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(57) Abrégée/Abstract:

The present invention relates to a surgical stapler loaded with at least two sets of surgical fasteners (405, 406) of different types that
are delivered Iin a pre-established order. The invention also relates to a surgical kit comprising such a surgical stapler and a textile
prosthesis.
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two sets of surgical fasteners (405, 406) of different types that are delivered in a pre-
established order. The mvention also relates to a surgical kit comprising such a surgi-
403 cal stapler and a textile prosthesis.



CA 02748229 2011-06-23

WO 20107084424 A1 MU A0N )AL

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, ML, MR, NE, SN, TD, TG).
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, ,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, T uPlished:
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. —  with international search report (Art. 21(3))

(84) Designated States (unless otherwise indicated, for every —  before the expiration of the time limit for amending the
kind of regional protection available). ARIPO (BW, GH, claims and to be republished in the event of receipt of
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, amendments (Rule 48.2(h))

ZW), Furasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,



10

15

20

25

30

35

WO 2010/084424

CA 02748229 2011-06-23
PCT/1B2010/000290

Loaded surgical stapler

L

The present invention relates to a self-fastening
surgical staple, a surgical stapler and a method of

loading said surgical stapler, which surgical staple,

stapler and method can be used in particular for the

treatment of hernias.

Prior to the development of surgical endoscopy, the
most common way of repairing a hernia defect was toO
apply tensioned suture threads. However, this type of

P

repair caused the patient pain and, because OL the-

considerable tensioning, posed a considerable risk ot

~ tearing of the muscles and aponeuroses by the sutures

and/or of recurrence of the hernia.

#
p—

Nowadays, 1in order to minimize the rigsks of recurrence,

surgeons frequently implant a textile prosthesis which
replaces or reinforces the weakened anatomical tilssues
without the need to approximate the margins of the
damaged tissues. These pfostheses are very often placed
in position by celioscopy, that is to say by surgical
endoscopy of the abdominal cavity. The surgeon uses a

g
p—

needle to introduce carbon dioxide in the region of the

navel or below the ribs in order to create a gas cavity
spreading apart the wall of the viscera and permitting
the manipulation of the instruments that are introduced
through small incisions. The prosthesis 1is 1ntroduced
with the aid of a trocar and is first of all wound up
or folded for this purpose. It then has to be deployed,
oriented, centred on the defect and applied against the
abdominal wall, in the correct direction 1f 1t has a
dedicated surface. All of these manoeuvres are carried
out with the aid of forceps or standard celioscopy
instruments, and the prosthesis is fixed in place by

stapling, for example.
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The positioning and fixation of a textile prosthesis in

intraperitoneal surgery by celioscopy 1s an operation

that an inexperienced surgeon may find difficult to
perform. The efficacy of the prosthesis, however, and
the ability to minimize the risk of recurrences depend
to a large degree on the fixation of said prosthesis.
First, the deployment of textile prostheses, which are
often flexible, proves difficult, and they therefore

have a tendency to form folds on ‘the abdominal wall.

The lack of perfect deployment entails a risk of

engagement of the peritoneal sac or of the wviscera, for

example, and increases the possibilities of recurrences
or of adherence to the prosthesis. Incorrect deployment
can also impede tissue integration of the prosthesis to
the peritoneum. It 1is therefore essential for the
surgeon to ensure that no part of the prosthesis 1s

folded and that none of the viscera and no part of the

intestine is located between the prosthesis and the

abdominal wall.

Document WO 2004/103414 describes a composite surgical
tack provided with a head that 1is covered, with the aid
of an adhesive, by a fastening textile to permit
temporary positioning of a textile prosthesis. Although
a composite surgical tack of this kind may appear
satisfactory, it requires several production steps and

several different materials. Each of the materials must

be efficiently sterilized and may requlire different
sterilization methods:. Moreover, the behaviour of such
a composite tack in the human body 1is unpredictable. In
particular, 1ts various component elements risk
separating for example, or being resorbed at different
speeds, or even not degrading. In particular, the
adhesives allowing such elements to be assembled are

not generally resorbable.

A general aim is always to reduce the sequelae and the

trauma that the patients may experience during surgical
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interventions, while at the same time seeking ¢toO

facilitate the work of the surgeon and reduce the COSts

involved. In particular, it is always desirable €O

simplify the methods of validation of sterilization.

It is an object of the present invention to remedy all
or some of the various disadvantages posed by the use
of composite surgical tacks of this kind that permit

repositioning of a textile prosthesis.

More specifically, the present invention aims to
provide a sélf—fastening surgical staple that permits
the positioning and then repositioning of a textile
prosthesis while at the same time reducing the trauma
inflicted on the patients. A further object of the
present invention is to provide self-fastening surgical

staples that are obtained in shorter times and with

reduced manufacturing costs.

To this end, the present invention proposes a self-
fastening surgical staple having a longitudinal axis
and comprising a central section with a distal surtface
and a proximal surface that are perpendicular to the
longitudinal axis, sald surgical staple further
comprising an elongate distal part with screw thread
that is able to penetrate into biological tissues and
extends distally from said distal surface along the
longitudinal axis, and means of removable fixation to a
textile, characterized in that the means of removable
fixation comprise a plurality of self-fastening stubs
forming a harpoon, said self-fastening stubs being
distributed on the periphery of said proximal surface
and extending proximally from this surface and parallel
to the 1longitudinal axis, each self-fastening stub
having the form of an arm that is substantially
parallel to the longitudinal axis A and that protrudes

from said proximal surface, said arm having at its free
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end at least a bevelled part directed toward the

longitudinal axis.

Within the meaning of the present application, part of
an item is defined as distal when this part is situated
away from the surgeon’s hand during implantation in the
tissues, and a proximal part designates a part situated
near the surgeon’s hand during implantation. Also
within the meaning of the present application, distally
designates the direction of ejection of the surgical
fasteners by a surgical stapler, and proximally

designates the direction opposite to distally.

Within the meaning of the present application,
“textile” is understood as an arrangement of threads,
fibres and/or filaments that is obtained, for example,
by knitting, weaving or braiding, or even a nonwoven.

g

In embodiments of the surgical staple according to the

invention, the means of removable fixation are formed

integrally with the central section, in such a way that
the surgical staple constitutes a one-piece component.
For example, the surgical staple according to the

invention can be produced economically by moulding.

The self-fastening surgical staple according to the
present invention therefore entaills reduced production
costs since it can be manufactured as a single piece of
moulded material. The production of a self-fastening
surgical staple according to the invention is therefore
simple. The self-fastening surgical staple does not
require the assembling of several components and thus
makes sterilization easier. This therefore limits the

risks of contamination of the patient.

Moreover, as is described further below 1n the present
application, the self-fastening surgical staples

according to the invention can be loaded 1n a
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conventional surgical stapler, particularly by wvirtue
of the distribution of the self-fastening stubs forming
a harpoon that are distributed on the periphery of said

proximal surface.

In embodiments of the invention, the proximal surface

r—
p—

has a central zone free of said stubs. As will Dbe

explained below, said central zone thus free of said

stubs makes it possible to optimize the loading of said
self-fastening surgical staples according to the
invention in a surgical stapler. The central space
freed in this way allows the elongate distal part of
another surgical fastener to be placed in contact with
the central surface of a first self-fastening surgical
staple according to the invention. This other surgical
fastener can be a surgical staple according to the

invention or a conventional surgical fastener.

In embodiments of the invention, the self-fastening
surgical staple is made of bioresorbable material.
According to the present application, the term
“bioresorbable” means the characteristic by which a
material is biologically resorbed or degraded by the
surrounding biological fluids and tissues and
disappears in vivo after a given period of time, which
can range, for example, from one day to several months,
depending on the chemical nature of the material for
example. Among the bioresorbable materials that are
suitable for the self-fastening surgical staples
according to the invention, mention may be made ot
lactic acid polymers, glycolic acid polymers, and
mixtures thereof. Such a self-fastening surgical staple
minimizes the residual sequelae resulting from the
intervention: since it is resorbed by the organism, the
long-term presence of a foreign body in the patient’s

body is minimilzed.

—
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In embodiments of the invention, said self-fastening

stubs have a length that is less than or equal to the

length of said elongate distal part. As will De

explained below, such a length of the self-fastening

stubs facilitates the loading of the self-fastening
surgical staple according to the invention 1n a
surgical stapler, by allowing the elongate distal part

of another surgical fastener to be brought into contact

with the central surface.

The present invention also relates to a kit comprising

at least one self-fastening surgical fastener according
to the invention and at least one patch made of self-
fastening textile. Within the meaning of the present
invention, self-fastening textile means a textile that
is able to attach itself temporarily or removably O
another textile, for example by simple pressure, 1n
particular by at least some of the threads of said
self-fastening textile interlocking with at least some
of the threads of said other textile. In particular,
the self-fastening textile of the patches in the kit
according to the invention is capable of attaching
itself temporarily to a conventional textile prosthesis

that comprises meshes and is designed for treatment of

hernias.

Thus, in one embodiment of the invention, said patch
comprises, on at least one of its faces, a plurality ot
barbs protruding from said face. Thus, when a
conventional textile prosthesis with meshes 1s pressed
onto the face of the patch comprising these barbs, said
barbs engage in the meshes of said prosthesis, and the
latter becomes attached to the patch, at least
temporarily or removably. It suffices to pull the
prosthesis and the patch in opposite directions to
easily separate them from each other. A self-fastening

textile suitable for the kit according to the invention
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is described in patent application WO 01/81667, for
example.

In embodiments of the invention, said patch 1s made

" with threads of bioresorbable threads. Preferably, the

kit according to the invention comprises a plurality of
patches. These patches can each have substantially the
shape of a disc measuring 1 cm. A kit according to the
present invention can prove useful in carrying out a
surgical method according to the present 1nvention, as

will be described below.

It is also an object of the present 1nvention ¢to
provide a loaded surgical stapler, which 1in particular
makes it possible to reduce the costs of a surgical
intervention during which a first set of surgical
fasteners, composed of a first type of surgical
fasteners that are preferably provided with wmeans of
removable fixation, 1s delivered by said surgical
stapler in order to permit preliminary positioning of a
textile prosthesis, and during which the fixation of
said textile prosthesis 1is obtained by applying a

second set of surgical fasteners.

The present invention proposes a surgical stapler
designed to deliver a plurality of fasteners one arter
another, characterized in that it comprises at least
one grip body, at least one mechanism for ejecting said
plurality of fasteners, and a tubular ejection barrel
in which the surgical fasteners are stored one behind
another, the surgical fasteners being delivered
distally, at the distal end of said ejection barrel and
in that it i1s loaded with:
- at least a first set of fasteners that 1is
composed of surgical fasteners of a first type;
- at least a second set of fasteners that 1is
composed of surgical fasteners of a second type

different from said first type;
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N

said first and second sets of fasteners being arranged

according to a pre-established loading plan 1n such a

ﬁ
p—

way as to obtain a predefined order of delivery of the

different fasteners.

The order of delivery of the surgical fasteners 1s
directly determined by the loading plan, depending on

the type of surgical stapler used to implement the

invention.

The surgical stapler according to the invention thus
permits the use of a single stapler to effect the
preliminary pdsitioning and then the fixation of a
textile prosthesis, and it makes it possible to reduce
the number of instruments manipulated by the surgeon.
Thus, the surgical stapler according to the invention
simplifies a surgical procedure and saves the surgeon
time, which makes it possible to reduce the costs of an
intervention during which it is wused. The surgical
stapler according to the invention also wmakes 1t
possible to reduce the risks of confusion that may
exist when the surgeon has to use two staplers. Since
the number of instruments manipulated by the surgeon
igs reduced by the use of a surgical stapler according

to the invention, the risks of accidental infection are

also reduced.

The reduction in the number of instruments that 1s
achieved by using the surgical stapler according to the
invention makes the work of the surgeon easier. In
particular, the stapler according to the 1invention
eliminates the need to manipulate two conventional
staplers, one for delivering the surgical fasteners of
the first set of fasteners, the other for delivering
the surgical fasteners of the second set of fasteners.
The surgical stapler according to the invention also

makes it possible to reduce the duration of the
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surgical interventions by affording the surgeon an

optimized procedure.

Surgical staplers are complex devices that are often
pre-loaded, disposable and relatively expensive. The
surgical stapler according to the invention thus makes

it possible to reduce costs.

Finally, the reduction in the number of 1nstruments
manipulated makes it possible to 1limit the risks of
accidental contamination of a patient by an instrument
that is poorly sterilized, which contamination can be

the source of serious complications such as nosocomial

infections.

In one embodiment of the invention, the surgical
stapler is such that the fasteners of the first set of
fagteners are surgical fasteners provided with means of

“s

removable fixation to a textile.

In one embodiment of the invention, the surgical
stapler is such that the surgical fasteners of said
first set of fasteners are arranged 1n such a way as toO
be delivered by the surgical stapler before those of

sald second set of fasteners.

In one embodiment of the invention, the surgical

stapler 1is such that the surgical fasteners of the
second set of fasteners are fasteners that are without

means of removable fixation to a textile.

In one embodiment of the invention, the surgical
stapler is such that the surgical fasteners of the

first set of fasteners are self-fastening surgical

staples according to the invention as defined above.

In another embodiment of the invention, the surgical

stapler is such that the surgical fasteners of the



5

10

15

20

25

30

35

WO 2010/084424

CA 02748229 2011-06-23
PCT/1B2010/000290

- 10 -

first set of fasteners are fasteners of the kind

described in patent application WO 2004/103414.

gur—y
p—

In one embodiment of the invention, the surgical

‘stapler comprises at least one grip body, at least one

mechanism for ejecting the plurality of fasteners, and
a tubular ejection barrel in which the surgical
fasteners are stored one behind another, the surgical
fasteners being delivered distally, at the distal end

of said ejection barrel. Thus, the surgical fasteners

of the first set of fasteners are preferably arranged
in a distal part of the ejection barrel, and the
surgical fasteners of the second set of fasteners are

preferably arranged in a proximal part of the ejection

barrel.

In one embodiment of the invention, the surgical

stapler additionally comprises a notification means

designed to indicate that one of the first or second
set of fasteners has been delivered. Such a
notification means can be an audio, visual or tactile
means. For example, such a means can be designed 1n
such a way as to be activated after a predefined number
of surgical fasteners have been delivered. A
notification means suitable for the stapler according
to the 1invention can, for example, comprise a coloured
part that appears in a window formed in the body of the
stapler after a number of fasteners have Dbeen
delivered. Another notification means suitable for the
stapler according to the invention can, for example,

comprise a marker that gradually moves as the fasteners

are delivered.

The present invention also relates to a surgical kit
comprising at least one surgical stapler according to
the invention and a textile prosthesis. The textile
prosthesis in the surgical Kkit according to the

invention can be a conventional prosthesis used 1n the
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treatment of hernias. The textile prosthesis 1n the

surgical kit according to the invention preferably
comprises meshes. The textile prosthesis can Dbe
bioresorbable. Textile prostheses suitable for the
5 surgical kit according to the invention are described,
for example, 1in WO 2004/032797, WO03/031709, WO00/42943
or W099/66860. In one embodiment of the invention, the
surgical kit according to the invention additionally
comprises a patch made of self-fastening textile, 1in
10 particular as has already been described above. The
surgical kit according to the invention can be used
directly by the surgeon for carrying out the surgical

method described below.

15 The present invention also relates to a mwmethod of
loading a surgical stapler that 1is able to deliver a
plurality of surgical fasteners one after another,

characterized in that the method comprises the steps

of :
20 - loading the surgical stapler with at least a

first set of fasteners that is composed of
surgical fasteners of a first type; and
- loading the same surgical stapler with at least
a second set of fasteners that is composed of
25 surgical fasteners of a second type different
from said first type;
said first and second sets of fasteners being loaded
according to a pre-established loading plan in such a

way as to obtain a predefined order of delivery of the

30 different fasteners.

Thus, the loading method according to the invention

makes it possible to obtain a surgical stapler

according to the invention.

35
In particular, the composite surgical tacks described

in document WO 2004/103414 may be suitable for carrying

out the loading method according to the invention so as
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to obtain a surgical stapler according to the

invention: the surgical fasteners of the first set of

fasteners are then composite surgical tacks of thais
kind.

Finally, the present invention relates to a surgical

method for positioning a textile prosthesis on a

LB

biological wall, which method comprises the steps OIL:
a) making available a surgical stapler according
to the invention;

b) using said surgical stapler to position, on

said wall, a first set of fasteners of a first
type, said surgical fasteners of said first set

(405) being provided with means of removable

fixation to a te§ﬁile;

c) positioning said textile prosthesis on said
wall and on said surgical fasteners of said
first set (405) that were positioned 1n step
b);

- d) pressing the textile prosthesis on said
surgical fasteners of the first set of
fasteners; )

e) adjusting the position of the textile
prosthesis on sald biological wall by
disengaging and re-engaging, as many times as
is necessary, said textile prosthesis 1in and
from said means of removable fixation to a
textile, of said surgical fasteners of the
first set that were positioned in step Db);

f) fixing the textile prosthesis, by means of said
surgical stapler from step a), with at least a
second set of fasteners that is composed of

yurm.
p—

surgical fasteners of a second type different

from said first type.

In one embodiment of the invention, the surgical method
according to the invention is such that the surgical

fasteners of the first set of fasteners are self-
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fastening surgical staples according to the invention,
and such that the fasteners of the second set of
fasteners are conventional surgical fasteners that are

without means of removable fixation to a textile.

In one embodiment of the invention, the surgical method
according to the invention for treatment of a hernia

defect 1is characterized in that the fasteners of the

first set of fasteners are arranged on the wall around

10 the defect to be treated, and the prosthesis i1s engaged

g

and disengaged in and from said fasteners of the first

set of fasteners wuntil its correct position with

respect to said defect is obtailned.

15 Another aspect of the present 1invention concerns a
surgical method for positioning a textile prosthesisron

a biological wall, which method comprises the steps of:

| a) making avallable a surgical stapler as
described above and a plurality of textile

=

20 patches that each have at least one self-

fastening face;

b) positioning one or more textile patches on said
wall by pressing each patch with 1ts face
opposite the self-fastening face against said

25 wall, and fixing said patches to said wall with
the aid of the first set of fasteners of a
first type;

c) positioning said textile prosthesis on said

wall and on said textile patches;

30 d) pressing the textile prosthesais on said
patches;

e) adjusting the position of the textile

prosthesis on said biological wall by

disengaging and re-engaging, as many times as
35 is necessary, said textile prosthesis 1n and

from the self-fastening surfaces of said

patches;
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f) fixing the textile prosthesis, by means of said

surgical stapler from step a), with at least a

second set of fasteners that is composed of
surgical fasteners of a second type different

from said first type.

The invention will be readily understood from the
following description given as a non-limiting example

and by reference to the attached drawing, in which:

Figure 1 is a perspective view of a self-fastening

surgical staple according to the invention;

Figure 2 1is a perspective view of a conventional
surgical fastener without means of removable fixation

to a textile;

Figure 3 shows a perspective view of a stack of three
surgical fasteners comprising two self-fastening
surgical staples according to the invention and a

conventional surgical fastener;

Figure 4 shows a side view of a surgical stapler
according to the invention, said surgical stapler being

loaded with surgical fasteners of two different types;

Figure 5 is a sectional view, on a larger scale, of the

detail of zone D from Figure 4;

Figures 6a to 6e show schematic views of different
steps involved in a surgical intervention using the
surgical stapler according to the invention and self-

fastening surgical staples according to the invention;

Figures 7a to 7f show schematic views of the different
steps in a variant of the surgical method according to

the invention.
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In Figure 1, a self-fastening surgical staple 100
according to the invention 1is shown in perspective.
Said self-fastening surgical staple 100 has a

longitudinal axis A and comprises a central section 101

with a distal surface 102, circular in the example
shown, and a proximal surface 103, cilrcular in the
example shown, which surfaces are perpendicular to the
longitudinal axils A. Said surgical staple 100
additionally comprises an elongate distal part 104 with
screw thread 105 that is able to penetrate into
biological tissues, particularly 1in order to provide
fixation to said tissues, and extends distally {from
said distal surface 102 along the longitudinal axis A.
said surgical staple 100 further comprises means 106 ot
removable fixation to a textile. Said means 106 of
removable fixation comprise a plurality of self-
fastening stubs 107 forming a harpoon, said stubs 107
being three in number in the example shown and being

distributed on the periphery of said proximal surtace

103 and extending proximally from this surface and

parallel to the longitudinal axis A.

These self-fastening stubs 107 have, for example, the
form of an arm 109 that is substantially parallel to
the longitudinal axis A and that protrudes from said
proximal surface 103. At its free end, each arm 1003 1S

provided with an arrow-shaped anchoring head 110

pointing in the direction away from the proximal

surface 103, said anchoring head 110 thus having two

mutually opposite bevelled parts 111 relative to sald

arm 109. As a consequence, for each arm 109, at least

one bevelled part 111 is directed towards the central
longitudinal axis A. Such an embodiment allows a good

fixation of a textile to the self-fastening stubs 107.

In the example shown, the means of removable fixation,
namely the stubs 107, are formed integrally with the

central section 101, and the self-fastening surgical
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staple 100 1is formed from a one-plece component

obtained by moulding for example.

As will be seen from Figure 1, the proximal surface 103

has a central zone 108 free of said stubs 107.

According to one embodiment of the invention, the
surgical staple 100 is made of resorbable material. For
example, the surgical staple can be made of polylactic
acid or polyglycolic acid. This makes it possible to

minimize the sequelae inflicted on the body in which

the staple is implanted. When a textile prosthesis,
pre-positioned with the aid of a set of surgical
staples 100, has been fixed with  the ald ot
conventional surgical fasteners according to a surgical
method of the invention, said surgical staple 100 1s no

longer necessary and can therefore be resorbed.

In an embodiment not shown, the self-fastening surgical
staple 100 comprises screwing means. These means allow

said surgical staple to be screwed into biological

tissues and can comprise, for example, slits formed 1n

the proximal surface 103.

In Figure 2, a conventional surgical fastener 200 1s
shown 1n  perspective. Said conventional surgical
fastener 200 has a longitudinal axis B and comprises,
for example, a central section 201 with a distal
surface 202 and a proximal surface 203 that are
perpendicular to the 1longitudinal axis B. Said
conventional surgical fastener 200 additionally
comprises an elongate distal part 204 with screw thread
205 that is able to penetrate into biological tissues,
in order to provide fixation to said tissues, and
extends distally from said distal surface 202 along the
longitudinal axis B. Such fasteners are described 1in

patent application US 2007/0038220, for example.
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As is shown in Figure 3, surgical fasteners 100a, 100Db
according to the invention can be stacked in such a way
that their respective longitudinal axes coincide. Thus,
according to one embodiment of the invention, and 1n
order to make such stacks easier and more compact, said
stubs 107a of a self-fastening surgical staple 100a
according to the invention have a 1length that 1s
shorter than the length of said elongate distal part
104a. This makes it possible, in particular, to place
the end of the elongate distal part 104b of another
surgical staple 100b in the space freed by the central
zone 108 without stubs 107.

p—
-

In stacks of surgical fasteners contailning self-

fastening surgical staples 100a, 100b according to the
invention, at least one conventional surgical fastener
200, without means of removable fixation as shown 1n
Figure 2, can be placed in the same way as the surgical

staple 100b in order to form a mixed stack.

In one embodiment of the invention, shown 1n Figure 3,
the elongate distal part 104b of said staple 100b is 1in
contact with the proximal surface 103a of the central
section 10la of said surgical staple 100a 1n order to
form a compact mixed stack. In another alternative
embodiment not shown, the elongate distal end 104b 1s
not in contact with the proximal surface 103a, but with

part of the means 107a of removable fixation.

Advantageously, a compact mixed stack does not take up
any more space than a first stack of a defined number
of self-fastening surgical staples 100 or than a second
stack composed of the same defined number of
conventional surgical fasteners 200; in particular, the

three stacks occupy the same length.

Thus, the self-fastening surgical staples 100 according

to the invention are of particular interest when
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loading them into a conventional stapler within which

said surgical staples are stored in the form of a stack

as described above; such a stapler is described, for
example, in the patent applications US 2005/0240222 and
US 2006/129154. Such a surgical stapler can be loaded

-

equally with conventiona surgical fasteners 200 or

with self-fastening surgical staples 100 according to
the invention or with an alternating sequence of the
two types of surgical fasteners, in a predefined order,

in accordance with the loading method of the invention.

Advantageously, the particular shape of a self-
fasltening surgilcal staple 100 according to the
invention can be adapted such that the central section
101 and/or the elongate distal part 104  have
substantially the same shapes and the same dimensions
as the central section 201 and/or the elongate distal
part 204, respectively, of a conventional surgical
fastener 200; the self-fastening surgical staples 100
according to the invention can then be loaded 1nto a
surgical stapler designed for conventional surgical

fastenexrs 200.

Figure 4 shows a surgical stapler 400 loaded according
to the 1i1nvention. Such a surgical stapler 400
conventionally comprises, for example, a grip body 401,
allowing the surgeon to manipulate said surgical
stapler 400, and an ejection system or mechanism for
triggering the delivery of surgical fasteners 402, the
latter being stored within a tubular ejection barrel
403. The surgical stapler 400 according to the
invention is loaded with surgical fasteners 402 chosen
from at least two different types of fastener and
constituting a first set of fasteners 405 of a first
type and a second set of fasteners 406 of a second
type. The surgical fasteners 402 are delivered one
after another at the end 404 of the ejection barrel

403. In one embodiment of the invention, as shown 1in
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Figures 4 and 5, said surgical fasteners 402 are stored
in the ejection barrel to form a stack, as has been
described above for Figures 3, 4 and 5. Such a stack
comprises at least two different types of fasteners,
which respectively constitute a first. set of fasteners

405 and a second set of fasteners 406.

When the surgical fasteners are stored in the ejection
barrel 403, the order of delivery of the surgical
fasteners 402 1s determined by their proximity to the

p—
p—

distal end 404 of the ejection barrel 403: the surgical

fasteners 402 closest to the distal end are delivered

before the surgical fasteners 402 farther from said

distal end 404.

A surgical stapler suitable for the 1invention 1s a

surgical stapler in which the surgical fasteners are

stored in a pre-established order. In an alternative
manner not shown here, they can be stored in a magazine
of said surgical stapler, such as a cylinder or a
cartridge. In this case, the surgical stapler that 1is
suitable comprises guide means for brihging salid
surgical fasteners into an ejection barrel in an order

that depends solely on the arrangement of said

fasteners in said magazine and on said guide means.

Thus, for example, when the magazine comprises a

'
p—

cylinder, said guide means ensure rotation of the

cylinder in a defined direction in order to bring one
or more of the surgical fasteners contained 1in the
cylinder into 1line with the ejection barrel, 1n an

order that depends on their positions in said cylinder.

In one embodiment not shown, the surgical stapler
according to the 1invention additionally comprises a
notification means for indicating that one of the first
set or second set of fasteners has been delivered. Such
a notification means can comprise, for example, a

coloured part that appears in a window formed 1in the
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body of the stapler after a number of fasteners have

been delivered. Alternatively, such a notification
means can also comprise a marker that moves gradually
as the fasteners are delivered.

Figure 5 shows an enlarged view of the zone marked D 1in
Figure 4. In this figure, it is possible to distinguish
a first set of fasteners and a second set of fasteners,
the two sets being composed of distinct types ot
fasteners. In Figure 5, for example, a first set of
fasteners is composed of self-fastening surgical
staples 100 according to the invention, and the second
set of fasteners is composed of conventional surgical

fasteners 200. Only a small number of surgical

- fasteners of each type have been shown in Figure 5. It

is of course possible to adjust the numbers of surgical
fasteners of the first set of fasteners 405 or of the
second set of fasteners 406. The surgical fasteners 402
are arranged in the surgical stapler 400 according to a
pre-established 1loading plan according to which the
surgical staples 100 of the first set of fasteners 405
are delivered before the conventional surgical
fasteners 200 of the second set of fasteners 406. Thus,
in Figure 5, the surgical fasteners of the first set of
fasteners 405 are arranged 1in a distal part of the
ejection barrel 403, and the surgical fasteners of the
second set of fasteners 406 are arranged in a proximal

part of the ejection barrel 403.

For example, the first set of fasteners 405 can be
composed of five or six self-fastening surgical staples
100 according to the invention, and the second set of
fasteners 406 can be composed of fourteen or fifteen
conventional surgical fasteners 200. To obtain a
surgical stapler according to the invention that 1s
especially suitable for fitting a textile prosthesis, a
conventional surgical stapler 400 can be chosen that 1s

loaded with the five or six self-fastening surgical
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staples 100 according to the invention and with the
fourteen or fifteen conventional surgical fasteners
200. The loading plan is such that said self-fastening
surgical staples 100 according to the invention can be
delivered before the conventional surgical fasteners
200 during normal use of said surgical stapler 400. The

surgical staples 402 constituting the first set of

surgical fasteners 405 are delivered Dbefore the

surgical fasteners 402 of the second set of fasteners

406.

Such a surgical stapler according to the invention can

be particularly useful in implementing the surgical
method described below and 1llustrated by Figures 6a to
6e. The use of such a surgical stapler according to the
invention avolids the surgeon haﬁing to use two separate
staplers. It therefore makes 1t possible to reduce
costs, to make the work of the surgeon easier and to
minimize the risks of accidental contamination, Dby
reducing the number of instruments used during the

intervention.

Figures 6a to 6e are schematic views representing
different steps in a surgical intervention using the
surgical stapler 400 according to the 1invention and
self-fastening surgical staples 100 according to the

invention.

Figure 6a shows a defect 600 in the abdominal wall 610
to be repaired by <celioscopy. A trocar 601 1s
introduced into the abdominal cavity 602 through an
incision made on the side of the patient’s abdomen. A
first set of fasteners 405, composed for example of
self-fastening surgical staples 100 according to the
invention, 1s positioned around the defect 600 1n the
abdominal wall 610 with the aid of a surgical stapler
400 according to the invention introduced at the site

of implantation by way of the trocar 601. These
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surgical staples 100 are the first surgical fasteners

402 delivered by the surgical stapler 400 shown for

example in Figures 4 and 5.

Once the required number of self-fastening surgical

staples 100 have been placed around the defect 600 that
is to be repaired, a textile prosthesis 603 designed to
reinforce the abdominal wall 610 is introduced with the
aid of the trocar 601 and in a rolled-up form, as 1s
shown in Figure 6b. The textile prosthesis preferably
has a mesh structure. This prosthesis 603 is placed 1in
contact on one or more self-fastening surgical staples
100 according to the invention. Said textile prosthesis

603 is fixed by the textile fibres of said prosthesis

603 engaging with the means of removable fixation 106,

via said self-fastening stubs 107, of said self-

ll

fastening surgical staples 100. By virtue of the

plurality of the self-fastening stubs 107 of the

p—
p—

surgical staples 100 according to the invention, oI

which the anchoring heads 110 forming a harpoon are

capable of engaging with and easily disengaging from
the threads of the textile of the prosthesis 603, the

latter can be repositioned as many times as 1is desired

by the surgeon.

In Figure 6c, the textile prosthesis 603 is unrolled

and suspended in the abdominal cavity 602 by one or

more self-fastening surgical staples 100 according to

the invention.

In Figure 6d, the textile prosthesis 603 has Dbeen
deployed on the defect 600 of the abdominal wall 610.

The deployment has brought said prosthesis 603 1into
contact with all of the self-fastening surgical staples
100 of said first set of fasteners 405 that have been
positioned on the abdominal wall 610 during the first
step of the surgical intervention described above: the

sélf—fastening surgical staples 100 then ensure the
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removable fixation of said prosthesis 603 by engagement
of the textile with the means of removable fixation
106, in particular the self-fastening stubs 107 of the
surgical staple 100 according to the 1invention. The
textile prosthesis 603 can be repositioned by the
surgeon by simply disengaging and re-engaging said
means 106 of removable fixation. The surgeon can thus
be assured of suitable centring and deployment of the

prosthesis 603 around the defect 600 of the abdominal
wall 610.

In Figure 6e, a second set of fasteners 406, formed for
example by conventional surgical fasteners 200, have
been positioned so as to fix said textile prosthesis
603. These fasteners have been delivered by the same
surgical stapler 400 according to the 1invention that
has allowed delivery of the first self-fastening
surgical staples 100. Without the surgical stapler 400
according to the invention, the surgeon would have to
use a second surgical stapler loaded with conventional
surgical fasteners 200. Thus, the surgeon can be
assured of a correct positioning of the textile
prosthesis 603 and of its fixation by simple use of a

single surgical stapler according to the invention.

The self-fastening surgical staples 100 according to
the invention are advantageously made of a resorbable
material. The reason for this is that once the fixation
of the prosthesis 603 has been ensured by the
conventional surgical staples 200, the self-fastening

surgical staples 100 are no longer necessary.

Although the surgical stapler according to the

invention or the above method are described here with a
first set of fasteners 405 composed of self-fastening
surgical staples 100 according to the invention, 1t
will be appreciated that fasteners such as those

described in patent application WO 2004/103414, for
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example, can also be used to carry out the surgical

method according to the invention. Thus, such fasteners

could be used in place of the self-fastening surgical
staples 100 in the surgical method described above 1n

order to form the first set of fasteners 405.

Figures 7a to 7f 1llustrate a variant of the surgical
method according to the invention in which a plurality
of patches 710 of self-fastening textile have been pre-

positioned around the defect 600 to be repaired, said

patches 710 comprising, on at least one of thelr faces,

i

- barbs 720 designed to hook into the meshes of the

prosthesis 603. Such patches 710 can be obtalned from a
self-fastening textile as described in WO 01/81667, for
example. Such patches 710 can, for example, be shaped
substantially as a disc measuring about 1 cm 1in

diameter. Such patches 710 can be made of bioresorbable

material.

As is shown in Figure 7a, which is a bottom view, and
in Figure 7b, which is a sectional view, the patches

710 are positioned around the defect 600 by pressing

"

each patch 710 with its face opposite the self-
fastening face against said wall 610 and by fixing
these patches 710 with the aid of a surgical stapler
400 according to the invention, by delivering a first
set of surgical fasteners 730. These surgical fasteners
730 can be self-fastening surgical staples according to
the invention. Alternatively, in this step 1t 1s
possible to use conventional staples 200 such as those

described above, or fasteners such as those described

in WO 2004/103414.

Once the patches 710 have been fixed, the same
procedure as described above is followed 1n order to
position the textile prosthesis 603 correctly around
the defect 600 by pressing said textile prosthesis 603
on said patches 710, then by adjusting 1it, Dy
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disengagement and re-engagement, as many times as 1s
necessary, to and from the self-fastening faces of said
patches 710, as 1is described in Figures 7b to 7e. The

textile prosthesis 603 1is then fixed definitively Dby

means of the surgical stapler 400 from the first step,

using at least a second set of fasteners, composed for

example of surgical fasteners 740 of a second type

different from the first type.

The  present invention  proposes a self-fastening
surgical staple 100 that 1is simple to produce and to
use. Such self-fastening surgical staples 100 can be
used in combination with another type of surgical
fastener in order to load a surgical stapler 400 1n

such a way as to obtain a surgical stapler loaded

gr—
p—

according to the invention. This permits the use or a

simplified surgical method that reduces the number of
manoeuvres py the surgeon. The surgical stapler
according to the invention reduces the costs of the
surgical intervention by avoiding the use o0of two

staplers, which also minimizes the risks of

contamination of the patient.
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Surgical stapler (400) designed to deliver a
plurality of fasteners (402) one after another,
characterized in that it comprises at least one
grip body (401), at 1least one mechanism for
ejecting said plurality of fasteners (402), and a
tubular ejection barrel (403) in which the
surgical fasteners (402) are stored one behind
another, the surgical fasteners (402) being
delivered distally, at the distal end of said
ejection barrel (403) and in that it 1is loaded
with:
- at least a first set of fasteners (405) that 1s
composed of surgical fasteners of a first type;
- at least a second set of fasteners (406) that
is composed of surgical fasteners (200) of a
second type different from said first type;
said first and second sets of fasteners (405, 406)
being arranged according to a pre-established
loading plan in such a way as to obtain a
predefined order of delivery of the different

fasteners (402).

Surgical stapler (400) according to Claim 1,

characterized in that the fasteners of the first
set of fasteners (405) are surgical fasteners

provided with means (106) of removable fixation to

a textile.

Surgical stapler (400) according to Claim 1 or 2,
characterized in that the surgical fasteners of
said first set of fasteners (405) are arranged 1n
such a way as to be delivered by the surgical
stapler (400) before the surgical fasteners (200)

of said second set of fasteners (406).
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Surgical stapler (400) according to any one of
Claims 1 to 3, characterized in that the surgical
fasteners (200) of the second set of fasteners

gr—
p—

(406) are fasteners that are without means OL

removable fixation to a textile.

Surgical stapler (400) according to any one ot
Claims 1 to 4, characterized in that the surgical

fasteners of the first set of fasteners (405) are

self-fastening surgical staples (100) having a
longitudinal axis (A) and comprising a central
section (101) with a distal surface (102) and a
proximal surface (103) that are perpendicular to
the longitudinal axis (A), said surgical staple
(100) further comprising an elongate distal part
(104) with screw thread (105) that 1s able to
penetrate into biological tissues and extends
distally from said distal surface (102) along the
longitudinal axis (&), and means of removable
fixation (106) to a textile, sald means of
removable fixation (106) comprising a plurality of
self-fastening stubs (107) forming a harpoon, said
self-fastening stubs (107) being distributed on
the periphery of said proximal surface (103) and

extending proximally from this surface and

- parallel to the longitudinal axis (A).

Surgical stapler (400) according to Claim 14,
characterized in that the surgical fasteners of
the first set of fasteners (405) are arranged 1n a
distal part of the ejection barrel (403), and the
surgical fasteners of the second set of fasteners
(406) are arranged in a proximal part of the

ejection barrel (403).

Surgical stapler (400) according to any one of
Claims 9 to 15, characterized in that it

additionally comprises a notification means
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designed to indicate that one of the first (405)

or second (406) set of fasteners has been

delivered.

Surgical kit comprising at least one surgical
stapler (400) according to any one of Claims 1 to

7 and a textile prosthesis (603).

Surgical kit according to Claim 8, characterized
in that it additionally comprises at least one

patch (710) made of self-fastening textile.

Method of 1loading a surgical stapler  (400)
according to any one of claims 1 to 7, that 1is

able to deliver a plurality of surgical fasteners

(402) one after another, characterized in that the

method comprises the steps of:

- loading the surgical stapler (400) with at
least a first set of fasteners (405) that 1s

" amd
e

composed of surgical fasteners of a first type;

and

- loading the same surgical stapler (400) with at
least a second set of fasteners (406) that 1is
composed of éurgical fasteners (200) of a
second type different from said first type;

said first and second sets of fasteners (405, 406)

being loaded according to a pre-established

loading plan 1in such a way as to obtain a

predefined order of delivery of the different

fasteners (402).
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