clamps closed sufficiently to grasp the needle therein for
suturing with the needle. An articulatable handle is dis-
posed near the proximal end of the body, and a linkage
couples the handle to the clamp so that manual articula-
tion of the handle opens the clamp to release the needle.
Such suturing devices may optionally have only a single
needle-grasping clamp.
[0026] Described herein is a suturing device for use
with a suturing needle. The suturing device comprises a
rigid body having a proximal end and a distal end, and a
clamp extendable distally of the body. An articulatable
handle near the proximal end of the body is configured
for manipulation by fingers of a hand while the hand en-
gages the body near the proximal end. A linkage coupling
the handle to the clamp so that manual articulation of the
handle by the fingers effects opening and closing of the
clamp to grasp and release the needle. Only a single
clamp maybe provided, or a plurality of clamps, with the
device ideally enhancing control over movement of the
needle by the hand by inhibiting movement of the needle
relative to the hand during opening and closing of the
clamp.
[0027] Described herein is a method for securing su-
ture using a needle driver. The method comprises placing
a suture through a tissue by grasping a proximal end of
a needle with the needle driver and inserting the needle
into the tissue at a first insertion point. The needle is
inserted with the needle driver so that a distal end of the
needle protrudes from the tissue at a first exit point. The
distal end of the needle is grasped by the needle driver
and pulled distally from the tissue, with the suture being
coupled to the needle. A first suture loop is formed in the
tissue by, after the suture has been placed through the
tissue, again supporting the proximal end of the needle

with the needle driver, inserting the needle into the tissue
at a second insertion point and removing the needle from
a second exit point in a manner similar to that used to
first place the suture through the tissue. A second loop
is formed in a similar manner, resulting in a third insertion
point and a third exit point, and a third loop is also formed.
The third loop extends across at least one (and preferably
both) of the first and second loops between a third exit
point and the fourth insertion point so as to define crossed
loops in the suture. The needle is pulled from the fourth
exit point sufficiently that the crossed loops secure the
suture to the tissue. Advantageously, this knot may be
formed without releasing the needle driver from the hand
of the surgeon. The needle grasping and driving devices
described herein are particularly advantageous for use
in this method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Fig. 1 is a perspective view of a suturing device with
one of the clamps of the suturing device grasping a
suturing needle.

Fig. 2 is a perspective view of a proximal portion of
the suturing device of Fig. 1, with a cover removed
from a proximal housing of the suturing device to
show a portion of a linkage coupling a handle of the
suturing device to the clamps of the suturing device.

Fig. 3 is an exploded perspective view of compo-
nents of the linkage shown in Fig. 2.

Fig. 4 is an exploded view of a distal portion of the
suturing device of Fig. 1, showing components of a
clamp along with a reciprocatable shaft and ele-
ments of the linkage that effect movement of the re-
ciprocatable shaft and actuation of the clamp.

Figs. 5-9 are perspective views showing use of the
device of Fig. 1 for suturing tissues.

Fig. 10 is a perspective view of an alternative suturing
device having first and second clamps which both
reciprocate and rotate away from a suturing needle
after releasing of the needle from the clamp.

Fig. 11 is an exploded view of the suturing device of
Fig. 10 showing some of the components of its drive
linkage.

Figs. 12-14 are partially exploded perspective views
showing a portion of an actuation cycle of the sutur-
ing device of Fig. 10, and showing how the clamps
both reciprocate and rotate away from the suturing
needle.
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Figs. 15-17 are perspective views of components of
the suturing device of Fig. 10, showing how rotation
of the reciprocatable shaft is effected.

Fig. 18 is a perspective view of another an alternative
suturing device which holds a suture needle so that
an axis of the needle extends along an actuation
plane of a handle of the device.

Fig. 19 is a perspective view of a suturing system
including the suturing device and needle of Fig. 18,
with a cover removed so as to show components of
a linkage coupling the actuatable handles of the de-
vice to clamps for holding the needle.

Figs. 20 and 21 are detailed views illustrating recip-
rocatable shafts and drive linkages configured to ef-
fect movement and actuation of the clamps in the
suturing device of Fig. 18.

Fig. 22 is a perspective view of yet another alterna-
tive suturing device and system having a drive sys-
tem including a rack and cams.

Fig. 23 is a perspective view of the suturing device
of Fig. 22 with a cover removed so as to show com-
ponents of the drive system of the device.

Figs. 24A and 24B illustrate an exemplary suturing
device in which the clamps are releasably coupled
to the body of the device, allowing the clamps to be
disposable to avoid cross contamination between
differing patients without having to sterilize the clamp
structures.

Figs. 25A and 25B are a side view and top cross-
sectional view, respectively, of another embodiment
of a suturing device having a drive linkage with an
alternatable drive element for moving first one clamp
and then the other, and also having an alternatable
latch for inhibiting movement of the clamp that is not
being driven.

Fig. 26 is an exploded view schematically showing
some of the components of the drive linkage of the
suturing device of Figs. 25A and 25B.

Figs. 26A-26M are cross-sectional views schemati-
cally illustrating actuation of the linkage of the sutur-
ing device of Figs. 25A and 25B.

Figs. 27A-27C are perspective views of a distal por-
tion of an alternative suturing mechanism in which
axially offset clamps alternately grasp proximal and
distal portions of a ski-jump suturing needle.

Fig. 28 is a perspective view of an alternative suturing
device having a single needle-grasping clamp.

Fig. 29 is a side view schematically illustrating a su-
turing device similar to that of Fig. 25A in which an
extension of the body between the clamps and prox-
imal housing has been manually bent for a particular
patient, in which the clamps are actuatable through
the bent extension, and which is being grasped by
a hand of a surgeon.

Figs. 30A-30D are perspective views schematically
illustrating steps in tying a knot, where the knot can
optionally be tied by manipulating the two-clamp su-
ture devices described herein without the surgeon
releasing the suturing device from his or her hand.

Figs. 31A and 31B schematically illustrate a suture
knot tied according to the method of Figs. 30A-30D.

Embodiments can significantly increase the speed and
ease of suturing, particularly when suturing of long inci-
sions or where large numbers of stitches are to be de-
ployed.
[0029] The invention should find a wide variety of ap-
plications for stitching anatomical tissues in both humans
and animals. Along with endoscopic operations (for ex-
ample, in laparoscopy) these structures and methods
may find use in other areas of surgery where tissues are
to be stitched, providing particular advantages for stitch-
ing of large incisions by increasing the ease and speed
with which each individual stitch may be placed, as well
as facilitating and expediting the formation of knots in the
suture. The suturing devices and associated methods
described herein may, for example, be used suture a
wide variety of strata of anatomical tissues, including (but
not limited to) subcutaneous layers, fascia, the outer skin,
various organs (including the uterus), and the like. While
exemplary embodiments are set forth below, these su-
turing devices and methods may be applicable to a wide
variety of suturing operations, including open surgery,
large and small cavity procedures, endoscopic proce-
dures, microsurgeries (including for suturing of veins, ar-
teries, and the like), and many specialized surgeries. Em-
bodiments of these devices may be particularly useful
for surgeries involving long incisions, including plastic
surgeries. A wide variety of blood vessels, including both
veins and arteries, may also be stitched using the tech-
niques described herein, for formation of anastomoses
and the like. Along with increasing the speed and/or ease
of forming surgical suture stitches, embodiments will of-
ten maintain the control a doctor has over the placement
of the sutures by maintaining a fixed relationship between
the movements of the doctor’s hand and the insertion
and withdrawal of the suturing needle. Hence, among
the procedures which may benefit from the invention are
subcuticular peritoneum, fascia closure, and skin clo-
sure.
[0030] While embodiments may include (or be used
within) a powered or automated system, optionally mak-
ing use of electromechanical power, hydraulic power, or
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the like (for example, with some embodiments being in-
cluded within a robotic system), other embodiments may
be configured for manual manipulation by one or more
hands of a surgeon, often without having to resort to com-
plex subsystems or external power.
[0031] Many embodiments of the devices described
herein will be sterilizable so as to allow repeated use.
Sterilization may be effected using autoclave techniques,
chemical sterilization, irradiation, or the like, with most or
all of the structures of the suturing device being formed
of materials suitable for repeated sterilization (such as
stainless steel, other metals and alloys, and the like). In
general, the suturing device may comprise one or more
plastics and/or metals common to surgical devices. Al-
though specialized or proprietary suturing needles may
be employed in some embodiments (for example, nee-
dles having flat gripping surfaces so as to maintain an
alignment between the needle and an associated clamp),
many embodiments of the suturing device will be suitable
for use with standard off-the-shelf suture needles such
as those packaged with any of a wide variety of perma-
nent or resorbable suture materials in a hermetically
sealed package. In fact, the invention may find some of
its most immediate applications for facilitating surgical
procedures performed manually in Third World countries,
allowing physicians to treat a larger number of patients
with greater ease than can be done using standard su-
turing techniques, but without the cost or complexity of
recently-proposed automated suturing systems.
[0032] Referring now to Fig. 1, an exemplary suturing
system 100 generally includes a suturing device 102 and
a needle 1. Needle 1 generally has a proximal end 104
and a distal end 106, with at least the distal end being
sharpened to facilitate insertion of the needle distally into
and through tissues. Surgical needles are often formed
with a curving shape between the proximal and distal
ends, and are often packaged with a suture extending
from proximal end 104, with the needle sometimes being
referred to as an acus.
[0033] Suturing device 102 generally has a body 112
having a proximal end 108 and a distal end 110. A pair
of clamps 3 are disposed near the distal end 110, while
first and second handles 6, 8 are disposed near proximal
end 108. Body 112 may include a proximal housing 7
and a distal extension 4. The distal extension may have
a pair of channels, with each channel reciprocatably re-
ceiving a shaft 2 supporting an associated clamp 3.
[0034] In this examplary suturing system, clamps 3 are
mirror-symmetric, although they may alternatively have
differing shapes. Clamps 3 are generally offset so as to
grip axially offset portions of needle 1, with one of the
clamps gripping a more proximal portion of the needle
and the other clamp gripping a more distal portion of the
needle. When handles 6, 8 are in a close-handed con-
figuration as illustrated in Fig. 1, only one of clamps 3 will
typically grip needle 1, the other clamp being retracted
proximally away from the needle. Handles 6, 8 have
openings for receiving fingers of the surgeon’s hand, and

the surgeon will typically actuate the handles by opening
them from the closed-handed configuration shown to an
open-handed configuration 114. Starting with handles 6,
8 in the closed (as shown in Fig. 1), when the handle is
moved to open-handed configuration 114 and is then re-
turned to the closed-handed configuration, the handle
may be described as having completed an actuation cy-
cle.
[0035] With each actuation cycle of handles 6, 8, the
clamp 3 supporting needle 1 is alternated so that a needle
initially supported by grasping the needle in first clamp
along a proximal portion of the needle will, when handles
6,8 are in open-handed configuration 114, instead be
supported by the second clamp along a more distal por-
tion of the needle. As handles 6,8 move back to the
closed-handed configuration to complete the cycle, the
clamps again alternate, so that closing of the handle re-
sults in extension of the proximal clamp, gripping of nee-
dle 1 with that proximal clamp, release of the needle from
the distal clamp, and retraction of the distal clamp. The
position of needle 1 relative to body 112 may remain sub-
stantially fixed throughout the handle actuation cycle, al-
though the shafts may move axially slightly as the needle
goes from being held by one clamp, to both clamps, and
then to the other clamp, with this movement of the needle
being less than a length of the needle.
[0036] Referring now to Figs. 1 and 2, handles 6, 8 are
pivotally attached to housing 7 of body 112. Housing 7
generally includes at least one lid 9 (the top lid shown
removed in Fig. 2), with the proximal housing preferably
including opposed first and second lids 9 on opposed
major surfaces of the body. Lids 9 and the other struc-
tures of housing 7 generally enclose a drive linkage 116
coupling handles 6, 8 to clamps 3. In the example of Figs.
1-9, drive linkage 116 generally includes a drive wheel
11 and two driven wheels 10 and 12. The driven wheels
10 and 12 are mirror-symmetric and joined by tie rods 14
and 21 to clamps 3.
[0037] Referring now to Figs. 1-3, driven wheel 10 has
a thrust surface 24, while driven wheel 12 has a stop
surface 23 and an incline 22. The driving wheel is sup-
ported so as to rotate about an axle 20, the driving wheel
also having a lug 13. The driving wheel 11 is coupled to
handles 6, 8 by ties 18 and 19, so that actuation of the
handles relative to the body 7 induces rotation of driving
wheel 11 about the axle. The driven wheels 10, 12 rotate
coaxially with driven wheel 11.
[0038] Lug 13 generally comprises an alternatable
configuration driving element. Lug 13 either drivingly cou-
ples driving wheel 11 with driven wheel 10, or with driven
wheel 12, depending on the configuration of lug 13 at the
time. More specifically, when lug 13 is disposed above
a guide 15 as shown in Fig. 2, the lug drivingly couples
the driving wheel 11 with the upper driven wheel 10.
When lug 13 is disposed below guide 15, the lug drivingly
engages driven wheel 12, and is disengaged from driven
wheel 10. A reset or release input button 16 interacts with
guide 15 and a spring-loaded positioning arm 17 so as
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to allow both clamps 3 to release needle 1.
[0039] As can be understood with reference to Figs.
1-4, each clamp 3 is connected by an associated shaft
2 to the remaining components of drive linkage 116.
Shafts 2 each include a lengthwise slot 118 (see Fig. 4),
which allows the shaft to move within the channels of
body extension 4. Guiding pins 32 ride in slots 118, and
the guiding pins 32 are also fixed in extensions 4 within
openings 5.
[0040] Moving wedges 31 within shafts 2 also have
lengthwise slots 118 for receiving guiding pins 32. The
wedge surfaces of moving wedges 32 engage corre-
sponding surfaces of working jaws 25, with the working
jaws forming the open and closable structure of clamps
3. More specifically, distal movement of moving wedge
31 against a corresponding surface of working jaws 25
closes clamps 3, the working jaws being attached to a
distal clevis of shaft 2 by axle 27. A spring ring 30 biases
working jaws 25 to an open configuration, allowing them
to move around and capture needle 1 before the working
jaws are forced shut by the moving wedges.
[0041] Working jaws 25 may have a variety of surfaces
for holding needle 1 , the clamps preferably holding the
needle so that movement of the needle relative to sutur-
ing device 100 is inhibited during stitching. The surfaces
of working jaws 25 may be hardened by deposition of
diamond or a diamond-like carbon, or inserts 26 of a ma-
terial harder than that of working jaws 25 may be provid-
ed. Optionally, working jaws 25 may have hard-surfaced
inserts comprising tungsten and/or cobalt, with the in-
serts optionally being fabricated using powder sintering
or the like.
[0042] A return spring 29 extends between pin 28 in
working jaws 25 and the guiding pin 32, with the return
spring partially fixed within a lumen of moving wedge 31.
A spring 34 in the proximal portion of moving wedge 31
is held by a plug 37, with the distal end of spring 34 in-
teracting with shaft 2 via thrust ring 33. Spring 34 can
bring the moving wedge 31 into a position suitable for
releasing the working jaws. A compensation spring 36
pressed against plug 37 writes on a rod 35 of a pusher
42 so as to maintain a desired axial force. Pusher 42 has
an insert 40, which is connected with the pusher 42 by
pin 39 and lug 38. The lug rotates about axle 41.
[0043] When handles 6 and 8 are moved apart to an
open-handed configuration 114, a retracted clamp 3 and
its associated shaft 2 moves from within a channel of
body extension 4. While retracted, the moving wedge 31
is biased by spring 34 away from working jaws 25, so
that spring ring 30 is free to open the clamp to allow it to
extend around needle 1. Extension of compensating
spring 34 may be at its greatest point while the associated
clamp 3 is retracted, and insert 40 extends from pusher
42 with lug 38 in the insert.
[0044] As handles 6 and 8 are brought together, driving
wheel 11 is turned by connector ties 18, 19. Lug 38 in-
teracts with thrust surface 24 of driven wheel 10 and
moves the driven wheel 10 in rotation. The motion of

driven wheel 10 is transferred by tie rod 14 so as to move
insert 40 axially along body extension 4. The insert, in
turn, moves the pusher 42 along body extension 4, the
relative position of the insert 40 and pusher 42 being
maintained by an inner surface of shaft 2 interacting with
plug 30 so as to inhibit rotation of the plug about axle 41.
Pusher 42 presses spring 34 and compensation spring
32, and via plug 37 and thrust ring 33, moves shaft 2.
The movement of shaft 2 overcomes spring 29 and ex-
tends the shaft from the channel of body extension 4.
[0045] During distal movement of pusher 42, spring 34
and compensating spring 36 are sufficiently stiff so as to
inhibit elongation, as their spring coefficients are signifi-
cantly higher than that of return spring 29. However, en-
gagement between an end of slot 118 in shaft 2 and guid-
ing pin 32 eventually inhibits further distal movement of
the shaft.
[0046] Once shaft 2 has stopped its distal movement
(due to engagement of lengthwise slot 118 with guiding
pin 32), spring 34 begins to contract, its rigidity being
lower than that of compensating spring 26. As a result,
moving wedge 31 begins to extend distally relative to
working jaws 25, the corresponding surfaces of the
wedge and working jaws sliding against each other so
as to move the proximal ends of the working jaws apart
and bringing the distal needle gripping inserts 26 of work-
ing jaws 25 together so as to grasp needle 1. As spring
34 contracts, contraction of compensation spring 36 also
begins and the insert 40 moves. When lug 38 extends
into and/or engages window 2a of shaft 2, pusher 42
engages a surface of body extension 4 or proximal hous-
ing 7, and axial movement of the pusher stops. Insert 40
continues moving, so that lug 38 rotates around axle 41.
The lug interacts with an edge of shaft 2 and, overcoming
compensation spring 36, starts to draw shaft 2 and its
contents into body extension 4.
[0047] The clamping force on needle 1 by clamps 3
may be determined by the spring characteristics of com-
pensating spring 36 so as to remain within a desired
range. Advantageously, the clamping force imposed by
suturing device 100 on needle 1 may correspond to forc-
es applied by standard needle holders. Thrust surface
23 of driven wheel 12 approaches a tooth of spring-load-
ed fixing arm 17, and overcoming the spring, the thrust
surface passes under the tooth, releasing the tooth so
that the tooth and thrust surface are positioned for neutral
engagement. After the thrust surface 23 of the driven
wheel 12 passes beyond the tooth of spring loaded fixing
arm 17, engagement of the thrust surface and tooth inhibit
the return of the driving linkage 116 to its prior configu-
ration, thereby inhibiting the release of needle 1 from the
closed working jaws 25 so that the needle is not dropped.
[0048] As handles 6, 8 continue to move toward the
open-handed configuration of the handle actuation cycle,
movement of driven wheel 12 is inhibited by spring-load-
ed fixing arm 17. Driving wheel 11 nonetheless turns,
and is reset. More specifically, incline 22 of driven wheel
12 moves lug 13 from a configuration above guide 15 to
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a configuration in which the lug is disposed under the
guide. Hence, when handles 6, 8 continue to move, here
towards a closed-handed configuration, the lug 13 will
interact with thrust surface 24 of the driven wheel 10. The
description above regarding driven wheel 12 is thus re-
peated but with driven wheel 10 instead. When moving
under the spring-loaded fixing arm 17, the thrust surface
23 of driven wheel 12 lifts the spring-loaded fixing arm
17 and releases driven wheel 10.
[0049] By action of spring 34, moving wedge 31 is re-
tracted proximally from between the proximal ends of
working jaws 25, so that the proximal ends of the working
jaws are brought together by spring-loaded ring 30. Distal
ends of working jaws 25 thereby move apart and the nee-
dle is released.
[0050] Each repeated opening and closing actuating
cycle of handles 6, 8 alternates the needle between being
held by one, and then the other of clamps 3, and often
back to the first clamp. In other embodiments, each han-
dle actuation cycle effects transfer of the needle from one
clamp to the other, with the needle returning to be held
solely by the first clamp only with a second handle actu-
ation cycle. Regardless, during each cycle each retracted
clamp is preferably extended around an associated por-
tion of needle 1 and is closed before the previously ex-
tended clamp opens, so that the needle is held continu-
ously by at least one of clamps 3 throughout the handle
actuation cycle.
[0051] If it is desired to release needle 1 from suturing
device 112 at any time during, before, or after a handle
actuation cycle, release can be effected by pressing on
release input button 16. Pressing on button 16 causes
spring-loaded fixing arm 17 to lift away from driven
wheels 10 and 12, thereby resetting the clamps in their
proximal opened configuration.
[0052] Referring now to Figs. 5-9, the use of suturing
device 102 for suturing an incision I in tissue T can be
understood. Initially, handles 6, 8 (see Fig. 1) are in a
closed-handed configuration and the handles are
grasped by a hand of a surgeon. Needle 1 is supported
by a first clamp 3a, with the first clamp grasping a proximal
portion of the needle adjacent a suture S. The second
clamp 3b is retracted proximally away from needle I, so
that a distal portion of the needle is free and exposed,
as illustrated in Fig. 5.
[0053] As can be understood with reference to Fig. 6,
the surgeon manually moves suturing device 102 by ma-
nipulating handles 6, 8 so as to insert a distal portion of
suturing needle 1 through tissue T. Advantageously,
body 112 and linkage 116 (see Fig. 2) of suturing device
102 inhibits relative movement of needle 1 relative to the
body and handles 6, 8 of the suturing device while the
handles are closed. This allows the surgeon to precisely
control movement of the needle 1 as it is inserted through
the tissue, in a manner analogous to manual manipula-
tion of the needle using a standard needle grasper or
forceps. As can be understood with reference to Figs. 6
and 7, once the distal portion of needle 1 extends suffi-

ciently through the tissue, handles 6, 8 can be cycled
through at least a portion of their actuation cycle. Through
the linkage 116, second clamp 3b is extended distally
from body 112 of suturing device 102, grasping the distal
portion of needle 1. The first clamp 3a then releases nee-
dle 1 and is withdrawn proximally from around the needle,
as illustrated in Fig. 8.
[0054] As can be understood with reference to Figs. 8
and 9, once needle 1 is held by second clamp 3b, the
surgeon can again manipulate the needle by moving han-
dles 6, 8. In some embodiments, the surgeon can grasp
the handles in an open-handed configuration while pull-
ing the needle free from the tissue, while in other embod-
iments the needle will be pulled after the handle has re-
turned to the closed-handed configuration. Regardless,
the surgeon uses the handles, body, and clamp 3b to pull
the proximal portion of needle 1 through tissue T, thereby
leaving suture S inserted across incision I.
[0055] Prior to initiating a second stitch, the surgeon
can cycle handles 6, 8 by closing the handles with his/her
hand, or by opening and closing the handles through a
full actuation cycle. This results in grasping of needle 1
by first clamp 3a and release of the needle by second
clamp 3b, exposing the distal portion of the needle and
displacing the second clamp from the needle so that the
needle is ready to again insert through tissue T, as can
be understood with reference to Fig. 5. The process can
then be repeated without ever having to completely re-
lease needle 1, and by simply actuation of handles 6, 8
after insertion of the distal portion of the needle through
the tissue and again after each pulling of the needle free.
The process is repeated to form as many stitches as is
desired. Analogous insertion of the distal portion of the
needle through loops of suture, actuation of the handle,
and pulling the needle free can be used to quickly and
easily form knots.
[0056] As can be understood from the illustrations in
Figs. 5-9, and as may be indicated by the detailed de-
scription above of the articulation of the drive linkage,
shafts 2 extending distally from body 112 to clamps 3a,
3b may move slightly during the handle actuation cycle,
for example, with the shaft supporting the clamp initially
holding needle 1 retracting slightly into body 112 as the
other shaft extends. Nonetheless, each clamp holds the
needle at a fixed location while the surgeon holds the
handles 6, 8 in the closed configuration and inserts or
withdraws the needle into or from the tissue.
[0057] Referring now to Figs. 10-22, a wide variety of
alternative linkage mechanisms, clamp structures, hous-
ing, handles, and the like may be employed. Referring
first to Fig. 10, an alternative suturing device 130 may
include clamps 43, 44 which both retract proximally and
rotate away from needle when not used to hold the nee-
dle. Referring now to Figs. 10-17, and avoiding describ-
ing structures which are substantially similar to those de-
scribed above, clamps 43 and 44 have bent-shaped in-
serts 54 made of a hard alloy (see Fig. 15). Proximal
ends of clamps 43 and 44 may have conical surfaces 55
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which are located, sized, and configured so as to interact
with a distal port of shaft 47, and more specifically, so
that proximally withdrawing the working jaws of clamps
43, 44 into sleeve 47 closes the working jaws of these
clamps.
[0058] Shaft 47 has a lengthwise slot 52 for receiving
a guiding pin, while a proximal extension of the working
jaws of clamps 43, 44 has a spiral lengthwise slot 51
receiving guiding pin 48. Shafts 47 are connected with
pushers 53, and ride in distal body extension 45, with the
distal body extension again having openings for receiving
the guiding pins.
[0059] In alternative suturing device 120, as the guid-
ing pins 45 ride within spiral slot 51 due to axial motion
of clamps 43, 44, the clamp rotates away from a needle
1 about the axis of shaft 47 when the clamp retracts prox-
imally.
[0060] The rotation of clamps 43, 44 with axial move-
ment of shafts 47 as effected by actuation of handles 6,
8 can be understood with reference to Figs. 12-13. As
can be seen in Fig. 12, a first rotatable clamp 43 holds a
proximal portion of needle 1 while handles 6, 8 are in a
closed-handed configuration, while second rotatable
clamp 44 is both withdrawn proximally and rotated clear
of the needle. As the handles begin to open, as illustrated
in Fig. 13, distal movement of shaft 47 of second rotatable
clamp 44 imparts a twisting motion to the clamp due to
the interaction between the guiding pin 48 and the helical
slot 51 (see Fig. 11). The second rotatable clamp 44 can
rotate into position and extend around needle 1, with the
second clamp 44 grasping needle 1 and first clamp 43
withdrawn proximally and rotated free from the needle
when the handles are in their fully opened configuration.
Once again, a full actuation cycle from a closed config-
uration to an open configuration and back to a closed
configuration may result in the needle alternating from
being grasped by the first clamp along a proximal portion
of the needle, then being grasped by the second clamp
along a more distal portion of the needle (with the handles
in the open configuration), and with the needle again be-
ing grasped solely by the first clamp when the handles
are returned to the closed configuration. The structure
and rotation of rotatable clamps 43, 44, along with the
associated interaction between shaft 47 and guiding pin
48 are also illustrated in Figs. 15-17.
[0061] Referring now to Figs. 18-21, a still further al-
ternative suturing device 140 has first and second clamps
142, 144 formed by working jaws 56, 57 connected at an
axle 58. The shafts supporting clamps 142, 144 here
comprise flattened structures 60 located within channels
of body extension 61. Shafts 60 interact with rods 67 of
pusher 63. This linkage couples handles 62 to clamps
142, 144 using a moveable rod 65 and an immovable
fixing arm 66, along with a flat spring 64. Rods 67 of
pushers 63 have inclines 68 which function to open and
close the clamps, as can be understood with reference
to Figs. 20 and 21.
[0062] Note that in example 140, needle 1 generally

extends along a plane of actuation of handle 62. In con-
trast, in suturing device 102, illustrated in Fig. 1, needle
1 generally extends across the handle actuation plane.
Ergonomically, there may be advantages in orienting the
needle so that it traverses the handle actuation plane as
shown in Fig. 1. Such a configuration may conveniently
be used by either a right hand or a left hand of the sur-
geon, although embodiments configured for use by only
one or the other may also be provided.
[0063] Referring now to Figs. 22 and 23, yet another
alternative suturing device 160 has an external appear-
ance somewhat similar to suturing device 140 of Figs.
18 and 19, but makes use of a significantly different link-
age mechanism for coupling handle 72 to clamps 69, 70.
The clamps again extend from associated channels in
body 71, but the linkage here makes use of a rack 77
actuated by a rod 84.
[0064] First clamp 69 has elongate levers 73 and 74,
while second clamp 70 has levers 75 and 76. Tie rods
83 and 85 axially actuate rack 77 via rod 84, resulting in
rotation of cams 78, 79, and large cams 81, 82. The large
cams axially extend associated levers 74 and 75 so as
to axially extend their associated clamps, while a spring
80 proximally withdraws the clamps when allowed by
their cams. The small cams open and close the clamps
via levers 73 and 76, with the levers generally acting as
followers along the cam surfaces.
[0065] Referring now to Figs. 24A and 24B, an alter-
native suturing device system 202 may include many
functional components which are similar to those de-
scribed above, but can generally be separated into a re-
usable drive unit 204 and a disposable clamp unit 206.
A releasable coupler 208 releasably couples clamp unit
206 to the drive unit 204. The exemplary coupler includes
an interface that provides rigid coupling between exten-
sions 210 of the clamp unit 206 and proximal housing
212 of drive unit 204, and also provides moving engage-
ment surfaces between the shafts of the clamp unit and
axially moving elements of the drive linkage. While the
exemplary releasable coupler 208 includes axial posi-
tioning surfaces (in the form of a pin of drive unit 204 and
corresponding aperture of clamp unit 206) and a releas-
able latch to avoid inadvertent decoupling, a wide variety
of alternative releasable couplers might also be em-
ployed. The exemplary clamp unit includes two clamps.
In some embodiments, each clamp may be individually
attached to a drive unit 204. Regardless, allowing the
clamps to be detached from the drive unit can avoid any
need for making the clamps sterilizable, decreasing over-
all costs of the suturing system and helping to ensure
that cross-contamination between patients is inhibited.
A plurality of clamp units 206 will often be used with each
drive unit 204, with each clamp being used for a single
patient and then being disposed of.
[0066] A suturing device embodiment 220 can be seen
in side and cross-sectional top views in Figs. 25A and
25B. An elongate extension 222 coupling proximal hous-
ing 224 to clamps 226 may facilitate use of suturing de-
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vice 220 in endoscopic surgery or the like. In this embod-
iment, actuation of drive linkage 228 is generally effected
by movement of a single articulatable handle 230a rela-
tive to a grasping base 232 that is affixed to proximal
housing 224. By allowing the surgeon to grasp a structure
that remains rigidly affixed relative to the suturing device
body with one portion of the hand, and articulate handle
230a with the fingers of that hand, the overall position of
suturing device 220 (and clamps 226, along with any nee-
dle supported therein) can be accurately maintained. As
with the other embodiments described herein, a release
233 will often be provided that, when actuated, releases
a needle from both clamps and sets the two clamps in a
needle-receiving configuration.
[0067] The components and use of drive linkage 228
of suturing device 220 can be understood with reference
to Fig. 26 and Figs. 26A-26M. As generally described
above, drive linkage 228 includes an alternatable drive
element 230 for alternating the driving of first one and
then the other of the two clamps. Additionally, drive mech-
anism 228 includes an alternating latch or anchor 232
for inhibiting axial movement of the clamp that is not cur-
rently being driven. Drive linkage 228 further makes use
of a channel casing 234 in which a movable tubular shaft
236 slides along an axis 238. First and second pushers
240, 242 and a cone with a rod 244 are disposed along
axis 238, while a striker 246 and a stop pin with a spring
248 are disposed off of axis 238.
[0068] Reviewing the sequence of actuation of these
components schematically, Figs. 26A shows the compo-
nents of drive linkage 228 at a beginning configuration
(such as after actuation of the release), with both clamps
226 in a configuration that is open and ready to receive
a needle. In Fig. 26B, alternatable drive element 230
drives a first shaft 236 distally along its axis till the shaft
engages pin 248. Needle 250 is disposed within the
clamp, with the alternatable drive element 230 continuing
to move axially with movement of the handle.
[0069] In Fig. 26C, continuing movement of drive ele-
ment 230 has produced axial movement of pin 248 so
as to compress its spring, so that the pin stops moving
axially. As a result, continuing movement of drive element
230 does not produce additional movement of shaft 236,
but instead causes the cone with its rod 244 to move
within the shaft 236 till it reaches its distal position, as
shown in Fig. 26D.
[0070] Additional movement by drive element 230 re-
sults in axial movement of pushers 240, 242, causing the
striker 246 to move into alignment with a window in the
shaft 236, and thus allowing the striker to engage and
reposition latch 232. As the reconfigured latch 232 inhib-
its proximal movement of shaft 236, the handle may be
returned (often to its extended position, as can be under-
stood with reference to Fig. 26F) without movement of
shaft 236.
[0071] Once the handle returns to its starting or ex-
tended position, needle 250 may be inserted into and
through the tissue. Returning of the handle also recon-

figures alternatable drive element 230 to engage the oth-
er, previously non-driven clamp actuation components,
with the other shaft 236 again moving distally along its
axis due to movement of the handle to engage and com-
press pin 248 (as seen in Figs. 26H and 26I), inducing
axial movement of the cone and rod 244 and allowing
the associated striker to again reconfigure the alternat-
able latch 232 (see Figs. 26J and 26K). Reconfiguring
the latch allows the extended, non-driven clamp 226 to
retract proximally to the configuration shown in Fig. 26L
under the influence of its proximal return spring, this re-
traction optionally occurring quite quickly. The handle
may now again be released, with the reconfigurable drive
element 230 again being reset to alternate the driven and
latched clamps, as shown in Fig. 26M.
[0072] Structures and methods which inhibit gradual
displacement of needle 250 relative to suturing device
220 during repeated cycling of drive linkage 228 can be
understood with reference to Figs. 26I and 26K. As each
clamp 226 is extended to grasp needle 250, the clamp
advances distally slightly beyond the eventual location
at which the clamp will hold the needle for suturing. This
stresses and/or displaces the needle slightly, and the
clamp then grasps the needle at the extended location.
The extended location will typically be less than 20 di-
ameters of the needle past the other clamp, typically be-
ing a few needle diameters distal of the other clamp
(smaller needles generally employing smaller stress-in-
ducing distances). The grasping clamp that is to retain
needle 250 is retracted slightly to the grasping location
and the other clamp is opened, so that needle 250 is
positioned for the next cycle, i.e., so that the other clamp
will again stress the needle before it is grasped. This
slight alternating overshoot during grasping of the needle
helps maintain the needle near the proximal end of the
grasping jaws during cycling. The needle may also be
manually pre-angled by the surgeon, either proximally or
distally, to facilitate proximal or distal suturing. For ex-
ample, the distal tip of the needle may extend or angle
distally of the grasping clamps, rather than the needle
being disposed perpendicular relative to the axes of the
shafts. Cycling of drive linkage 228 will largely reproduce
and maintain the grasping angle as the clamps alternat-
ingly grasp the needle, with some gradual trend toward
a perpendicular needle induced by the alternating over-
shoot during large numbers of actuator linkage cycles
(for example, with movement of the distal portion of the
needle proximally along the jaws by a few needle diam-
eters or less with each cycle). Hard metal inserts with
small protrusions or teeth along the grasping jaw surface
may also be beneficial to limit inadvertent movement of
the needle relative to the jaws.
[0073] Referring now to Figs. 27A-27C, a wide variety
of alternative suturing device clamping arrangements
may also be employed. An axially concentric suturing
device 260 is particularly well suited for use with a ski-
jump needle 262. Such needles may comprise a proximal
straight section and a distal curving section, and may be
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commercially available from a number of suppliers with
suture affixed thereto (not shown). A proximal clamp 264
and distal clamp 266 have clamping jaw members which
separate and rotate away from needle 262 to allow the
needle to be inserted into tissue (in the configuration of
Fig. 27A). The drive system may transfer the needle be-
tween the two clamps (Fig. 27B), and allow the needle
to be pulled distally free of the tissue (in the configuration
of Fig. 27C), with the clamps opening and closing with
the cycling of a handle using drive elements that may be
similar to, analogous to, or quite different than at least
some of the drive components described above.
[0074] Referring now to Fig. 28, an alternative suturing
device 270 may make use of many of the drive compo-
nents described above, but may include a single clamp
272. Rather than passing a needle back and forth be-
tween two clamps, suturing device 270 may be used in
a manner analogous to standard needle drivers, and may
be particularly well suited for use in the endoscopic or
other minimally invasive surgeries.
[0075] Fig. 29 schematically illustrates a suturing de-
vice 280 similar to that of Figs. 25A and 25B, with exten-
sion 282 between clamps 284 and proximal body housing
286 here having a bend 288. While such suturing devices
may optionally be sold in a pre-bent configuration, bend
288 may alternatively be imposed by a surgeon, with the
surgeon manually (or optionally, with the assistance of
one or more tools) bending the extension (or another
structure supporting the clamps) to a desired configura-
tion for use in a surgical procedure on a particular patient.
Extension 282 may be formed of a material (typically
comprising a metal or polymer) which can withstand bend
288 while maintaining structural integrity of the suturing
device, and the drive components which move within
bend 288 (such as the axially movable shaft, rod with a
cone, or the like) may be formed of a material (or having
a configuration) which can accommodate lateral deflec-
tion within the bent tubular extension during the actua-
tion, such as by forming drive components of a suitable
polymer, making use of at least a portion of the drive
components which are formed as a helical coil, including
thin, flexible sheet metal components, or the like. In gen-
eral, reconfiguring the drive components or support struc-
tures to employ bent sheet metal parts may also help
reduce manufacturing costs, and the like. Hence, the
shaft may (for example) comprise a sheet metal structure
with end tabs having openings to receive components
therein, and/or the like. The positive control or positioning
of clamps 284 which can be available using a grasping
base that’s originally affixed to the body housing 286
when suturing device 280 is held by a hand H of a surgeon
can also be understood with reference to Fig. 29.
[0076] Referring now to Figs. 30A-30D and Figs. 31A
and 31B, methods for tying a knot 302 can be understood.
Knot 302 may be particularly advantageous for tying with
any of the suturing devices described herein, and may
also be employed with other needle drivers and/or sutur-
ing devices.

[0077] As seen in Figs. 30A and 30D, a first tissue por-
tion T1 may be affixed to a second tissue portion T2 using
a needle 304 and a suture 306 affixed thereto. The needle
has a sharpened distal end and suture 306 is affixed to
a proximal end of the needle, with the needle and suture
typically comprising any of the commercially available
surgical structures. The needle is inserted distally
through the tissue portions as shown in Fig. 30A, for ex-
ample, on either side of an incision or the like, with the
needle entering the tissue at a first insertion point 308a
and exiting the tissue at a first exit point 310a. A first
clamp of the suturing device may effect movement of the
needle from the proximal end portion during insertion,
while a second clamp of the suturing device may grasp
and pull the distal end portion while the needle is pulled
from the tissue, as explained above. The suturing device
or other needle driver will not be shown for simplicity.
[0078] As seen in Fig. 30B, a first loop 312a is com-
pleted by again passing the needle through the tissue
T1, T2, with the needle entering the tissue at a second
insertion point 308b and exiting from a second exit point
310b that are near the first insertion point and first exit
point, respectively. As seen in Fig. 30C, a second loop
312b is similarly formed using an adjacent third insertion
point 308c and third exit point 310c.
[0079] Referring now to Figs. 30D and 31B, a third loop
312c (with associated fourth entry point 308d and fourth
exit point 310d) are formed, with the external portion of
the third loop crossing an exposed portion of at least one
of the first loop 312a and the second loop 312b. Third
loop 312c preferably crosses both first loop 312a and
second loop 312b, as shown. Additional loops may be
formed before, between, and/or after the first, second,
and third loops 312a-312c, and the suture loops may be
pulled tight after each is formed or only after more than
one is formed.
[0080] After forming of the third loop, the needle and/or
suture distal of the third loop is pulled sufficiently tight to
bring the crossing sutures into firm engagement. The su-
ture tension on the outer third loop presses against the
inner first and/or second loop, which is counteracted by
the compression of the encircled tissue within the inner
loops. This, with the friction between suture and the tis-
sue, can effectively anchor the suture to the tissue and
prevent axial movement of the suture when the suture
proximal of knot 302 is pulled proximally, and/or when
the suture distal of the knot is pulled distally.
[0081] Advantageously, knot 302 can be tied using mo-
tions similar to those used to form basic stitches, prefer-
ably without having to remove a needle driver or grasper
such as the suturing devices described herein from the
hand of the surgeon, optionally using only one hand of
the surgeon (often that holds the suturing device) to com-
pletely form the knot. Additionally, deleterious abrasion
of the suture (such as that which can occur when other
knots are tied away from the tissue and then moved down
the suture to the tissue) can be reduced or effectively
eliminated.
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[0082] While exemplary embodiments of the invention
have been described in detail, by way of example and
for clarity of understanding, a variety of modifications,
changes, and adaptations will be obvious to those of skill
in the art. For example, along with the exemplary drive
linkages described herein, still further drive linkages may
be provided, including those making use of cables and
pulleys, worm gears, and the like. Hence, the scope of
the present invention is limited solely by the appended
claims.

Claims

1. A suturing device for use with a suturing needle (1),
the device comprising:

a body (112) having a proximal end (108) and a
distal end (110);
a first clamp (226) near the distal end of the body;
a second clamp (226) near the distal end of the
body;
a linkage (228) effecting movement of the first
and second clamps between a grasping config-
uration and a displaced configuration, each
clamp grasping the needle at an associated
grasping location in the grasping configuration
and laterally displaced from an axis of the needle
in the displaced configuration, the grasping lo-
cations substantially fixed relative to the body;
wherein the body extends along an axis from
the proximal end to the distal end adjacent the
first and second clamps, and further comprising
an alternatable drive element (230) movable lat-
erally from the axis of the body between a first
configuration and a second configuration, the al-
ternatable drive element drivingly coupled to the
first clamp in the first configuration, the alterna-
table drive element drivingly coupled to the sec-
ond clamp in the second configuration; the al-
ternatable drive element movable axially along
the axis of the body so as to actuate and displace
the driven clamp from about the needle.

2. The suturing device of claim 1, further comprising a
handle (230a) disposed at the proximal end of the
body and coupled to the first and second clamps
(226) by the linkage so that actuation of the handle
alternates between:

the first clamp (226) in the grasping configura-
tion and the second clamp (226) in the displaced
configuration, and
the second clamp (226) in the grasping config-
uration and the first clamp (226) in the displaced
configuration.

3. The suturing device of claim 2, wherein the handle

(230a) is configured for grasping by a hand of a sur-
geon and is actuatable between a closed hand con-
figuration and an open hand configuration, move-
ment of the handle (230a) from the closed-hand con-
figuration to the open-hand configuration and back
to the closed-hand configuration defining a handle
actuation cycle, and wherein support for the needle
alternates once between the first clamp (226) and
the second clamp (226) during each handle actua-
tion cycle, and wherein the surgeon can insert the
needle into tissue by closing his hand on the handle
and manipulating the handle (230a) while the needle
is grasped by one of the clamps.

4. The suturing device of claim 3, wherein each clamp
(226) opens after the other clamp has closed during
the handle actuation cycle so that the clamps main-
tain the needle at a substantially fixed location rela-
tive to the body.

5. The suturing device of claim 2, wherein the linkage
(228) comprises the alternatable drive element, the
alternatable drive element moving between the first
configuration and the second configuration with each
handle actuation cycle, the alternatable drive ele-
ment driving a first linkage (228) coupled to the first
clamp in the first configuration and driving a second
linkage (228) coupled to the second clamp in the
second configuration.

6. The suturing device of claim 5, wherein the handle
actuation cycle rotates a drive wheel (11), wherein
the first and second linkages each comprise a driven
wheel (10, 12), wherein the alternatable drive ele-
ment in the first configuration drivingly couples the
drive wheel with the driven wheel of the first linkage,
and wherein the alternatable drive element in the
second configuration drivingly couples the drive
wheel with the driven wheel of the second linkage.

7. The suturing device of claim 1, wherein during actu-
ation the linkage displaces the first clamp (226) lat-
erally from around the needle after the second clamp
(226) grasps the needle, and wherein during actua-
tion the linkage displaces the second clamp laterally
from around the needle after the first clamp grasps
the needle.

8. The suturing device of claim 7, wherein each clamp
(226) has a reciprocatable shaft extending proximal-
ly from the clamp to the body, wherein the linkage
(228) reciprocates the shafts relative to the body dur-
ing the actuation cycle so as to move each clamp
distally, and wherein the linkage thereafter closes
the distally extended clamp around the needle.

9. The suturing device of claim 8, wherein the linkage
(228) rotates each clamp (226) about an axis of the
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shaft between a retracted position and an extended
grasping position.

10. The suturing device of claim 8, wherein at least one
associated spring inhibits closing of each clamp be-
fore the clamp is adjacent the needle.

11. The suturing device of claim 1, further comprising a
release input coupled to the linkage (228) so as to
release the needle from the first and second clamps.

12. The suturing device of claim 1, further comprising
the needle, wherein the needle comprises an off-the-
shelf needle sold primarily for standard open or
laparoscopic surgery.

13. The suturing device of claim 1, wherein the clamping
locations of the first and second clamps (226) are
axially offset along a length of the needle and angu-
larly offset so as to accommodate axial curvature of
the needle.

14. The suturing device of claim 1, further comprising a
proximal handle coupled to the body so as to actuate
along a handle actuation plane, wherein the first and
second clamps are oriented to support the needle
so that an axis of the needle traverses the handle
actuation plane.

15. The suturing device of claim 1, wherein the suturing
device is composed of chemically sterilizable mate-
rials.

16. The suturing device of claim 1, further comprising an
alternatable latch (232) movable laterally between a
first configuration and a second configuration in re-
sponse to movement of the drive element, wherein
the alternatable latch (232) in the first configuration
inhibits movement of the first clamp (226), and
wherein the alternatable latch (232) in the second
configuration inhibits movement of the second clamp
(226).

17. The suturing device of claim 1, wherein the body
extends from a proximal handle of the body distally
toward the first and second clamps, and further com-
prising a handle articulatably coupled to the body so
that a hand can grasp and move the body while fin-
gers of the hand articulate the handle, and wherein
the articulation of the handle effects grasping and
releasing of the needle by the clamps.

18. The suturing device of claim 1, wherein an extension
(282) of the body (112) is disposed between the
clamps (284) and a proximal housing (296) of the
body, the extension extending along an axis, wherein
the body is plastically bendable to have an axial bend
(288) desired for a particular patient while the clamps

are supported thereby, and wherein a drive member
is articulatable from within the housing and through
the bent extension so that the clamps can grasp and
release the needle while the body has the bend.

19. The suturing device of claim 1, wherein an actuation
axis extends between each clamp and the body,
each clamp (226) comprising a pair of opposed driv-
en surfaces which angle laterally outwardly along
the axis, wherein the driven surfaces of each clamp
are moved axially by pushing engagement of corre-
sponding driving surfaces of a drive mechanism so
that the clamp moves along the axis, and are driven
laterally by sliding engagement between the driving
surfaces and the driven surfaces so that the clamp
opens and closes.

20. The suturing device of claim 1, wherein the first and
second clamps (226) are altematingly latched by an
alternatable latch (232), and further comprising mov-
ing the alternatable latch laterally between a first con-
figuration and a second configuration in response to
movement of the drive element, wherein the alter-
natable latch in the first configuration inhibits move-
ment of the first clamp, and wherein the alternatable
latch in the second configuration inhibits movement
of the second clamp.

21. The suturing device of claim 1, wherein the suturing
device is configured for manually grasping and ma-
nipulation of the body with a hand of a surgeon,
wherein the body comprises a rigid grasping base
(232), and wherein the clamps (226) are operatively
coupled to an articulatable handle (230a) so that
grasping and releasing of the needle can be effected
by articulating the handle with fingers of the hand
while the hand grasps the grasping base (232) of the
body.

22. The suturing device of claim 1, further comprising a
detachable coupler (208) releasably coupling the
first and second clamps to the body, the first and
second clamps being disposable, and third and
fourth disposable clamps for releasably coupling to
the body in place of the first and second clamps so
that each clamp can be used to suture tissue of only
a single patient.

23. The suturing device of claim 1, wherein cycling of
the linkage effects grasping of the needle with each
clamp by:

extending the clamp (226) slightly beyond the
grasping location of the grasping configuration;
closing the extended clamp (226) on the needle;
and
withdrawing the needle with the clamp to the
grasping location;
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so that gradual displacement of the needle rel-
ative to the body during repeated cycling of the
linkage is inhibited.

24. The suturing device of claim 1, wherein the clamps
(226) accommodate a range of oblique angles be-
tween the needle and a shaft of the clamp for prox-
imal or distal suturing, and wherein cycling of the
linkage substantially maintains the oblique angle.

Patentansprüche

1. Nahtvorrichtung zur Verwendung mit einer Nähna-
del (1), wobei die Vorrichtung Folgendes umfasst:

einen Körper (112) mit einem proximalen Ende
(108) und einem distalen Ende (110);
eine erste Klemme (226) nahe dem distalen En-
de des Körpers;
eine zweite Klemme (226) nahe dem distalen
Ende des Körpers;
eine Getriebekette (228), die eine Bewegung
der ersten und zweiten Klemmen zwischen ei-
ner Greifkonfiguration und einer verschobenen
Konfiguration bewirkt, wobei jede Klemme die
Nadel an einer damit assoziierten Greifstelle in
der Greifkonfiguration fasst und seitlich von ei-
ner Achse der Nadel in die verschobene Konfi-
guration verschiebt, wobei die Greifstellen im
Wesentlichen relativ zum Körper fixiert sind;
wobei sich der Körper entlang einer Achse vom
proximalen Ende bis zum distalen Ende, be-
nachbart von den ersten und zweiten Klemmen
erstreckt und weiter Folgendes umfasst: ein al-
ternierbares Antriebselement (230), das seitlich
beweglich von der Achse des Körpers zwischen
einer ersten Konfiguration und einer zweiten
Konfiguration ist, das alternierbare Antriebsele-
ment, das zum Antrieb an die erste Klemme in
der ersten Konfiguration gekoppelt ist, das al-
ternierbare Antriebselement zum Antrieb an die
zweite Klemme in der zweiten Konfiguration ge-
koppelt ist; das alternierbare Antriebselement
entlang der Achse des Körpers dergestalt axial
beweglich ist, dass die angetriebene Klemme
um die Nadel herum betätigt und verschoben
wird.

2. Nahtvorrichtung nach Anspruch 1, weiter umfassend
einen Griff (230a), der am proximalen Ende des Kör-
pers angebracht ist und durch die Getriebekette an
die ersten und zweiten Klemmen (226) dergestalt
gekoppelt ist, dass die Betätigung des Griffs wie folgt
alterniert zwischen:

der ersten Klemme (226) in der Greifkonfigura-
tion und der zweiten Klemme (226) in der ver-

schobenen Konfiguration, und
der zweiten Klemme (226) in der Greifkonfigu-
ration und der ersten Klemme (226) in der ver-
schobenen Konfiguration.

3. Nahtvorrichtung nach Anspruch 2, wobei der Griff
(230a) zum Fassen mit einer Hand eines Chirurgen
konfiguriert ist und zwischen einer geschlossenen
Handkonfiguration und einer offenen Handkonfigu-
ration, Bewegung des Griffs (230a) von der ge-
schlossenen Handkonfiguration in die offene Hand-
konfiguration und zurück in die geschlossene Hand-
konfiguration betätigt werden kann, definierend ei-
nen Griffbetätigungszyklus, und wobei die Stütze für
die Nadel während jedem Griffbetätigungszyklus
einmal zwischen der ersten Klemme (226) und der
zweiten Klemme (226) alterniert, und wobei der Chi-
rurg durch Schließen seiner Hand auf dem Griff und
Manipulieren des Griffs (230a) mit der Nadel das Ge-
webe durchdringen kann, während die Nadel von
einer der Klemmen gefasst wird.

4. Nahtvorrichtung nach Anspruch 3, wobei sich jede
Klemme (226) öffnet, nachdem sich die andere
Klemme während des Griffbetätigungszyklus derge-
stalt geschlossen hat, dass die Klemmen die Nadel
an einer im Wesentlichen fixierten Stelle relativ zum
Körper halten.

5. Nahtvorrichtung nach Anspruch 2, wobei die Getrie-
bekette (228) das alternierbare Antriebselement um-
fasst, wobei sich das alternierbare Antriebselement
mit jedem Griffbetätigungszyklus zwischen der ers-
ten Konfiguration und der zweiten Konfiguration be-
wegt, das alternierbare Antriebselement, das eine
erste Getriebekette (228) antreibt, an die erste Klem-
me in der ersten Konfiguration gekoppelt ist und eine
zweite Getriebekette (228) antreibt, die an die zweite
Klemme in der zweiten Konfiguration gekoppelt ist.

6. Nahtvorrichtung nach Anspruch 5, wobei der Griff-
betätigungszyklus ein Antriebsrad (11) dreht, wobei
die ersten und zweiten Getriebeketten jeweils ein
angetriebenes Rad (10, 12) umfassen, wobei das
alternierbare Antriebselement in der ersten Konfigu-
ration das Antriebsrad mit dem angetriebenen Rad
der ersten Getriebekette zum Antrieb koppelt, und
wobei das alternierbare Antriebselement in der zwei-
ten Konfiguration das Antriebsrad mit dem angetrie-
benen Rad der zweiten Getriebekette zum Antrieb
koppelt.

7. Nahtvorrichtung nach Anspruch 1, wobei während
der Betätigung die Getriebekette die erste Klemme
(226) seitlich um die Nadel herum verschiebt, nach-
dem die zweite Klemme (226) die Nadel fasst, und
wobei während der Betätigung der Getriebekette die
zweite Klemme seitlich um die Nadel herum verscho-
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ben wird, nachdem die erste Klemme die Nadel
fasst.

8. Nahtvorrichtung nach Anspruch 7, wobei jede Klem-
me (226) einen hin und her beweglichen Schaft auf-
weist, der sich proximal von der Klemme zum Körper
erstreckt, wobei die Getriebekette (228) während
des Betätigungszyklus die Schäfte relativ zum Kör-
per dergestalt hin und her bewegt, um jede Klemme
distal zu bewegen, und wobei die Getriebekette da-
nach die distal ausgezogene Klemme um die Nadel
herum schließt.

9. Nahtvorrichtung nach Anspruch 8, wobei die Getrie-
bekette (228) jede Klemme (226) um eine Achse des
Schafts zwischen einer zurückgezogenen Position
und einer ausgezogenen Greifposition dreht.

10. Nahtvorrichtung nach Anspruch 8, wobei mindes-
tens eine damit assoziierte Feder das Schließen je-
der Klemme inhibiert, bevor sich die Klemme be-
nachbart zur Nadel befindet.

11. Nahtvorrichtung nach Anspruch 1, weiter umfassend
einen an die Getriebekette (228) gekoppelten Frei-
gabeeingang dergestalt, dass die Nadel von den ers-
ten und zweiten Klemmen freigegeben wird.

12. Nahtvorrichtung nach Anspruch 1, weiter umfassend
die Nadel, wobei die Nadel eine in erster Linie für
übliche offene und laparoskopische chirurgische
Eingriffe verkaufte Standardnadel umfasst.

13. Nahtvorrichtung nach Anspruch 1, wobei die Klemm-
stellen der ersten und zweiten Klemmen (226) ent-
lang einer Länge der Nadel axial versetzt und winklig
versetzt sind, dergestalt, um sie der axialen Biegung
der Nadel anzupassen.

14. Nahtvorrichtung nach Anspruch 1, weiter umfassend
einen proximalen Griff, der an den Körper dergestalt
gekoppelt ist, um ihn entlang einer Griffbetätigungs-
ebene zu betätigen, wobei die ersten und zweiten
Klemmen zur Stütze der Nadel dergestalt ausgerich-
tet sind, dass eine Achse der Nadel die Griffbetäti-
gungsebene transversal durchläuft.

15. Nahtvorrichtung nach Anspruch 1, wobei die Naht-
vorrichtung aus chemisch sterilisierbaren Materia-
lien zusammengesetzt ist.

16. Nahtvorrichtung nach Anspruch 1, weiter umfassend
eine alternierbare Sperre (232), die zwischen einer
ersten Konfiguration und einer zweiten Konfiguration
als Reaktion auf die Bewegung des Antriebsele-
ments seitlich beweglich ist, wobei die alternierbare
Sperre (232) in der ersten Konfiguration die Bewe-
gung der ersten Klemme (226) inhibiert, und wobei

die alternierbare Sperre (232) in der zweiten Konfi-
guration die Bewegung der zweiten Klemme (226)
inhibiert.

17. Nahtvorrichtung nach Anspruch 1, wobei sich der
Körper von einem proximalen Griff des Körpers distal
in Richtung der ersten und zweiten Klemmen er-
streckt, und weiter einen Griff umfasst, der gelenkig
an den Körper dergestalt gekoppelt ist, dass eine
Hand den Körper fassen und bewegen kann, wäh-
rend die Finger der Hand den Griff gelenkig bewe-
gen, und wobei die Gelenkverbindung des Griffs das
Fassen und Freigeben der Nadel durch die Klemmen
bewirkt.

18. Nahtvorrichtung nach Anspruch 1, wobei eine Ver-
längerung (282) des Körpers (112) zwischen den
Klemmen (284) und einem proximalen Gehäuse
(296) des Körpers angeordnet ist, wobei sich die Ver-
längerung entlang einer Achse erstreckt, wobei der
Körper plastisch biegbar ist, um eine axiale Biegung
(288) aufzuweisen, die für einen bestimmten Pati-
enten erwünscht ist, während die Klemmen dadurch
unterstützt werden, und wobei ein Antriebsglied vom
Gehäuseinneren und durch die gebogene Verlänge-
rung dergestalt gelenkig verbunden ist, dass die
Klemmen die Nadel fassen und freigeben können,
während der Körper die Biegung aufweist.

19. Nahtvorrichtung nach Anspruch 1, wobei sich eine
Betätigungsachse zwischen jeder Klemme und dem
Körper erstreckt, wobei jede Klemme (226) ein Paar
gegenläufig angetriebene Oberflächen umfasst,
welche entlang der Achse seitlich nach außen ge-
winkelt sind, wobei die angetriebenen Oberflächen
von jeder Klemme durch Eingreifen mittels Schieben
der entsprechenden Antriebsoberflächen eines An-
triebsmechanismus dergestalt axial bewegt werden,
dass sich die Klemme entlang der Achse bewegt,
und durch gleitenden Eingriff zwischen den Antrieb-
soberflächen und den angetriebenen Oberflächen
dergestalt seitlich angetrieben werden, dass sich die
Klemme öffnet und schließt.

20. Nahtvorrichtung nach Anspruch 1, wobei die ersten
und zweiten Klemmen (226) durch eine alternierbare
Sperre (232) alternierend gesperrt werden, und wei-
ter umfassend die alternierbare Sperre seitlich zwi-
schen einer ersten Konfiguration und einer zweiten
Konfiguration als Reaktion auf Bewegung des An-
triebselements bewegen, wobei die alternierbare
Sperre in der ersten Konfiguration die Bewegung der
ersten Klemme inhibiert, und wobei die alternierbare
Sperre in der zweiten Konfiguration die Bewegung
der zweiten Klemme inhibiert.

21. Nahtvorrichtung nach Anspruch 1, wobei die Naht-
vorrichtung zum manuellen Greifen und zur Manipu-
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lation des Körpers mit einer Hand eines Chirurgen
konfiguriert ist, wobei der Körper eine steife Greif-
basis (232) umfasst, und wobei die Klemmen (226)
an einen gelenkig beweglichen Griff (230a) derge-
stalt operativ gekoppelt sind, dass das Fassen und
Freigeben der Nadel durch gelenkiges Bewegen des
Griffs mit den Fingern der Hand bewirkt werden
kann, während die Hand die Greifbasis (232) des
Körpers fasst.

22. Nahtvorrichtung nach Anspruch 1, weiter umfassend
einen abnehmbaren Koppler (208) zum lösbaren
Koppeln der ersten und zweiten Klemmen an den
Körper, wobei die ersten und zweiten Klemmen zum
Einweggebrauch vorgesehen sind, und dritte und
vierte Einwegklemmen zur lösbaren Kopplung an
den Körper anstelle der ersten und zweiten Klem-
men dergestalt vorgesehen sind, dass jede Klemme
zum Anlegen einer Naht im Gewebe von nur einem
einzigen Patienten verwendet werden kann.

23. Nahtvorrichtung nach Anspruch 1, wobei das Zyklie-
ren der Getriebekette das Fassen der Nadel mit jeder
Klemme bewirkt durch:

Ausziehen der Klemme (226) ein wenig über die
Greifstelle der Greifkonfiguration hinausge-
hend;
Schließen der ausgezogenen Klemme (226) auf
der Nadel; und
Zurückziehen der Nadel mit der Klemme in die
Greifstelle;
dergestalt, dass eine allmähliche Verschiebung
der Nadel relativ zum Körper während wieder-
holtem Zyklieren der Getriebekette inhibiert
wird.

24. Nahtvorrichtung nach Anspruch 1, wobei die Klem-
men (226) an eine Reihe von schiefen Winkeln zwi-
schen der Nadel und einem Schaft der Klemme zum
proximalen oder distalen Anlegen einer Naht ange-
passt sind, und wobei das Zyklieren der Getriebe-
kette im Wesentlichen den schiefen Winkel beibe-
hält.

Revendications

1. Dispositif de suture destiné à une utilisation avec
une aiguille de suture (1), le dispositif comprenant :

un corps (112) ayant une extrémité proximale
(108) et une extrémité distale (110) ;
une première pince (226) près de l’extrémité dis-
tale du corps ;
une deuxième pince (226) près de l’extrémité
distale du corps ;
une liaison (228) réalisant un déplacement des

première et deuxième pinces entre une configu-
ration de préhension et une configuration dépla-
cée, chaque pince saisissant l’aiguille à un em-
placement de préhension associé dans la con-
figuration de préhension et déplacé latérale-
ment par rapport à un axe de l’aiguille dans la
configuration déplacée, les emplacements de
préhension étant sensiblement fixes par rapport
au corps ;
dans lequel le corps s’étend le long d’un axe de
l’extrémité proximale à l’extrémité distale adja-
cente aux première et deuxième pinces, et com-
prenant en outre un élément d’entraînement à
mouvement alternatif (230) capable de se dé-
placer latéralement à partir de l’axe du corps
entre une première configuration et une deuxiè-
me configuration, l’élément d’entraînement à
mouvement alternatif étant couplé de façon à
transmettre un entraînement à la première pince
dans la première configuration, l’élément d’en-
traînement à mouvement alternatif étant couplé
de façon à transmettre un entraînement à la
deuxième pince dans la deuxième
configuration ; l’élément d’entraînement à mou-
vement alternatif étant capable de se déplacer
axialement le long de l’axe du corps de façon à
actionner et déplacer la pince entraînée à partir
du pourtour de l’aiguille.

2. Dispositif de suture selon la revendication 1, com-
prenant en outre une poignée (230a) disposée à l’ex-
trémité proximale du corps et couplée aux première
et deuxième pinces (226) par la liaison de façon à
ce que l’actionnement de la poignée alterne entre :

la première pince (226) dans la configuration de
préhension et la deuxième pince (226) dans la
configuration déplacée, et
la deuxième pince (226) dans la configuration
de préhension et la première pince (226) dans
la configuration déplacée.

3. Dispositif de suture selon la revendication 2, dans
lequel la poignée (230a) est configurée pour être sai-
sie par une main d’un chirurgien et peut être action-
née entre une configuration à main fermée et une
configuration à main ouverte, le déplacement de la
poignée (230a) de la configuration à main fermée à
la configuration à main ouverte et le retour à la con-
figuration à main fermée définissant un cycle d’ac-
tionnement de la poignée, et dans lequel le support
de l’aiguille alterne une fois entre la première pince
(226) et la deuxième pince (226) durant chaque cycle
d’actionnement de la poignée, et
dans lequel le chirurgien peut insérer l’aiguille dans
le tissu en fermant sa main sur la poignée et en ma-
nipulant la poignée (230a) tandis que l’aiguille est
saisie par une des pinces.
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4. Dispositif de suture selon la revendication 3, dans
lequel chaque pince (226) s’ouvre après que l’autre
pince s’est fermée durant le cycle d’actionnement
de la poignée, de telle sorte que les pinces maintien-
nent l’aiguille à un emplacement sensiblement fixe
par rapport au corps.

5. Dispositif de suture selon la revendication 2, dans
lequel la liaison (228) comprend l’élément d’entraî-
nement à mouvement alternatif, l’élément d’entraî-
nement à mouvement alternatif se déplaçant entre
la première configuration et la deuxième configura-
tion à chaque cycle d’actionnement de la poignée,
l’élément d’entraînement à mouvement alternatif en-
traînant une première liaison (228) couplée à la pre-
mière pince dans la première configuration et entraî-
nant une deuxième liaison (228) couplée à la deuxiè-
me pince dans la deuxième configuration.

6. Dispositif de suture selon la revendication 5, dans
lequel le cycle d’actionnement de la poignée fait tour-
ner un disque d’entraînement (11), dans lequel les
première et deuxième liaisons comprennent chacu-
ne un disque entraîné (10, 12), dans lequel l’élément
d’entraînement à mouvement alternatif dans la pre-
mière configuration couple de façon à transmettre
un entraînement le disque d’entraînement avec le
disque entraîné de la première liaison, et dans lequel
l’élément d’entraînement à mouvement alternatif
dans la deuxième configuration couple de façon à
transmettre un entraînement le disque d’entraîne-
ment avec le disque entraîné de la deuxième liaison.

7. Dispositif de suture selon la revendication 1, dans
lequel, durant l’actionnement, la liaison déplace la
première pince (226) latéralement à partir du pour-
tour de l’aiguille après que la deuxième pince (226)
a saisi l’aiguille et dans lequel, durant l’actionne-
ment, la liaison déplace la deuxième pince latérale-
ment à partir du pourtour de l’aiguille après que la
première pince a saisi l’aiguille.

8. Dispositif de suture selon la revendication 7, dans
lequel chaque pince (226) comporte une tige capa-
ble de se déplacer en va-et-vient qui s’étend proxi-
malement de la pince au corps, dans lequel la liaison
(228) provoque un déplacement en va-et-vient des
tiges par rapport au corps durant le cycle d’action-
nement de façon à déplacer chaque pince distale-
ment, et dans lequel la liaison ferme ensuite la pince
allongée distalement autour de l’aiguille.

9. Dispositif de suture selon la revendication 8, dans
lequel la liaison (228) fait pivoter chaque pince (226)
autour d’un axe de la tige entre une position rétractée
et une position de préhension allongée.

10. Dispositif de suture selon la revendication 8, dans

lequel au moins un ressort associé empêche la fer-
meture de chaque pince avant que la pince ne soit
adjacente à l’aiguille.

11. Dispositif de suture selon la revendication 1, com-
prenant en outre une commande de libération cou-
plée à la liaison (228), de façon à libérer l’aiguille
des première et deuxième pinces.

12. Dispositif de suture selon la revendication 1, com-
prenant en outre l’aiguille, dans lequel l’aiguille com-
prend une aiguille standard vendue principalement
pour une chirurgie standard ouverte ou laparosco-
pique.

13. Dispositif de suture selon la revendication 1, dans
lequel les emplacements de serrage des première
et deuxième pinces (226) sont décalés axialement
sur une longueur de l’aiguille et décalés angulaire-
ment de façon à tenir compte de la courbure axiale
de l’aiguille.

14. Dispositif de suture selon la revendication 1, com-
prenant en outre une poignée proximale couplée au
corps pour un actionnement le long d’un plan d’ac-
tionnement de la poignée, dans lequel les première
et deuxième pinces sont orientées pour supporter
l’aiguille de telle sorte qu’un axe de l’aiguille traverse
le plan d’actionnement de la poignée.

15. Dispositif de suture selon la revendication 1, le dis-
positif de suture se composant de matériaux stérili-
sables chimiquement.

16. Dispositif de suture selon la revendication 1, com-
prenant en outre un blocage alternatif (232) capable
de se déplacer latéralement entre une première con-
figuration et une deuxième configuration en réponse
à un déplacement de l’élément d’entraînement, dans
lequel le blocage alternatif (232) dans la première
configuration empêche le déplacement de la premiè-
re pince (226), et dans lequel le blocage alternatif
(232) dans la deuxième configuration empêche le
déplacement de la deuxième pince (226).

17. Dispositif de suture selon la revendication 1, dans
lequel le corps s’étend à partir d’une poignée proxi-
male du corps distalement vers les première et
deuxième pinces, et comprenant en outre une poi-
gnée couplée au corps de façon articulable de telle
sorte qu’une main puisse saisir et déplacer le corps
tandis que les doigts de la main articulent la poignée,
et dans lequel l’articulation de la poignée provoque
la préhension et la libération de l’aiguille par les pin-
ces.

18. Dispositif de suture selon la revendication 1, dans
lequel un prolongement (282) du corps (112) est dis-
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posé entre les pinces (284) et un logement proximal
(296) du corps, le prolongement s’étendant le long
d’un axe, dans lequel le corps peut être courbé plas-
tiquement afin de présenter une courbure axiale
(288) désirée pour un certain patient quand les pin-
ces sont supportées ainsi, et dans lequel un élément
d’entraînement peut être articulé à partir de l’intérieur
du logement et par l’intermédiaire du prolongement
courbé, de telle sorte que les pinces puissent saisir
et relâcher l’aiguille quand le corps est courbé.

19. Dispositif de suture selon la revendication 1, dans
lequel un axe d’actionnement s’étend entre chaque
pince et le corps, chaque pince (226) comprenant
une paire de surfaces entraînées opposées qui s’in-
clinent latéralement vers l’extérieur le long de l’axe,
dans lequel les surfaces entraînées de chaque pince
sont déplacées axialement sous l’effet d’une sollici-
tation par poussée par les surfaces d’entraînement
correspondantes d’un mécanisme d’entraînement
de telle sorte que la pince se déplace le long de l’axe,
et sont entraînées latéralement par une coopération
glissante entre les surfaces d’entraînement et les
surfaces entraînées de telle sorte que la pince
s’ouvre et se ferme.

20. Dispositif de suture selon la revendication 1, dans
lequel les première et deuxième pinces (226) sont
bloquées alternativement par un blocage alternatif
(232), et comprenant en outre un déplacement du
blocage alternatif latéralement entre une première
configuration et une deuxième configuration en ré-
ponse à un déplacement de l’élément d’entraîne-
ment, dans lequel le blocage alternatif dans la pre-
mière configuration empêche le déplacement de la
première pince, et dans lequel le blocage alternatif
dans la deuxième configuration empêche le dépla-
cement de la deuxième pince.

21. Dispositif de suture selon la revendication 1, le dis-
positif de suture étant configuré pour une préhension
manuelle et une manipulation du corps par une main
d’un chirurgien, dans lequel le corps comprend une
base de préhension rigide (232), et dans lequel les
pinces (226) sont fonctionnellement couplées à une
poignée articulable (230a) de telle sorte que la pré-
hension et la libération de l’aiguille puissent être ef-
fectuées en articulant la poignée avec les doigts de
la main tandis que la main saisit la base de préhen-
sion (232) du corps.

22. Dispositif de suture selon la revendication 1, com-
prenant en outre un coupleur amovible (208), cou-
plant de façon amovible les première et deuxième
pinces au corps, les première et deuxième pinces
étant jetables, et des troisième et quatrième pinces
jetables destinées à être couplées de façon amovible
au corps à la place des première et deuxième pinces

de telle sorte que chaque pince puisse être utilisée
pour suturer les tissus d’un seul patient.

23. Dispositif de suture selon la revendication 1, dans
lequel les cycles auxquels est soumise la liaison ont
pour effet la préhension de l’aiguille par chaque pin-
ce, comme il est indiqué ci-dessous :

allongement de la pince (226) légèrement au-
delà de l’emplacement de préhension de la con-
figuration de préhension ;
fermeture de la pince allongée (226) sur
l’aiguille ; et
retrait de l’aiguille avec la pince jusqu’à l’empla-
cement de préhension ;
de façon à empêcher un déplacement progressif
de l’aiguille par rapport au corps lors de la répé-
tition des cycles auxquels est soumise la liaison.

24. Dispositif de suture selon la revendication 1, dans
lequel les pinces (226) sont compatibles avec une
gamme d’angles obliques entre l’aiguille et une tige
de la pince pour une suture proximale ou distale, et
dans lequel les cycles auxquels est soumise la
liaison maintiennent sensiblement l’angle oblique.
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