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7) ABSTRACT

A surgical clip for a clip applier to ligate vessels. The clip
contains two opposing legs connected in parallel by an apex
to form a U-shape. Each leg has an outer surface with a
half-round cross-sectional configuration for minimizing tis-
sue damage by preventing clip scissoring during ligation.
Each leg has an inner surface with a flat central surface, two
concave grooves on opposing sides of the central surface,
and two convex ridges on opposing sides of the each groove.
As a vessel is ligated, vessel tissue moves into the concave
grooves while remaining frictionally engaged by the com-
pressive forces applied by the central surfaces and convex
ridges of each leg so that the clip does not move on the
vessel. The edges of the grooves and the edges of the ridges
of each leg are rounded to prevent any cutting of the ligated
vessel.
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SURGICAL CLIP FOR LAPAROSCOPIC
PROCEDURES

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/312,505 filed on Mar. 10,
2010, the contents of which are incorporated herein by
reference.

FIELD OF THE INVENTION

[0002] This invention relates to novel surgical ligation
clips for ligating blood vessels during laparoscopic or endo-
scopic procedures.

BACKGROUND OF INVENTION

[0003] In order to operate on a given tissue or a blood
vessel, surgeons must ligate or occlude nearby blood vessels
to prevent patient blood loss.

[0004] Since laparoscopic and endoscopic surgical proce-
dures are conducted through a small incision in the skin or
natural body orifices, the surgeon must have long and
narrow tools to complete this ligation or occlusion of blood
vessels. These tools must be small enough to be inserted
through an incision and long enough to reach the desired
blood vessels within the patient.

[0005] Surgeons employ small surgical clips and long clip
appliers to ligate or occlude blood vessels in laparoscopic
and endoscopic surgical procedures. These surgical clips
need to perform multiple functions.

[0006] First, the surgical clip must be securely fastened to
the blood vessel. Movement or slippage of the surgical clip
on the vessel should be minimized or eliminated once the
clip has been applied. Second, the surgical clip should
completely close the blood vessel to which it is applied.
Movement or slippage of the surgical clip or failure to fully
close a blood vessel may cause one or more of the following:
damage to nearby tissue, interference on the surgical site,
patient blood loss, a lethal drop in blood pressure, or loss of
the clip inside the patient.

[0007] Third, the surgical clip should be designed to
minimize damage to the closed blood vessel and surround-
ing tissue as much as possible. Surgical clips that cause
tissue or blood vessel damage may result in internal bleeding
a lethal drop in blood pressure, infections, or longer recov-
ery periods.

[0008] Examples of surgical clips are described in U.S.
Pat. Nos. 6,610,073; 6,217,590, 5,509,920; 5,501,693;
5,201,746; 5,171,253; 5,171,252; 5,100,420; 5,084,057,
5,026,382; 4,971,198; 4,976,722; 4,979,950, 4,844,066;
4,799,481; 4,702,247, 4,414,721, 4,188,953; 4,146,130,
3,867,944; and 3,363,628; and U.S. Published Patent Appli-
cation Nos. 2007/0173866; 2005/0273122; and 2004/
0153107, all of which are herein incorporated by reference
in their entirety.

[0009] These previously disclosed surgical clips do not
adequately securely fasten to and completely close a blood
vessel while minimizing surrounding tissue damage.
Another problem for these previously disclosed surgical
clips is the phenomenon known as the “scissoring” effect
[0010] Previously disclosed surgical clips are either
U-shaped or V-shaped. These shapes are defined by a pair of
legs joined at a proximate end by an apex and spaced apart
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at a distal end to define a space between the legs. A clip
applier places a surgical clip over a blood vessel within this
space and compresses the legs to ligate the vessel.

[0011] Scissoring occurs when, due to deformation of the
surgical clips in the clip applier, the legs do not align and are
offset at the distal ends with respect to each other. This
misalignment causes the surgical clip to cut or sever blood
vessels during application. Scissoring can also prevent the
clip from completely closing the vessel.

[0012] Accordingly, the subject invention is a novel sur-
gical clip that securely fastens to and completely closes a
blood vessel while minimizing surrounding tissue damage.
In addition, this novel surgical clip prevents vessel damage
due to the “scissoring” effect.

SUMMARY OF THE INVENTION

[0013] There are additional features of the invention that
will be described hereinafter arid which will form the
subject matter of the claims appended hereto. In this respect,
before explaining at least one embodiment of the invention
in detail, it is to be understood that the invention is not
limited in its application to the details of construction and to
the arrangements of the components set forth in the follow-
ing description or illustrated in the drawings. The invention
is capable of other embodiments and of being practiced and
carried out in various ways. Also, it is to be understood that
the phraseology and terminology employed herein are for
the purpose of the description and should not be regarded as
limiting.

[0014] The subject invention discloses a surgical clip,
comprising: A a relatively non-deformable first elongated
leg member extending along a first leg axis from a first
proximal end to a first distal end, and having an outer lateral
surface extending along the first leg axis and an inner lateral
surface extending along the first leg axis, and wherein the
first elongated leg member has a substantially D-shaped
cross-section transverse to the first leg axis and defined by
a curved boundary component in the outer lateral surface,
and a substantially straight boundary component in the inner
lateral surface, B. a relatively non-deformable second elon-
gated leg member extending along a second leg axis from a
second proximal end to a second distal end, and having an
inner lateral surface extending along the second leg axis and
an outer lateral surface extending along the second leg axis,
and wherein the second elongated leg member has a sub-
stantially D-shaped cross-section transverse to the second
leg axis and defined by a curved boundary component in the
outer lateral surface, and a substantially straight boundary
component in the inner lateral surface, C. a relatively
deformable apex member coupling the first proximal end
with the second proximal end whereby the first leg axis and
the second leg axis are coplanar and extend along a clip axis,
whereby the first leg inner lateral surface is opposite the
second leg inner lateral surface, wherein the outer lateral
surface of the first leg member, and the outer lateral surface
of the second leg member, each include a first outer surface
lateral boundary and a second outer surface lateral boundary,
extending along the respective first leg axis and second leg
axis, from the proximal end to the distal end, wherein the
inner lateral surface of the first leg member, arid the inner
lateral surface of the second member, each include: i. an
elongated substantially planar central portion extending
along the respective first leg axis and second leg axis, from
the proximal end to the distal end, and having a first central
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lateral boundary and a second central lateral boundary,
wherein the first lateral boundary and the second lateral
boundary extend along the respective first leg axis and
second leg axis, from the proximal end to the distal end, ii.
first and second elongated clamping portions, wherein each
of the first and second elongated clamping portions extends
along the respective first leg axis and second leg axis, from
the proximal end to the distal end, and includes a first clamp
lateral boundary and a second clamp lateral boundary,
wherein the first clamp lateral boundary and the second
clamp lateral boundary of each clamping portion extends
along the respective first leg axis and second leg axis, from
the proximal end to the distal end, and wherein each of the
first and second elongated clamping portions is S-shaped
transverse to the respective first leg axis and second leg axis,
and 1. defines first and second open-faced concave cross-
section grooves extending from the inner lateral surface
toward the outer lateral surface, and extending transverse
from the first clamp lateral boundaries of the respective first
and second clamping portions. and ii. defines first arid
second convex cross-section ridges extending from the inner
lateral surface away from the outer lateral surface, and
extending transverse from the second clamp lateral bound-
aries of the respective first and second clamping portions,
wherein the first clamp lateral boundaries of the respective
first and second clamping portions are contiguous with the
respective first central lateral boundary and second central
lateral boundary of the respective central planar portions of
the respective first and second leg members, wherein the
second clamp lateral boundaries of the respective first and
second clamping portions are contiguous with the respective
first outer surface lateral boundary and second outer surface
lateral boundary of the outer surfaces of the respective first
leg member and second leg member, wherein the grooves
and ridges of the first leg member are opposite associated
grooves and ridges of the second leg member.

[0015] In another embodiment of the subject invention,
the first leg axis and the second leg axis may be substantially
parallel, and substantially parallel to the clip axis.

[0016] In a further embodiment of the subject invention,
the first leg axis and the second leg axis diverge from the
apex member.

[0017] In an additional embodiment of the subject inven-
tion, the planar central portions of the respective first leg
member and second leg member, may include a plurality of
open-faced grooves extending transverse to the respective
first leg axis and second leg axis.

[0018] In a further embodiment of the subject invention,
the planar central portions of the respective first leg member
and second leg member, may include a textured surface.

[0019] In another embodiment of the subject invention,
the respective first leg member and second leg member may
have a substantially uniform width transverse to the respec-
tive first leg axis and second leg axis.

[0020] In a further embodiment of the subject invention,
the groove concave cross-section may be substantially semi-
circular.

[0021] In an additional embodiment of the subject inven-
tion, the groove concave cross-section may be substantially
semi-elliptical.

[0022] In another embodiment of the subject invention,
the ridge convex cross-section may be substantially semi-
circular.
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[0023] 1In a further embodiment of the subject invention,
the ridge convex cross-section may be substantially semi-
elliptical.

[0024] Another embodiment of the subject invention, dis-
closes a surgical clip for a clip applier comprising: a first
elongated leg member comprising a first proximal end, a first
distal end, a first outer surface and a first inner surface,
wherein the first outer surface comprises a substantially
half-round cross-sectional configuration and the first inner
surface comprises a substantial flat first central inner portion
such that the first elongated leg member has a substantially
D-shaped cross-sectional configuration, wherein the first
inner surface further comprises a first elongated concave
groove adjacent to a first side of the first central inner
portion, a second elongated concave groove adjacent to a
second side of the first central inner portion that opposes the
first side, a first elongated convex ridge adjacent to the first
elongated concave groove, and a second elongated convex
ridge adjacent to the second elongated concave groove; a
second elongated leg member comprising a second proximal
end, a second distal end, a second outer surface and a second
inner surface, wherein the second outer surface comprises a
substantially half-round cross-sectional configuration and
the second inner surface comprises a substantial flat second
central inner portion such that the second elongated leg
member has a substantially D-shaped cross-sectional con-
figuration, wherein the second inner surface further com-
prises a third elongated concave groove adjacent to a first
side of the second central inner portion, a fourth elongated
concave groove adjacent to a second side of the second
central inner portion that opposes the first side, a third
elongated convex ridge adjacent to the third elongated
concave groove, and a fourth elongated convex ridge adja-
cent to the fourth elongated concave groove; wherein the
first proximal end arid the second proximal end couple to
form a relatively deformable apex for the surgical clip, the
first outer surface arid the second outer surface form a
continuous outer surface, the first central inner portion and
the second inner portion form a continuous inner portion, the
first elongated concave groove and the third elongated
concave groove form a first continuous internal groove, the
second elongated concave groove and the fourth elongated
concave groove form a second continuous internal groove,
the first elongated convex ridge and the third elongated
convex ridge form a first continuous internal convex ridge,
and the second elongated convex ridge and the fourth
elongated convex ridge form a second continuous internal
convex ridge.

[0025] In another embodiment of the subject invention,
the first and second central inner portions, proximate to the
first and second distal ends, may each further comprise a
plurality of raised surfaces. In another embodiment of the
subject invention, the first and second central inner portions
may each further comprise a serrated surface. In another
embodiment of the subject invention, the first and second
central inner portions may each further comprise a textured
surface.

[0026] In one embodiment ofthe subject invention, the
surgical clip comprises one piece.

[0027] In a further embodiment of the subject invention,
the surgical clip may be 0.1 to 0.5 inches in length.

[0028] In another embodiment of the subject invention,
the surgical clip may be composed of titanium or stainless
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steel. In one embodiment of the subject invention, the
surgical clip may be composed of biodegradable material.
[0029] In an even further embodiment of the subject
invention, there is no minimum vessel closure diameter for
the surgical clip.

[0030] In another embodiment of the subject invention,
the clip may have a substantially U-shaped configuration. In
one embodiment of the subject invention, the clip may have
a substantially V-shaped configuration.

[0031] In another embodiment of the subject invention,
the first and second outer surfaces may each have a sub-
stantially half-elliptical cross-sectional configuration. In an
even further embodiment of the subject invention, the first
and second outer surfaces may each have a substantially
half-circular cross-sectional configuration.

[0032] In a further embodiment of the subject invention,
each groove on the inner surface of each leg member may
have a substantially half-elliptical cross-sectional configu-
ration. In one embodiment of the subject invention, each
groove on the inner surface of each leg member may have
a substantially half-circular cross-sectional configuration.
[0033] In another embodiment of the subject invention,
each ridge on the inner surface of each leg member may
have a substantially half-circular cross-sectional configura-
tion. In a further embodiment of the subject invention, each
ridge on the inner surface of each leg member may have a
substantially half-elliptical uninterrupted cross-sectional
configuration.

[0034] One embodiment of the subject invention discloses
surgical clip for a clip applier comprising first and second
leg members connected at their proximal ends and termi-
nating at their distal ends, wherein the distal ends of the first
and second leg members are spaced apart and substantially
parallel to one another, further wherein the clip comprises a
continuous curved outer surface and a continuous tissue
gripping surface, wherein the tissue gripping surface com-
prises a substantial flat inner portion, a set of opposing
longitudinal channels separated by the substantially flat
inner portion and a set of opposing curved longitudinal
ridges on either side of the opposing channels, wherein the
proximal ends of the first and second leg members curve
towards each other to connect.

[0035] In another embodiment of the subject invention,
the surgical clip comprises one piece.

[0036] In a further embodiment of the subject invention,
the surgical clip may be 0.1 to 0.5 inches in length.
[0037] In an additional embodiment of the subject inven-
tion, the surgical clip may be composed of titanium or
stainless steel. In another embodiment of the subject inven-
tion, the surgical clip may be composed ofbiodegradable
material.

[0038] In one embodiment of the subject invention, there
is no minimum vessel closure diameter for the surgical clip.
[0039] In a further embodiment of the subject invention,
the clip may have a substantially U-shaped configuration. In
an additional embodiment of the subject invention, the clip
may have a substantially V-shaped configuration.

[0040] In one embodiment of the subject invention, the
continuous curved outer surface of the clip may have a
substantially half-elliptical cross-sectional configuration. In
another embodiment of the subject invention, the continuous
curved outer surface of the clip may have a substantially
half-circular cross-sectional configuration.
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[0041] 1In a further embodiment of the subject invention,
each continuous groove on the continuous tissue gripping
surface of the clip may have a substantially half-elliptical
cross-sectional configuration. In an additional embodiment
of the subject invention, each continuous groove on the
continuous tissue gripping surface of the clip may have a
substantially half-circular cross-sectional configuration.

[0042] In one embodiment of the subject invention, each
continuous ridge on the continuous tissue gripping surface
of the clip may have a substantially half-circular uninter-
rupted cross-sectional configuration. In another embodiment
of the subject invention, each continuous ridge on the
continuous tissue gripping surface the clip may have a
substantially half-elliptical uninterrupted cross-sectional
configuration.

[0043] One embodiment of the subject invention discloses
a method of securely ligating a vessel, comprising the steps
of: a) providing a surgical clip with first and second leg
members connected at their proximal ends and terminating
at their distal ends, wherein the distal ends of the first and
second leg members are spaced apart and substantially
parallel to one another, further wherein each leg member
comprises a curved outer surface and an inner surface,
wherein each inner surface comprises a substantial flat inner
portion, a set of opposing grooves separated by the substan-
tially flat inner portion and a set of opposing curved ridges
on either side of the opposing grooves, wherein the proximal
ends of the first and second leg members curve towards each
other to connect such that the surgical clip comprises a
continuous curved outer surface from the curved outer
surfaces of each leg member and a continuous inner surface
from the inner surfaces of each leg member including a
continuous substantially flat inner portion, a continuous set
of opposing grooves separated by the continuous substan-
tially flat inner portion, and a continuous set of opposing
curved ridges; b) placing the vessel between the inner
surfaces of said first and second leg members; ¢) applying
equal compressive forces against said first and second leg
members in opposing directions so as to clamp the vessel
between the inner surfaces of the first and second leg
members, wherein the surgical clip bends at the connection
of proximal ends of the first and second leg members, and
further wherein each of the opposing grooves and opposing
ridges on the inner surface of the first leg align with the
opposing grooves and opposing ridges on the inner surface
of the second leg when the surgical clip is compressed; and
d) removing the compressive forces from the clip, wherein
the connection of proximal ends of the first and second leg
member remains in a bent, compressed position to maintain
ligation of the vessel.

[0044] There has thus been outlined, rather broadly, the
more important features of the invention in order that the
detailed description thereof that follows may be better
understood, and in order that the present contribution to the
art may be better appreciated. There are additional features
of the invention that will be described hereinafter and which
will form the subject matter of the claims appended hereto.
These together with other objects of the invention, along
with the various features of novelty, which characterize the
invention, are pointed out with particularity in the claims
annexed to and forming a part of this disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0045] Advantages of the present invention will be appar-
ent from the following detailed description of embodiments
thereof, which description should be considered in conjunc-
tion with the accompanying drawings, in which:

[0046] FIG. 1 illustrates a perspective view of the surgical
vessel ligating clip in the open position.

[0047] FIG. 2 illustrates an enlarged perspective view of
one ligating leg of the surgical vessel ligating clip.

[0048] FIG. 3 illustrates a side elevational view of the
surgical vessel ligating clip in the open position.

[0049] FIG. 4 illustrates an enlarged cross sectional view
of the surgical vessel ligating clip along line 21-21 of FIG.
2.

[0050] FIG. 5 illustrates a front view of the surgical vessel
ligating clip in the open position.

[0051] FIG. 6 illustrates another front view of the surgical
vessel ligating clip in the open position.

[0052] FIG. 7 illustrates an enlarged perspective view of
one ligating leg of the surgical vessel ligating clip along line
E-E of FIG. 6.

[0053] FIG. 8 illustrates a perspective view of the surgical
vessel ligating clip in the compressed or closed position.
[0054] FIG.9 illustrates a perspective view of the surgical
vessel ligating clip in the compressed or closed position
applied to a tubular vessel.

[0055] FIG. 10 illustrates an enlarged front cross sectional
view of the surgical vessel ligating clip in the compressed or
closed position applied to a tubular vessel.

[0056] FIG. 11 illustrates a front elevational view of a
surgical clip of the prior art in the internal grooves of a
surgical clip applier apparatus illustrating the non-parallel
ligating position ofthe clip legs that results in the scissoring
effect.

[0057] FIG. 12 illustrates a front elevational view of the
surgical vessel ligating clip with outer surface configurations
that complement the internal grooves of a surgical clip
applier apparatus to control for parallelism in the ligating
position of the clip legs that results in prevention of clip
scissoring.

[0058] FIG. 13 illustrates a front view ofthe distal end of
a surgical clip applier apparatus containing a surgical vessel
ligating clip.

[0059] FIG. 14 illustrates a perspective view of the distal
end of a surgical clip applier apparatus along line C-C of
FIG. 13.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0060] While several variations of the present invention
have been illustrated by way of example in particular
embodiments, it is apparent that further embodiments could
be developed within the spirit and scope of the present
invention, or the inventive concept thereof. However, it is to
be expressly understood that such modifications and adap-
tations are within the spirit and scope of the present inven-
tion, and are inclusive, but not limited to the following
appended claims as set forth.

[0061] The subject invention comprises a surgical vessel
ligating clip 1, as shown in FIGS. 1-14.

[0062] FIGS. 1, 3, 5 and 6 illustrate the surgical vessel
ligating clip 1 in the open or uncompressed position. The
surgical vessel ligating clip 1 will be in an open position
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before attachment or application over a blood vessel to ligate
or occlude that vessel. FIGS. 8-10 illustrate the closed or
compressed position of surgical vessel ligating clip 1 alone
and clamped over a tubular vessel V.

[0063] Surgical vessel ligating clip 1 has a generally
U-shaped configuration as shown in FIGS. 1 and 3. In other
embodiments of the subject invention, surgical vessel ligat-
ing clip 1 may have a V-shaped configuration, another
symmetrical. configuration, or even an asymmetrical con-
figuration.

[0064] The surgical vessel ligating clip 1 includes a pair of
opposed elongated ligating legs 2 and 3, each having respec-
tive distal ends 2a and 3a, and respective proximal ends 25
and 3b. Ligating legs 2 and 3 have substantially uniform
widths and lengths. Ligating legs 2 and 3 are substantially
mirror images of each other. The distal ends 2¢ and 3a of
ligating legs 2 and 3 are substantially parallel to one another
and are relatively non-deformable.

[0065] The proximal ends 26 and 35 of the ligating legs 2
and 3 curve towards each other to form apex connection 4.
Apex connection 4 is relatively deformable to allow the
surgical vessel ligating clip 1 to compress from the open
position to the closed position illustrated in FIGS. 8-10.

[0066] Ligating leg 2 contains an inner tissue contacting
surface 5 and an outer surface 6 that both extend along the
axis of ligating leg 2 in a substantially paralle]l direction.
Ligating leg 3 contains an inner tissue contacting surface 7
and an outer surface 8 that both extend along the axis of
ligating leg 3 in a substantially parallel direction.

[0067] Outer surfaces 6 arid 8 each have a substantially
half-round cross-sectional configuration. In other embodi-
ments of the subject invention, the outer surfaces of each
ligating leg may each have a substantially half-elliptical
cross-sectional configuration. FIGS. 4 and 10 illustrate
enlarged cross-sectional views of ligating legs 2 and 3. Inner
tissue contacting surface 5 and outer surface 6 form a
substantially D-shaped cross-sectional configuration for
ligating leg 2. Inner tissue contacting surface 7 and outer
surface 8 form a substantially D-shaped cross-sectional
configuration for ligating leg 3. Ligating legs 2 and 3 are
substantially equivalent in size and shape.

[0068] As illustrated in FIGS. 1, 2, 5, 10 and 12, inner
tissue contacting surface 5 of ligating leg 2 contains a
substantially flat inner central surface 9 with opposing,
open-faced, concave grooves 10 and 11 on either side. Inner
tissue contacting surface 5 further contains two opposing
convex ridges 12 and 13 on the outer sides of opposing
grooves 10 and 11, respectively.

[0069] As illustrated in FIGS. 4, 5, 10 and 12, inner tissue
contacting surface 7 of ligating leg 3 contains a substantially
flat inner central 14 with opposing, open-faced, concave
grooves 15 and 16 on either side. Inner tissue contacting
surface 7 further contains two opposing convex ridges 17
and 18 on the outer sides of opposing grooves 15 and 16,
respectively.

[0070] Grooves 10 and 11 each have a substantially half-
round cross-sectional configuration with respect to inner
tissue contacting surface 5 on ligating leg 2. Grooves 15 and
16 each have a substantially half-round cross-sectional con-
figuration with respect to inner tissue contacting surface 7 on
ligating leg 3. In other embodiments of the subject inven-
tion, grooves 10, 11, 15 and 16 may each have a substantially
half-elliptical cross-sectional configuration. As illustrated in
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FIG. 10, these rounded configurations of grooves 10, 11, 15
and 16 prevent cutting or piercing ofligated vessel tissue.
[0071] Ridges 12 and 13 each have a substantially half-
round cross-sectional configuration with respect to inner
tissue contacting surface 5 on ligating leg 2. Ridges 17 and
18 each have a substantially half-round cross-sectional con-
figuration with respect to inner tissue contacting surface 7 on
ligating leg 3. In other embodiments of the subject inven-
tion, ridges 12, 13, 17 and 18 may each have a substantially
half-elliptical cross-sectional configuration. As illustrated in
FIG. 10, these rounded configurations of ridges 12, 13, 17
and 18 prevent cutting or piercing of ligated vessel tissue.
[0072] Grooves 10 and 11 and ridges 12 and 13 are all
continuous from distal end 2a to proximal end 25 and extend
along ligating leg 2 in a substantially parallel direction,
Grooves 15 and 16 and ridges 17 and 18 are all continuous
from distal end 3a to proximal end 35 and extend along
ligating leg 3 in a substantially parallel direction. As ligating
legs 2 and 3 curve towards each another to their respective
proximal ends, 26 and 35, to be connected at apex connec-
tion 4; grooves 10 and 15, grooves 11 and 16, ridges 12 and
17, and ridges 13 and 18 all meet to form uninterrupted,
continuous structures on clip 1. Accordingly, the inner tissue
contacting surfaces 5 and 7, and the outer surfaces 6 and 8
are both uninterrupted, continuous structures on surgical clip
1 as ligating legs 2 and 3 curve towards each another to
connect at apex connection 4. Thus, surgical clip 1 contains
an uninterrupted, continuous outer surface with a substan-
tially half-round cross-sectional configuration and an unin-
terrupted, continuous internal surface with a substantially
flatinner central surface with opposing, open-faced, concave
grooves on either side, and further contains two opposing
convex ridges on either side ofthe opposing grooves.
[0073] Substantially flat inner central surfaces 9 and 14
may further contain pluralities of serrated teeth. These
pluralities of serrated teeth are substantially perpendicular
with respect to inner tissue contacting surfaces 5 and 7. The
plurality of serrated teeth 9a extends from distal end 2a
along ligating leg 2 in a substantially parallel direction, to
end proximate to the point at which ligating leg 2 begins to
curve towards ligating leg 3. The plurality of serrated teeth
ligating leg 3 (not shown) extends from distal end 3a along
ligating leg 3 in a substantially parallel direction, to end
proximate to the point at which ligating leg 3 begins to curve
towards ligating leg 2.

[0074] FIGS. 4 and 10 illustrate the double S-shaped
cross-sectional configuration 19 of ligating leg 3 of the
surgical vessel ligating clip 1. Double S-shaped cross-
sectional configuration 19 is formed from the S-shaped
cross-sectional configuration of groove 15 and ridge 17, and
the S-shaped cross-sectional configuration of groove 16 and
ridge 18. FIGS. 1, 2, 5 and 10 illustrate the double S-shaped
cross-sectional configuration 20 of ligating leg 2 that
opposes and is a mirror image of configuration 19 on ligating
leg 3. Double S-shaped cross-sectional configuration 20 is
formed from the S-shaped cross-sectional configuration of
groove 10 and ridge 12, and the S-shaped cross-sectional
configuration of groove 11 and ridge 13. Double S-shaped
cross-sectional configurations 19 and 20 allow surgical clip
1 to be securely ligated to a vessel.

[0075] FIG. 8 illustrates an isometric view of the surgical
vessel ligating clip 1 in the closed or compressed position
(vessel V not shown). FIG. 9 illustrates the closed position
of surgical vessel ligating clip 1 attached to vessel V.
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[0076] FIG. 10 illustrates an enlarged cross-sectional view
of the surgical vessel ligating clip 1 in the compressed or
closed position applied to a tubular vessel V. Ligating leg 3
is compressed over ligating leg 2. The grooves of both legs
2 and 3 form substantially elliptical cross-sectional spaces,
with groove 15 ofleg 3 being disposed over groove 10 of leg
2; and groove 16 of leg 3 being disposed over groove 11 of
leg 2. The vessel, as illustrated by reference letter V,
traverses through ridges 17 and 12; into grooves 15 and 10;
through substantially flat central surfaces 14 and 9; through
the grooves 16 and 11; and finally through ridges 18 and 13.
No internal fluid traverses vessel V when clip 1 is com-
pressed over the vessel

[0077] The structures of inner tissue contacting surfaces 5
and 7 promote ligation or occlusion of a tubular blood vessel
without piercing or cutting the vessel. Once the surgical clip
1 is closed or compressed over a tubular vessel, the vessel
tissue may gradually move or ooze into the spaces between
grooves 10, 11, 15 and 16 while remaining frictionally
engaged by the compressive force applied by substantially
flat central surfaces 9 and 14 and ridges 12, 13, 17 and 18;
such that the clip 1 does not move or become loose on the
vessel. The half rounded edges of grooves 10, 11, 15 and 16,
arid ridges 12, 13, 17 and 18, do riot pierce or cut the vessel
during ligation. The substantially half-round cross-sectional
configuration of outer surfaces 6 and 8 do not pierce or cut
surrounding tissue.

[0078] The surgical clip 1 of the subject invention is
applied to body tissue by the distal end 31 of surgical clip
applier apparatus 32. FIG. 13 illustrates a front view of the
distal end 31 of a surgical clip applier apparatus 32 con-
taining a surgical vessel ligating clip 1. FIG. 14 illustrates a
perspective view of the distal end 31 of a surgical clip
applier apparatus 32 along line C-C of FIG. 13. A surgical
clip applying apparatus 32 generally has a long, narrow
structure 33 that contains a plurality of internal clips 1 in
sequence and positions a clip 1 proximate to the target
vessel.

[0079] The end of this long narrow structure 33 has a
mechanism, such as a jaws assembly 34. The surgical vessel
ligating clip 1 is maintained in the open position in jaws
assembly 34 of a surgical clip applying apparatus 32 by
applying two initial compressive forces in opposing direc-
tions to the outer surface of each leg 2 and 3 until the desired
tissue is reached through a small incision in the patient.
Inner tissue contacting surface 5 of leg 2 is placed on one
side of a vessel V to be ligated and inner tissue contacting
surface 7 of leg 3 is placed on the opposing side of vessel V.
The jaws assembly 34 increases the two equal compressive
forces in opposing directions to the outer surface of each leg
2 and 3 towards the center of the surgical clip 1. As jaws
assembly 34 increases the two equal compressive forces to
the outer surface of each leg 2 and 3, the legs to bend at the
apex connection 4 and the distance between inner tissue
contacting surface 5 and inner tissue contacting surface 7 is
reduced as the distal ends 2a and 3a are brought closer to
each other. As this distance is reduced, ridges 12 and 17,
ridges 13 and 18 and substantially flat inner surfaces 9 and
14 attach to opposing sides of the vessel V, respectively. As
this distance is further reduced, the vessel V diameter is
reduced to a desired level.

[0080] Once the surgical clip 1 is closed, the distal ends 2a
and 3a of ligating legs 2 and 3 will remain substantially
parallel to one another. The vessel V will be closed by the
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opposing inner tissue contacting surface 5 and the inner
tissue contacting surface 7. Apex 4 retains the closed posi-
tion of the surgical clip 1 assuring that the vessel V remains
ligated. The continuous outer surface of surgical clip 1 with
a substantially half-round cross-sectional configuration will
reduce irritation and trauma in tissue surrounding the ligated
vessel, since it does not have any sharp corners or edges that
may pierce or cut surrounding tissue.

[0081] The pluralities of teeth 9a on the substantially flat
surfaces 9 and 14, provide additional friction on slippery
blood vessels to prevent the clip from moving or slipping
from the vessel.

[0082] Surgical clips of the prior art deform in shape when
applied by a surgical clip applying apparatus. As illustrated
in FIG. 11, surgical clips 22 of the prior art have legs 23 and
24 with straight-edged outer surfaces 25 and 26. These prior
art clips 22 are inserted into the internal grooves 27 and 28
of a jaws assembly 34. The internal grooves 27 and 28
ofjaws assembly 34 must be large enough to allow clip 22
to have clearance on both sides to pass through onto the
vessel, however, jaws assembly 34 must also initially apply
two equal compressive forces in opposing directions to the
outer surface of each leg of clip 22. These initial compres-
sive forces are required to hold the clip 22 in place for
ligation. Once the surgical clip applying apparatus reaches
the target vessel, jaws assembly 34 will deform the clip 22
by increasing these two equal compressive forces in oppos-
ing directions to the outer surface of each leg towards the
center of the surgical clip.

[0083] The grooves 27 and 28 of the surgical clip applying
apparatus and the legs 23 and 24 of clip 22 have different
tolerances for compressive forces. Once the jaws assembly
34 initially applies compressive forces to clip 22 to hold it
in place for ligation, the different tolerances for these initial
compressive forces cause the legs 23 and 24 of clip 22 to
move to opposing corners of internal grooves 27 and 28
through the clearance space on both sides. This movement
causes the legs 23 and 24 to be held in a non-parallel position
within the jaws assembly 34.

[0084] As the jaws assembly 34 ligates clip 22 over a
vessel, it increases these two equal compressive forces in
opposing directions to the outer surface of each leg 23 and
24. Since these legs 23 and 24 are held in a non-parallel
position, these increased compressive forces are not applied
evenly to legs 23 and 24. This unevenly applied compressive
force results in displacement of each end of legs 23 and 24
over the vessel. This displacement is called the scissoring
effect because it results in the piercing or cutting of vessels.
Scissoring can also prevent the clip from closing completely
about the vessel.

[0085] The outer surfaces 6 and 8 of ligating legs 2 and 3
of surgical clip 1 allows for full control of both legs 2 and
3 of the clip 1 by the jaw assembly 34 and thus eliminates
the possibility of scissoring.

[0086] As shown in FIG. 12, surgical clip 1 has legs 2 and
3 with outer surfaces 6 and 8 that have substantially half-
round cross-sectional configurations. Clip 1 is inserted into
internal, open-faced, concave grooves 29 and 30 of a jaws
assembly 34. These grooves 29 and 30 also have substan-
tially half-round cross-sectional configurations. Due to the
complementary configurations of outer surface 6 to internal
groove 29 and outer surface 8 to internal groove 30, the
surgical clip 1 has enough space to pass through jaws
assembly 34. However, grooves 29 and 30 do not permit legs
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2 and 3 to move away from a substantially parallel position.
Once the jaws assembly 34 initially applies compressive
forces to clip 1 to hold it in place for ligation, grooves 29 and
30 do not permit legs 2 and 3 to move away from a
substantially parallel position.

[0087] Thus, as the jaws assembly 34 ligates clip 1 over a
vessel, the increased compressive forces are applied evenly
to the outer surfaces of legs 2 and 3. This evenly applied
compressive force prevents any displacement or scissoring
of clip 1 over the vessel.

[0088] In one embodiment of the subject invention, the
surgical clip 1 is 0.1 to 0.5 inches in length or width. In
another embodiment of the subject invention, surgical clip is
0.25 inches in length. In a further embodiment of the subject
invention, the surgical clip 1 is intended to be used with a
five millimeter trocar. In one embodiment of the subject
invention, the internal angle of the apex connection 4 is from
110 degrees to 150 degrees. In a further embodiment of the
subject invention, the surgical clip is composed of titanium,
stainless steel, tantalum, plastics materials, or a combination
thereof. In an even further embodiment of the subject
invention, the surgical clip is composed of biodegradable
material.

[0089] The surgical clips of the subject invention may
have up to a 20% greater occlusion area than other surgical
clips within a five-millimeter trocar.

[0090] another embodiment of the subject invention, there
is no minimum vessel closure diameter for the surgical clip.

1.-10. (canceled)

11. A surgical clip, comprising:

a first elongate member having a distal end portion and a
proximal end portion, the first elongate member having
an inner surface configured to contact a bodily tissue,
the inner surface forming a first ridge extending along
a first edge of the inner surface between the distal end
portion and the proximal end portion and forming a
second ridge extending along a second edge of the
inner surface between the distal end portion and the
proximal end portion, the second edge being opposite
the first edge and the second ridge being parallel to the
first ridge, the inner surface defining a first recess
disposed between the first ridge and a central portion of
the inner surface and a second recess disposed between
the second ridge and the central portion of the inner
surface; and

a second elongate member having a distal end portion and
a proximal end portion, the proximal end portion of the
second elongate member being coupled to the proximal
end portion of the first elongate member, the second
elongate member having an inner surface configured to
contact the bodily tissue, the inner surface of the second
elongate member forming a third ridge extending along
a first edge of the inner surface of the second elongate
member between the distal end portion and the proxi-
mal end portion of the second elongate member, the
inner surface forming a fourth ridge extending along a
second edge of the inner surface of the second elongate
member between the distal end portion and the proxi-
mal end portion of the second elongate member, the
second edge of the second elongate member being
opposite the first edge of the second elongate member
and the third ridge being parallel to the fourth ridge, the
inner surface of the second elongate member defining
a third recess disposed between the third ridge and a
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central portion of the inner surface of the second
elongate member and a fourth recess disposed between
the fourth ridge and the central portion of the inner
surface of the second elongate member.

12. The surgical clip of claim 11, wherein the central
portion of the first elongate member includes a plurality of
grooves extending between and perpendicular to the first
recess and the second recess.

13. The surgical clip of claim 12, wherein the central
portion of the second elongate member includes a plurality
of grooves extending between and perpendicular to the first
recess and the second recess.

14. The surgical clip of claim 13, wherein the grooves
defined by the first elongate member form a plurality of teeth
along the central portion of the first elongate member
between the first recess and the second recess, and the
grooves defined by the second elongate member form a
plurality of teeth along the central portion of the second
elongate member between the third recess and the fourth
recess.

15. The surgical clip of claim 11, wherein each of the first
ridge, the second ridge, the third ridge, and the fourth ridge
are rounded.

16. The surgical clip of claim 11, further comprising:

a coupling portion coupling the proximal end portion of
the first elongate member to the proximal end portion
of the second elongate member.

17. The surgical clip of claim 16, wherein the coupling
portion is configured to deform in response to an applied
force to transition the surgical clip from an open configu-
ration to a closed configuration.

18. A surgical clip, comprising:

a first elongate member having a distal end portion and a
proximal end portion, the first elongate member having
an inner surface and an outer surface collectively
forming a first rounded edge and a second rounded
edge substantially parallel to the first rounded edge,
each of the first rounded edge and the second rounded
edge extending between the proximal end portion and
the distal end portion of the first elongate member, the
inner surface defining a first recess disposed between
the first rounded edge and a central portion of the inner
surface and a second recess defined between the second
rounded edge and the central portion, the central pot-
tion defining a plurality of grooves extending between
and perpendicular to the first recess and the second
recess; and

asecond elongate member having a distal end portion and
a proximal end portion, the proximal end portion of the
second elongate member being coupled to the proximal
end portion of the first elongate member, the second
elongate member having an inner surface and an outer
surface collectively forming a third rounded edge and
a fourth rounded edge substantially parallel to the third
rounded edge, each of the third rounded edge and the
fourth rounded edge extending between the proximal
end portion and the distal end portion of the second
elongate member, the inner surface of the second
elongate member defining a third recess disposed
between the third rounded edge and a central portion of
the inner surface of the second elongate member and a
second recess defined between the fourth rounded edge
and the central portion of the inner surface of the
second elongate member, the central portion of the
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second elongate member defining a plurality of grooves
extending between and perpendicular to the third recess
and the fourth recess.

19. The surgical clip of claim 18, wherein the first
rounded edge and the first recess collectively form an
S-shaped cross-sectional shape.

20. The surgical clip of claim 18, wherein at least one of
the first elongate member or the second elongate member
has a D-shaped cross-sectional shape.

21. The surgical clip of claim 18, wherein:

the first rounded edge and the third rounded edge collec-
tively form a first continuous rounded edge between the
distal end portion of the first elongate member and the
distal end portion the second elongate member, and

the second rounded edge and the fourth rounded edge
collectively form a second continuous rounded edge
between the distal end portion of the first elongate
member and the distal end portion of the second
elongate member.

22. The surgical clip of claim 21, wherein:

the first recess and the third recess collectively form a first
continuous recess between the distal end portion of the
first elongate member and the distal end portion of the
second elongate member, the first continuous recess is
adjacent to the first continuous rounded edge, and

the second recess and the fourth recess collectively form
a second continuous recess between the distal end
portion of the first elongate member and the distal end
portion of the second elongate member, the second
continuous recess is adjacent to the second continuous
rounded edge.

23. The surgical clip of claim 18, wherein:

the plurality of grooves of the central portion of the first
elongate member form a plurality of teeth between the
first recess and the second recess, and

the plurality of grooves of the central portion of the
second elongate member form a plurality of teeth
between the third recess and the fourth recess.

24. The surgical clip of claim 18, wherein the surgical clip
is configured to be transitioned from an open configuration
to a closed configuration,

the first rounded edge and the second rounded edge being
aligned with the third rounded edge and the fourth
rounded edge, respectively, when the surgical clip is in
the closed configuration, and

the first recess and the second recess being aligned with
the third recess and the fourth recess, respectively,
when the surgical clip is in the closed configuration.

25. A surgical clip, comprising:

a first elongate member having a distal end portion and a
proximal end portion;

a second elongate member having a distal end portion and
a proximal end portion, the proximal end portion of the
second elongate member being coupled to the proximal
end portion of the first elongate member, the second
elongate member being substantially parallel to the first
elongate member;

an outer surface collectively formed by the first elongate
member and the second elongate member; and

an inner surface collectively formed by the first elongate
member and the second elongate member, the inner
surface defining a first recess extending continuously
between the distal end portion of the first elongate
member and the distal end portion of the second
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elongate member, the inner surface defining a second
recess extending continuously between the distal end
portion of the first elongate member and the distal end
portion of the second elongate member, the second
recess being parallel to and spaced apart from the first
recess,

the inner surface forming a central portion extending

continuously between the first recess and the second
recess, the central portion defining a plurality of
grooves extending along a length of the first elongate
member and a length of the second elongate member.

26. The surgical clip of claim 25, wherein the outer
surface and the inner surface collectively form a first
rounded edge and a second rounded edge, the first rounded
edge and the second rounded edge each extending continu-
ously between the distal end portion of the first elongate
member and the distal end portion of the second elongate
member.

27. The surgical clip of claim 26, wherein the first recess
is disposed between the first rounded edge and the central
portion and the second recess is disposed between the
second rounded edge and the central portion.
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28. The surgical clip of claim 26, wherein the first recess
is disposed between the first rounded edge and the central
portion and the second recess is disposed between the
second rounded edge and the central portion, and

the first rounded edge and the first recess collectively
form an S-shaped cross-sectional shape and the second
rounded edge and the second recess collectively form
an S-shaped cross-sectional shape.

29. The surgical clip of claim 25, wherein the plurality of
grooves of the central portion form a plurality of teeth
extending along the length of the first elongate member and
the length of the second elongate member.

30. The surgical clip of claim 25, wherein the surgical clip
is configured to be transitioned from an open configuration
to a closed configuration,

a first portion of first recess and a first portion of the
second recess disposed on the first elongate member
being aligned with a second portion of the first recess
and a second portion of the second recess disposed on
the second elongate member, respectively, when the
surgical clip is in the closed configuration.
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