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ABSTRACT OF THE DISCLOSURE

P vy S, B

A surgical instrument for placing fasteners and/or
a reinforcement material in tissue 1s provided. Structure
ig provided for advancing the fasteners distally by an
actuating handle meangs working in concert with a pusher
means. The fasteners exit the fastener housing at an angle
to the longitudinal axis of the device to facilitate
visualization and placement at the surgical site. A unique
fastener may be formed in which the legs are in a
substantially overlapping longitudinally-spaced relation.
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SURGICAIL FASTENING DEVICE

#

BACKGROUND OF THE INVENTION
1. Technical Field
The present invention relates to a device for

applyihg clips or stapleé to tissue, and more particularly
to a unique delivery system adapted for endoscopic
application 'of clips/staples, The system is useful for
repairing defects in the body wall, e.g., by securing a mesh
to the wall in the region of the defect.

2. Background of the Invention
The placement of clips and staples in surgical

procedures is well known. For example, U.S. Patent Nos.
4,616,650 to Green et al. and 4,934,364 to Green disclose
clip_appliers for placing clips, both absorbable and non-

absorbable, on tissue and vessels. The clips are fed

successively into‘the'inétfument jaws and cammed closed.
Inétrﬁments for piéCiﬁg a‘plurality of staples on tissue and
optlonally cuttlng therebetween are disclosed 1n U.S8. Patent
Nos. 3,494,533 to Green et al. and 4,520, 817 to Green. The
staples are supplied in pre-loaded cartridges and are formed
through contact with oppositely positioned anvil pockets,
An important consideration in the design and

utilization of surgical clip appliers and staplers is the
visibility and ease of instrument positioning provided to
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the surgeon. One approach has been to provide a stapler
having a fastener applying assembly that articulates

relative to the actuator assembly, as disclosed in U.S.

Patent Nos. 4,566,620 and 4,728,020 to Green et al. It has

also been suggested to provide a surgical clip applier with
a longitudinally curved sleeve, as disclosed in U.S. Patent
Nos. 4,509,518 and 4,624,254 to McGarry et al., and
4,664,305 to Blake.

Instruments for surgically stapling disunited skin
of a patient to effect joining of the skin are also known.
These instruments typically form substantially box-shaped
stéples by bending each staple around an énvil placed
against the ékin, and may be* adapted to permit rotation of
the staple forming assembly relative to the handles. See,
e.g., U.S. Patent Nos. 3,643,851 to Green et al. and Re. |
28,932 to Noiles et al. Fascia staplers have also been
disclosed which form fascia staples having a unigue geometry
for holding fascia tissue. See} e.q., U.S. Patent No. .
4,127,227 to Green. -

More recently, attentioh has focused on minimally-
invasive surgical procedures and instruments for
facilitaﬁing such procedures. Minimally-invasive procedures
are typically performed endoscbpically through trocar
sleeves or cannulas. Prior to introducing thé cannula
through the body wall, the surgeon generally insufflates the
body cavity'ﬁith-carbon dioxide, e.g., through a Verres
needle or like device. Insufflation creates a free area

‘between internal body organs and the body wall. The surgeon

then introduces one or more trocars through the body wall in
to the insufflated body cavity to create a port of entry for
accessory instrumentation. For example, graspers,
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1 dissectors, clip appllers, 1asers and electrocautery devices

are routinely employed endoscopically with the visual
acsistance of an endoscope and an external television
monitor..

5 Endoscopic cholecystectomy (gall bladder removal)
has recently met with tremendous clinical success and
acceptance. Another procedure receiving attention for
adaptation as a minimally-invasive surgical technigque is
hernia repair, with attention being primarily directly to

10 all types of inguinal hernias (direct, indirect and
femoral). A hernia involves the protrusion of an innexr
organ or body part through a defect in the muscle wall by
which it is ordinarily, contained. Historically, hernia

N  repair has been performed by pulling the muscles together

15'§jaround the defect and suturing the muscles together, closing

| the hole but creating tension on the sutures. More
- recently, hernia defects have been repaired by suturlng mesh
‘over the defect. This approach patches the defect rather

| than draW1ng the spaced muscle walls together and/or

20 llgatlng the hernia sac. | '

' | Tn order to facilitate surgical procedures, and
'partlcularly endoscopic procedures such as hernia repair,
~1nstrumentatlon is needed which provides the surgeon with

1mproved V151b111ty and which facilitates posmtlonlng of the

25 instrument at the surglcal site. A fastening system to

provide optimal securement of a mesh oY like device,
preferably endoscopicaliy, is also needed. These and other

dbjectives are achieved by the present invention.

30

35
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SUMMARY OF THE INVENTION

. In accordance with the present invention, a
surgical instrument for placing fasteners in or on tissue
is provided which includes:

(a) a fastener housing having anvil means mounted
at one end thereof and adapted to house at least one
fastener therein; ‘

(b} pusher means slidably received by said
fastener housing, the pusher means.comprising'a pusher bar
which defines a 1cngitudinal axis and a pusher element
slldably mounted to the pusher bax; and )

(c) slot means in the fastener housing, whereln
the pusher ﬁeans cooperates with the slot means to angularly
dmsplace the pusher element with respect to the 1ong1tud1nal
axms as the pusher means is advanced through the fastener
hcusmng.

The surgical instrument of the invention is thus

“adapted tc?angularly'deliver a fastener to tissue with

respect to the'longitudihal axis of the instrument. Such
angular delivery prOV1des 1mproved visibility to the surgeon

~and facilitates fastener placement in dlfflcult tissue
locations. The instrument  is particularly suited for

endoscopic applications, e.g., for securing a mesh to tissue

~in hernia repair.

- In a preferred embodiment, the fastener housing

contains a plurality of fasteners for sequential plaCement

in tissue.. Means are provided for(advancing the fasteners
distally and further means are provided for preventing more
than one fastener from being placed in the "ready" position.

A fastener may be placed by actuating handle means, e.qg., a

‘pistol handle, which effects distal movement of the pusher

hY
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1 means. The fastener housing is preferably rotatable with
respect to the nandle means to further facilitate visibility
and fastener placement. ' |

| According to the present invention, fasteners are

5 angularly delivered to tlssue through cooperatlon between
slot means, pin means and cam means. The pusher element
includes a contact face which is adapted to advance a
fastener into engagement with and formation against the
anvil means. The pusher element travels within a fastener

10 track in the fastener housing, the width of which is only
slightly larger than the width of the pusher element contact
face. The pusher element is slidably mounted to the ‘pusher

- bar by pin means extending through a transverse slot formed

at the distal end of the pusherxr bar. Further slot means are
15 formed in the fastener housing below the pusher bar. The

pin means extends through the transverse slot to ride within

the fastener housing slot means.
The' fastener housing slot means causes the pusher

element to jJog as follows:
20 (1) the fastener housmng slot means includes a

flrst slot reglon which extends along the longitudinal axis
of the lnstrument the contact face of the pusher element is
substantially perpendlcular to the longitudinal axis of the
1nstrument as the pin means travels within the first slot

25 region;

(ii) distal to the first slot region, a second
slot region communicates with and is angular oriented with
respect to the first slot region; inasmuch as the pusher
element is constrained in its transverse movement by the

30 fastener track, as the pin means enters the second slot
region the pin means moves within the transverse slot formed

35
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in the pusher bar and the pusher element rotates with

respect to the puéher bar; and

(iv) a third slot region communicates with the
second and extends at an angle to the longitudinal axis of
the instrument 6pposite to that of the second slot region;
as the pin means enteré the third slot region the pusher
element is prevented from returning to its initial non-
rotated orientation through contact with a cam face
extending into the fastener track; thus, as the pin means
nmoves back within the transverse slot, the pusher element
retains its rotated position with respect to the pusher bar.

| A unique fastener-forming assembly 1is also
provided acéording to the present invention which includes:

(a)' a fastener housing defining a fastener track
having a center line and an opening at one end adapted to
pernit fastener exit; |

(b) anvil means. positioned adjacent the exit
opening, the anvil means being positioned.in a transverse
and non-symmetrical.oriehtation with respeét to the center
line; and | | -

(c) a fastener haVLng a backspan and a pair of -
1egs extendlng from the backspan at either end thereof,
wherein contact of the fastener with the non~-symmetrically
positioned anvil causes the backspan of the fastener to bend
such that the fastener legs assume a substantially over-
lapping, longltudlnallynspaced relation.

The fastener-~forming assembly of the invention
facilitates formation of a fastener particularly suited for
securing an article} e.g., a reinforcement mesh, to tissue,
as for example in hernia repair. The over-lapping
configuration of the fofmed fastener allows the fastener
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legs to advance further than prior art fasteners prior to
bending, thus facilitating fastener placement. Moreover,
the substantially over-lapping, longitudinally-spaced
orientation of the fastener legs provides excellent holding
power when embedded in tissue. Preferably; the means for
advancing the fastener lnto contact with the anvil means
comprises a U-shaped pusher element having legs of differing
widths so as to cooperate with the non-symmetyrically
posmtloned anvil means.

The instruments of the present invention are
specifically suited for endoscopic applications. In such
cases, the fastener formation system is typically fabrlcatpd
as part of an endoscopilc portion which is adapted for
introduction through a trocar sleeve having a diameter of,
for example, 10 to 15 mms. Internal sealing means are |
tvpically provided in the instrument, e.g., a sealing block,
to ensure a gaseous seal when working in an insufflated body
cavity. |

BRTIEF DESCRIPTION OF THE DRAWINGS
The accompanying figures referred to herein and

constituting a part hereof illustrate preferred embodiments
of the present invention, and together with the description,
serve to explain the principles of the invention.

Fig. 1 is a schematic plan view of a distal
portion of a fastener housing according to the present
invention;

Fig. 2 is a top view.of a portion of a pusher bar;

Fig. 3 is a front view of a pusher element of the
invention; ‘

Fig. 4 1s @a bottom view of the pusher element;
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'Fig. 5 is a schematic view of a preferred, formed
fastener; |

Fig. 6 is a schematic plan view of a distal
portion of the fastener housing of Fig. 1 at various stages
of fastener advéncement;'

Fig. 7 is a perspective view of an endoscopic
surgical instrument according to the present invention;

| ?iq. 7a’ is a perspective view of a portion of the
surgical instrument shown in Fig. 7, being rotated.

Fig. 8 is an exploded perspective view of a handle
gection of the endoscopic surgical instrument showq_in Fig.
77 .

Fig. 9 is a perspective view of a rotatable nose
assembly of the endoscopic surgical instrument shown in Fig.
73 ' |
_ Fig. 10 is an enlarged cross-sectional view taken
along lines 10-10 of Fig. 7 illustrating the mechanism at

the proximal end of the instrument for providing controlled

j;distalfmovément to advance and to close fasteners at the

distal end;

_ Fig. 11 is.an.enldrged.cross-sectional view of the
pawl and ratchet system,in the handle section which prevents
proximal mbvement of the fastener advancing system after '
distai movement has begun;

Fiq.:lz is a view similar to Figure 11
illustrating the pawl and ratchet system of Figure 11 after
a fastener has been fired and during the proximal movement
of the firing mechanism; and

Fig. 13 is an exploded perspective view
illustrating the elongated endoscopic portion of the
endoscopic surgical instrument shown in Fig. 7.
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DETAILED DESCRIPTION OF THE INVENTION

A variety of actuation and fastener feeding
mechanisms may be employed to advance the pusher means of
the surgical instrument of the present invention to form and
place fasteners. For example, the principles of the present
invention may be adapted for use with a variety of handle
configurations, e.qg., pistol grips, scissor grips,.palm
grip, etc. Similarly, the fasteners of the invention may be
stored and individually placed in the '"ready" position using
a variety of known mechanisms. Illustrative of such
mechanisms are the pinion gear/pinion shaft mechanism and
related structure disclosed in Re. 28,932 to Noiles et al.,
the belt ﬁechanism and related structure disclosed in U.S.

Patent No. 3,837,555 to Green, .and the mechanism and related
structure of U.Z. Patent No. 4,204,623 to Green.

The present invention may be fabricated as a
single, unitary assembly intended for single or multiple
use, or practiced in association with a reusable actuating
assembly which is adapted to receive a plurality of pre-
loaded éartridges, whether in a single surgical procedure
or, after sterilization, in further procedures. Such
choices are well within the skill of one of ordinary skill
in the art and are deemed to be within the scope of the
present invention.

The following description shall be directed to
fastener advancement and formation from the point at which a

single fastener has been placed in the '"ready" position,

l1.e., positioned adjacent pusher means adapted to advance

the fastener into contact with the anvil means. As noted
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above, a variety of mechanisms and structure may be employed
to position a fastener in the ready position.

With reference to Fig. 1, a schematic plan view of
the fastener housing in the region of fastener delivery is
provided. Fastener housing 10 includes a fastener track 12
which extends substantially along the longitudinal axis of
fastener housing 10. Fastener track 12 is defined.by track
walls 14, 15. Fastener track 12 is sized and dimensioned to
receive an unformed fastener 44, as discussed hereinbelow.

" A slot 18 is formed in fastener track 12 toward
the distal end of fastener housing 10. Slot 18 comprises
first slot region 20, second slot region 22 and third slot
region 24. First slot,region 20 extends substantially along.
the longitudinal axis of fastener housing 10 which is
opposite to the angle of second slot region 22. Although}
as illustrated, first and second slot regions 22, 24 are
lineay, a varlety of geometriés are possible, as for example
arcuate slot paths. ' ‘ ‘ ‘

An anvil 26 is positioned adjacent the outlet of

. fastener track 12. ' Anvil 26 is spaced from the termination

of slot 18. Anvil 26. comprises a rigid material, e.q.,
stainless steel, which is sized and dimensioned to.
facilitate fastener formation therearound. Although Fig. 1
shows a single anvil 26 positioned in fastener track 12,
additional anvil means are contemplated for incorporation
into the instrument of the present invention, as for example
the dual anvil sections (106,108) of U.S. Patent No. 
4,127,227 to Green, previously incorporated by reference.

" The distal end 28 of fastener housing 10 includes

an angled face 30 which is at an Angle A to the transverse

axis.of fastener housing 10. Angle A of angled face 30 is
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1 generally about 5° to 45° and preferably 15° to 25° relative
to the transverséJaxis of fastener housing 10. Angle A may
be less than 45° or greater than 5° by making appropriate
adjustments to slot 18 and fastener track walls 14, 15, as

5  discussed below;.

Fastener track wall 14 forms an inwardly directed
cam face 32 at its distal end. A corresponding, outwardly
directed wall section 34 is formed at the distal end of
track wall 15. By "inwardly" and "outwardly" directed is

10 meant toward and away from the center line of fastener track
12, respectively. Cam face 32 and wall section 34 are
preferably at an Angle B to the longitudinal axis of
fastener hoﬁsing 10. Anglesr A and B are preferably
substantially'equal. |

15 "~ Inwardly directed cam face 32 and outwardly
directed wall section 34 cause fastener track 12 to angle
with réspect to the longitudinal axis of fastener housing
10. The width of fastener track 12 remains substantially
constant throughout, 1i.e. '1n poth its.longitudinally

20 oriented and angled reglons. Third slot region 24 is
typically at the same angle to the longitudinal axis as cam
face 32 and wall section 34, 1.e.{ Angle B. Anvil 26 is
positioned transverse to the angled region of.fastener track
12.

25 , Referring to Fig. 2, an elongated pusher bar 38 is
slidably received within fastener track 12. Pusher bar 38
includes a transverse slot 40 at its distal end. Transverse
slot 40 is asymmetric with respect to the center line of
pusher'bar 38. The proximal end 42 of puéher bar 38 is

30 adapted to cooperate with an actuating mechanism which

35
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effectuates longitudinal movement of pusher bar 338 within
fastener track 12 to advance and form a fastenexr 44.

As shown in Figs. 3 and 4, a U-shaped pusher
elemeﬁt 46 includes a downwardly extending pin 48. Pusher
element 46 also includes a contact face SO‘which includes

~distally pusher legs 52, 54 and a substantially U-shaped

region 56. Side wall 58 includes a longltudlnally directed
side face 60 and angled abutment face 62. Pin 48 is sized
and dimensioned to extend through and ride with transverse
slot 40 in‘pusher bar 38, and to further extend into and
ride within slot 18 in fastener track 12.

Referrlng to Fig. 6., the interaction and
cooperation of pusher bar 38, pusher element 46, fastener
track 12, slot 18 and anvil 26 will now be described. Fig.

6 shows the above elements at various stages of fastener

advance. Fastener 44 is positioned distal of and in
abutment with contact face 50 of pusher element 46. In the

‘_f“3prOX1mal-most position of pusher element 46, pin 48 is
L‘jlocated within first slot region 20 and within transverse

slot 40 to substantlally the center line of pusher bar 38.

| As the pusher bar 38 1s advanced distally, pin 48
enters second slot region 22 which causes pin 48 to travel
within transverse slot 40 toward track wall 14. Contact
between 51de face 60 of pusher element 46 and track wall 14
prevents transverse displacement of pusher element 46 with
respect to fastener track 12 and causes counterclockwise
rotation of pusher element 46 around pin 48. This
counterclockwise rotatlon'brlngs angled abutment face 62
into contact with track wall 14 (pusher element 46 is
illustrated just prior to complete rotation). Contact face
50 of pusher element 46 thus assumes an angled orientation
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1 with res pect to the longitudinal axis of fastener housing
10. Fastener 44 1is brought in the same angled orientation
through interaction with contact face 50. contact face 50
and fastener 44 are preferably oriented at an Angle B to the

5 longitudinal axis of fastenexr housing 10. |

rurther distal movement of pusher bar 38 causes

pin 48 to enter third slot region 24. A pin 48 reaches
third slot region 24, side wall 58 of pusher element 46
comes into contact with 1nward1y directed cam face 32. Pin

10 48 travels within transverse slot 40 towaxrd track wall 15 as
it moves dxstally within third slot region 24. Fastener 44
is thus advanced through the angled portion of fastener
track 12. - Backspan 64 of fastener 44 engages anvxl 26 and

| pusher legs 52, 54 drive fastener 44 so as to bend fastenere

15 legs. 66 therearound (see ‘also Fig. 5). Fastener 44 is fully

formed at such time as pin 48 reaches the distal termination

of slot 18.
In use, the surgeon places angled face 30 of

- fastener houSLng 10 adjacent to or against the tissue,

20 relnforcement material. or the like, to Dbe fastened. The
surgeon may, if he wishes, advance pusher bar 38 and thus
fastener 44 to expose fastener legs 66 from fastener housing
10 prior to soO placing fastener housing 10, to facilitate
proper placement of fastener 44. Thereafter, pusher bar 39

25 is advanced +o form fastener 44 in or around the tlssue
and/or relnforcement materlal e.g., mesh, to be fastened.

In a preferred embodiment of the invention,
fastener 44 is formed in a unique configuration which
provides significant clinical advantages, particularly when

.”30 used to fasten a reinforcement material to tissue, e.g., 1in

hernia repair. The unigque fastener configuration is

35
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accomplished by (i) positioning anvil 26 asymmetrically with
respect to the cehter line of the angled portion of fastener
track 12 and (ii) providing a pusher member 42 adapted to
cooperate with asymmetrically positioned anvil 26 and
preferably including contact legs 52, 54 of differing
widths. In forming this unique fastener 44, the surgeon is
able to expose greater lengths of fastenex legs 66 to

facilitate visualization and optimal placement because, when
formed, legs 66 assume a substantially overlapping,
longitudinally-spaced relation.

| Referring to Figs. 3, 4 and 6, contact lgg 52 of
pusher member 42 has a greater width than contact iég 54.
Anvil 26 is positioned asymmetrically with respect to the
center line of the andled portioh of fastener track 12,
being positioned more toward the side on which thinner

contact leg 54 travels.
As pusher member 42 approaches anvil 26, contact
legs 52, 54 pass on either side thereof. Fastener 44 is

thus bent into the configuration shown in Fig. 5, with legs
66 in substantially overlapping, longitudinally;spaced
relation. The arcuate travel'of legs 66 as they are bent
into theilr final configuration‘provides an advantageous. bite.
into‘tissue and/or reinforcement material, and the

‘overlapping, léngitudinaily-spaced relation provides

excellent holding power. Preferably fastener'legs 66, when
formed, are in a substantially parallel orientation,

~although the exact degree to which fastenex legs 66 are

parallel will generally depend on the resilience of the
substrate into which they are faStenéd.

Referring to Figs. 7 and 7a there is illustrated a
preferred embodiment of the present invention particularly
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adapted for endoscoplo application of gurglcal fasteners.
The fastener housing 10 is preferably incorporated at the
distal end of an endoscopic surgical ingtrument 70. Morxe

gspecifically, the endoscopio gsurgical instrument 70

extending proximally from the fastener housing 10. A handle
gection 74 is attached at the proximal end of the elongated

endogcopic section 72.
The materials utilized in the elongated endoscopic

section 72 and the handle section 74 include guch materials
ag polycarbonate for housing sections and related
components, and stainless steel for such components which

transmit forces. One preferred polycarbonate material is

' LEXAN brand polycarbonate available from General Electric

Company. Other specific preferred materials such as nylon
or glass filled nylon (for strength) are also utilized.
Howevef, equivalent alternative materials may be used.

It is also=oontempiated and within the scope of '

sterlllzed, and the fastener hou31nq 10 re- 1oaded with
fasteners for re-use. Alternatlvely, a replaCQment fagtener

magazine may'be reloaded in the endoscoplc section 72, and

optionally a replacement endoscopic section 72 may be
detaohablY-secured to a disposable handle 74 for multiple
use during a single surgical procedure.. Moreovex, the
instrument shown may be entirely disposable. Thus, any
combination of alternatives may be incorporated within the
gscope of the invention.
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1 Referrlnq to Fig. 8, there is shown a preferred
handle section 74 of the 1nstrument 70 with associated
components. The handle section 74 ineludes an outer housing
preferably formed of a polycarbonate material in separate

5 gections as shown. The geparate sectionsg are attached, for
example, by welding, adhegiveg, etc. One purpose of the
handle section 74 is to provide controlled distal ‘movement
of the pusher means and more specifically, the pusher
element 46 at the distal -end of the pusher bar 38, a portion

10 of which is shown in rig. 6.

The handle section 74 of the endoscopic surgical
\1nstrument 70 includes a handle grip 76 and a plvotal handle
trigger mechanism 78 which is pivoted toward and away from
the handle grip 76. The trigger mechanism 78 ig pivoted

15 toward the handle grip 76 during the fastener advancing and
firing sequence which will be described in further detail
helow. The handle trigger mechanism 78 pivots away from the
grip 76 to return the instrument 70 to the pre-~fired |
condition in position for firing the next fastener.

20 As shown in Flgures 6 and 13, the pusher bar 38
preferably extends through tho elonqated endoscopic section
72. The endoscopic sectlon 72 is rotatably attached to the
handle section 74 via a rotatable nose assembly 77 having a

bottom cover plate 78, shown in Figs. 7-9. The rotatable
25 nose assembly 77 is adapfed to rotate the entire endoscopic
section 72 a full 360 degrees as will be described
| hereinbelow. Further, a barrel portion 80 is integral with
the rotatable nose assembly 77 and is configured and
dimensioned for receiving a thrust bar assembly 82.
30 Referrlng back to Flg. g8 thrust bar aszembly 82
includes a thrust bar 84 connected to the pusher bar 38

35



2101284

1 shown in Fig. 6. The thrust bar 84 has a ridge 86 at its
distal end for mhting with a hole 88 at the proximal end of
the pusher bar 38 shown in Fig. 13 and more fully described
below. The hole 88 is slightly larger than the ridge 86 of

5 the thrust bar 84 to provide longitudinal movement of the
rldge g6 within the hole 88. The oversized hole 88 provides
a small degree of relative movement between the thrust bar
agssembly 82 and the pusher means. This small degree of
movement provides several advantages. For example, minor

10 proximal movements of the trigger mechanism 78 will not

immediately result in engagement between the pusher means
and the next available fastener, thus avomdlng inadvertent
distal movement of the fastener during handling by operating
Yoom personnel or positioning by the user. Also engagement
15 of the pusher bar 38 with the next fastener will not ocour
until the pawl and ratchet plate of the clutch mechanism 106
- (described beiow)'takes place, thus preventing inadvertent
pa:tial advancement of several fasteners at a time. This ‘
would occur i1if the operator were ellowed to partially
20 activate the trigger mechanism'78 geveral times over the
~same part of its cycle. The clutch mechanism 1086 prevents
such movements. Further, this free movement of the thrust
bar 84 permits the fastener advancing and forming components
to engage each other smoothly without jamming or
25 -intercomponent interference with themselves,
A curved link 90 is pivotably connected at a lower
portion'to the trigger mechaniem 78 by a proximal shaft 92.
The trigger mechanism 78 is pivotally attached to the handle
grip 76 by an upper pivot pin 94, thus providing for pivotal
30 movement towards and away from the handle grip 76. Movement
of the trigger 78 towards the grip 76 produces rotational

35
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movement of the curved link 90 because the shaft 92

traverses an upward arc whose center of rotation is located
at the upper pivot pin 94.

- An upright member 96 is pivotably attached towards
its upper end by shaft 98 to the upper portibn of the curved
1ink 90. The upright member is also plvotably attached

towards its lower end by pin 100 to the handle grip 76, as
shown in Fig. 8. Since the upright member 96 is pivotably

attached at upper and lower points .98, 100 respectively,'the
rotational motion of the. curved link produces longitudinally
directed distal and prOX1ma1 motion of the uprlght member
96. |

Thrust bar assembly 82 is connected to upright
member 96 through an aperture 33 in the uprlght membex 96
such that the inward squee21ng of trigger mechanlsm 78 wzll
caugse the entire thrust bar assembly 82 to advance distally
agamnst the constant force prOV1ded by the spring 102. Thg

© spring 102 is normally biased in the coiled configuration.

One end of the gspring 102 ig attached to a spring nub 104 at
the upper end of the upright member 96, and the other end is

~attached to the handle grip 76 by post 105,

It can therefore be appreciated that after
squeezing the trigger,mechanism’?e the full stroke from the
at rest position to the actuated position, release of the
trigger mechanism 78 will permit the spring 102 to assume
control and to return to the pre~fired original unloaded
configuration. This motion in turn causes the entire thrust
bar assembly 82 to return to the proximal most pre-fired
position;

' Referring now to Figs. 8-12, the structure and
function of the preferred uni-motion clutch mechanism 106
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will be described.‘ The clutch mechanism 106 prevents
proximal movement of the thrust bar assembly not shown in
Figs. 9-12 in the event the trigger mechanism 78 13 released
after the squeezing motion of the trigger mechanism 78 and
the advancement of the thrust bar agsembly not shown in
Figs. 9-12 has begun, but before the full stroke is
completed. The clutch mechanism 106 isg self-releagmng when
the fhrust bar assembly not shown in Figs. 9-12 reaches the
distal most position, thus permitting the entire thrust bar
agssembly not shown 1in Figs. 9-12 to return to the pre-fired,
or proximal most condition, and the trigger mechanism 78 to
also return to the pre-fired position. -

A ratchet plate 108 is fixed to the barrel 80 and
indludes a plurality of right angle triangular shaped
parallel ridges 110. A pawl 112 is rockably mounted for
distal and proxlmal movement with the thrust bar agsembly 82
and ig biased toward the ratchet plate 108 by &a r33111ent

. Wire sprlng 114 as shown.. Pawl 112 is preferably formed of
'stalnless steel while the ratchet plate 108 is preferably

made of brass.or other comparable material.

o When the trigger mechanism 78 is squeezed toward
the handle grip 76 producing'distallmotion of tha'entire
thrust bar assembly 82, the pawl 112 engagably slides

- distally past the ratchet surface 56 of the ratchet plate 52

as shown in Fig. 11 such that one corner of the tip 62 of
the pawl 112 sequentially engages each right angled ridge of
the ratchet plate 52 to thereby prevent proxiﬁal movenment of
the thrust bar assembly 82 in the event the trigger
mechanism 78 is released by the operator. The engagement of
the pawl 112 with the ratchet plate 108 providegd audible
confirmation that the pusher assembly is moving distally
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since the user will hear a geries of audible clicks. This
action continues with the tip 116 of pawl 112 sliding past
the ratchet surface of the ratchet plate 108 until the pawl'
112 id positioned distally of the distal most ridge.

Aftef completion of the fastener firing stroke and
upon release of the trigger mechanlsm 78, the pawl 112 noves
proximally with the thrust bar assembly 82 under the action
of the spring 102 as described above. The tip 116 of the
pawl 112 which is now free, engages the distal end of the
ratchet plate 108 causing the pawl 112 to rock to the
reverse direction shown in Fig. 12 so as to slide proximally
past the ratchet surface of the ratchet plate 108 without
interference to the proximal movement of the thrust bar
assembly 82.

Referring to Figs. 8-12, when the handle grip 76
ig positioned in the palm of the user’s hand and the trigger
mechanism 78 is squeezed toward the handle grip 76, the pin
92 of the trigger travels in a generally upward direction |

'pushlng the curved link 90 upwardly and distally in a
20
- upright member 35, to which the curved link is attached via

generally- countercloCRW1se dlrectlon. Simultaneously, the

pivot point pin 98 in the upper portion of the curved 1link,
pivots distally about the point of rotation defined by the
pivot pin 100 located at the. lowermost end of the handle
grip 76, | |

The upright member’s distal movement approximates
the thrust bar assembly 82 distally and conzsequently moves
the pusher bar 38 distally. As a result, the uni-motion
clutch mechanism 106 1s engaged as described above. The
cluteh mechanism 106 efféctively permits squeezing the
trigger mechanism 78 toward the handle grip 76 while
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maintaining positions midway through the stroke in the event

the operator releases the qrip, and permits return motion
after the stroke has been completed.

The clutch mechanism 106 also allows the operator
to advantageously prep031tlon a fastener such that the legs
of the fastener protrude from the distal end of the fastener
housing 10 and then release pressure from the trigéer
mechanism 78. The operator may then turn full attention to
locating the prepositioned fastener in the deaired target
location, at which point the pivoting of the trigger '
mechanism 78 may be resumed and the cycle completed. This
fastener p;epbsitioning greatly facilitates fastener

placement. .
Although the preferred embodiment described herein .

and illusgstrated in the accompanying drawings depicts a |
preferred technique, i.e. handle section 74, for actuating
the pusher means, other techniques having aggociated

‘mechanisms and related structure may be employed.

‘Referring to Fig. 13, the elongated endoscopic
sectlon 72 is shown in exploded view with parts separated
for convenience of 111ustratlon. The endoscoplc gection 72
includes an upper housing half section 118 and a lowex
housing half section 120. The'housing half sections are
preferably of a polycarbonate material such as LEXAN brand
material méntioned previously, and may be attached by
welding, adhesives, etc.

The pusher bar 38 and the U-shaped pusher element

46 are positioned between the upper and lower housing half
sectlons ag degacribed above and shown in Fig. 6. An anvil

section 122, preferably formed of stainless steel, includes
the anvil 26, as described above and shown in Figs. 1 and 6,
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and an elongated anvil portion 124 integral with the anvil
and extending préximally from the anvil 26. The elongated
anvil portion includes upwardly extending feet 126 at its
proxlmal end. The elongated anvil portion 124 furthexr
includes an elongated gslot 132 towards its proximal end
dimensioned and conflgured to slidably mate with the raised
portion 134 of the pusher bar 38 {(described below);

The anvil 26 is pogitioned within the fastener
housing 10 at the distal end of the instrument 70, as shown
in Fig. 6 and 13. The proximal connection points of the
elongated anvil portion include upwardly extending feet 126
which are enqagable within slots in the rotatable nose
assembly 75 of Fig. 9. Thus, the endoscopic portion of the
1n9trument 70 is positively connected to the handle sectlon“
74 by the upwardly extending feet 126 and is rotatable via
the rotatable nose assembly 77.

The elongated anvil portion 88 stabilizes the
dimension of the endoscopic section 72. The stabilizing
effect prevents forces acting on the components from
stretching or. compressing the upper and lower housing half
gections 118, 120 of the endoscopic section 72. Thug, the
elongated anvil portion provides dimensional stability to
the endoscopic section 72 while the endoscopic ggction 72 is

supporting the components being subjected to forces for

~ supporting, advancing, and forming the surgical fasteners.

The upper housing half section 118 is generally
gsemicircular in shape and preferably includes a central
groove 128 along.its innerside for guiding a coiled main
spring 164. Similarly, the lower housing half section 120
of the endoscopic section 72 is generally semicirculaxr in
shape and preferably includes a central groove 130
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1 substantially identical to the groove 128 for guiding a
coiled main spring 164 in concert with the groove 128 in the

| uppef housing half section 118,
The pusher bar 38 includes a raised poxrtion 134 at
5 its proximal end. The raised portion includes a hole 88
- configured and dimensioned for accepting the ridge 86 in the
thrust bar assembly 82. The pusher element 46 is bonnected
at the distal end of the”pusher baxr 38, -
A pusher shroud 136 is positioned at the distal
10 end of the pusher bar 38:and holds the pusher element 46 in
| place. The pusher element 46 in place at the distal end of
the pusher bar 38 is preferably a pusher shroud 136. The
pusher shroud 136 1is connected to the bottom of the pusher
bar 38, for example, by welding or rivets. As described
15 above and shown in Figs. 4, 6 and 13, the pusher element 46
includes a pin 48 rotatably mating with an elongated opening
138 in the pusher bar 38 and advances the fasteners in the
fastener housing 10 for applidation,' |
| An ejecpor.sprinq,ldo ig located in the fastener
20 ~housing 10 and includes downwardly projecting legs 141.  The
=";1eg§°141 are configured”and dimensioned to position the
-~ fagteners advanced by the pusher element 46 in an engagable
posmtlon with the anvil 26 and provide the desmred force to
- assist in ejectlng the fastener from the fastener housing
25 after the fastener has e.ngég'ed‘ the anvil 26.

Attached to the bottom of the elongated anvil
portion 124 is a guide lift spring 142 which is positioned
between the elongated anvil portion 124 and the pusher bar
38 A slot 144'in.the guide 1ift spring 142 includes an

30 open distal end and partially overlaps the slot 18 in tha
- fastener housing'track 12. The guide lift spring 142 aligns

35
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1 the pusher element 46 in the faateﬁer housing track slot 18
by encouraging the pin 48 of the pusher element 46 to
communicate with the slot 144 in the guide 1ift spring 142.
The pusher element 46 is thus guided by the open ended slot

5 144'whmle advancmng a fastener.

A front fastener plate 146 i3 positioned within
the lower housing half section 120 and beneath the pusher
bar 38. The distal end of the fastener front plate 146 is
configured and dimensioned to align the fasteners and assist

10 in positioning the fasteners as they are cued forward by the
fastener pusher. The front fastener plate includes at its
distal end two distally extending prongé 148 and a
downwardly extending flap 150. A fastener fits between the
two distally extendlng 1egs 148 of the front fastener plate‘

15 146 which are preferably part of a generally U-shaped
configuratlon formed at the distal end of the front fastener

plate 146. The flap 150 communicates with the crown of the
fagstener and assists in malntalnlng the faster in a-
desirable position for the pusher element 46 to advance the

20 fastener in the fastener housing 10.

' Working in concert, the front fastener plate 146
and the lower hdusing half sectionjlzo pOSition the
fasteners therebetween maintaining alignment of the
faétehers‘aé they are advanced by the fastener pusher 156.

25 Moreover, when the fastener pusher 156 approaches its distal
most position, the downwardly extending flap 150 of the
front fastener plate 146 communicates with the top of the
fastener pusher 156 to assist in stabilizing the pusher 156
such that the fasteners continue in the appropriate path.

30 | A rear fastener plate 152 communicates with the
proximal end of the front fastener plate 146 and extends

35
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proximally with respect to the front fastenex plate 146.
Thae rear fastener plate 152 includes an elongated hole 154
which is configured and dimensioned to receive a upwardly
extending tab 160 at the proximal end of a fastener pusher
156,

The fastener pusher 156'19 glidably posiﬁioned
between the rear fastener plate 152 and the lower housing
half section 120. The fastener pusher 156 includes a pusher
head 158 at its distal end having a generally Umshgped tip |

‘and an upwardly extending tab 160 at its proximal end. The
"pusher head 158 is dimensioned and configured to communicate

with the crown and legs of a fastener, thus providing
pogitive interaction between the fastener and the fastener
pusher 156.

| An upwardly extendlng tab 160 is located at the
proximal end of the fasteéener pusher 156, and a spring guide
162 i3 attached to the bottom of the fastenex pushexr 156 v%a
conventlonal means, and extends generally downward. The

- fastener pusher 156 is biased in the distal direction by a
"coiled main spring 164 communicating with the tab. 160 and

the spring guide 162. Thus, a.fastener or a plurality of
fasteners may be biased in the distal direction such that
the fasteners may be sequentially fired.

The coiled main spring 164 is posmtloned within
the groove 130 in the lower housing half section 120 and
extends upwardly in a coiled fashion through the elongated
hole 154, the eiongated 6pening 138, and the elongated slot
132 to communicate with the groove 128 in the upper housing
half section 118. Thus, the coiled main spring 164 is
Quided by the grooves 130, 128 in the upper and lower
housing half sections 120, 118. Spring 164 biases the
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fastener pusher 156 distally by communicating with the
proximal side of the tab 160 and the spring guide 162.

A fastener feed plate 166 ig positioned at the
distal end of the lower housing half section 120 and
includes two parallel distally extending feet 168. A

portion of the feet 168 are inclined upwardly to advance a

fagtener to a desired elevated position. More specifically, |
the feet 168 are configured and dimensioned such that as a
fastener is moving over the fastener feed plate 166 in the
distal direction the fastener is elevated upwardly as it
advances over the feet 168.

A gas sealing means 170 includes a subsﬁéntially
circular body having an aperture therethrough. The gas
sealing means 170 1is positioned.distally to the rotatabdble
nose aggembly 77 and between the upper and lower housing.
half sections 118,.120. The gas sealing means 170 effects a
substantial internal seal within the endoscopic section 72
of the instrument 70. The'gas sealing means 170 is |
donfigured' énd dimensioned to accommodate longitudinal.
movement'bf the pusher bar 38 and the fastener pusher 156
while. digscouraging gasses used to insufflate the body cavity
from egressing through the endoscopic section 72. Although
the gas sealingmeané 170 1is designed ag described above and

as shown in the accompanying drawings, it is contemplated
that other gas sealing means having'different configurations
may be used. | ' o

It is also contemplated that the fastener feed
plate 166 described above and illustrated in the |
accompanying drawings may be configured and dimensioned
differently, while providing the specified elavation of the

- fastener in a similar fashion to fastener feed plate 166.
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A 1ubr1cant may be used on or about any of the
internal parts dlscussed above in the handle section 74 or
the endoscopic section 72 of the instrument, such as between
a moving part and a non-moving part, or between two moving
parts. TIubricant may be used, for example, between the
lower housing half section 120 and the pusher bar 38 and/or
the fastener pusher 156. The lubricant is used for
reducing frictional resistance and providing smooth
interaction between the parts. A desirable lubricant may
be, for example, a lithium grease, or a silicona grease.

| In operation, after the endoscopic section 72
enters the body cavity insufflated with gas, the sealing
means 170 impedes deflation of the body cavity by
discouraging gasses from escaping past the endosgcopic
gection 72. Next, as the handle trigger mechanism 78 is
pulled towards the handle grip 76, the pusher bar 38 19
actuated dlstally by the interaction between the thrust bar
84 connected to the pusher bar 38 by ridge 86. The pusher
element 46 attached to the pusher bar 38 via pin 48 advances
a fastener already in position in the fastener houslng 10.

- mhe fastener is epplled by engagement with the anvil 26 as

described above.

After a fastener is applied, a vacancy in the
faéteher‘houeing 10 is filled by another fastener biagsed to
move distally by the eoiled main spring 164 positioned
proximal the fastener pusher 156. A fastener 19 moved to
assume the ready poeition in the fastener housing 10 by the

fastener pusher 156 advancing the fastener with the pusher

head 158. A plurality'of'fasteners may be positioned
proximal the fastener pusher 156 and can be biased in the
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distal direction by interaction with the pusher head 158 of
the fastener pusﬁer 156.

| The fastener is moved upwardly from communicating
with the fastener pusher 156 to being pogsitioned for

~ engagement with the anvil 26 via the fastener feed plate

166. As the fastener progresses over the fastener feed
plate 166 in the distal direction, the fastener igs elevated

- upwardly as it advances over the feet 168. The front

fastener plate 146 assists in positioning the fastener for
distal movement for advancement by the pusher element 46 by
accommodating the fastener with its generally U-shaped
distal end. As the fastener pushexr 156 approaches its
dlstalmmost p051t10n, the downwardly extending flap 150 of
the front fastener plate 146 communicates with the top of
the fastener pusher 156, thereby stabilizing the pusher 156
such that the fasteners continue in their appropriate path.
Thus, the interaction of the fastener pusher 156, the front
fastener. plate 146, and the pusher element 46 enable |
sequentlal appllcatlon of fasteners.

Although the pusher head and the dlstal end of the .
front fastener plate have generally U-shaped configurations
in the preferred embodiment described herein and shown in
the accompanying'drawings, other shapes may be desirable.
| Further, other means having related structure to
that shown'in the préferred‘émbodiment described herein and

illustrated in the accompanying drawing may be used to
advance fasteners sequentially.
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While the above description contains many

specifics, these specifics should not be construed as
limitations on the scope of the invention, but nearly as

exemplifications of preferred embodiments thereof. Those

skilled in the art will ehvision many other possible
variations that are within the scope and spirit of the

invention as defined by the claims appended hereto.



«101294

- 30 -

THE EMBODIMENTS OF THE INVENTION IN WHICH*AN EXCLUSIVE
PROPERTY OR PRIVILEGE FS CLAIMED ARE DEFINED AS FOLLOWS:

1. A surgical instrument for placing a fastener in or on tissue

comprising:

(a) a fastener housing having anvil means mounted at one end

thereof and adapted to house at least one fastener therein;

(b) pusher means slidably received by said fastener héusing,
said pusher means comprising a pusher bar which defines a longitudinal axis
and a pusher element slidably mounted to said pusher bar;

(c) slot means in said fastener housing, wherein said pusher

nmeans cooperates with said slot means to angularly displace said pusher
| \

element with respect to said longitudinal axis as said pushér means is

advanced through said fastener housing; and

(4) means for actuating sald pusher means being positionable

proximal of said fastener housing.

2. A fastener-forming assembly comprising:

(a) a fastener housing defining a fastenex track¢having a center
line and an opening at one end adapted to permit fastener exit, said fastener
houéing furthe: including pusher means disposed therein;

. (b) énvil means positioned adjacent said@ opening, said anvil
means being'pOSitioned in a transverse and non-symmetrical orientation with

respect to said center line;

‘(c) ~a fastener having a backspan and. a paif of legs extending
Erom the backsﬁan at either end thereof:; wherein contact of said fastener with
said non-symmetriCally positioned anvil causes said backspan of sald fastener
to bend such that said fastener 1egé assume a substantially over-lapping,
longitudinally-spaced relation; and
' (4d) . means for actuating said pusher means, said meaﬁS-for

actuating being positionable proximal of said fastener housing.
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3. The surgical instrument of claim 1, wherein said
means for actuating further comprises:

an elongated endoscopic section extending proximally
from said fastener housing and substantially encasing saild

pusher means; and

a handle section couplable with sald elongated
endoscopic means at an opposite end from said fastener housing,
said handle section cooperating with sailid pusher means to

manually and selectively activate said pusher means.

4. The surgical instrument of claim 3, wherein said
elongated endoscopic section includes a rotatable portion

positioned distally from said handle section.

5. The surgical instrument of claim 3 or 4, whereiln
said elongated endoscopic section is configured and adapted for

insertion into endoscopic tubular means.

6. The surgical instrument of any one of claims 1,
3, 4 or 5, further comprising means for preventing proximal
novement of said pusher means after said pusher means has moved

distally a predetermined amount.

7. The surgical instrument of any one of claims 1,
3, 4, 5 or 6, further comprising gas sealing means to prevent

gases from egressing through the endoscopilc portion.

8. The fastener-forming assembly of claim 2, wherein

said means for actuating further comprises:
an elongated endoscopic section extending proximally
from said fastener housing and substantially encasing said

pusher means; and
a handle section couplable with said elongated
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endoscopic means at an opposite end from said fastener housing,
said handle section cooperating with said pusher means to

manually and selectively activate sald pusher means.

9. The fastener-forming assembly of claim 8, wherein
salid elongated endoscopic section includes a rotatable portion

positioned distally from said handle section.

10. The fastener-forming assembly of claim 8 or 9,
wherein said elongated endoscopic section 1s configured and

adapted for insertion into endoscoplc tubular means.

11. The fastener-forming assembly of any one of
claims 2, 8, 9 or 10, further comprising means for preventing
proximal movement of said pusher means after sailid pusher means

has moved distally a predetermined amount.

12. The fastener-forming assembly of any one of
claims 2, 8, 9, 10 or 11, further comprising gas sealling means

to prevent gases from egressing through the endoscopic portion.

13. An endoscopic surgical apparatus for applying
surgical fasteners to body tissue, which comprises:

a) an elongated housing dimensioned for 1nsertion
through a cannula and defining a longitudinal axils, the
elongated housing having a non-linear fastener track
terminating in a fastener exit opening;

b) a surgical fastener within the elongated housing,
the surgical fastener having a backspan and a palir of legs
extending from the backspan;

c) an anvil disposed adjacent the fastener exit
opening, the anvil having an anvil surface engageable with at
last the backspan of the surgical fastener, the anvil surface

configured for closing the surgical fastener;
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d) a pusher for advancing the surgical fastener along
the non-linear track of the elongated housing and 1nto
engagement with the anvil surface of the anvil, the pusher
cooperating with the non-linear track to rotate the surgical
fastener upon advancing movement of the pusher, to thereby
selectively position the surgical fastener relative to the
anvil for closing about the anvil surface; and

c) a handle connected to the elongated housing, the

arlime

handle including a manually operable trigger, the trigger belng
operatively connected to the pusher whereby movement of the

trigger causes corresponding advancing movement of the pusher.

14. The endoscopic surgical apparatus of claim 13,
wherein the pusher is adapted to cooperate with the non-linear
track to cause rotation of the surgical fastener whereby the
legs of the surgical fastener are oriented at an acute angle

relative to the longitudinal axis of the elongated housing.

15. The endoscopic surgical apparatus of claim 13 or
14, wherein the anvil is asymmetrically positioned wlith respect

to the fastener exit opening of the housing.

16. The endoscopic surgical apparatus of any one ot
claims 13 to 15, wherein the legs of the surgical fastener are
adapted to be bent inwardly about the anvil surface of the

anvil to form a pair of inwardly extending leg portions.

17. The endoscopic surgical apparatus of claim 16,

wherein the leg portions are longitudinally spaced with respect

to each other.

18. The endoscopic surgical apparatus of claim 17,

wherein the leg portions are in at least partial overlapping

relation.
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19. The endoscopic surgical apparatus of any one of
claims 13 to 18, wherein the legs of the surgical fastener are
generally perpendicular to the backspan and generally parallel
to each other prior to closing the surgical fastener about the

anvil surface of the anvil.

20. The endoscopic surgical apparatus of any one of
claims 13 to 19, wherein the elongated housing 1s rotatable

about the longitudinal axis.

21. The endoscopic surgical apparatus of any one of
claims 13 to 20 including a pawl and associated ratchet
operatively connected to the pusher for preventing retracting
movement of the pusher until the pusher has reached an advanced
position thereof, wherein in the advanced position the pawl 1is
released from the ratchet to permit the pusher to retract to

an initial position thereof.

22. The endoscopic surgical apparatus of any one of
claims 13 to 21 further comprising a gas seal within the

elongated housing for minimizing passage of gases through the

elongated housing.
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