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According to the present invention, improved apparatus and methods are provided for applying surgical clips to body tis-
sue in inaccessible places and at various angles with particular usefulness in laparoscopic surgery. In one embodiment, the appar-
atus comprises a shaft having a distal end and a proximal end; means for advancing clips along the shaft toward the distal end
with the legs of the clip oriented in a distal direction; means at the distal end of the shaft for rotating the clips relative to the shaft
to orient the legs in a lateral direction and means for closing the legs of the clips after the rotation. The means for advancing
usually comprises a movable belt disposed in the shaft having a plurality of retainers for holding clips; means for closing typical-
ly includes an anvil mounted at the distal end of the shaft and a hammer movable against the anvil. In another embodiment the
apparatus further comprises means disposed at the proximal end of the shaft for actuating the hammer, which usually consists of
a trigger pivotally mounted to a handle. In an exemplary embodiment, the trigger is ratcheted in stages, wherein one stage adv-
ances a clip, a second stage rotates a clip and a third stage closes a clip.




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT
AU
BB
BE
BF
BG
8)
BR
CA
CF
(¢
CH
Ci
c™m
Cs
cz
DE
DK
ES
Fi

Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brasil

Canada
Central African Republic
Congo
Switzerland
Cote d'lvoire
Camcroon
Caechoslovakia
Csech Republic
Germany
Denmark
Spain

Finland

FOR THE PURPOSES OF INFORMATION ONLY

KR
KZ
(1
LK
LU
MC

Mi
MN

France

Gabon

United Kingdom
Guinca

Greece

Hungary

Ircland

Italy

Japan

Democratic People’s Republic
of Korca
Republic of Korea
Kivakhstan
Licchiensicin

S lanka

L uscmbourg
Munuco
Muadagasar

Mali

Mongolia

Mauritania
Malawi
Nctherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Slovak Republic
Scoegal

Sovict Union

Chad

Togo

Ukraine

United States of America
Vict Nam




10

15

20

25

30

35

WO 93/24059 PCT/US93/04939

SURGICAL, CLIP APPLIER

BACKGROUND OF THE INVENTION
The present invention relates generally to surgical

instruments and more specifically to surgical clip appliers
used for applying ligating clips to blood vessels and other
tubular ducts or tissue.

In surgical prccedures, it is frequently necessary to
ligate ducts, such as blood vessels, or other severed tissue.
For this purpose, it is well-known to use surgical clip
appliers, such as that described in U.S. Patent Jo. 3,439,522,
to apply surgical clips t- a duct or tissue to be ligated.

Such clip appliers typic: have a scissor-like construction,
with a pair of » vable bt : os which are grasped by the
surgeon, and a puir of : -z le jaws opposite the handles into
which a surgica: «lip i: ..zced. Such clips usually have a

pair of connecte: legs t. form a U or Vv shape. When the
handles are closed, the jaws close the legs of the clip
together on the vessel or other tissue to be ligated.

In some surgical procedures, it is desirable tc se a
clip applier which is configured to allow tissue ligatior. .n
inaccessible areas of the surgical site. To address this need,
a number of surgical clip zp»pliers have been developed with the
jaws extended from the ha-:les at a distance, or with the jaws
oriented at various angle:x Examples are described in U.S.
Patent Nos. 3,777,538, and 4,440,170.

Other known clip appliers, such as that described in
7.S. Patent No. 4,616,650, provide for retaining multiple clips
:n the applier and feeding the clips toward the distal end of
the applier, thereby permitting the surgeon to apply multiple
clips at various places in the surgical site without removing
the clip applier from the site to place another clip in the
jaws. In some of these known devices, the clip applier is
designed to accommodate an interchangeable cartridge containing
multiple clips. An example is seen in U.S. Patent No.
3,675,688.
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In some surgical procedures, however, known clip
appliers suffer certain drawbacks. In particular, known clip
appliers have significant limitations when used in laparoscopic
surgical procedures. Such procedures usually involve
distending the abdominal cavity away from the underlying organs
to improve access and visibility, using gas insufflation or a
mechanical distension technique. Several small incisions are
made in the abdomen through which are inserted trocar sleeves—-
plastic tubes designed to provide a sealed entryway into the
abdominal cavity. Surgery is performed using long-handled
instruments inserted through the trocar sleeves, with a lens
connected to a video monitor providing visibility of the
abdomi~ cavity.

"lip appliers used in laparoscopic surgery must be
elongateua so as to reach through the abdominal wall to the
appropriate site, and preferably should not require removal
from the abdominal cavity to reload clips after each clip is
applied. The distal portion of such clip appliers must be of
such dimension so as to pass through a trocar sleeve. Of
particular importance is the orientation of the jaws at the
distal end of the clip applier. During the course of surgery,
ducts or tissue to be ligated will be oriented at various
angles relative to the abdominal wall. Because of the limited
range of motion afforded by the trocar sleeve, the surgeon
depends on the orientation of the jaws to properly correspond
with the angle of the duct or tissue to be ligated. 1In some
cases, a surgeon may need to ligate a vessel or other tissue at
an angle of up to 90° or more relative to the distal end of the
clip applier. Further, because of the limited visibility of
the surgical site and the limited maneuverability of
instruments through the trocar sleeve, once a surgeon has
positioned a clip applier at a desired site, s/he may want to
apply two or more clips along a portion of duct or tissue
without pulling the clip applier away from the site to position
additional clips in the jaws.

In addition, the distally-oriented jaws of known clip
appliers suffer from the inability to exert tension upon a duct
or portion of tissue to which a clip is to be applied. Any
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repositioning of tissue must be achieved by pushing on the clip
applier, exerting a compressive force on the tissue. This
tends to push the tissue against underlying tissue, which may
obstruct visibility, and can interfere with the application of
the clip. Moreover, the unintentional application of a clip to
underlying tissue, e.g. an organ or blood vessel, can pose a
serious risk to the patient.

For these reasons, it would be desirable to provide
improved methods and apparatus for applying surgical clips
which permit application of multiple clips without removing the
apparatus from the surgical site, and at the same time orient
the clips at various angles relative to the distal end of the
clip applier, including perpendicular thereto. The methods and
apparatus should be usable in laparoscopic surgery and other
such procedures wherein a very small incision is made. 1In
particular, the apparatus should be capable of passing through
a8 trocar sleeve having a diameter of 10 mm. It would be
particularly desirable if the clip applier jaws could be
rotated about 360° from a point outside of the surgical area
and proximate to the point where the clip applier is held by
the user. The apparatus and method should further allow the
surgeon to apply clips in a controllable manner, permitting the
clip to be closed as slowly or quickly as the surgeon desires.
In addition, the apparatus and method should allow the user to
exert tension on a portion of tissue for more effective
positioning, so as to improve visibility of the tissue to be
ligated, as well as to avoid interference with nearby tissue.

SUMMARY OF THE INVENTION
According to the present invention, improved

apparatus and methods are provided for applying surgical clips
to body tissue in inaccessible places and at various angles
with particular usefulness in laparoscopic surgery. 1In one
embodiment, the apparatus comprises a shaft having a distal end
and a proximal end; means for advancing clips along the shaft
toward the distal end with the legs of the clip oriented in a
distal direction; means at the distal end of the shaft for
rotating the clips relative to the shaft to orient the legs in
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a lateral direction and means for closing the legs of the clips
after the rotation.

The means for advancing usually comprises a movable
belt disposed in the shaft having a plurality of retainers for
holding clips. The means for closing typically includes an
anvil mounted at the distal end of the shaft and a hammer
movable against the anvil. In another embodiment, the
apparatus further comprises means disposed at the proximal end
of the shaft for actuating the hammer, which usually consists
of a trigger pivotally mounted to a handle. 1In an exemplary
embodiment, the trigger is ratcheted in stages, wherein one
stage advances a clip, a second stage rotates a clip and a
third stages closes a clip.

The present invention further provides a surgical
clip for use in a clip applier. The improved surgical clip has
a pair of legs, one leg being longer than a second leg, the
legs connected by a bridge portion to form a modified V shape.
The longer leg configuration permits the clip to be closed in a
curve with the tips of the legs substantially even in the
closed configuration. The clip is further provided with
surface features, such as slots drilled through the legs, to
improve the grip of the clip on tissue.

The method of the present invention comprises, in one
embodiment, the steps of providing a clip applier having means
for closing a clip and means for advancing a clip to the
closing means, the means for closing defining a slot open in a
lateral direction; positioning the clip applier such that the
slot surrounds the tissue to which a clip will be applied;
advancing a clip with legs oriented in a distal direction;
rotating the clip into the slot such that the tissue lies
between the legs of the clip; and closing the clip on the
tissue. In a further embodiment, the method provides for
rotating, closing and advancing clips using a trigger having
three stages corresponding to each of the forementioned steps.

The methods and apparatus of the present invention
have several important advantages over known clip appliers.
Clips may be applied in inaccessible areas at various angles.
Multiple clips may be applied without removing the clip applier
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from the surgical site. The direction of the surgical clip may
be adjusted about 360° by the surgeon at a point near the
handle of the apparatus. Importantly, a first clip can be
applied to a tissue site, and a second clip may be advanced and
applied to an adjacent site without removing the clip applier
from the tissue. Further, the clip applier is configured to
pass through a 10 mm trocar sleeve, permitting its use in
laparoscopic surgery and other surgical procedures where a very
small incision is made. Also significant is the capability for
applying a tensile force on tissue positioned in the anvil of
the clip applier, so as to provide improved visibility in
laparoscopic procedures, as well as to reposition the tissue
away from nearby tissue to avoid interference therewith.

A further understanding of the nature and advantages
of the invention may be realized by reference to the remaining
portions of the specification and the drawings.

DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective view of a clip applier

constructed in accordance with the principles of the present
invention.

Figs. 2A and 2B are front and top cross-sectional
views of the clip applier of Fig. 1 before a clip has been
advanced into the anvil.

Figs. 3A and 3B are front and top cross-sectional
views of the clip applier of Fig. 1A with a clip in position in
the anvil before closing.

Figs. 4A and 4B are front and top cross-sectional
views of the clip applier of Fig. 1A wherein a clip has been
closed in the anvil.

Figs. 5A-5C are close-up front cross-sectional views
of the distal end of the clip applier of Fig. 1A showing a clip
prior to being advanced into the anvil, in position in the
anvil before closing, and in a closed position in the anvil,
respectively.

Figs. 6A and 6B are front and top cross-sectional
views of the distal end of the clip applier of Fig. 1A.
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Fig. 7 is a perspective view of the whip of the clip
applier of Fig. 1A.

Fig. 8 is a perspective assembly view of the distal
end of the clip applier of Fig. 1A.

Fig. 92 and 9B are front and top cross-sectional
views of the proximal end of the barrel of the clip applier of
Fig. 1.

Fig. 10A is a front and side cross-sectional views of
the handle of the clip applier.

Figs. 10B and 10C are side cut-away views of the
ratchet mechanism in the handle of Fig. 10A.

Figs. 11A and 11B are front and top elevational views
of a s”~gical clip constructed in accordance with the
princ 5 of the present invention with legs straightened to
illust.ute surface features.

Figs. 11C-11E are front and side elevational and side
cross-sectional views of the surgical clip of Figs. 11A and 11B
in an unclosed configuration.

Fig. 11F is a front elevational view of the surgical
clip of Figs. 11A and 11B in a closed configuration.

Figs. 12A and 12B are front elevational views of
alternate embodiments of a surgical clip constructed in
accordance with the principles of the present invention.

DESCRIPTION OF SPECIFIC EMBODIMENTS
Referring to Fig. 1, the surgical clip applier of the

present invention includes, in a preferred embodiment, a
tubular shaft or barrel 10 rotatably coupled to a handle 12,
the barrel 10 holding a number of surgical clips (not shown)
oriented in the barrel such that clip legs point toward the
distal end of the barrel, as will be described in detail below.
An anvil 16 is disposed at the distal end of the barrel and
forms a slot having an open side facing laterally from the
barrel. 1In a preferred embodiment, the slot in anvil 16 is
oriented at 90° relative to the barrel 10. However, it should
be understood that the slot may be configured at any of various
angles from 5° up to approximately 170° relative to barrel 10.
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Referring now to Fig. 2A, a lever 18 is pivotally
mounted to handle 12 at pivot point 22 and includes a
ratcheting mechanism 20 including a grooved track 19 and a pawl
21 following track 20. As shown in Figs. 3A and 3B, when lever
18 is pulled toward handle 12, the distal-most clip 24 is
positioned in the anvil 16 with legs 15 pointing laterally. At
the same time, pawl 21 has advanced in track 20 reaching an
intermediate rest position as will be described more fully
below.

As shown in Figs. 4A and 4B, when the lever 18 is
pulled to a position nearest handle 12, distal-most clip 24 is
closed against anvil 16 by hammer 26 which extends from the
interior of barrel 10.

The three major stages of closing distal-most clip 24
are shown in detail in Figs. 5A through 5C. 1In Fig. 5a,
distal-most clip 24 is in a position at the distal end of the
barrel 10 with legs 15 pointing distally. The distal end of
hammer 26 is in a position toward the proximal end of the
barrel relative to clip 24. 1In the position of Fig. 5B, lever
18 has been pulled toward handle 12 and hammer 26 has been
translated distally, pushing on clip 24 to rotate the clip
along the curved track 28 of anvil 16, so that legs 15 of the
clip 24 are oriented in a lateral direction. 1In Fig. 5C, lever
18 has been pulled to the fullest proximal position,
translating hammer 26 further distally, closing the clip 24
against track 28 of anvil 16.

The construction of the distal portion of the barrel
of the clip applier is illustrated in Figs. 6A and 6B. Clips
14 are retained in retainers 32 on belt 30. The belt 30 is
composed of a flexible material, for example, molded plastic,
or a metal such as nickel, and is sufficiently rigid to carry
clips 14 without deforming away from the surface of belt track
36. In an exemplary embodiment, belt 30 is electroformed
nickel with a thickness of .001"-.002". Retainers 32 have a
short distal portion separable from a longer proximal portion
by a distance equal to or slightly less than the thickness of
clips 14 at bridge 17. Bridge 17 fits snugly between the
distal and proximal portions of retainer 32. Belt 30 is
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disposed on belt track 36 having rounded ends 37 about which
belt 30 is rotatable. Clips 14 are guided in clip space 34
adjacent belt 30, shown in Fig. 6B. Clips 14 are advanced in a
distal direction along barrel 10 by movement of belt 30 around
belt track 36. The belt is advanced by belt puller 38, which .
engages and pulls empty retainers 32 in a proximal direction on
the non-clip-carrying side of the belt 30.

Clips advanced by belt 30 along clip space 34
encounter whip 40 at the distal end of clip space 34.
Typically, whip 40 is made of sheet metal or other smooth, hard
and resilient material. Whip 40, as illustrated in Fig. 7, has
a first surface 42 parallel to the belt and situated so as to
lie between the belt and the distal-most clip retained thereon.
As the ~lip advances further distally, the legs of the clip
encounter ramp 43 which guides the legs 15 of the clip out of
the plane in which the clips are carried on belt 30. At this
point, the bridge 17 of clip 24 is still retained in retainer
32. As the belt continues to advance, legs 15 move up ramp 43
and bridge 15 is forced out of retainer 32, the clip being left
in a position with legs 15 against ridge 46 of whip 40.

It can be seen that, in a preferred embodiment, clips
are fed on belt 30 in clip space 34, which is disposed
laterally of the central axis of barrel 10. On the other hand,
in order to optimize loading when the clip is closed, hammer 26
is disposed in the center of barrel 10 and is translated along
the central axis. Whip 40 transfers clips from the offset path
of feeding to a central position for engagement by hammer 26
and closing against anvil 16. This configuration maximizes the
use of space within barrel 10, which is designed to be
insertable through a 10 mm trocar sleeve, while optimizing
loading through the clip applier when the clips are closed.

Support 48 of whip 40 rests against the inner surface
of tube half 50b of barrel 10, and provides resilient support
for the distal end of whip 40. A guide arm 45 extends from the
distal end of the whip for engaging a lower leg 15b of a clip
(Fig. 6A) as it is advanced into the anvil, thereby ensuring
leg 15b is guided into track 28.
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Once distal-most clip 24 is on surface 49 of whip 40,
it is in a position for engagement by hammer 26. The distal
end 27 of hammer 26 pushes on bridge 17 of clip 24, forcing
clip 24 over ridge 46 of whip 40. Support 48 of whip 40 allows
whip 40 to resiliently give way as the clip 24 is pushed over
ridge 46 by hammer 26. Ridge 46 is configured in a shape
complementary to that of clips 14 so as to align clip 24 with
legs 15 pointing symmetrically in the distal direction as the
clip is advanced distally.

As clip 24 is pushed distally, outer leg 15a, shown
in Fig. 6A, engages stop 52 at the distal end of carrel 10.
Stop 52 obstructs movement of leg 15a, while le :5b continues
to move distally under the force of hammer 26. ..eg 15b rotates
about stop 52 and is guided by portions of guide arm 45 of the
whip and track 28 in anvil 16 until the clip is in the position
shown in Fig. 3A or 5B. Further distal movement of hammer 26
pushes leg 15a over stop 52 and toward leg 15b.

Track 28 in anvil 16 is usually curved from the
bottom of the slot to the end point 54 of the track. Track 28
is further recessed in anvil 16 to allow clips to be rotated
into the anvil without interfering with tissue positioned
therein. The distal end 27 of hammer 26 is of a shape
conforming to the shape of track 28 in anvil 16. As the hammer
closes the clip, legs 15a and 15b are formed into the shape of
track 28 and distal end 27, leaving legs 15a and 15b in a
curved configuration when the clip is closed, as shown in Fig.
5C.

By closing the clip in such a curve, several benefits
are obtained. First, clips closed on tissue in such a curved
shape have been found to have improved grip over clips closed
with the legs straight. Second, by using a curved hammer and
anvil, the size of the clip applier relative to size of clips
it can apply is minimized. Thus, the clip applier can be
designed to be insertable through a 10 mm trocar sleeve while
accommodating clips with longer legs than those which clip
appliers with straight-leg closure can accommodate if designed
for a trocar of similar size. The clip applier of the present
invention, designed for a 10 mm trocar sleeve, is preferably
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capable of applying clips with legs at least .290 inches in
length, from the apex of the clip to the tip of the shortest
leg along the gripping surface.

The manner of rotating clips in the clip applier of
the present invention is of particular importance. As seen in
Figs. 6A-6B, clip 24 rotates about stop 52 with leg 15b in
track 28. The axis of clip rotation can lie anywhere in the
area between and including the legs of the clip, the axis being
perpendicular to the plane in which the clip lies. This allows
a clip to be rotated from a distal orientation in the barrel 10
to a lateral orientation in anvil 16 without substantially
entering the space in the slot of anvil 16. Thus, if the slot
is positioned about a piece of tissue or duct, it need not be
removed in order to rotate a clip into position in the anvil
for closing. The clip can rotate into position without
interference with tissue in the slot.

The assembly of the various components of barrel 10
is illustrated in Fig. 8. A pair of opposing tube halves 50a,
50b extend from the handle 12 to the anvil 16. Flange 74 at
the proximal end of the tube halves is rotatably coupled to the
handle as described below. Preferably tube halves 50a, 50b are
a translucent plastic which provides rigidity to the barrel and
permits the interior components of the barrel to be visible.
The interior surfaces 5la, 51b of tube halves 50a, 50b are
configured to form several channels in which the components of
the barrel are nested. Tube halves 50a, 50b are preferably
fastened to each other via tabs (not shown) along their
longitudinal adjoining edges. Alternatively, adhesive or
ultrasonic welding may be used to bond the halves 50a, 50b
together.

Belt puller 38 is disposed between right tube half
50a and belt 30, belt 30 being disposed about belt track 36.
Belt puller 38 has a proximal portion parallel to and separated
from belt 30 by a gap so as not to interfere with belt
movement. Near the distal end of belt puller 38 a raised
portion 100 extends into a plane immediately adjacent belt 30.
Raised portion 100 has a cutout section 102 from which a leg
104 is bent away from the surface of raised portion 100 and
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toward right tube half 50b. Tooth 106 at the distal end of
cutout 102 is angled toward the surface of belt 30, preferably
at about 20°, so as to engage retainers 32 when the belt puller
moves in a proximal direction, but to ride over retainers 32
when the belt puller moves in a distal direction. Distal end
108 of belt puller 38 extends from the raised portion 100 back
toward tube half 50b, distal end 108 and leg 104 providing
resilient supports to maintain the position of raised portion
100 and tooth 106 immediately adjacent belt 30.

Clips 14 are carried by belt 30 in retainers 32 on
the side of belt track 36 opposite that engaged by belt puller
38. The tips of clip legs 15 are guided by the interior
surface 51b of tube half 50b forming clip space 34. Whip 40 is
disposed in a position such that planar portion 42 lies between
clips 14 and belt 30 at the distal end of belt track 3s6.

Clip wall 110 is disposed adjacent belt 30 and
parallel thereto to provide a surface to retain clips 14 in
position and guide them to the distal end of the barrel without
interference from the other components in barrel 10. Hammer 26
coupled to a hammer extension 56 is disposed adjacent clip wall
110. Distal end 27 of hammer 26 has a groove 112 slightly
wider than the width of clips 14 for greater precision and
reliability in engaging the clips. The proximal end 114 of
hammer 26 is of a reduced thickness to fit within slot 116 at
the distal end of hammer extension 56 to which it is fixed by
welding or other known means. Hammer extension 56 has a
longitudinal rib 118 providing increased rigidity. A flange 68
at the proximal end is coupled to the handle as described
below. Hammer 26 is disposed in a position such that groove
112 in distal end 27 engages clips residing on surface 44 of
whip 40 when hammer extension 56 and hammer 26 are extended
distally.

Structural members 120, 122 are disposed adjacent
hammer 26 and hammer extension 56. Left structural member 122
has a longitudinal rib 124 providing rigidity thereto, and is
welded to structural member 120. Structural members 120, 122
are fastened to left tube half 50a via pins 127 extending from
left tube half 50a and inserted through holes 126, the pins
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being secured by heating and flattening the ends or by other
known means.

Anvil 16 has an extension 128 which fits between tube
halves 50a, 50b and is usually welded to one of structural
member 120, 122. Extension 128 has a channel 130 into which
belt track 36, belt 30 and whip 40 extend. Thus, when a clip
24 is disengaged from belt 30 by ramp 43 of whip 40, the clip
resides on surface 44 with legs 15 within channel 130 of anvil
16. As hammer 26 pushes a clip 24 from whip 40 toward the
anvil, the lower clip leg 15b engages track 28 in anvil 16
which guides the clip through its rotational motion.

Referring now to Figs. 9A and 9B, the proximal end of
the barrel 10 will be more fully described. Barrel 10 is
rotatably fixed to handle 12 by collar 70 having an internal
cylindrical aperture 72 for trapping flange 74 at the proximal
end of barrel 10. A rotation knob 75 is disposed around collar
70 and engages features 76 on the exterior of tube halves 50a,
50b, permitting the barrel 10 to be rotated by the user from a
point near the handle and outside the surgical site.

Tube halves 50a, 50b extend into collar 70 of handle
12, with flange 74 being engaged in aperture 72, as shown in
Fig. 9A. Belt track 36, belt 30, clip wall 110 and left tube
structure 122 terminate at a point distally of aperture 72 in
collar 70. Right structural member 120, fastened to left
structural member 122 and left tube halve 50a, extends into
collar 70 and is formed at a right angle into flange 74 of tube
half 50a so as to rotate therewith.

Actuation of the hammer 26 at the distal end of the
barrel 10 is accomplished by hammer extension 56 coupled to
hammer 26 and extending from the hammer's proximal end to link
58 in handle 12. Link 58 has a proximal portion 59 pivotally
coupled to handle 18 by pin 62 disposed in slot 60 of link 58.
The distal portion 64 of link 58 has a cylindrical aperture 66
in which flange 68 of hammer extension 56 is trapped. This
configuration permits hammer extension 56 to be rotated with
barrel 10.

Belt puller 38, as shown in Fig. 9B, extends from the
distal portion of the barrel 10 parallel to the surface of the
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belt 30 and, at a point proximally of the proximal end of clip
wall 110, fastens to hammer extension 56 by welding or other
known means. Thus, belt puller 38 acts in unison with hammer
extension 56 according to the position of lever 18.

In an exemplary embodiment, collar 70, aperture 66 in
link 58 and the body of handle 12 are configured with an
openable exterior structure so as to permit barrel 10 i be
removed from handle 12, allowing barrels to be interchanged
with a single handle.

In operation, when lever 18 is in the position shown
in Fig. 2A, 1link 58 is in its most proximal position, as are
hammer extension 56, hammer 26, and belt puller 38. As lever
18 is pulled toward handle 12, link 58 is moved in a distal
direction thereby pushing hammer extension 56 distally, pushing
hammer 26 against clip 24 and placing it in the position shown
in Fig. 2B. Further movement of lever 18 toward handle 12
moves link 58, hammer extension 56 and hammer 26 further
distally, thereby closing the distal-most clip 24 as in Fig.
2C. As lever 18 is then r=turned to its original position,
link 58 is pulled in the .roximal direction, pulling both
hammer 26 and belt puller 38 in the proximal direction. Belt
puller 38 engages retainers 32 on belt 30, as described above,
thereby pulling the non-clip-carrying side of the belt 30 in
the proximal direction, with the clip-carrying side of the belt
30 on which clips 14 are retained being advanced in the distal
direction. 1In this manner the steps of advancing the clips in
the barrel, positioning the distal-most clip in the anvil, and
closing the distal-most clip are all performed by actuating a
single lever on handle 12.

Referring to Figs. 10A-10C, the ratcheting feature of
the invention will now be described. Within handle 12, lever
18 has a ratcheting mechanism 20 including a grooved path 19
and a pawl 21 following grooved path 19. Pawl 21 is laterally
flexible and resilient so as to follow the contours of path 19,
while having compressive strength to prevent movement of lever
18 in the reverse direction. Grooved path 19 has a contour as
shown in Figs. 10B and 10C, including a series of sloping
sections terminating in vertical cliffs. Pawl 21 has a hooked
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end portion 23 which follows the contour of grooved path 19,
being guided up the successive ridges and over each cliff.

When handle 18 is in its fully outward position such that clips
14 and hammer 26 are in the positions shown in Figs. 2A and 54,
hook 23 of pawl 21 is at point 84 of Figs. 10B and 10C. As
lever 18 is moved toward handle 12, hook 23 follows the ridge
from point 84 and over a cliff at point 86 as shown in Fig.
10B. Point 86 corresponds to the position of Figs. 3A and 5B.
As lever 18 is further moved toward handle 12, hook 23 is moved
to position 88, corresponding to Figs. 4A and 5C.

A spring 80 between arm 82 of lever 18 and anchor
point 90 of handle 12 allows lever 18 to return to its original
position simply by releasing pressure. Referring to Fig. 10C,
as lever 18 returns, hook 23 of pawl 21 moves from point 88
over a cliff to pdint 90 and then over a second cliff back to
point 84.

It should be evident that the ratcheting mechanism as
described prevents the return of lever 18 to its outward
position when a clip has been positioned in the anvil before
closing, as in Figs. 3A or 5B, or midway through the closing
action. This prevents more than one clip from being fed to the
anvil at any one time, which could jam the device. Further, it
permits the user to move a clip into position in the anvil
before closing, as in Figs. 3A and 5B, and release pressure on
the lever 18 while the clip in anvil 16 is positioned around
the duct or tissue to be ligated, without returning hammer 26
to its proximal position or advancing belt 30.

An additional feature of the invention is an
indicator for indicating to the user that the barrel of the
Cclip applier contains no more clips. 1In a preferred
embodiment, the indicator comprises a feature on belt 30
similar to retainers 32 which stands a greater height from the
surface of belt 30 than do retainers 32. Referring to Fig. 6B,
when the raised feature (not shown) carried by belt 30
encounters stop 92 in tube half 50b, the raised feature is
unable to proceed further, thereby stopping the belt from
movement. This prevents lever 18 from returning to its
released, outward position, leaving the lever in a position
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between fully-released and fully-depressed. This will signal
to the user that all of the clips in barrel 10 have been
applied. An unknowing user, however, might at this point
attempt to pull lever 18 toward handle 12 in an effort to make
lever 18 return to its fully-released position. For this
reason, the cliff at point 90 in the ratcheting mechanism 20 as
described above is provided. When the belt 30 is prevented
from movement by the raised feature, hook 23 on pawl 21 will
have traveled from position 88 in grooved path 82 over the
cliff at point 90, but lever 18 will be unable to move further,
leaving pawl 21 at point 90. 1In the absence of a cliff at
point 90, the user could pull lever 18 toward handle 12 moving
pawl 21 back into position 8s, potentially jamming the device
and/or confusing the user. Therefore, the cliff at point 90
ensures that when the raised feature on belt 30 has stopped the
return movement of lever 18, no additional movement of lever 18
in either direction is possible.

Referring now to Figs. 11A-11E, the surgical clip of
the present invention will be described. 1In a preferred
embodiment, the surgical clip comprises a pair of arched legs
140, 142, connected by a bridge portion 144. Long leg 140 is
longer thar short leg 142 by a distance d, which, in one
embodiment, is preferably about .025 inches where the distance
h from the bridge to the end of long leg 140 is about .29
inches.

By configuring the clip 14 with a longer leg 140,
both legs of the clip can be formed into a curve conforming
with that of anvil 16 and clip track 28, such that both legs in
the closed configuration are parallel and tips 146, 148 are
substantially even, as shown in Fig. 11F.

In a further embodiment, short leg 142 is cut at its
distal tip 148 at an angle . preferably about 45°. As
illustrated in Figs. S5A-5¢C 1 6A, this angular feature serves
to allow leg 142 (identifi :s leg 15a in Fig. 6A) to pass
over stop 52 at the distal ¢ i of barrel in a continuous and
controlled manner when leg ..2 (15a) of clip 24 is pushed
distally by hammer 26.
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In a further preferred embodiment, the clip interior
surface 150 has a plurality of surface features 152 for
improving the grip of clip 14 on tissue. Preferably, the
surface features 152 comprise curved or angled grooves, as
shown in Fig. 11B, extending from one edge of the clip to the
other, with bridge portion 144 being left substantially free of
surface features. 1In this embodiment, the features extend to a
depth of about 1/3 the thickness of the clip. 1In other
embodiments, the surface features 152 may comprise slots or
holes of various shapes and densities, drilled at various
depths into clip 14, including completely through the thickness
of the clip. To further improve clip performance, a channel
154 may be provided extending the length of the clip in a
middle portion of its width. Preferably, channel 154 has
arcuate or angled sidewalls as shown in Fig. 11E.

Alternative clip embodiments are illustrated in Figs.
122-12B. 1In these embodiments, a shorter leg 142 has one or
more inverse arcuate portions 156 which deform during clip
closure in such a way as to improve clamping of clip 14 on
tissue.

In the method of the present invention, a clip
applier as that illustrated in Figs. 1-10 is provided, the clip
applier having means for closing a clip, e.g. hammer 26 and
anvil 16, the anvil 16 defining a slot open in the lateral
direction, and means for advancing a clip to the closing means,
e.g. belt 30 in barrel 10, shown in Figs. 6 and 8. The clip
applier is then positioned using handle 12 and/or rotating
barrel 10 such that the slot in anvil 16 surrounds the tissue
to which a clip is to be applied. A clip 14 is then advanced
with its legs 15 pointing in the distal direction, as shown in
Figs. 2-4. The distal-most clip 24 is then rotated along track
28 in anvil 16 such that the tissue lies between the legs of
the clip. Alternatively, the preceding three steps may be re-
sequenced such that a clip is first advanced, then rotated,
then positioned around the tissue when the clip is already in
anvil 16. Finally, the clip is closed on the tissue.

In a further embodiment, the steps of rotating,
closing and advancing clips are performed using a trigger, e.g.
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lever 18 on handle 12. Lever 18 is ratcheted in stages as
described above, with a first stage corresponding to moving the
lever to a partially depressed position toward handle 12
wherein a clip is rotated and positioned in anvil 16, a second
stage corresponding to moving lever 18 to a fully-depressed
position wherein a clip is closed by hammer 26, and a third
stage corresponding to releasing lever 18 wherein clips are
advanced on belt 30.

In another exemplary embodiment of the method of the
present invention, the clip applier is repositioned, a second
clip is advanced and rota- 1, and the clip is closed on the new
site without removing the )t from ti.e tissue. As described
anove, the clip applier & ces clips facing distally then
rotate: the clips in anvi - to face in a lateral direction,
thereby avoiding interferc..: between the clip legs and any
tissue positioned in the slot of anvil 16. This is a
particular advantage of the present invention, allowing a
surgeon to apply two or more clips along a section of tissue or
duct by simply moving the slot in anvil 16 along the tissue or
duct, without removing it therefrom.

The method of the present invention further provides
for exerting tension on the t:ssue by pulling on the clip
applier after the tissue has been positioned in the slot. This
can be done for several purposes. First, the tissue can be
pulled away from nearby tissue to avoid interfering with that
tissue when the clip is closed. Known clip appliers suffer
from the inability to exert tension on tissue, since the jaws
are generally oriented distally, so that tissue cannot be
pulled away.from other tissue which might get in the way ¢ the
clip. Second, by applying such tension to the tissue, t..«
tissue can be repositioned for better visibility. fThis is
particularly advantageous during laparoscopic procedures, where
the camera position is frequently somewhat limited, and the
ability to pull the tissue in view of the camera to observe
clip closure is highly desirable.

The clip applier of the present invention is
especially well-adapted to such tensioning, since a clip can be
rotated into the slot either before tissue has been pulled into
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tension, or after the user has pulled the tissue into a desired
position and the tissue is being held in tension. Using either
technique, the clip can rotate into the slot without
interfering with the tissue.

While the above is a complete description of the _
preferred embodiments of the invention, various alternatives,
modifications, and equivalents may be used. Therefore, the
above description should not be taken as limiting the scope of
the invention which is defined by the appended claims.
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WHAT I8 CLAIMED IS:

1. Apparatus for applying clips having a pair of
connected legs, the apparatus comprising:

a shaft having a distal end and a proximal end; ,

means for advancing clips along the shaft toward the
distal end with the legs oriented in a distal direction;

means at the distal end of the shaft for rotating the
clips relative to the shaft to orient the legs in a lateral
direction; and

means for closing the legs of the clips after said
rotation.

2. Apparatus of claim 1 wherein the means for
advancing comprises a movable belt disposed in the shaft, the
belt having a plurality of retainers for holding clips.

3. The apparatus of claim 1 wherein the means for
closing comprises an anvil mounted at the distal end of the
shaft and a hammer movable against the anvil.

4. The apparatus of claim 3 further comprising
means disposed at the proximal end of the shaft for actuating
the hammer.

5. The apparatus of claim 4 wherein the means for
actuating the hammer further actuates the means for rotating
and the means for advancing.

6. The apparatus of claim 5 wherein the means for
actuating comprises a lever pivotally mounted to a handle, the
lever pivotable in at least two stages, said stages comprising
a first stage for closing the clips and a second stage for
advancing the clips.

7. Apparatus for applying surgical clips having a
pair of connected legs, the apparatus comprising:
a shaft having a distal end and a proximal end;
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an anvil disposed at the distal end of the shaft, the
anvil having a forming surface oriented at an angle of at least
5° relative to the shaft;

a handle disposed at the proximal end of the shaft;

means for advanc1ng clips along the shaft toward the
anvil with the legs oriented in a distal direction;

means on the shaft proximate the anvil for rotating
the clip relative to the shaft to position a first leg of the
clip adjacent said forming surface of the anvil;

2 hammer mounted on the shaft for engaging a second
leg of the clip after said rotation; and

an actuator coupled to the handle for translating the
hammer relative to the anvil to close the legs of the clip.

8. The apparatus of claim 7 wherein the means for
advancing clips comprises a movable belt, the belt having a
plurality of retainers for holding the clips.

9. The apparatus of claim 8 wherein the belt is
metal.

10. The apparatus of claim 8 further comprising
means for disengaging a clip from the belt and for positioning
the clip for initial engagement by the hammer.

11. The apparatus of claim 10 wherein the means for
rotating comprises:

a foot for engaging the second leg of a clip; and

a curved track for engaging the first leg of the
clip, wherein the hammer pushes the clip in the distal
direction from the means for disengaging, the foot obstructs
movement of the second leg, and the track guides the first leg
to said forming surface, thereby rotating the clip about the
foot.

12. The apparatus of claim 10 wherein the belt is
disposed in a lateral portion of the shaft and the hammer is
translated along a central axis of the shaft, the means for
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disengaging transferring a clip from the belt in the lateral
5 portion to a position along the central axis.

13. The apparatus of claim 10 wherein the means for
disengaging further comprises means for aligning the clip in a
distal direction as it is pushed by the hammer.

14. The apparatus of claim 7 wherein the actuator
comprises means for advancing the hammer through three stages,
the stages comprising:

a first stage wherein a first clip is rotated;

5 a second stage wherein the first clip is closed; and

a third stage wherein a second clip is advanced to
the means for rotating.

15. The apparatus of claim 7 further comprising
means for rotating the shaft about a longitudinal axis.

16. The apparatus of claim 15 wherein the means for
rotating the shaft comprises a knob fixed to the perimeter of
the shaft proximate to the handle.

17. The apparatus of claim 7 wherein the shaft is
detachably mounted to the handle.

18. The apparatus of claim 7 wherein the means for
rotating rotates the clip about an axis perpendicular to and
intersecting a planar region between and including the legs of
the clip being rotated.

19. The apparatus of claim 7 wherein the forming
surface of the anvil is curved, the distal end of the hammer
having a corresponding curved shape so as to form both legs of
the clip into a curve when the clip is closed.

20. The apparatus of claim 8 further comprising
means for indicating when no clips remain in the apparatus.
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21. The apparatus of claim 20 wherein the means for
indicating comprises means for preventing movement of the
actuator when no clips remain.

22. The apparatus of claim 21 wherein the means for
preventing movement comprises a raised feature on a surface of
the belt and a stop on the shaft overlying the surface, the
feature engaging the stop when no clips remain in the

apparatus.

23. The apparatus of claim 7 wherein the forming
surface is generally perpendicular to said distal direction.

24. The apparatus of claim 7 wherein the forming
surface is at an angle of 45° relative to said distal
direction.

25. The apparatus of claim 7 wherein the shaft and
the anvil are confiqured so as to pass through an opening
having a diameter of 10 mm and wherein the legs of the clip are
at least .29 inches in length.

26. A method of applying surgical clips to body
tissue, the clips having a pair of connected legs, the method
comprising:

providing a clip applier having means for closing a
clip and means for advancing a clip to the closing means, the
means for closing defining a slot open in a lateral direction;

positioning the clip applier such that the slot
surrounds the tissue to which a clip will be applied;

advancing a clip with legs oriented in a distal
direction;

rotating the clip into the slot such that the tissue
lies between the legs of the clip; and

closing the clip on the tissue.

27. The method of claim 26 wherein the clip applier
further comprises an actuator, wherein the step of rotating
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comprises moving the actuator from a first position to a second
position, the step of closing comprises moving the actuator
from the second position to a third position, and the step of
advancing comprises returning the actuator to the first
position.

28. The method of claim 26 further comprising:

repositioning the clip applier;

advancing and rotating a second clip without removing
the slot from the tissue; and

closing the second clip on the tissue.

29. The method of claim 26 wherein said step of
positioning further comprises rotating the clip about an axis
parallel to said distal direction.

30. The method of claim 26 further comprising
exerting tension on the tissue by pulling on the clip applier
after the step of positioning.

31. The method of claim 30 wherein a clip is rotated
into the slot while the tissue is in tension in the slot.

32. The method of claim 30 wherein said step of
exerting tension further comprises positioning the tissue away
from other tissue to avoid interference therewith.

33. The method of claim 30 further comprising
visualizing the step of closing the clip using a camera,
wherein the step of exerting tension repositions the tissue
within view of the camera to facilitate visualization.
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