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(57) Abréegée/Abstract:
A device for snaring cord-like objects and a method for using same to pass portions of the cord-like objects through tissue, are

provided. The device includes a shaft (500) containing a wire assembly (400) having an object capturing device at its distal end.
The wire assembly Is reciprocally movable relative to the shaft between a first position wherein the capturing device Is located within
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(57) Abrege(suite)/Abstract(continued):
the distal portion of the shaft, and a second position whereln the capturing device extends distally outwardly from the distal end of

the shaft. An activation device (3095) Is attached to the proximal end of the shaft and the proximal end of the wire assembly so as to
allow the controlled axial movement of the wire assembily relative to the shaft, and so as to allow the shaft and the wire assembily to
be rotated as a unit about the longitudinal axis of the shaft. The methods include snaring and grasping a length of cord-like material

and passing the cord-like material through one or more layers of tissue.
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(37) Abstract

A device for snaring cord-like objects and a method for using same to pass portions of the cord-like objects through tissue, are
provided. The device includes a shaft (500) containing a wire assembly (400) having an object capturing device at its distal end. The
wire assembly is reciprocally movable relative to the shaft between a first position wherein the capturing device is located within the distal
portion of the shaft, and a second position wherein the capturing device extends distally outwardly from the distal end of the shaft. An
activation device (305) is attached to the proximal end of the shaft and the proximal end of the wire assembly so as to allow the controlied
axial movement of the wire assembly relative to the shaft, and so as to allow the shaft and the wira assembly to be rotated as a unit abont
the longitudinal axis of the shaft. The methods include snaring and grasping a length of cord-like material and passing the cord-like material
through one or more layers of tissue. |




CA 02183893 2004-09-30

SURGICAL GRASPING AND SUTURING DEVICE

Field of the Invention

The present invention generally relates to devices for
snaring suture or other cord-like or filament-1like
material, and for manipulating the snared suture during
suturing procedures. More particularly, the present
invention relates to suture grasping devices suitable for
use in grasping a portion of a length of suture and drawing
and/or pulling the suture through tissue in either open or

closed surgical settings.

Background of the Invention

Devices for grasping free suture ends during surgical
procedures are well known in the art. In one such device,
an elongated element is provided. This element has a
flexible, closed loop at one of i1ts ends. The elongate
element 1is telescopically mounted inside a hollow shaft so
that the loop can be alternately withdrawn into, or
projected out of, the distal end of the shaft.

In use, this device is first set so that its loop is
retracted into the shaft. Then the device is manipulated so
that the distal end of the shaft is brought into the
vicinity of a free end of the suture which is to be

grasped. The loop then 1is projected out
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of the distal end of the shaft. The device is
thereafter further manipulated so that the free end of
the suture which is to be grasped extends through the
loop. Finally, the loop surrounding the suture is
retracted back into the shaft, thereby grasping the
suture and holding it tightly against the distal end of
the shaft.

While devices of the type described above work for
their intended purpose, they also have several
arawbacks. For example, it is often difficult (or
impossible) to conveniently access a free end of a
length of suture, even in those cases where some
intermediate portion of the suture has been located.
This is particularly true in closed surgeries where
visibility is frequently quite limited and the
available space at the surgical site is often
restricted. -

Furthermore, in many surgical procedures suture
needs to be laced one or more times through one or more
layers of tissue. Conventionally, such suturing is
accomplished by attaching a needle to at least one free
end of the suture. This needle is then manipulated
using a needle holder so as to pass the suture through
the tissue. Thereafter, a grasping device such as the
one described above is used to snare a free suture end
(or ends) for further manipulation or tying.

The need to use a needle and needle holdexr to pass
the suture through the tissue, and the need to use a
separate grasping device to complete the suturing
operation, can be inconvenient and cumbersome. This is

particularly true in closed surgical procedures where
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the surgeon must operate through a small passageway
leading from the skin of the patient to an internal
surgical site.. In such situations, the surgeon’s
visual and physical access to the surgical site is
generally quite limited.

Objects Of The Invention

Accordingly, one object of the present invention is
to provide a suture grasping device adapted to easily
and conveniently grasp a length of suture at any point
along the suture’s length.

Another object of the present invention is to
provide a suture grasping device which may be used in
both open and closed surgical procedures.

5till another object of the present invention is to
provide a suture grasping device which is capable of
securely snaring a length of suture. |

And another object of the present invention is to
provide a suture grasping device which is capable of
snaring a length of suture and thereafter allowing
limited movement of that suture relative to the device.

Yet another cbject of the present invention is to
provide a suture grasping device which is adapted to
plerce either soft tissue or relatively hard tissue
(e.g. cartilage) substantially adjacent to the portion
of the device which grasps the suture.

A further ocobject of the present invention is to
provide a suture grasping device which is adapted to
either (i) pierce tissue prior to grasping a suture
located on the far side of the tissue, or (ii) grasp a
length of suture and thereafter pierce tissue, so that
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a length of suture may be passed through the tissue
either as the device is withdrawn from the tissue or as
it is urged therethrough.

And another object of the present invention is to
provide a suture grasping device which comprises a
suture snaring portion and a handle portion, wherein
the orientation of the suture snaring portion relative
to the handle portion may be adjusted during use.

And another object of the present invention is to
provide & new method for passing suture through tissue.

8till another object of the present invention is to
provide a new method for suturing tissue.

summary Of The Invention

These and other objects of the present invention
are addressed in one preferred embodiment by a suture
grasping device which comprises a rigid, hollow shaft,
a rod, a first elongate wire-like element, a second
elongated wire-like element, and an actuation device.

More particularly, the rigid, hollow shaft includes
a proximal end, a proximal portion adjacent to the
proximal end, a pointed distal end, a distal portion
adjacent to the distal end, and a lumen extending
between the proximal end and the distal end. In this
embodiment, the inner and outer diameters of the
proximal portion of the shaft are larger than the inner
and outer diameters of the distal portion of the shaft.
Further, the distal portion of the shaft may be curved,
if desired.

The rod is a solid element having a proximal end

and a distal end. The rod is telescopically located in
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the proximal portion of the shaft. More specifically,
the rod has a longitudinal length slightly greater than
the longitudinal length of the proximal portion of the
shaft. Accordingly, the rod may be moved between (1) a
proximalmost position wherein the distal end of the rod
is spaced proximally from the point where the proximal
and distal portions of the shaft meet; and (ii) a
distalmost position wherein the distal end of the rod
ls substantially aligned with the point where the
proximal and distal portions of the shaft meet.

The first and second wire-like elements each have a
proximal end and a distal end. The proximal ends of
these two wire-like elements are attached to the distal
end of the rod, whereby the two wire-like elements will
move in conjunction with the rod. In addition, at
least the distal portions of the two respective
wire~like elements normally bend or flare away from
each other. Furthermore, the first wire-like element is
bent radially inwardly immediately adjacent to its
distal end so as to form a substantially hook-shaped
configuration.

The longitudinal lengths of the first and second
wire-like elements are selected such that when the rod
is in ;ts proximalmost position, the distal ends of the
first and second wire~like elements will be located
within the distal portion of the shaft. In this
position, the distal ends of the first and second
wire-~like elements will be disposed in closely spaced
relation to one another. When the rod is in its
distalmost position, however, the distal ends of the
first and second wire-like elements will project out
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the distal end of the shaft. In this position, the
distal ends of the first and second wire-like elements
together form a substantially V-shaped configuration
extending outwardly from the distal end of the shaft.

The actuation device is attached to the proximal
end of the shaft and to the proximal end of the rod. In
this first embodiment of the invention, the actuation
device includes a housing attached to the proximal .end
of the shaft. The housing defines a cylindrical cavity
which is aligned with, and opens axially into, the
lumen of the shaft. A trigger is pivotally attached to
the housing and extends into the cylindrical cavity. A
piston-like element is attached to the proximal end of
the rod, and located in reciprocally sliding relation
within the housing’s cylindrical cavity. A spring
biases the piston-like element proximally so that the
rod will normally assume its aforementioned
proximalmost position. The piston-like element may be
moved distally against the force of the spring by the
trigger, so that the rod will assume its distalmost
position.

It will, therefore, be understood that the rod
normally resides in its proximalmost position and the
distal ends of the two wire-like elements normally
reside within the distal portion of the shaft.

However, the distal ends of the two wire-like elements
may be projected out the distal end of the shaft when
desired using the trigger. It is also to be
appreciated that when the distal ends of the two
wire-like elements reside within the distal portion of
the shaft, the pointed distal end of the shaft may be
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forced through tissue without interference from either
the distal ends of the two wire-like elements or any
suture which may be grasped thereby.

The foregoing suture grasping device may be used to
grasp and manipulate a piece of suture at a surgical
site. Among other things, it may also be used to grasp
a plece of suture and to pass that suture through one
or more layers of tissue. The passage of suture
through tissue may be accomplished either by pulling
the suture through, or by pushing the suture through,
the tissue. Multiple passes of suture may be used to
suture two pieces of tissue together.

More particularly, in those cases where it is
desired to pull a suture through tissue, the pointed
distal end of the shaft is Ffirst forced through the
tissue. Then the shaft is manipulated so as to bring
its distal end substantially adjacent to the portion of
the suture which is to be carried back through the
tissue. Next, the trigger is activated so as to move
the rod toward its distalmost position. This causes
the distal ends of the wires to project out the distal
end of the shaft so that the two wire elements flare
away from each other. The suture grasping device is
then manipulated further as needed so as to position
the suture in the gap between the first and the second
wire-like elements.

The trigger is then released so as to allow the rod
to return to its proximalmost position under the
influence of the spring. As this occurs, the distal
ends of the two wire~like elements retreat back into
the distal portion of the shaft, with the two wire-like
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ele@ents moving back toward one another as they
re-eénter the distal portion of the shaft. As the two
wire~like elements retract, the hoock at the distal end
of the first wire-like element grapples the suture
which is located between the two wire-like elements and
carries it toward the distal end of the shaft. As the
hook enters the distal end of the shaft, a portion of
the suture is also drawn into the distal end of the
shaft. The suture is captured in this position by the
spring-biased hook acting in co-operation with the
distal end of the shaft. If desired, the hook, the
shaft and the suture may be sized so that the suture is
tightly bound to the shaft at this point.
Alternatively, the hook, the shaft and the suture may
be sized so that the suture will be free to slide
transversely relative to the hook when it is inside the
distal portion of the shaft.

The distal end of the shaft is then withdrawn from
the pierced tissue, carrying the grappled suture with
it. Thereafter, the length of suture is released from
the suture grasping device by squeezing the trigger
again. This causes the wire-like elements to project
out the distal end of the shaft in flaring relation to
one another. The suture then is released from the
suture grasping device by manipulating the tool and/or
the suture so that the suture no longer sits in the gap
between the distal ends of the two wire-like elements.

In those cases where it is desired to push a suture
through tissue, a corresponding procedure is used.
Specifically, the distal end of the shaft is first
positioned substantially adjacent to the suture which
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is to be passed through the tissue. The trigger then
is squeezed so as to project the two wire-like elements
out the distal end of the shaft, in flaring relation to
one another. Thereafter, the device is manipulated so
as to position the suture in the gap between the two
wire-like elements. The trigger is then released so as
to allow the distal ends of the two wire-like elements
to retract back into the distal portion of the shaft
under the influence of the spring, with the two
wire-like elements moving back toward one another as
they re-enter the distal end of the shaft. As this
occurs, the hook grapples the suture and holds it
against the distal portion of the shaft. The
engagement of the suture with the distal end of the
shaft is such that the point at the distal end of +he
shaft is located distally of the grasped suture and the
two wire-like elements.

In this configuration, the distal end of the shaft
is then forced through the tissue, carrying the
grappled suture with it. Once the distal end of the
shaft is on the far side of the tissue, the trigger is
squeezed again so as to project the two wire-like
elements out the distal end of the shaft, in flaring
relation to one another. The suture is then released
from the suture grasping device by manipulating the
tool and/or the suture so that the suture no longer
sits in the gap between the distal ends of the two
wire-like elements. Then the trigger is released so as
to retract the distal ends of the two wire-like
elements into the distal end of the shaft. Finally,
the shaft is withdrawn from the tissue, leaving the
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suture extending through the tissue.

A suturing procedure requiring multiple passes of
the suture through one or more layers of tissue can
also be conveniently accomplished with the present
invention. For example, the suture grasping device
might be used to first pull a length of suture through
the tissue, and thereafter to push that same suture
through the tissue at a location adjacent to the first
pass of the suture through the tissue. Alternatively,
the suture grasping device may be used to first push a
length of suture through the tissue, and thereafter to
pull that same suture through the tissue at a location
adjacent to the first pass of the suture through the
tissue.

In some circumstances it may be desirable to adjust
the orientation of the distal portion of the shaft
without changing the orientation of the tocl’s handle.
To this end, the present invention further contemplates
that the actuation means may include means for rotating
the shaft about its longitudinal axis as well as means
for moving the two wire-like elements relative to the
distal end of the shaft. 1In this alternative
embodiment, the shaft extends through the housing and
is in rotatable, but not axially movable, relation to
the piston-like element. A gear is mounted on a
portion of the shaft extending through the piston.
Further, a second trigger, carrying a plurality of
teeth, 1s pivotally attached to the housing so that its
teeth extend into the cylindrical cavity, in engagement
with the flights of the gear. Squeezing the second
trigger causes movement of the teeth, which in turn



' WO 95/22932 PCT/US95/02282

2183893

drives the gear so as to rotate the shaft.

The two wire-like elements are contained within a
tube. This tube has a portion adjacent to its proximal
end which is bent at a 90° angle to the major
longitudinal axis of the tube. The proximal ends of
the two wire-like elements are affixed to the proximal
end of the tube, and the flared distal portions of the
two wire-like elements extend outwardly from the distal
end of the tube. The major leg of the tube is
reciprocally located in the shaft. The bent, minor leg
of the tube extends radially outwardly through a slot
formed in the shaft and is attached to a bearing. This
bearing is attached to the distal wall of the
piston-like element so that the bearing can rotate
relative to the piston-like element. Further, the

is located substantially adjacent to the proximal end
of the slot when the piston-1like element is in its
proximalmost position, and (ii) the distal end wall of

piston~-like element is in its distalmost position. In
addition, the length of the two wire-like elements are
selected such that their respective distal ends reside
within the distal end of the shaft when the piston-like
element is in its proximalmost position, and extend
outwardly in flared relation to one another when the
piston-like element is in its distalmost position.

With this alternative embodiment of the invention,
the grasping and suturing functions of the device
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operate in substantially the same manner as set forth
above. However, with this second embodiment of the
invention, the shaft and the two wire-like elements
contained in the shaft may be rotated about the tool’s
longitudinal axis without adversely affecting the
remaining operations of the device.

Brief Description Of The Drawings

These and other objects and features of the present
invention will be more fully disclosed or rendered
obvious by the following detailed description of the
preferred embodiments of the invention, which are to be
considered together with the accompanying drawings
wherein like numbers refer to like parts, and further
wherein:

Fig. 1 is a side view, partially cut away and
partially in section, of a suture grasping device
formed in accordance with the present invention,
wherein the rod is shown in its aforementioned
proximalmost position;

Fig. 2 1s a side view, partially cut away and
partially in section, of the device shown in Fig. 1,
wherein the rod is shown in its aforementioned
distalmost position;

Fig. 3 is an illustrative side view, partially cut
away, showing a piece of tissue in phantom, a length of
suture and the distal portion of the shaft of a suture
grasping device formed in accordance with the present
invention, wherein the length of suture is located on
one side of the tissue and the distal portion of the
shaft is located on the other side of the tissue, and
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further wherein the two wire-like elements of the
suture grasping device are shown in their retracted
position;

Fig. 4 is an illustrative side view similar to that
of Fig. 3, except that the shaft is shown extending
through the tissue, and the two wire-like elements are
located in their fully extended, flared configuration
flanking the length of suture;

Fig. 5 is an illustrative side view similar to that
of Fig. 4, except that the two wire-like elements have
been partially retracted into the distal portion of the
shaft so as to snare the suture;

Fig. 6 is an illustrative side view similar to that
of Fig. 5, except that the two wire-like elements have
been fully retracted into the distal portion of the
shaft so as to grasp the suture to the distal portion
of the shaft;

Fig. 7 is an illustrative side view, partially cut
away and partially in section, showing the distal
portion of the shaft of Fig. 6, with the two wire-like
elements being retracted to their proximalmost position
within the shaft and grasping a length of suture to the
shaft;

Fig. 8 is an illustrative side view similar to that
of Fig. 6, except that the distal portion of the shaft
has been withdrawn from the tissue;

Fig. 9 is an illustrative side view similar to that
of Fig. 8, except that the two wire-like elements are
shown in their fully extended, flared position flanking
the suture which has been drawn through the tissue;

Fig. 10 is an illustrative side view similar to
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that of Fig. 9, except that the distal portion of the
shaft is shown fully disengaged from the suture, with
the two wire-like elements in their fully retracted
position;

Fig. 11 is an illustrative side view, partially cut
away, showing a piece of tissue in phantom, a length of
suture and the distal portion of the shaft of a suture
grasping device formed in accordance with the present
invention, wherein the length of suture and the distal
portion of the shaft are located on the same side of
the tissue, and further wherein the two wire-1ike
elements of the suture grasping device are shown in
their retracted position:

Fig. 12 is an illustrative side view similar to
that of Fig. 11, except that the two wire-like elements
are shown in their fully extended, flared positions
flanking the length of suture;

Fig. 13 is an illustrative side view similar to
that of Fig. 12, except that the two wire-like elements
have been fully retracted into the distal portion of
the shaft so as to grasp the suture to the shaft;

Fig. 14 is an illustrative side view similar to
that of Fig. 13, except that the distal portion of the
shaft has been forced through the tissue, carrying the
suture with it;

Fig. 15 is an illustrative side view similar to
that of Fig. 14, except that the two wire-like elements
have been positioned in their fully extended, flared
positions flanking the suture;

Fig. 16 is an illustrative side view similar to
that of Fig. 15, except that the two wire~like elements
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have been fully retracted back into the distal portion
of the shaft, and the shaft has been withdrawn from the
tissue, leaving the length of suture extending through
the tissue;

Fig. 17 is an illustrative side view similar to
that of Fig. 11, except that the tissue comprises two
pieces of tissue in side-by-side relation to one
another;

Fig. 18 is an illustrative side view similar to
st of Fig. 17, except that the two wire-like elemernts
are shown in their fully extended, flared positions
flanking the length of suture;

Fig. 19 is an illustrative side view similar to
that of Fig. 18, except that the two wire-like elements
have been fully retracted into the distal portion of
the shaft so as to grasp the suture to the shaft;

Filg. 20 is an illustrative side view similar to
that of Fig. 19, except that the distal portion of the
shaft has been forced through the tissue, carrying the
suture with it;

Fig. 21 is an illustrative side view similar to
that of Fig. 20, except that the two wire-like elements
have been positioned in their fully extended, flared
positions flanking the suture;

Fig. 22 is an illustrative side view similar to
that of Fig. 21, except that the two wire-like elements
have been fully retracted back into the distal portion
of the shaft, and the shaft has been withdrawn from the
tissue, leaving the length of suture extending through
the tissue;

Fig. 23 is an illustrative side view similar to



WO 95/22932 | PCT/US95/02282 .

2183893

that of Fig. 22, except that an additional portion of
the suture is shown;

Fig. 24 is an illustrative side view similar to
that of Fig. 23, except that the two wire-like elements
have been extended to their fully extended, flared
positions flanking a portion of the suture extending
outwardly from the right hand side of the side-by-side
pieces of tissue;

Fig. 25 is an illustrative side view similar to
that of Fig. 24, except that the two wire-like elements
have been fully retracted into the distal portion of
the shaft so as to grasp the suture to the shaft;

Fig. 26 is an illustrative side view similar to
that of Fig. 25, except that the distal portion of the
shaft has been forced through the tissue a second time,
carrying the length of suture with it;

Fig. 27 is an illustrative side view similar to
that of Fig. 26, except that the two wire-like elements
have been positioned in their fully extended, flared
positions flanking the suture;

Fig. 28 is an illustrative side view similar to
that of Fig. 27, except that the two wire-like elements
have been retracted back into the distal portion of the
shaft, and the shaft has been withdrawn from the
tissue, so as to leave the length of suture extending
from left to right through the tissue at a first
location and extending from right to left through the
tissue at a second location;

Fig. 29 is an illustrative side view similar to
that of Fig. 28, except that the shaft extends left to
right through the tissue at a third location, and
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wherein the two wire-like elements are located in their
fully extended, flared positions flanking one of the
free ends of the length of suture located on the left
side of the tissue;

Fig. 30 is an illustrative side view similar to
that of Fig. 29, except that the two wire-like elements
have been moved to their fully retracted position so as
to grasp one of the free ends of suture on the left
side of the tissue to the shaft;

Fig. 31 is an illustrative side view similar to
that of Fig. 30, except that the distal portion of the
shaft has been withdrawn from the tissue, carrying a
free end of the suture with it;

| Fig. 32 is an illustrative side view similar to
that of Fig. 31, except that the two wire-1like elements
have been positioned in their fully extended, flared
positions flanking the length of suture;

Fig. 33 a side view, partially cut away and
partially in section, showing a second embodiment of
the present invention, wherein the actuation means are
positioned so as to place the two wire-like elements in
thelir retracted position:

Fig. 34 is a view similar to that of Fig. 33,
except that the actuation means are positioned so as to
place the two wire-like elements in their fully
extended, flared position;

Fig. 35 is a side view in partial section showing a
grasper assembly formed in accordance with the present
invention, wherein the grasper device is the same as
that shown in Figs. 33 and 34;

Fig. 36 is an exploded view of the grasper assembly
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shown in Fig. 35;

Fig. 37 1is a side view of a wire subassembly
suitable for use in the grasper assembly shown in Fig.
35;

Fig. 38 is a top view of the wire subassembly shown
in Fig. 37;

Fig. 39 is a side view, partially in section, of a
shaft subassembly suitable for use in the grasper
assembly shown in Fig. 35;

Fig. 40 is a side view of a shaft bearing suitable
for use in the grasper assembly shown in Fig. 35;

Fig. 41 is a left end view of the shaft bearing
shown in Fig. 40;

Fig. 42 1s a right end view of the shaft bearing
shown in Fig. 40;

Fig. 43 1is a side view of an outer housing suitable
for use in the grasper assembly shown in Fig. 35;

Fig. 44 is a left end view of the outer housing
shown in Fig. 43;

Fig. 45 is a right end view of the outer housing

shown in Fig. 43;
Fig. 46 is a side view in section of the outer

housing shown in Fig. 43;
Fig. 47 is a side view of an inner housing suitable

for use in the grasper assembly shown in Fig. 35;
Fig. 48 is a left end view of the inner housing

shown in Fig. 47;
Fig. 49 is a right end view of the inner housing

shown in Fig. 47;
Fig. 50 is a bottom view of the inner housing shown

in Fig. 47;
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Fig. 51 is a side view of a gear suitable for use
in the grasper assembly shown in Fig. 35;:

Fig. 52 is an end view of the gear shown in Fig.
51;

Fig. 53 is a side view of an end cap suitable for
use in the grasper assembly shown in Fig. 35;

Fig. 54 is a left end view of the end cap shown in
Fig. 53;

Fig. 55 is a side view of a lock nut suitable for
use in the grasper assembly shown in Fig. 35;

Fig. 56 is a left end view of the lock nut shown in
Fig. 55;

Fig. 57 is a right end view of the lock nut shown
in Fig. 55;

Fig. 58 1is a sectional view of the distal end of
the shaft;

Fig. 59 1s a sectional view of the distal end of an
alternative form of the shaft;

Fig. 60 is a side view of the distal end of another
form of suture grasping device, wherein the device
comprises just one hooked wire-like element;

Fig. 61 is a side view of the distal end of yet
another form of suture grasping device, wherein the
device comprises a pair of hooked wire-like elements:;

Fig. 62 is a side view of the distal end of still
another form of suture grasping device, wherein the
device comprises a pair of hooked wire—-like elements
and further wherein the hooks are fomred so that they
overlap one another;

Fig. 63 1s a side view of the distal end of vet
another form of suture grasping device, wherein the




WO 95/22932 PCT/US95/02282 (.

.2183893“2

- 20 -

device comprises a pair of hooked wire-like elements,
and further wherein the hooks are formed so that the
hook of one wire-like element will reside within a
projection of the hook of the other wire-like element;
and;

Fig. 64 is a side view of the distal end of still
another form of suture grasping device, wherein the
ends of the two wire-like elements include ball-like
enlargements.

Qetalled Degcription © ne Preferred Embodiments

Referring now to the drawings, and particularly to
Figs. 1 and 2, a suture grasping tool 5 is shown which
comprises a rigid, hollow shaft 10, a rod 12, a first
elongated wire-like element 15, a second elongate
wire-like element 20, and an actuation device 25.

More particularly, the rigid, hollow shaft 10
includes a proximal end 30, a proximal portion 35
adjacent to proximal end 30, a pointed distal end 40, a
distal portion 45 adjacent to distal end 40, and a
central lumen 50 extending between proximal end 30 and
distal end 40. In a preferred embodiment of the
invention, the inner and outer diameters of proximal
portion 35 of shaft 10 are larger than the respective
inner and outer diameters of distal portion 45 of shaft
10. In accordance with one preferred embodiment of the
invention, distal portion 45 of shaft 10 is curved. Of
course, it should alsc be appreciated that distal
portion 45 of shaft 10 could be formed straight if

preferred.
Rod 12 is a solid element having a proximal end 55
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and a distal end 60. Rod 12 is telescopically located
in the proximal portion 35 of shaft 16. More
specifically, rod 12 has a longitudinal length slightly
greater than the longitudinal length of proximal
portion 35 of shaft 10. Accordingly, rod 12 may be
moved between (1) a proximalmost position wherein
distal end 60 of rod 12 is spaced proximally from the
point where the proximal and distal portions of shaft
10 meet (see Fig. 1); and (ii) a distalmost position
whiéréein the distal end 60 of rod 12 is substantially
aligned with the point where the proximal and distal
portions of shaft 10 meet (see Fig. 2).

First and second wire-like elements 15 and 20 each
have a proximal end 65, 70 and a distal end 75, 80,
respectively (see Fig. 4). Proximal ends 65 and 70 of
wire-like elements 15 and 20 are attached to distal end
60 of rod 12, whereby wire—~like elements 15 and 20 move
in conjunction with rod 12. In addition, at least the
distal ends 75 and 80 of the respective wire-like
elements 15 and 20 normally bend or flare away from
each other. Furthermore, the first wire-like element
15 is bent radially inwardly immediately adjacent to
its distal end 75 so as to form a substantially
hook-shaped configuration, generaily indicated at 85.

The longitudinal lengths of first and second
wire-like elements 15, 20 are selected such that when
rod 12 is in its proximalmost position (Fig. 1), distal
ends 75 and 80 of first and second wire-like elements
15 and 20 will be located within distal portion 45 of
shaft 10. In this position, distal ends 75 and 80 of
first and second wire-like elements 15 and 20 will be
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disposed in closely spaced relation to one another (see
Fig. 7). When rod 12 is in its distalmost position
(Fig. 2), however, distal ends 75 and 80 of first and
second wire-like elements 15 and 20 will project
outwardly from distal end 40 of shaft 10. In this
position, distal ends 75 and 80 of first and second
wire-like elements 15 and 20 flare cutwardly away from
ocne another (Fig. 4).

Actuation device 25 is attached to proximal end 30
of shaft 10 and to préximal end 55 of rod 12. 1In this
embodiment, actuation device 25 includes a housing 90
attached to proximal end 30 of shaft 10. Housing 90
defines a cylindrical cavity 95 which is aligned with,
and opens into, lumen 50 of shaft 10. A trigger 100 is
pivotally attached to housing 90, and extends into
cavity 95. A piston-like element 105 is securely
attached to the proximal end 55 of rod 12, and is
located in reciprocally sliding relation within the
housing’s cavity 95. A spring 110 biases piston-like
element 105 proximally so that rod 12 will normally
assume its'aforementioned proximalmost position (Fig.
1) . Piston-like element 105 may be moved distally
against the force of spring 110 by trigger 100 so that
rod 12 will assume it aforementioned distalmost
position (Fig. 2).

It will, therefore, be understood that rod 12
normally resides in its proximalmost position (Fig. 1)
and distal ends 75 and 80 of the two wire-like elements
15 and 20 normally reside within distal portion 45 of
shaft 10. It is to be appreciated that when distal
ends 75 and 80 of the two wire~like elements 15 and 20

ih
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reside within distal portion 45 of shaft 10, the
pointed distal end 40 of shaft 10 may be forced through
tissue without interference from distal ends 75 and 80
of wire~like elements 15 and 20 or from a length of
suture which may be grasped thereby.

Device 5 may be used to grasp and manipulate a
piece of suture 115 at a surgical site. Among other
things, it may also be used to grasp a piece of suture
115 on either the left side 118 or the right side 119
of a tissue 120, and to pass that suture through the
One or more layers making up tissue 120. The passage
of suture 115 through tissue 120 may be accomplished
either by pulling the suture through, or by pushing the
suture through, tissue 120.

More particularly, in those cases where it is
desired to pull suture 115 through tissue 120 from
tissue side 118 to tissue side 119, the steps of the
method are jllustratively shown in Figs. 3 through 10.
Starting from the position where suture 115 is located
on tissue side 118 and distal end 40 of shaft 10 is
located on tissue side 119 as shown in Fig. 3, the
pointed distal end 40 of shaft 10 is first forced
through tissue 120. Then shaft 10 is manipulated so as
to bring its distal end 40 substantially adjacent to
the portion of suture 115 which is to be carried back
through tissue 120, Next, trigger 100 is activated so
as to move rod 12 toward its distalmost position. This
causes the distal ends 75, 80 of wire-like elements 15,
20 to extend out of distal end 40 of shaft 10 so that
the wire-like elements flare away from each other.
Device 5 is then manipulated further as needed so as to
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position suture 115 in the gap 121 formed between
distal ends 75, 80 of first and second wire-like
elements 15, 20 (see Fig. 4).

Trigger 100 is then released so as to allow rod 12
to move toward its proximalmost position under the
influence of the spring 110.. As this occurs, distal
ends 75, 80 of the wire-like elements 15, 20 retreat
back into distal portion 45 of shaft 10, and the
wire-like elements 15, 20 move back toward one another
as they re-enter distal portion 45 of shaft 10. During
this retraction of the wire-like elements, hook 85
adjacent distal end 75 of first wire-like element 15
grapples the portion of suture 115 which is located
within the closing gap 121 (see Fig. 5) and carries it
toward distal end 40 of shaft 10.

As hook 85 enters distal end 40 of shaft 10, a
portion of suture 115 also is drawn into the distal end
of the shaft. Suture 115 is held in this position by
the spring-biased hook 85 acting in co-operation with
the distal end of shaft 10 (see Figs. 6 and 7).

Hook 85, shaft 10 and suture 115 may be sized s0
that the suture is tightly bound to the shaft.
Alternatively, the hook, the shaft and the suture may
be sized so that suture is free to slide transversely
relative to hook 85 inside the distal portion of the
shaft.

Distal portion 45 of shaft 10 is then withdrawn
from tissue 120, carrying the grappled suture 115 with
it (see Fig. 8). Thereafter, suture 115 is released
from device 5 by squeezing trigger 100 again. This
causes wire~like elements 15, 20 to project outwardly
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from distal end 40 of shaft 10 in flaring relation to
one another (see Fig. 9). Suture 115 then is released
from tool 5 by manipulating the tool and/or the suture
so that the suture no longer resides in gap 121 between
distal ends 75, 80 of wire-like elements 15, 20 (see
Fig. 10).

The procedure for pushing suture 115 through tissue
120 from tissue side 119 to tissue side 118 1s somewhat
similar in nature and is generally illustrated in Figs.
Ll through 1s6. Specifically, distal end 40 of shaft 10
is first positioned adjacent to suture 115 on tissue
side 119 (see Fig. 11). Trigger 100 is then squeezed
50 as to project the wire-like elements 15, 20
outwardly from distal end 40 of shaft 10, in flaring
relation to one another. Thereafter, device 5 isg
manipulated so that suture 115 resides in gap 121
between the distal ends of wire-like elements 15, 20
(see Fig. 12).

- Trigger 100 is then released so as to allow the
distal ends of wire-like elements 15, 20 to retract
back into the distal portion of shaft 10 under the
influence of spring 110. The distal ends of the two
wire-like elements 15, 20 to move back toward one
another as they re-enter distal portion 45 of shaft 10,
closing down gap 121. As this occurs, hook 85 grapples
suture 115 and draws the grappled portion against
distal portion 45 of shaft 10. The engagement of
suture 115 with distal end 40 of shaft 10 is such that
the distalmost point 122 of distal end 40 is located
distally of grasped suture 115 and wWwire-like elements

15, 20 (see Fig. 13),.
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In this configuration, distal end 40 of shaft 10 is
forced through tissue 120, carrying grappled suture 115
with it (see Fig. 14). Trigger 100 is then squeezed
once again so as to project wire-like elements 15, 20
out of the distal end of shaft 10, in flaring relation
to one another (see Fig. 15). Then tool 5 and/or
guture 115 are manipulated so that suture 115 no longer
sits in gap 121. This frees the suture from the tool.
Then trigger 100 is released so as to retract wire~like
elentents 15 and 20 back into shaft 10. Shaft 10 is
then withdrawn from tissue 120, leaving suture 115
extending through tissue 120. (see Fig. 16).

A suturing procedure requiring multiple passes of
suture 115 through one or more layers of tissue also
can be conveniently accomplished with device 5. For
example, device 5 might be used to first pull a length
of suture 115 through tissue 120, and thereafter to
push that same suture 115 back through tissue 120 at a
location adjacent to the first pass of the suture
through the tissue. Alternatively, suture 115 could
first be pushed through tissue 120, and thereafter
pulled back through the tissue at a location adjacent
to the first pass of the suture through the tissue.

Looking next at Figs. 17-32, a representative
suturing operation will be described for purposes of
illustration.

Fig. 17 shows tissue 120, a length of suture 115
adjacent side 119 of tissue 120, and distal portion 45
of a device 5 formed in accordance with the present
invention. Tissue 120 is shown as including layers
120a and 120b in abutting relationship to one another
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80 as to represent the capability of device 5 to secure
together multiple layers of tissue.

Figs. 18-22 reépectively show (1) engagement of
wire-like elements 15, 20 with suture 115; (ii)
grasping of suture 115 to distal end 40 of device 5;
(1ii) pushing the distal portion of shaft 10 through
tissue 120, carrying suture 115 therewith; (iv) release
of suture 115 from distal end 40 of shaft 10; and (V)
disengagement of wire-like elements 15, 20 from suture
115 and withdrawal of &istal portion 45 from tissue
120, leaving suture 115 extending therethrough. The
details of this procedure are the same as those just
described with respect to pushing a length of suture
through tissue.

Figs. 23-28 illustrate the use of the same
procedure to pass the free end of suture 115 left
adjacent to side 119 of tissue 120 back through tissue
120 at a location spaced from the first pass of the
suture through tissue 120. Accordingly, it will be
seen that in Fig. 28 both free ends of suture 115 have
been pushed from tissue side 119 _through tissue 120 to
tissue side 118.

Finally, Figs. 29-32 illustrate the use of the
pulling technique described above to draw one of the
free ends of suture 115 from tissue side 118 back
through tissue 120 to tissue side 119. This third pass
of suture through tissue 120 takes place at a location
spaced from the first two passes of suture 115 through
tissue 120.

In some situations it may be desirable to be able
to adjust the orientation of the distal portion of the
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shaft without changing the orientation of the tool’s
handle. Another preferred embodiment of the invention
addresses this situation. In this embodiment, the
device 205 (best seen in Figs. 33 and 34) comprises a
suture grasper assembly 300 (best seen in Fig. 35) and
an actuation means 305 (best seen in Figs. 33 and 34).
More particularly, and as best seen in Fig. 36, suture
grasper assembly 300 includes a wire subassembly 400, a
shaft subassembly 500 and a housing subassembly 600.

Wire subassembly 400 (best seen in Figs. 37 and 38)
includes at least one wire 402, a rigid tube 404 and a
flexible sheath 406. Each of the wires 402 has a
distal end 408, a proximal end 410 and a principle
longitudinal axis 412. Further, each wire 402 defines
a bend 403 at an angle of about 30° relative to its
principle longitudinal axis 412. Bend 403 is located
close to the wire’s distal end 408. Each wire 402 has
an equal length as measured between its proximal end
410 and its bend 403. In the case where only a single
wire 402 is used, wire 402 is bent substantially
adjacent to its distal end 408 so as to form a
hook-like configuration 414. In the case where
multiple wires 402 are used, at least one of the wires
402 is bent so as to form a hook-like configuration 414
as just described.

Tube 404 is typically made of stainless steel. It
includes a distal end 416, a substantially straight
distal portion 418 adjacent to distal end 416, and a
substantially straight proximal portion 420 which
extends at a substantially right angle to distal
portion 418. Tube 404 terminates at a proximal end
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422. ©Each of the wires 402 is secured to the proximal
end 422 of tube 404. Each of the wires 402 also
extends through both the distal and proximal portions
418, 420 of tube 404 so that bend 403 is spaced
distally from distal end 416 of tube 404.

Flexible sheath 406 is made of a heat shrink
material, and has an axial length greater than the
separation of bends 403 of wires 402 and distal end 416
Of tube 404. Flexible sheath 406 tightly covers the
wires 402 and overlaps distal end 416 of tube 404,
Accordingly, sheath 406 secures wires 402 together such
that the portions of the wires located distally of
bends 403 flare outwardly relative to one another, and
the portions of the wires located immediately
proximally of bends 403 can flex relative to their
respective longitudinal axes 412.

Shaft subassembly 500 (best seen in Fig. 39)
includes a hollow shaft 202, a normally curved tip 504
and a drive rod 506. Shaft 502 has a distal end 508
and a proximal end 510, and defines an inner lumen 512
which has a substantially constant diameter along its
length. Shaft 502 also includes a longitudinal slot
514 which extends distally from proximal end 510.
Further, a counterbore 516 extends distally from
proximal end 510 of shaft 502. One end 518 of drive
rod 506 is received in counterbore 516, and is secured
therein by any convenient and reliable means, e.g. by
welding. A pair of circumferential grooves 520, 522
are provided in drive rod 506 adjacent to its proximal
end 524.

Wire subassembly 400 is located in lumen 512 of



WO 95/22932 B PCT/US95/02282
2183833

- 30 -

shaft 502 such that the proximal portion 420 of wire
subagssembly 400 extends through longitudinal slot 514,
and is reciprocally movable within slot 514. The
length of wire subassembly 400 (as measured between
proximal portion 420 and bends 403) 1is selected such
that when proximal portion 420 of wire subassembly 400
engages the distal end of slot 514, the flared portions
of wires 402 will extend beyond distal end 508 of shaft
502. Further, the longitudinal length of slot 514 is
selected such that when proximal porticon 420 of wire
gsubassembly 400 engages distal end 518 of drive rod
506, the flared portions of wires 402 will reside
within lumen 512 of shaft 502.

Héusing subassembly 600 (see Fig. 36) includes a
bearing 602, an outer housing 604, a compression spring
606, an inner housing 608, a cylindrical gear 610 and
an end cap 612.

Bearing 602 (best seen in Figs. 40-42) 1s a hollow
cylindrical member having a proximal end 614, a distal
end 616, and an outer surface 618. The hollow center
of bearing 602 is adapted to receive shaft 502
therethrough. The outer surface 618 is relieved
adjacent to proximal end 614 and adjacent to distal end
616 so as to define a pair of oppositely facing annular
shoulders 620, 622 separated by a middle_portion 624.
Further, a longitudinal slot 626 extends from proximal
end 614 to a closed end 628 located in middle portion
624. Slot 626 has a width slightly greater than the
diameter of proximal portion 420 of wire subassembly
400. Accordingly, bearing 602 may be telescoped over
distal end 508 of shaft 502 so that the proximal
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portion 420 of wire subassembly 400 (which projects
through slot 514 in shaft 502) engages closed end 628
of bearing slot 626.

Outer housing 604 (best seen in Figs. 43 to 46)
includes a distal end wall 630 having a central opening
632 therethrough, an open proximal end 634, and a
cylindrical side wall 636, which elements together
define a substantially cylindrical, open-~ended cavity
638. A longitudinal slot 640 extends distally from
proximal end 634 for about ore-half of the axial length
of outer housing 604. The width of slot 640 is
approximately the same as would be achieved by the
removal of about 90° of side wall 636. In addition, a
threaded counterbore 642 is formed around the
distalmost portion of opening 632.

Compression spring 606 (best seen in Fig. 36) is
located within distal portion 644 of cavity 638 such
that one end 646 of the spring bears against distal end
wall 630 of outer housing 604 about opening 632. Shaft
subassembly 500 (carrying bearing 602 as described
above) is inserted distal end first through housing
open end 634, through spring 606, and through housing
opening 632. As a result of this construction, the
other end 648 of spring 606 bears against shoulder 622
of bearing 602.

Inner housing 608 (best seen in Figs. 47 to 50) is
reciprocally located within cavity 638 of outer housing
604. Inner housing 608 includes a substantially
circular distal end wall 650 having a centered opening
652 therethrough, a side wall 654 extending proximally
from distal end wall 650, and a proximal end 665. A
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pair of opposing projections 656, 658 extend
circumferentially into gap 660 from side edges 662, 664
of sidewall 654. If desired, the alignment of gap 660
of inner housing 608 with slot 640 of outer housing 604
may be assured by the provision of a groove 666 in
distal end wall 650. Croove 666 will receive an
elongated, longitudinal projection 667 formed on outer
housing 404. Furthermore, the distal end wall 650
receives the relieved proximal portion of bearing 602
such that the distally facing surface of distal end
wall 650 bears against shoulder 620 of bearing 602,
thereby trapping proximal portion 420 of wire
subassembly 400 in bearing slot 626. |

A cylindrical gear 610 (best seen in Figs. 51 and
52) resides on drive rod 506 within inner housing 608.
Gear 610 includes an axial opening 668 which is adapted
to receive drive rod 506. Gear 610 is made out of a
substantially resilient material so that it elastically
engages the outer surface of the drive rod. Outer
surface 669 of gear 610 carries a plurality of
generally helical flights 670. Accordingly, while gear
610 may slide along drive rod 506 somewhat during the
projection and/or retraction of wire subassembly 500,
its engagement with drive rod 506 is such that applied
forces tending to rotate gear 610 also tend to rotate
shaft 502.

End cap 612 (best seen in Figs. 53 and 54) is a
generally semi-cylindrical member adapted to lock the
elements of housing subassembly 600 together. To
accomplish this, an opening 672 is provided midway
along flat edge 673 of the cap’s semi-cylindrical
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structure. The opening 672 is adapted to engage the
drive rod’s circumferential groove 520 adjacent to its
distal end 524. Further, the periphery of cap 612 is
adapted to engage sidewall 636 of outer housing 604 in
a snap-fit or other secure manner.

Since there may be some play among the components
of suturing device 205, and since such play can prove
inconvenient when penetrating hard tissue with the
sharp distal tip of the device, a lock nut 674 (best
seen in Figs. 55 to 57) also may be provided. Lock nut
674 can lock shaft subassembly 500 against rotation
relative to actuation means 305. Lock nut 674 includes
a cylindrical shaft 676 having a distal end 678, a
proximal end 680, an outer surface 682 carrying threads
684, and an annular flange 686 extending radially
outwardly from cylindrical shaft 676 adjacent to distal
end 678. Cylindrical shaft 676 also includes a pair of
opposing longitudinal slots 688, 690 extending distally
from proximal end 680 to closed ends 692. Further,
annular flange 686 defines an outer edge 694 which may
be knurled to facilitate rotation of lock nut 674.

Lock nut 674 is telescoped proximal end first onto
the distal portion of shaft subassembly 500 and moved
into engagement with threaded counterbore 642 in outer
housing 604. The outer diameter of shaft 676 and the
diameter of counterbore 642 are selected such that as
the lock nut’s shaft 676 is progressively screwed into
counterbore 642, the portions of the lock nut located
between slots 688 and 690 will be sgueezed inwardly
against shaft 502. Accordingly, shaft 502 may rotate
about its longitudinal axis when the lock nut engages
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only the distalmost portion of counterbore 642, but is
prevented from rotating relative to outer housing 604 when
the lock nut's shaft 676 is fully engaged within
counterbore 642.

It will, therefore, be seen that the suture grasper
assembly 300 normally retains the wire(s) 402 in their
retracted position within shaft subassembly 500.
Specifically, compression spring 606 normally urges inner
housing 608 against end cap 612. Since the proximal portion
420 of wire subassembly 400 engages bearing 602 which is
rotatably located in the central opening 652 in distal end
wall 650 of inner housing 608, proximal portion 420 of wire
subassembly 400 1s urged against end 518 of drive rod 506
when inner housing 608 is in its proximalmost position
within outer housing 604.

Actuation means 305 comprises a handle 702, a third
housing 704 defining a substantially cylindrical cavity
706, and a pair of triggers 708 and 710 pivotally mounted
to third housing 704. Third housing 704 is adapted to
receive outer housing 604 such that (i) an end 712 of first
trigger 708 engages the circumferential projections 656,
658 of inner housing 608, and (ii) a curved end 714 of
second trigger 710 (carrying spaced teeth 716) engages gear
610. Further details of the construction of actuation means
305 are set forth in U.S. patent No. 5,334,198, which is
presently assigned to Innovasive Devices, Inc. of
Hopkington, Massachusetts, which is also the assignee of

this application.
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In view of the foregoing construction, a surgeon may
grasp handle 702 and rotate first trigger 708 toward handle
702 with one hand. As first trigger 708 is rotated in this
fashion, inner housing 608 is urged along shaft subassembly
500 toward distal end wall 630 of outer housing 604. This
movement takes place against the force of spring 606.
Movement of inner housing 608 relative to outer housing 604
causes proximal portion 420 of wire subassembly 400 to be
urged distally along slot 514. This movement of proximal
portion 420 of wire subassembly 400 urges the distal ends
of wire-like elements 402 to project out the distal end 508
of shaft subassembly 500, for use in grasping a suture as
described above.

When the surgeon wishes to rotate shaft subassembly
500 relative to actuation means 305, the surgeon pulls
second trigger 710 toward handle 702. Such manipulation of
second trigger 710 causes gear 610 to rotate within inner
housing 608. Since gear 610 is mounted in substantially
tight elastic contact around the distal portion of drive
rod 506, the rotation of gear 610 causes axial rotation of
shaft subassembly 500 and wire subassembly 400 as a unit.

Accordingly, the surgeon may, with one hand, (i)
rotate a curved tip of the shaft subassembly about the
longitudinal axis of the tool so that it faces in any
desired radial direction, and/or (ii) move the wire
subassembly from its retracted position toward its fully
extended position. Further, since bearing 602 (holding

proximal portion 420 of wire subassembly 400)
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is axially rotatable relative to opening 652 in distal
end wall 650 of inner housihng 608, bearing 602 will
rotate with the shaft subassembly 500, thereby avoiding
undesirable twisting of the subassembly 400.

Numerous changes, alterations, variations, and
modifications may be made to the foregoing embodiments
without departing from the scope of the present
invention. Thus, for example, the shaft subassembly
may include a lumen having an elliptical cross~section,
rather than a circular transverse cross-section, in
order to better accommodate wire-like elements 402 (see
Fig. 58). Further, instead of locating the outwardly
flaring portions of the wire-like elements 402 in the
game plane, those portions may be located in adjacent
parallel planes (see Fig. 59). Still further, instead
of utilizing one wire-like element 402 with a hook at
its distal end and another wire-~like element 402
without a hook at its distal end, a single wire-~like
element 402 having a hook at its distal end might be
used (see Fig. 60). Similarly, each wire-like element
402 may be hooked at its distal end (see Fig. 61), and
the lengths of the wire-like elements may be selected
guch that the hooks overlap one another during closure
(see Fig. 62), or such that the hook of one wire-like
element resides within a projection of the area
enclosed by the hook of the other wire-like element
during closure (see Fig. 63). In addition, small
ball-like enlargements 800 may also be placed at the
ends of the wire-like elements 402. These enlargements
800 will help prevent the wire-like elements from

spearing any braided suture or tissue which may be
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engaged by the tips of the wires.

In addition, the actuation means may alsoc be
provided with an electrical connection 802 (see Fig.
33) at the closed end of its housing 704. In that
case, proximal end 524 of shaft subassembly 500 would
engage electrical connection 802, and shaft 502 and
outer housing 604 of the grasper assembly and housing
704 of the actuation means 305 would be formed of
insulating material. This alternative would allow the
device to be used in cauterization procedures as well
as in grasping and suturing procedures.

It should be understood that the foregoing
specification has been presented by way of illustration
and not limitation. It is intended that the present
invention should be limited only by the terms of the
claims appended hereto.
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CLAIMS:

1. A device for grasping a filament-like object
comprising:

at least one wire-like element having a distal end, a
proximal end, and object capturing means for capturing the
filament-like object to the distal end;

a hollow shaft having a longitudinal axis, a distal
end and a proximal end, said shaft being adapted to contain
sald at least one wire-like element; and

actuation means including a first trigger attached to
the proximal end of said at least one wire-like element and
to the proximal end of said shaft for reciprocally moving
sald at least one wire-like element between a first
position wherein the object capturing means are contained
within said shaft and a second position wherein the object
capturing means extend out of the distal end of said shaft,
and sald actuation means further including a second trigger
attached to the proximal end of said at least one wire-like
element and to the proximal end of said shaft for rotating
sald at least one wire-like element and said shaft as a

unit about the longitudinal axis of said shaft.

2. A device according to claim 1 wherein the distal

end of said shaft is curved.

3. A device according to claim 1 wherein said
actuation means includes spring biasing means for urging

sald at least one wire-like element toward the first

position.

4. A device according to claim 1 wherein the distal

end of sald shaft is located in a plane disposed at an
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angle to the longitudinal axis.

5. A device for grasping a filament-like object
comprising:

a wire assembly comprising at least one wire-like
element having a distal end, a proximal end, and object
capturing means for capturing the filament-like object
adjacent to said distal end of said at least one wire-like
element, and a rigid tube having a longitudinal axis, a
distal end and a proximal end;

salid tube being bent at a substantially right angle to
sald longitudinal axis at a point spaced from said proximal
end of said tube so as to form a generally L-shaped
configuration having a long leg and a short leg, said
proximal end of said wire-like element being attached to
sald proximal end of said tube and extending through said
tube such that said object capturing means extend out of
sald distal end of said tube:

a hollow shaft adapted to substantially contain said
wire assembly, said shaft having a pointed distal end, a
proximal end, and a longitudinal slot having a distal end
and a proximal end;

salid slot being adapted to receive said short leg of
sald L-shaped tube, said proximal end of said slot being
located at an axially measured distance from said distal
end of said shaft substantially equal to the length of said
long leg of said L-shaped tube plus the length of said
object capturing means, and said distal end of said slot
being located at an axially measured distance from said
distal end of said shaft substantially equal to the length
of said long leg of said L-shaped tube; and

actuation means attached to said proximal end of said
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shaft and to said short leg of said L-shaped tube for (i)
reciprocally moving said L-shaped tube between a first
position wherein said capturing means 1s contained within
said shaft and a second position wherein said capturing
means extend out of said distal end of said shaft, and (ii)
rotating said wire assembly and said shaft as a unit about

said longitudinal axis of said shaft.

6. A device according to claim 5 wherein said wire
assembly comprises at least two wire-like elements, the
distal portions of said at least two wire-like elements
normally flare outwardly from one another in the same
plane, and further wherein a first of said wire-like
elements defines a hook adjacent to its distal end, and the
second of said wire-like elements has a length such that
when said tube and said shaft are in said first position,
the distal end of said second wire-like element is closely
spaced from said distal end of said first wire-like

element.

7. A device according to claim 6 wherein said wire
assembly further includes a ball-like enlargement disposed

at said distal end of said first wire-like element.

8. A device according to claim 5 wherein said wire
assembly includes at least two wire-like elements, the
distal portions of said at least two wire-like elements
normally flare outwardly from one another in adjacent
parallel planes, and each of said wire-like elements

defines a hook adjacent its distal end.

9. A device according to claim 5 wherein said wire
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assembly includes at least two wire-like elements, the
distal portions of said at least two wire-like elements
normally flare outwardly from one another, one of said
wire-like elements is shorter than the other of said
wire-like elements, and the distal portion of each said
wire-like element defines a hook at its distal end, said
hooks being adapted for location one inside the other when

salid tube and said shaft are in said first position.

10. A device according to claim 9 wherein each of said
at least two wire-like elements further includes a

ball-like enlargement disposed at its distal end.

11. A device according to claim 5 wherein said shaft
1s curved adjacent to its distal end, and said tube
elastically grasps said at least one wire-like element and

is flexible adjacent to its distal end.

12. A device according to claim 5 wherein said pointed
distal end of said shaft comprises an end surface which is
located in a plane disposed so as to form an acute angle

with said longitudinal axis of said shaft.

13. A device according to claim 12 wherein the angle
of sald surface to said longitudinal axis of said shaft is
chosen such that a filament-like object held against said
surface by said object capturing means when said device is
biased toward said first position will not extend beyond

the distalmost portion of said surface.

14. A device according to claim 5 wherein said

actuation means comprises a first housing assembly and a
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second housing assembly;

sald first housing assembly comprising a first end
wall and a first side wall defining a first open-ended,
substantially cylindrical cavity, a handle extending
radially outwardly from said first side wall adjacent to
said first end wall, and first and second trigger members
pivotally mounted to said first side wall distally of said
handle, said first trigger defining at least one projection
extending into said cavity, and said second trigger
defining a series of projections adapted to sequentially
extend into said cavity; and

sald second housing assembly comprising a second end
wall having a central opening therethrough and a second
side wall, said second side wall forming a second
open-ended, substantially cylindrical cavity adjacent to
sald second end wall and about three-fourths of the length
of the periphery of said second end wall, a helical
compression spring located in said second open-ended
cavity, an inner housing comprising a third end wall
defining a central opening therethrough and a third side
wall extending proximally from about three-fourths of the
length of the periphery of said third end wall, a bearing
having a proximal end and a distal end, said proximal end
of said bearing being mounted for axial rotation in said
opening in said third end wall and said distal end of said
bearing engaging said helical spring, a substantially
cylindrical member including helical gear flights on its
outer surface located within said inner housing, and a
substantially semi-circular end cap;

sald second housing assembly being mounted on said
proximal portion of said shaft such that said proximal

portion of said shaft extends through said opening in said
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second end wall, through said helical spring, through said
bearing, through said opening in said third end wall of
sald inner housing, through said cylindrical member in
elastically gripping relation therewith, and through said
end cap;

sald second housing engaging said first cavity in
telescopic relation therewith such that said projections
from said first trigger engage said second rear wall and
sald projections from said second trigger engage said gear
flights on said outer surface of said cylindrical member:

whereby rotation of said first trigger causes said
inner housing to slide toward said second end wall against
sald compression spring, and rotation of said second
trigger causes rotation of said cylindrical member, said

shaft, said bearing and said wire assembly.
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