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A surgical clamp (12) includes a shaft (16) having clamping jaws (15, 21) at a proximal end and an operative handle assembly at a
distal end. The shaft has properties for being moved to a desired shape by the user prior to operation of the handle assembly (14)
and for holding the desired shape during operation of the handle assembly (14) and the jaws (18, 21). A control element disposed
relative to the bendable element Is operable from the handle assembly (14) at the proximal end of the shaft to move the jaws

(18, 21) relative to each other at the distal end of the shaft (16). An associated method includes the step of bending the shaft (16)
to a desired shape prior to operation of the clamp (12) and maintaining the shaft (16) in substantially the desired shape during
operation of the clamp (12).
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(5§7) Abstract

A surgical clamp (12) includes a shaft (16) having clamping jaws (15, 21) at a proximal end and an operative handle assembly at a
distal end. The shaft has properties for being moved to a desired shape by the user prior to operation of the handle assembly (14) and for |
holding the desired shape during operation of the handle assembly (14) and the jaws (18, 21). A control element disposed relative to the
bendable element is operable from the handle assembly (14) at the proximal end of the shaft to move the jaws (18, 21) relative to each other
at the distal end of the shaft (16). An associated method includes the step of bending the shaft (16) to a desired shape prior to operation
| of the clamp (12) and maintaining the shaft (16) in substantially the desired shape during operation of the clamp (12).
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J X A PN AND AME

eld of the ] .

This invention relates generally to clamps and more specifically to clips. clamps, and

devices for operating same in a surgical environment.

Di on of the Pri

Clamps have long been used to dilate and occlude body conduits, such as vessels, by
pinching the conduit between opposing jaws. Inserts providing soft and tactile surfaces on the
jaws have aiso been contemplated. In addition. coil sprnings have been used to maintain a closing
force on the opposing jaws. Some clamps have been provided with an elongate configuration
usuaily in the form of a shaft extending between the jaws and a handle which operates the jaws
through the shaft. The shaft has typically been formed as a rnigid, typically-straight assembly,
which merely allows the user to reach deeply into a surgical cavity while operating the jaws
exteniorly of the cavity. In some cases where the reach is desirable, the shafts of the elongate
clamps have been provided with a floppy configuration facilitating use of the clamps along a
circuitous path. These tloppy shafts have permitted the jaws to be placed, but have 1solated the
jaws from incidental movement of the handle assembiy. However, thev have not been capable of
holding a shaped configurauon.

Neither the ngid, nor floppy structures of the prior art have addressed the need for an
elongate clamp having a shaft that 1s semi-ngid, that is bendable to a desired shape prior to
placement of the clamp and yet capable of maintaiming that desired shape duning placement and
operation of the clamp. These semi-ngid characteristics are particularly desirable for reaching an
object along a circuitous path. A fixed, curved shaft is not adjustable, and a floppy shaft is not
capable of maintaiming a bend duning placement and operation of the clamp.

In some s1tuations 1t 1s desirable to have a greater degree of control over the closing force
in order to avoid trauma to the conduit. Greater control over other aspects of the placement,

operation, maintenance, and removal of the ciips and clamps is always of interest.

SUBSTITUTE SHEET (RULE 26)
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Summary of the Invention

Various embodiments of clips and clamps are included within the scope of the
present invention. These embodiments not only include the operative members, including
opposing jaws, but also various handles, ratchet systems, quick disconnect apparatus, and
remote controls, which greatly facilitate control and operation of these systems. It will be
clear that many of these system elements will be interchangeable with other elements in
order to achieve a desired configuration and control.

The invention provides a surgical clamp, comprising: a shaft extending between a
proximal end and a distal end; a pair of clamping jaws disposed at the distal end of the
shaft and movable relative to each other to clamp an object between the jaws; a handle
assembly disposed at the proximal end of the shaft, the handle assembly being operable by
a user at the proximal end of the shaft to move the jaws relative to each other at the distal
end of the shaft to clamp the object; and the shaft having means adapted for supporting
movement of the shaft into a desired shape by the user prior to operation of the handle
assembly while simultaneously adapted for maintaining the shaft substantially rigid and
for holding the desired shape during operation of the handle assembly.

At least one of the embodiments of the invention has an elongate configuration
resulting primarily from a shaft which extends between the jaws of the clamp at a distal
end of the shaft and a handle assembly at the proximal end of the shaft. The shaft in this
case has a semi-rigid configuration so that it 1s initially bendable and yet capable of
maintaining a bend during placement and operation of the clamp. The shaft of the clamp
may be corrugated or may be formed as a series of ball-and-socket elements. However, 1n
most cases, the shaft will include a stationary element fixed between the housing and the
jaws and a movable element movable by operation of the handle assembly to operate the

jaws. Either of the fixed or movable elements may have the configuration of a tube in

which case the other element is typically disposed within the tube.

The stationary element will typically be formed of a material that is malleable or
otherwise semi-rigid. This permits the shaft and the clamp to be bent into a desired shape
and yet to have sufficient rigidity to maintain that desired shape during placement of the

clamp. In accordance with one aspect of the invention, the shaft has properties for being
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bent into a desired shape by the user prior to operation of the handle assembly and for
holding the desired shape during operation of the handle assembly.

In another aspect of the invention, the shaft comprises a bendable element
extending along a first axis between the handle assembly and the jaws. A control element
extends relative to the bendable element along a second axis, the control element being
operable from the handle assembly at the proximal end of the shaft to move the jaws
relative to each other at the distal end of the shatft.

In a further aspect of the invention, operation of the clamp includes the step of
bending the shaft to a desired shape prior to the surgical operation and maintaining the
shaft 1n substantially the desired shape during the surgical operation. These and other
features and advantages of the invention will be more apparent from a description of

preferred embodiments in reference to the associated drawings.
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Descrintion of { .

Figure 1 1s a side view of a clamp system including a T-handle assembly for remotely
operating a parallel jaw clamp through a flexible cable in one embodiment of the invention;

Figure 2 1s a side elevation view of a scissors clamp remotely operable by a scissors
handle assembly;

Figure 3 1s a further embodiment of a clamp system including a handle assemble with a
2-pawl mechanism;

Figure 4 1s a side elevation view of a clamp system including a clamp having rounded
jaws and an actuation handle providing for vanations in force and speed of closure;

Figure 5 1s a side elevation view of a further embodiment including a handle assembly
and shaft detachable from a clamp;

Figure 5A 1s a rear elevation view of the clamp illustrated in Figure 5;

Figure 6 1s a side elevation view of a clamp interchangeable with the foregoing handle
assemblies;

Figure 7 1s a side elevation view of a further clamp operable with the handle assemblies
noted above;

Figure 8 1s a side elevation view of a clamp having an overcenter mechanism;

Figure 9 1s a side elevation view of a clamp having an integral ratchet pawl:

Figure 9A 1s an axial cross-section view of the clamp illustrated in Figure 9;

Figure 10 1s a side elevation view of a clip having a rounded spring and operable by a
lever mechanism;

Figure 11 1s a further embodiment of spring clip of the present invention;

Figure 12 1s a side elevation view of a further embodiment of a clip with a straight spring;

Figure 13 1s a top plan view of a clip having two hinges and opposing jaws in U-
configuration;

Figure 13A 1s a side elevation view of the clip illustration in Figure 13;

Figure 14 1s a top plan view of a clip with opposing jaws in a L-shaped configuration;

Figure 14A 1s a side elevation view of the clip illustrated in Figure 14;

Figure 15 1s a top plan view of an additional embodiment of a clip with a L-shaped
configuration;

Figure 15A 1s a side elevation view of the clip illustrated in Figure 15;

Figure 16 1s a top plan view of a clip with a C-shaped configuration;




10

I35

tJ
o

30

CA 02283571 1999-09-09

WO 98/40020 4. PCT/US98/04702

Figure 16A is a side elevation view of the clip illustrated in Figure 16;
Figure 17 is a side elevation view of the clamp system illustrated in Figure 4 partially in
cross-section to illustrate the shapability of a cable assembly disposed between the clamp and the

handle assembly;

Figure 18 is a perspective view partially in axial cross-section of an embodiment wherein

the inner element 1s movable relative to an outer jacket:

Figure 19 1s a perspecuve view partially in axial cross-section of an embodiment wherein

the inner element 1s movable relative to the outer jacket;

Figure 20 1s a perspective view partially in axial cross-section of an embodiment wherein
the outer jacket i1s movable relative to the inner element:
-Figures 20-22 show various steps in a method for shaping the cable of the clamp;
Figure 20 1s a perspective view showing the cable in a straight configuration:
Figure 21 is a perspective view illustrating the cable being shaped to a predetermined

configuration;

Figure 22 is a perspective illustrating the properties of the cable which permit it to

maintain the predetermined configuration while reaching into an operative site;

Figure 23 is a perspective view illustrating the outer jacket of the cable provided in the

form of a corrugated tube; and
Figure 24 is a perspective view illustrating the outer jacket of the cable provided in the

form of a senes of ball-and-socket joints.

Yescrintion of Preferred Embodimer

A clamp assembly 1s illustrated in Figure 1 and designated generally by the reference
numeral 10. Included in the assembly are a clamp 12 and a handle 14 connected by a shafi 16.
In this embodiment, the clamp 12 has a pair of opposing parallel jaws 18 and 21 with a straight
configuration. The cable 16 includes an outer jacket 23 and an inner cable 25 that are moveable
relative to each other. The jacket 23 is attached to one of the jaws. such as the jaw 18 while the
cable 25 1s attached to the other jaw, such as the jaw 21. Thus, movement of the cable 25
relative to the jacket 23 causes the jaws 18 and 21 to move relative to each other.

:l'he handle 14 in this embodiment includes a T-handle 27 that is adapted to rest in the
palm of the user. and a T-bar 29 that is moveable relative to the T-handle 27. The T-handle 27
can be fixed to the jacket 23 while the T-bar 29 is fixed to the cable 25. Thus. operation of the




10

15

30

CA 02283571 1999-09-09

WO 98/40020 e PCT/US98/04702

T-bar 29 relative to the T-handle 27 moves the cable 25 relative to the jacket 23 and also moves
the jaw 21 relative to the jaw 18.

Of particular interest in this embodiment is the remote location of the handle 14 relative
to the clamp 12. Also, the cable 25 and associated jacket 23 can be flexible permitting
movement of the handle 14 even after the clamp 12 has been operatively fixed in position.
Quick disconnects can be provided at opposite ends of the cable 16 and a ratchet mechanism can
be provided 1n the handle 14 1n order to maintain a predetermined space and pressure between
the jaws 18 and 21. A lock lever 30 can be provided on the handle 14 to engage and release the
ratchet mechanism.

A further embodiment of the clamp assembly is illustrated in Figure 2. In this
embodiment structural elements which are similar to those previously discussed will be
designated by the same reference numeral followed by the lower case letter “a.” Thus the
clamping assembly 10a includes a clamp 12a, a handle 14a and a shaft 16a. In this case, the
clamp 12a includes opposing jaws 18a and 21a, but these jaws are formed in a scissors
configuration with opposing levers 32 and 34 disposed on opposite sides of a fulcrum 36. The
shaft 16a can be either rigid or flexible as in the embodiment of Figure 1. The handle 14a can
also be provided with a scissors configuration with opposing palm and finger grips 38 and 41,
respectively, and associated jaws 43 and 45.

The jaws 43 and 45 are connected to an associated one of the cable and jacket of the
shaft 16a. In this manner, movement of the grips 48 and 41 produces relative movement
between the cable and jacket of the shaft 16a as well as the jaws 18a and 21a of the clamp 12a.
[t will be noted that the jaws 43 and 45 of the handle 14a can be a formed integral with different
ones of the grips 38 and 41 so that closure of these grips can alternatively result in either opening
or closing the jaws 18a and 21a.

A further embodiment of the invention is illustrated in Figure 3 where elements of similar
structure are designated by the same reference numeral followed by the lower case letter “b.” In
this embodiment, the shaft 16 of previous embodiments is formed as two shafis 47 and 51 that
are axially moveable relative to each other. The jaws 18b and 21b are attached to associated
ones of these shafts 47 and 51. The handle 14b in this embodiment also includes a ratchet
mechanism including a ratchet gear 52 attached to the shaft 47, and a pair of pawls 54 and 56
which are independently pivotal on the shaft 51 to engage the ratchet gear 52.

A turther embodiment of the invention is illustrated in Figure 4 where elements of similar

structure are designated by the same referenced numeral followed by the lower case letter “d.”
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The shaft 16d of this embodiment is similar to that illustrated in Figure 1 as it includes a

jacket 23d and coaxial cable 25d. In this embodiment, the jaws 18d and 21d of the clamp 12d
are parallel but provided with a curved rather than a straight configuration. Also, inserts are
illustrated for these jaws 18d and 21d. These inserts can be provided with a “sawtooth” pattern to
facilitate atraumatic gnipping of a vessel.

The handle 14d of this embodiment is of particular interest. It includes opposing grip
portions 27d and 29d that are molded with a living hinge 53 therebetween. This hinge 53d forms
a fulcrum for this lever system. The cable 25d is attached near the hinge 53 preferably to the
grip 29d.

The finger gnp 29d 1s provided with a camming surface 55 which rides against the
cable 25d. As the gnps 27d and 29d are moved into proximity, the cable 25d is forced against
the camming surface 55 and thereby moved relative to the jacket 23d of the shaft 16d. The
camming surface 55 can be provided with a circular configuration, as in the illustrated
environment, or with any other configuration to facilitate variations in speed, distance and force
applied to the cable 25d.

A ratchet mechanism can also be provided in this embodiment. In this case, a ratchet
gear 54 and pawl 56 can be formed on engaging surfaces of the grip members 29d and 27d,
respectively. It will be noted that in this embodiment that the camming surface 55 can be formed
on a thin, flexible member 57 in order to provide some “give” to the cable 29b as the gripping
members 27d and 29d are moved into proximity.

An additional embodiment of the invention is illustrated in Figure 5 wherein elements of
similar structure are designated by the same reference numeral followed by the lower case
letter “c.” In this embodiment, the lower jaw 21e of the clamp 12¢ is formed integral with a
cylindncal housing 57 which 1s slotted to receive the upper jaw 18e. A screw 59 extends through
the housing 57 where 1ts thread engages the upper jaw 18e. As the screw 59 tumns, the upper
jaw 18e ndes on the threads of the screw 59 and thereby moves relative to the fixed jaw 29e and
housing 57.

The screw 59 1s provided with a stub 61 at its proximal end, the stub 61 having in radial
cross-section a shape which 1s non-circular, such as square. This stub 61 is adapted for
removable engagement by an associated handle 14e and shaft 16e mechanism. In this case, the
shaft 16e includes a rigid jacket 23e and an associated rigid coaxial shaft 63. Operation of the
handle 14¢ 1n this embodiment results in rotating the inner shaft 63 relative to the jacket 23e. A

recess 65 at the distal end of the shaft 63e can be shaped complimentary to the stub 61 of the
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clamp 12e to provide a mating engagement between these elements. Then, as the handle 14e is
operated, the shaft 63 turns along with the stub 61, and the jaws 18e and 21e move relative to
each other. The ease with which the clamp 12e and shaft 16e can be engaged and disengaged is a
significant feature of this embodiment.

An alternative clamp 1s 1illustrated in the embodiment of Figure 6 where elements of
similar structure are designated by the same reference numeral followed by the lower case
letter “f.” In this embodiment a paw] mechanism 67 is provided on the clip 12f. This
mechanism 67 includes a ratchet gear 69 formed on the jaw 18f, and a pawl formed on the
housing 57f associated with the lower jaw 21f. As the jaw 18f moves relative to the jaw 21f, the
ratchet gear 69 moves relative to the pawl 71 with a racketing action well known in the art. A
pin 73 can be provided on the housing 57f to release the pawl 71 from engagement with a ratchet
gear 69. By providing the pawl mechanism 67 on the clamp 12f, a higher degree of ratchet
control can be provided 1n proximity to the jaws 18f and 21f

A further clamp mechanism is 1llustrated in Figure 7 wherein elements of similar
structure are designated by the same reference numeral followed by the lower case letter “g.” In
this case, the jaws 18g and 21g are provided with a scissors mechanism 75 which tends to
maintain the jaws 18g and 21g 1n a parallel onentation. A mechanism 75 has a scissors
configuration with opposing elements 77 and 79 pivotal on one of the jaws 18g and 21g and
slidable 1n a groove on the other of the jaws 18g and 21g. A pin 82 joins the scissors element 77
and 79 to provide a fulcrum. Movement of this pin 82 relative to the housing 57g causes the
jaws 18g and 21g to open and close. Of course the clamp 12g can be operated in other manners.
for example by moving the jaw 18g, or either of the scissors elements 77 and 79 relative to the
housing S7g.

In the embodiment of Figure 8. elements similar to those previously described are
designated by the same reference numeral followed by the lower case letter “h.” In this
embodiment, the jaws 18h and 21h may not move parallel to each other. These jaws 18h and
21h are joined at a pivot pin 84 and are also joined by an overcenter mechanism designated by
the reference numeral 86. This mechanism 86 includes a leg 88 pivotal on the jaw 18h and a
leg 90 pivotal on the jaw 21h. These legs 88 and 90 are joined by a fulcrum pin 92 to form an
overcenter mechanmism which facilitates releasable locking engagement of the jaws 18h and 21h.

Actuation of this clamp 12h can be accomplished by engaging the fulcrum pin 92 and moving it

relative to the yjaw 21h to open and close the jaw 18h.
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Elements similar to those previously described are designated by the same reference
numeral followed by the lower case letter “i ”, in a further embodiment illustrated in Figure 9.
In this embodiment, the clamp 12i includes an upper jaw 18i which is integral with the
housing 571. The lower jaw 211 extends through this housing 57i for operation by the shaft 92
and housing assemblies. The ratchet gear 91 is formed on this shaft 92 while a ratchet pawl 94 is
molded into the housing 57i. A ratchet release 96 can be slidable along the shaft 92 to separate
the pawl 94 from the ratchet gear 91.

Figures 10-12 relate to clip designs that are particularly adapted for occluding vessels.
Each of these clips 1ncludes a pair of opposing jaws 101 and 103. A wire form hinge 105 1s
connected to these jaws 101 and 103 and biases them to a closed, occluding relationship. In the
embodiment of Figures 10 and 11, the wire hinge 105 is bent back on itself to form opposing
legs which are disposed to extend along the jaws 101 and 103, respectively. In the embodiment
of Figure 10, a closed end 111 of the hinge 105 is positioned intermediate the ends of the
respective jaws 101 and 103. In this embodiment, the closed end 111 functions as a fulcrum. A
force applied to that portion of the jaws 107 and 109 which extend beyond the end 111 opens the
jaws 101, 103 of the clip.

This operation can be compared with the clip disclosed in Figure 11 where the closed
end 111 of the wire hinge 105 extends beyond the length of the jaws 101 and 103. Although the
hinge 105 provides the same bias for the jaws 101, 103 as in the embodiment of Figure 10,
actuation of this structure requires an opposing force against the arms 107, 109 of the hinge 105
or the jaws 101, 103 in order to open the clip.

A further embodiment of the clip is illustrated Figure 12 where the wire hinge 105 has a
straight configuration. This hinge of 105 could be provided either by a metal wire or a flat wirc
sprning. In this case the hinge 105 extends generally perpendicular to the jaws 101 and 103.
Nevertheless, it provides the same bias action to close the clip as in the embodiments of
Figures 10 and 11. The placement of this hinge 105 in Figure 12 will of course be between the
ends of the respective jaws 101 and 103 so that the clip can be operated in the manner discussed
with reference to Figure 10.

Other embodiments of the clip of the present invention are illustrated in Figures 13-16
and the associated side views of Figures 12a-16a. In each of these embodiments, at least one
wire hinge 105 1s provided as in the foregoing embodiments. However, as opposed to the
straight parallel jaws of Figures 10-12, the opposing jaws 103 and 105 in these embodiments are

provided with other than a straight shape. Thus in the embodiment of Figures 13 and 13a, the
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jaws 101 and 103 have a U-shaped configuration. The wire hinge 105 extends throughout the
length of these jaws 101 and 103 and forms two hinges 107 and 109 at these opposing ends.

The embodiment of Figures 14 in 14a includes jaws 101 and 103 which have an L-shaped
configuration with the hinge 107 of the wire 105 formed at the end of the short leg of the

5 jaws 101, 103. As illustrated 1in Figure 14a, the free end of the L-shaped legs can be provided
with an extension or “toe-1n” 113 to compensate for spring action.

The embodiment of Figures 15 and 15a also have an L-shaped configuration. However,
in this embodiment, the hinge 107 is formed at the end of the long leg of the “L".

In a further embodiment illustrated in Figure 16 and 16a, the jaws 101 and 103 have a C-

10  shaped configuration. In this embodiment, only one hinge 107 is illustrated although two
hinges 107, 109 can be provided as 1in the embodiment of Figure 13.

Figure 17 1s a perspective view similar to that of Figure 4. In this view, elements of
structure similar to those previously disclosed will be designated with the same reference
numeral followed by the lower-case letter j. Thus, the embodiment of Figures 4 and 17 includes

15 the flexible cable assembly 16), which is similar to the assembly 16d in that it is both flexible
and shapable. In effect, the cable assembly 16) is semi-rigid so that it 1s not merely floppy and
incapable of holding a shape, but rather bendable to a desired configuration. Once the
assembly 16j has been bent to a predetermined shape, it 1s capable of maintaining that shape so
that the clamp assembly 10 1s adapted to reach into difficult locations to engage, grasp, and

20  perhaps occlude an object such as a blood vessel 121. As previously noted, the cable 16j has a
distal end 123 adapted to recerve the clamp 12}, and a proximal end 125 adapted to receive the
handle.

In the manner previously discussed, the cable 16j will typically include the jacket 235 and
a co-axial cabie or element 25j. One of the jacket 23j and the element 25j is fixed while the other

25 of the jacket 23j and the element 25j 1s movable and attached to the other jaw 18j and 21;. For
example, in the embodiments of Figures 4 and 17, the jacket 23; is fixed and attached to the
jaw 21j while the element 23j 1s movable relative to the jacket 23j and attached to the jaw 18j. In
this case, the jaws 18) and 21) are biased to an open position by a compression spring 127. As
the handle 14 1s operated, the element 25j is pulled proximally relative to the jacket 23; thereby

30  opposing the bias of the compression spring 127 and moving the yaw 18j into a closing

relationship with the jaw 21;.

This embodiment of Figures 4 and 17 is only one of several embodiments wherein the

cable 16j 1s flexible so that 1t has properties for being adjusted to a predetermined shape and for
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maintaining that shape until further adjusted. These characteristics of the cable 16j are of
particular advantage when it is desirable to engage or occlude an object, such as the blood

vessel 121, that 1s not accessible in a straight line. By adjusting or bending the cable 16j, the
clamp 12j can be moved around organs and otherwise directed along a circuitous path to engage
the vessel 121. The clamp 12j can then be operated at the distal end 123 of the cable 16) by
manipulating the handle 14; at the proximal end 125. These flexible characteristics are also
referred to herein as semi-rigid properties. The cable 16j is preferably sufficiently soft that it can
be shaped to a predetermined curved configuration, but also sufficiently rigid that it can maintain
the predetermined configuration until it is re-shaped.

These properties of the cable 16) can be achieved by providing either the jacket 23j or the
inner element 25j with the shapable characteristics. For example in Figure 21, the clamp 12j 1s
operable by moving the inner element 25j relative to the fixed outer jacket 23). Inthe
embodiment of Figure 22, the outer jacket 23j is movable relative to the fixed inner element 25 J.

Typically, but not necessarily, it is the stationary or fixed one of the jacket 23j and inner
element 25j, that is provided with the shapable characteristics. The other of the jacket 23 and
inner element 25j will typically not be shapable.

In operation, the movable element, such as the element 25j, follows the predetermined
curve of the shapable element, such as the outer jacket 23j in Figure 21. The movable element.
such as the inner element 25j, will usually have tension characteristics to oppose the bias of the
spring 127 and to move the clamp 12j into a closed state. In some embodiments. the jaws of the
clamp 12j will not be biased in which case the movable element will typically have both tension

and compression characteristics to move the jaws 18 and 21 J 1nto an closed position or open

position, respectively.

The semi-rigid cable 165 will typically be provided in a straight configuration such as that

llustrated in Figure 20. The user will then bend the cable 16) to a predetermined shape using
both hands 127, 130. The predetermined shape may include an S-curve as 132. as illustrated in
Figure 19. Importantly, the semi-rigid properties of the cable 16j enable it to maintain this
predetermined shape, such as the S-curve 132 until it s re-shaped, typicallv by using both
hands 127, 130. With these characteristics, the shapable clamp assembly 10j can be used to
reach along a circuitous path in order to engage the blood vessel 121 at an operative site such as
that designated by the referenced numeral 134 in Figure 22.

The shapable characteristics of either the outer jacket 23j (in the case of the Figure 22

embodiment) or the inner element 25j (in the case of the Figure 21 embodiment) can result from
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several different structural configurations. For example, the fixed element, such as the butcr
jacket 23), can be formed from a metal which is bendable or malleable to achieve the desired
shape. The semi-ngid characteristics can also be facilitated by forming the outer jacket 23 in the
shape of a corrugated tube 133"ﬁusuawd in Figure 23. The semi-rigid, shapable characteristics

3 can also be achieved by providing the outer jacket 23j in the form of a series of ball-and-socket
joints 136 as illustrated in Figure 24.

With reference to all of the foregoing embodiments, it will be apparent that many
vanations can be achieved by combining any of the clips or clamps with any of the hand]es or
remote cable assemblies. In addition, the placement of ratchet assemblies can be varnied. For

10 example the ratchet assembly can be provided in the handle assembly as illustrated in Figure 3.
or 1n the clamp assembly as illustrated in Figures 6 and 9. Cable assemblies providing for
remote operation can be either rigid as illustrated in the embodiment of Figure 3 or flexible as
1llustrated in the embodiment of Figure 4. Handle assemblies can also vary widely as illustrated

in the different embodiments of Figures 1, 2, 4, and 5. All of the foregoing embodiments and

15 variations thereof are believed to be within the concept of the present invention.
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CLAIMS:

1. A surgical clamp, comprising:

a shaft extending between a proximal end and a distal end;

a pair of clamping jaws disposed at the distal end of the shaft and movable relative
to each other to clamp an object between the jaws;

a handle assembly disposed at the proximal end of the shaft, the handle assembly
being operable by a user at the proximal end of the shaft to move the jaws relative to each
other at the distal end of the shaft to clamp the object; and

the shaft having means adapted for supporting movement of the shaft into a desired
shape by the user prior to operation of the handle assembly while simultaneously adapted
for maintaining the shaft substantially rigid and for holding the desired shape during
operation of the handle assembly;

wherein the shaft comprises a bendable element extending along a first axis
between the handle assembly and the jaws; and

a control element extending relative to the bendable element along a second axis,
the control element being operable from the handle assembly at the proximal end of the

shaft to move the jaws relative to each other at the distal end of the shaft.

2. A surgical clamp recited in claim 1, wherein the shaft is semi-rigid.
3. The surgical clamp recited in claim 2, wherein the shaft is malleable.
4. The surgical clamp recited in claim 1, further comprising:

a control element extending relative to the shaft and moveable by the handle
assembly at the proximal end of the shaft to operate the jaws at the distal end of the shaft;
and

wherein the shaft has a bendable element and wherein the control element
contained within the bendable element and the bendable element has a constant rigidity

and tension prior to and during operation of the handle assembly.
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5. The surgical clamp recited in claim 4, wherein:

the bendable element comprises a continuous tube extending from the handle

assembly to the jaws having a lumen; and

the control element 1s disposed within the lumen of the tube.

6. The surgical clamp recited in claim 5, wherein the control element has means for

tensioning to operate the jaws.

7. The surgical clamp recited in claim 6, wherein the control element has means for

compressing to operate the jaws.

8. The surgical clamp recited in claim 6, wherein the control element includes a wire.

9. The surgical clamp recited in claim 7, wherein the tube of the shaft is a first tube

and the control element comprises a second tube disposed relative to the first tube.

10.  The surgical clamp recited in claim 9, wherein the second tube is disposed

interiorly of the first tube.

11.  The surgical clamp recited in claim 9, wherein the second tube is disposed

exteriorly of the first tube.

12.  The surgical clamp recited in claim 6, wherein the jaws are movable between a
first position and a second position and the surgical clamp further comprises:

a spring coupled to at least one of the jaws for biasing the jaws to the first position.

13.  The surgical clamp recited in claim 12, wherein the first position is a closed

position.

14.  The surgical clamp recited in claim 1, wherein the first axis of the bendable

element 1s co-axial with the second axis of the control element.
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15.  The surgical clamp recited in claim 14, wherein:
the bendable element includes a tube; and

the control element is disposed within the tube of the bendable element.
16.  The surgical clamp recited in claim 14, wherein:

the control element includes a tube; and

the bendable element is disposed within the tube of the control element.

17.  The surgical clamp recited in claim 15, wherein the bendable element is semi-rigid.

18.  The surgical clamp recited in claim 17, wherein the semi-rigid element 1s

malleable.

19.  The surgical clamp recited in claim 17, wherein the semi-rigid element 1s

corrugated.

20.  The surgical clamp recited in claim 17, wherein the semi-rigid element includes a

series of ball-and-socket joints.

21.  The surgical clamp recited in claim 1, wherein the jaws extend and are maintained

parallel to one another.
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