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(57) Abréege(suite)/Abstract(continued):

forming the ends of the staples exiting from the cartridge device. A knife, which has a closed cutting edge, Is contained within the
cartridge device and s positioned such that there Is at least one closed row (10, 12) of staples on the outside of the cutting edge.
It can be moved towards the anvil. The line along which the closed row (10, 12) of staples Is arranged has a stepped shape,
leaving a plane perpendicular to the longitudinal axis of the staple fastening assembly, such that this line has a larger total length
than the projection of this line onto this plane. This provides a greater flexibility of the anastomotic site and less tension during
Instrument removal, alleviating the incidence of clinical complications.
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 Abstract

A surgical ‘Stapling instrument comprises a frame having a bedy
portion and a handle A staple fastenlng assembly is provided in
the distal region of the instrument and includes a cartrldge
device, which comprises at least one closed row (10 12) of
staples and an anvil. The anvil is movable relat:l.ve to the
cartridge device and is adapted to cooperate with the cartridge
device for fom:.ng the ends of the staples ex:.tlng from the
cartridge device. A knife, which has a closed cutt::.ng edge, :Ls
contained within the cartridge device and is pos:Lt:Loned such
that there is at least one closed row (10, 12) of staples on the
outside of the cutting edge. It can be moved towards the .anv_ll.f

- The line along which the closed row (10, 12) of ‘staples is

arranged has a stepped shape, leaving a plane perpendlcular to
the longitudinal axis of the staple fastening assembly, such
that this line has a larger total length than the projection of
this line onto this plane. This provides a greater flex:.blllty
of the anastomotic site and less tension during :Lnstrument

removal, allev1at1ng the :an1dence of clinical compllcatlons

(Figure 2)
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‘Surgical stapling instrument

The invention relates to a surgical stapling "instrwnent which
can be used for applylng surglcal staples or cllps to- tlssue and

in partlcular for performlng an anastomosis.

Generally, in the performmce of a surgical .anastomoticstapling
operation, two pieces of lumen or tubular tissue, e.g., intesti-

nal tissue, are attached together by a closed row of staples In

performing the anastomosis with a surgical stapling n.nstrmnent

the two pieces of tubular t:.ssue are clamped together between an
anvil prov1ded with an array of staple formn.ng grooves and a
staple holder or cartrldge dev:!.ce provided with a plurallty of

staple rece:.v:.ng slots arranged 1n a closed row or array in

wh::.ch the staples are recelved i\ staple pusher 1s advanced to

"drive the staples 'lIltO tl;e tissue and form the staples against
the anvil. Moreover, a c’ircular knife is advanced to cut the

excess tissue- Clamped between the anvil and the staple holder.
As a result, the donut-shaped section of tissueis severed from
each lumen and remains on the anvil shaft. The tubular t::.ssue

joined by the closed row of staples is unclamped by mov:l.ng the

anvil relative to the staple holder,* usually hgy advanc:.ng the
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~anvil ‘shaft distally to move “the anvil away from the staple

holder. The stapl:.ng :Lnstrument 1is removed by pulling the anvil

‘through the opening between the pieces of tubular tissue atta-

ched by the array of staples

Surgical stapling 1nstruments of this kind are well known. For
example, U.S. patent No. 5 205 459 describes such an instrument
in detail. As usual, the closed row of staples of the instrument
disclosed has a planar, circular shape. U.S. patent No. 5 275
322 1s a document showinga basic version of a circular stapling

instrument.

Although the use of the known surgical stapling instruments is
very beneflc:Lal and greatly fac111tates the performance of an
anastomosis, it involves some problems Often it is dlfflcult to
retract the ,1nstrument from the site of the operation, because
it is difficult to move the anvil through the opening bordered
by the closed row of staples, which is somewhat stiff. Moreover,

after the operat:.on the 1nc1dence of clinical stenosis at the

site of the anastomosis is not rare.

In order to overcome these problems, it is proposed in WO
01/54594 Al to arrange thefclosed row of staples in a 'wavy shape
which leaves a plane perpendicular to the longitudinal axis of
the instrument. In this Way, ‘the line along which the staples of
the closed row are arranged has a larger total length than the
pPro] ection of this line onto a plane. Consequently, the length
of an anastomosis ‘seam is larger than that of an anastomosis
performed by means of conventlonal stapling instrument. Because
of this increased length  the anastomotic site can assume a

. larger diameter and is more flexible, so that the anvil can be

easily moved through the Openlng created by the knife, and the .
surgical stapllng.lnstrument can be retracted at the end of the
surgery more easily. Addi-tionally, the 'reSulting larger anasto-

35 mosis lumen will allevz.ate the incidence of clinical complica-

" tions. On the other hand, if it is suff1c1ent that the total
length of the closed TrOwW of staples 1S comparable to that provi-
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ded by a conventional stapling instrument, this instrument can
be des:.gned in a more compact size ‘such that it can be eas:Ler
inserted into a tubular organ and removed therefrom.

S For optimum performance of the stapling instrument dlsclosed in
WO 01/545%94 Al, the :Lndiv:.dual staples are expelled from the
cartridge device in a direotion,perpendlcular to the local slop_e’
of the Wavy shape, which generally.-is not‘parallel to the long.ji.'-f

- tudinal axis of the instrument. This requires. a moxre Complicated

10 staple drive mechanism which experlences 1oad components trans-
verse to the longltudlnal axis of the :Lnstrument Moreover, the
allgmnent of the staple forming grooves at the anvil to the
pointed ends of the staples exiting from the cartridge device is
only correct for a certaln distance between the ca.rtr:.dge dev:l.ce

15 and the anvil, i.e. for a certain th:l.ckness of the tissue olam-—
ped between the cartridge deviceand the anvil, whic_:h results in
a loss of variability with respect to the tissue thickness.

EP 1 090 592 Al discloses a linear surgical stapler, in which
20 the anvil has two staple- forming surfaces which are spaced with
respect to each other in the staple expelling direction. In this
way, the a.nv:Ll is formed with a stiffening. rib Wthh generally
-strengthens the cantilever design of the linear stapler.

25 The object of the invention is to provide al surgical stapling
instrument for performing an anastomos::.s, which has the advan-.'-
tages of the :Lnstrument disclosed in WO 01/54594 Al, but allows
for a simpler des:z.gn and generally eXhlbltS less restrictions |
with respect to tissue thlckness.

30
- This object is achieved by a surgical stapling instrmnent havingu '
the features cf claim 1. Advantageous vers:Lons of the :anentlon .
. follow from the dependent claims. C‘la:.ms 18 to 22 are directed
to components of such 1.nstru1nents . R '
35

The surgical. stapling instrument -accoi‘ding' ‘to the invention
comprises a frame having a body portion and a handle as well as .
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a staple fastening ‘assembly in the distal region of the instru-
ment. The staple f-astening aSSenlbly'includes a cartridge device
which c:ompr:.ses at least one closed row of staples, and an an-
\ vil. The anvil is movable relative to the cartr:l.dge device and
5 is adapted to cooporate w:.th the cartridge device for formlng
‘the ends of the \Staples 'exiting from the cartridge device. A
mov:.ng device is adapted to move the anvil relatlve to the oar—_'_
tridge device. A staple derlI‘lg dev:.ce 1S adapted to drive the
- staples out of the cartrldge device towards the anvil. A kn-:t.fe,
10 which has a closed cutt:Lng edge, is contained within the car-
tr:Ldge device and is p081tz.oned such that ‘there is at least one
closed row of staples on the outside of the cutt:.ng edge. A
knife actuat:l.ng device 1s ad.apted to move the knife towards the
anvil. So far, ‘these features are known from the prior art,

15 e.g., from U. S patent No 5 205 459.

According to the ilrmren‘tionS ‘the line along which the closed row
of staples is arranged has a stepped shape, leaving (i.e. not
being confl__ned to) a plane perpendn.cular te the longltud:Lnal
20 axis of the staple fastening assembly, such that said line has
N a larger total length than the pro:j ectlon of sald llne onto sa:.d
.plane. Preferably, this proj ectn.on is ¢lrcular.

Thus, the line along Wthh the closed row of staples 1s arranged

25 has a larger total length than the line defining the planar
array of stapl.es of a convent:aonal. prior art surgical stapling
instrument in which the .oartr:\i.dge device has about the same
size. Cons.equently, similar to the instrument disc:loSed in WO
01/54594 Al, the length of the anastomos:.s seam is larger than

30 that of an anastomos:.s performed by means of a conventional
- stapling instrument. Because of this increased length, the ana-
stomotic site can assume a larger diameter and is more flexible, .

‘SO that the anvil can be ' easily remov'ed through the opening
created by the knife, and the surg:.cal stapllng :Lnstmment can

35 be retracted at the end of the surgery more easily. Add:.t:Lonal-'
ly, the resultlng larger anastomos.1s lumen will alleviate the
:t..ncn.dence of clinical compllcat:l.ons on the other ha.nd if it 13
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sufficient that the total length of the line along which the

closed row of staples is arranged is comparable to that prov1ded

by a conventlonal stapl:f.ng instrument, the invention allows for

the use of a smaller 1nstrument, ‘which generally can be more

‘easily inserted into the ‘tubular organ and removed therefrom..

SO far, the advantages of ‘the surgical stapllng :Lnstrument ac-
cording to the invention are similar to those of the :Lnstrument

disclosed in WO 01/54594 Al.

Additional advantages resnlt from the stepped shape of the line
along which the closed ro{v of staples is arranged. In particu-
lar, this allows for a des-;i'gn in wnich a local flat -area, which
is normal to the 1ongitudinal axis of the instrument, is created
for each'.staple. By applying__ a simple conventional axial'drive
mechanism, the staple driving device can be adapted to drive the
staples out of the cartridge device sucn that each staple is
moved essentially in parallel to the longitudinal axis of the
staple fastening assembly', which is the opt:Lmum dlrectlon in
view of the stepped shape of the closed row of staples Such
kind of drlve mecha.nlsm av01ds undes:Lred transverse loads. Mo-
reover, the polnted ends of staples ex1t1ng from the cartr:l.dge

device stay aligned to the staple-forming grooves. prov:l.ded at
the anvil, irrespective of the actual distance between the anv:Ll |

and the cartrldge device or the thickness of the tissue clamped

between the anvil and the cartrldge device. In other words, any
anvil deflection or any staple height adjustablllty will not
adversely effect staple location. When a simple ax:x.al drive
mechanism 1s employed the stroke or actuating behaviour of

‘conventional instrurﬁents can be ma:x.ntalned which is an advanta-
- ge because surgeons are famlllar with it. F:.nally, the invention

allows for the application of existing c:chular stapler plat-
forms, i.e. of ex:.stlng components 1lke frame moving device,

and staple driving devzce, and there_f_ore saves considerable

costs.
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Pr-eferably, the anvil has a stepped staple-forming surface which
matches the stepped shape of the line along which the closed row

of staples\is.arranged;

5 Whereas it 1is concelvable that the knife has a conventlonal
(cyllndrlcal) basic shape with a circular c:utt:.ng edge, 1in a
preferred version of the 1nvent1on the line defining the cutt:.ng .
edge of the knife has a stepped shape and ruhs essentially in

‘parallel to the line along wh:l.ch the closed row of staples is

10 arranged In th:Ls des:Lgn, _\_ the knife has to be moved by a short

distance only in order_to c-omp-letely cut the tissue clamped bet-
 ween the cartridge devioegand the anvil.

In an advantageous version of the 1nvent:Lon, the staples of a
15 closed YOwW of staples are arranged at different positions, mea-
sured along the longltudlnal axis of the staple fastening assem-
bly. In this way, the staples are located at different steps of

the stepped shape of ‘ the closed row of staples. Alternatlvely,

or with respect to a.nother "closed row-of staples, the staples of
20 a closed row of staples can be arranged with gaps between adja-
' cent staples, wherein each gap is deflned by a recess in the
surface of the cartridge device, ‘and the anvil has a protrusion
fitting into that rec_ess.- Or the staples can be arranged with
. protrus:i.ons" between ad] acent staples, wherein each protn_:'usion-
25 emerges from the surface of the cartr:.dge device, and the anvil
has a recess for accomodat:.ng that protrusn.on A corresponding
closed row of staples hav:.ng both protrusions and gaps or reces-
ses between different pa:Lrs of adjacent staples is conceiveable

as well. Thus, the llne along which such closed rows of staples
30 are arranged has a stepped shape, since this line also follows
' the gaps or protrus1ons, although the staples themselves may be
located all in the same plane.

As already nientioned, in a p'ref'erred version of the invention,

35 the staple'driving device 1s adapted to drive the staples out of
the cartridge device such that each staple is moved essentially

- in parallel to the longitudinal axis of the staple fastening
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assembly. This allows for a s:mele, rellable and less expens:.ve
design o©f the surgical stapllng instrument. Preferably, the
staple driving devices comprlses pushers for dr::.vn.ng the sta-
ples. For adjustment to the stepped shape of the closed row of
staples, the pushers can have different lengths In an advanta-
geous version, the pushers are integrally combined in a sleeve
structure. Prov:.d::.ng pushers of different lengths allows for a
simple des:.gn in which the staple dr:.v:Lng device is a.dapted to
drive the staples of a closed row of staples essentlally simul-
taneously out of the cartrldge device. Such actuatlng behaviour
maintains the stroke of a conventlonal stapl:n.ng J.nstrument

Preferably, there are at least two closed rows of ‘staples, whe-
rein the staples of adjacent rows are staggered with ‘respect to
each other. The staggered arrangement of the staples does not

contradict the basic idea of the stepped shape of the closed

rows ©of staples, which w:Lll become evident from the embodzl.ment
described below in more deta:.l An anastomosis seam contalnn.ng
two rows of staggered staples is t:Lght and safe.

The anvil can 'comprise a 'c.0unt,e'rpart adapted to accommodate the
cutting edge of the knife. The COunterpart preferably ‘matohes
the stepped shape of the anvil and/or the knife. Such counter-.
parts, which exert a reaction force onto the. tissue during the
cutting action and are cut by the knife , are generally known in
the prior art, see, e.g., US 4 289 133. \

In an advantageous version' of the 'invention, the ‘'staple faste-
ning assembly is removably mounted in the distal end reg:.on of
the body port::.on This enables, e.g., the staple fastenlng as-

- sembly to be exchanged during the surglcal operatlon or to be

designed as a disposable part (whereas the frame including a
major part of the mecham.cal components s sterlllzable and
reusable) . Moreover, the cartr::.dge device can comprise a remova-
ble cartrldge conta:m:.ng the staples, such that, e.g., an empty
cartridge can be replaced by a fresh one, 1if requ:.red or the
. cartridge device can be des1gned as a re- usa.ble component. Pre-
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ferably, the anvil is .'remoVable as well,. which is also essential
for certain surgical tedhniques} To this end, the anvil can
comprise a shaft fitting epto a peg protruding from the cartrid-
ge device. The peg prefere.bly eemprises a mandrel which 1s use-
5 ful for piercing tissue in ' ce‘rta-in surgical techniques. These
features are generally known from the prior art surgical stap- .

ling instruments.

The term '.'sta'ple"" is used herein in a very general sense. It
10 inecludes metal staples or clips, but also surgical fasteners
made of synthetlc material and similar fasteners. SYntheti‘c
fasteners usually have a counterpart (retainer member) held at
the anvil. In this sense, the term "anvil" also has a broad

meaning which includes, in the case of two-part synthetic faste-
15 ners, the anv:.l like tool . where the retalner members are held,

and s:Lm:Llar devices.

In the following, the invention is desc‘ribed' in more detail by
'means of an enbddiment . The drawings. show in

20 ‘ - o

Figure 1 a side view of the staple fastenlng assembly of an

embodlment of the surg:.cal stapl:i.ng instrument accor-

ding to the invention,

25 Figure 2 an 1isometric v:'..ew onto an end part which forms the
dlstal surface of the cartr:.dge device of the staple

fastenlng assembly of Figure 1,

_ Figure 3 an :Lsometr:l.c view of the distal portion of the staple
30 | driving dev:L ce of the embodlment

"Figure 4 an 1lisometric view. onto the staple-forming surface of
the anvil of the embodiment of the stapling instrument,

35 Figure 5 an isometric view onto the staple-forming surface of
the anvil of another embodiment of the stapling instru-

ment.
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Figure 1 1s a side .view of the staple fastening assembly 1 which
forms the distal portion of a surgical stapling instrument. The
staple fasteni’ng'aSSembly 1 includes a cartridge device 2 (which

,comprlses, in the embodiment, two closed rows of staples) and an

anvil 4. 'I‘he anvil 4 is mounted at the dlstal end of a shaft 5
and can be moved relative to the cartridge dev:Lce 2, i.e. along
the longltudlnal axis of the staple fastenlng assembly 1, in
order to adjust the size of the gap between the anv:l.l 4 and the

‘cartrldge dev:. ce 2.

The cartrldge dev:Lce 2 compr:.ses a hou31ng 6 which contalns the
staples, a c:.rcular kn:i.fe as well as components of a moving
device (adapted to move the. anvil 4 relative to the cartridge
device 2), a staple derJ.Ilg’ device (adapted to drive the staples
out of the cartr:.dge dev:.ce 2 towards the anvil 4) ~and a knife

‘actuating dev:Lc:e (adapted to move ‘the knife towards the anvil

4). The end face of the cartrldge device 2, i.e. the surface
from which the staples ex1t1.ng from the cartrldge device 2 are
expelled towards the anvil 4, is formed 1n an end part 7 1nser-
ted into the c1rcumferent1al wall of the housing €.

The staple fastening -as-sembly- 1l can be removably mo'unted"on a
shaft of the stapling instrument by means of a coupling 8 prov:L-.

ded at the proxlmal end reglon of the cartridge deV1ce 2. The
terms "prox:.mal " and "dlstal " relate to the view of the person

operating the stapl::.ng :Lnstrument

Generally, the overall design and the mechanlcal components,

drive mechanisms and safety features of the surglcal ‘stapling
-1nstrument are as in a conventlonal circular stapl:.ng :x.nstru-
‘ment; the three dlmens:x_onal shape of the staple l:.nes and some

detalls of the staple er.v:Lng device, however, are dlfferent as

exPlaJ.ned in the follow:t.ng

Figure 2 shows the end part "'7_. in an isometric view. The distal
surface of the end part 7 comprises slots from which the staples

-are expelled towards the anvil 4 when the stapling instrument is
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"fired". These slots are arranged in two closed rows, thus defi-
ning a first closed row 10 of staples (the outer one in Figure
2) and a second closed row 12 of staples (the inner one in Figu-

re 2) .

Three of these exit' slots of the ~first closed row 10 are des1i-
gnated by the reference numerals 14, 15, and 1l6. As shown in
Figure 2, the exit slots -14 15, and 16 and all the other exit
slots of the f:.rst closed row 10 lie in the same plane, 1l.e. a
plane perpendz.cular to the 1ong1tud1na1 axis of the staple fa-
stening assembly 1. Between the ex:Lt slots 14 and 15 there is
a gap or recess 18, whereas a protrusion 19 emerges from the
area between the exit slots 15 and 16. 'I‘his_pattern is repeated
along the circumferenc-e of,the first closed row 10. In this way,
the line along whichs the fi__rst_ closed row 10 of staples is ar-

ranged-,--;-'-:!'..;e the line around the first closed row 10 following

the surface topography of the iend' part 7 and -descending into the
recess 18 and ascending around the protrusion 19, has a stepped
shape. It is this llne Wthh deflnes, i'n the area of the first
closed row 10, the tlssue contact between the cartrldge device
2 and the anvil 4 when the staplz_.ng_. :Lnstrument is operated.

In a similar manner, the line along which the second'close.d row'
12 of staples is 'arranged has a stepped shape as well. In this
case, however, ‘the exit slots of the staples are located in two
different planes ‘each perpendlcular to the longltudlnal axis of
the staple fastem.ng assembly 1. As shown 1n Figure 2, exit
slots 20 and 22 are in the same plane which is more dlstal than
the plane of the exit slots of the first closed row 10. Ex:Lt
slot 21, which is arranged between the exit slots 20 and 22, 18

- located in the other plane and is more proximal than the exlt

slots of the first closed row 10. This pattern is repeated along_
the c1rcumference of the second closed row 12. In the embodi -

ment, the peaks of the protru31ons 19 are in the plane of the

exit slots 20 and 22, whereas the grounds of the recesses 18 are
in the plane of exit slot 21. Exit slot 21 and the correspondlng

i e:ut slots of the second closed row 12 are radlally al:z.gned with
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the recesses 18. As shown in Figure 2, the staples of the first
closed row 10 and the staples of the second closed row 12 are

staggered with respect to each other.

In Figure 2, a staple ‘guid'e part 24 is 10cated below the distal
surface of the end part 7 The staple guJ.de part 24 compr:.ses'
guide slots 26 for gu:Ld:Lng the staples of the f:Lrst closed row
10 and guide slots 28 for guiding the staples of the second
closed row 12. Each of these's- guide slo-ts 26, 28 accommodates
one staple, the po:.nted ends of the staple fac:Lng the correspon- ~
d:Lng exit slot. The staple gulde part 24 as well as the end part
7 are preferably made of a medlcal grade resin by :Lnj ect:.on
mouldlng and may be manufactured as one component

The circular knife, which 1s not shown in the figures, is 'guided'

-at the inner periphery-of the end part 7. It is moved in distal
direction when the stapling instrument is actuated, as usual

with conventional circular- staplers . In the embodiment, the
cutting edge of the knife has a stepped shape which essentially
follows the stepped shape of the line along Wthh the second
closed row 12 of staples 1s arranged |

Figure 3 shows the distal portion 30 of the staple driving devi-
ce of the stapling _instrurtient. In the embodiment, this portion-
is designed as an integrally moulded sleeve structure. It in-
cludes an actuator shaft 32 dlstally ending at a base 34 which
1s reinforced by means of rJ.bs 35 The prox:l.mal end of the ac-
tuator shaft 32 is coupled to an actuatlng rod inside the shaft
of the stapling 1nstrument_wh_e_n the staple fastenn._ng_ assembly 1

is mounted to the ‘distal end of this shaft. When the instrument
- is "fired", i.e. when an ac'tuating trigger located at thehandle

of the instrument is operated the actuatlng rod is moved 1in
distal direction, thus push:.ng the sleeve structure 30 in dlstal

direction as well.

- For each staple, the staple driving device 30 comprises a pusher
- protruding in distal .direction and parallel to the longitudinal
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axis of the staple fastening assembly 1. These pushers are ar-
ranged 1n two rows, 1i.e. the outer pushers 36 for the first
closed row 10 of staples and the inner pushers 38 and 39 for the
second closed row 12 of staples In the assembled state of the

5 staple fastening' assembly 1 the pushers 36 are guided in the
guide slots 26, whereas the pushers 38 and 39 are guided in the
guide slots 28. As shown in Figure 3, ‘all of the pushers 36 have,',
the same length, but the .pnshers 39 are shorter than the pushers
38. The end side o_f each pusher 36, 38 and 39 abuts at the ‘crown '

10 of a staple such that the staples are expelled from the exit
slots of the first closed row 10 and the second closed row 12

when the J.ns trument is F 1red

The shorter pushers 39 are ass:.gned to exit slot 21 and the
15 corresponding exit slots of the second closed row 12, ‘whereas

~ the longer pushers 38 are a531gned to the exit slots 20, 22 and
the other exit slots in the more d:Lstal pla.ne for the second

closed row 12. The length of the pushers 36 is between that of
the pushers 38 and 39, correspondlng to the location of the exit
2.0 slots of the first closed row 10. This desn.gn results 1n an
almost simultaneous exit of all staples from_their exit slots

- when the instrument is fired.

 Figure 4 is an isometric view onto the proximal surface of the
25 anvil 4, whirch inCludes a peripheral rim 40 and an end plate 42.
The proximal end side of the rim 40 is designed as a staple-
forming surface 43. For each staple, the staple formlng surface

43 comprises a pa:Lr of staple- forming grooves which form or bend

the pointed ends of the staple when these ends are pushed

30 against the staple- formlng surface 43 upon flr:mg the 1nstru-

' ment

The relief of the staple-forming surface 43 is essentially a
negative of the relief of the end surface of end part 7. Thus, '

35 1in the mounted state of the anv1l 4, the grOOVes 44, 45, and 46
match to the exit slots 14, 15, and 16- of the first closed row

- 10, and a protrusion 48 between the grooves 44 and 45 fits into
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the recesszls, whereas a recess 49 accommodates the protruSion
19 when the anvil 4 is close to the cartridge device 2. Similar-?
ly, the locations of grooves 50, 51, and 52 match to the posS1-
tions of the exit slots 20, 21, a‘nd“22 of the second .closedrow

12.

Generally, the stapling instrument is operated like a conventio-
nal circular stapler. By._mOVing the anvil 4 towards tl}e_cartrid-,
ge device 2, the tissue ends to be stapled are clamped between
the end surface of end part 7 and the staple-forming surface 43
of the an‘v:i.l 4. The tissue follows the Stepped shapes of the
lines along which the flrst closed row 10 and the second closed
row 12 of staples are arranged and 1s forced by protrus:l.ons llke.

the protrus:u_on 48 or the staple formlng surface 51 on the anv:t.l
4 into correspondlng recesses like the recess 18 or the area of.

the exit slot 21, and vice versa. The width of the recesses l:l.ke

recess 49 or recess 18 3_s somewhat larger than the w:Ldth of the

correspondlng protrusions like protrusion 19 or protrusion 48,
such that the tissue is not squeezed in the protrusion/recess

pairs.

When the 'instrut‘nent is fired, the staples of the first cl_o_sed
row 10 and the second Closed row 12 are expelled almost simulta-
neocusly from the end surface of the end part 7, penetrate the
tissue parts and are formed at the staple-forming surface 43 of
the anvil 4. Immediately afterwards, the cutting edge of 'the :
circulaxr k.n_ife, ',which is mounted on the staple driving device 30
inside the pushers -38 and 39' of the second closed row 12, cuts

the tissue.

- After firing, the dis.tan'cebetween the anvil 4 and the cafrt_ridge

device 2 is somewhat increased in order to release the anastomo-
sis seam. Because of ‘the stepped structures of the end surface
of the end part 7 and the staple-forming surface 43 of the anvil
4, the staple lines of the anastomosis seam have a greater

- length than comparable staple lines resulting from cor:respondlng

smooth surfaces in a conventional circular stapler of the same
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outer diameter. Consequently, retraction of the instrument is

easier.

Figure 5 is an isometric view onto the proximal surface of the

anvil 4' of a second embodiment of the surgical stapling instru-
ment. The anvil \4" is the counterpart of a cartridge device
having two closed raws of staples,f in which the designs of tr}e.‘,
outer closed raw of staples and of. the inner closed raw of sta-

‘ples are reversed with respect to the cartridge device 2 of the

first embodiment. To fa;ci_litate comparison with Figure 4, in
Figure 5 the same reference numerals are used as in Figure 4,

but they are primed.

The relief_of the staple-forming surface 43' is essentially a
negative of the relief of the end surface of the cartridge devi-

~ce of-the Secend- embodiment. In a corresponding staple driving

device, the lengths of the pushers are adjusted to the locations
of the staples in the cartrldge dev:l.ce of the second embodlment
The cartrldge device and the staple driving device of the second
embodiment _ar.e not shown in the figures because the details are
evident f;v:om a com_parison with the first embodiment.
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Claims

A surgical stapling instrument cOmprising

- a frame having a body portlon and a handle,

- a staple fastening assembly (1) in the distal reg:l.on of
sa:Ld 1nstmment the staple fastenlng assembly (1) 1nc1ud1.ng
a cartridge device (2) which comprises at least one closed

row (10, 12) of staples, and an anvil (4) which is movable

relative to the cartridge device (2) and is adapted to coo-
perate with the cartr:.dge device (2) for formlng the ends of
the staples exltlng from the cartrldge device (2)

- a moving device adapted to move the anvil (4) relative to

the cartrn.dge device (2),

- a staple driving device ({ 30)' adapted to drive the staples
out of the cartridge device ( 2) towards the anvil (4),

- a knife, which has a closed cutting edge, is contained
within the cartridge device (2) and 1s positioned such that
there is at least one closed row (10, 12).of staples on the
outs:Lde of the cuttlng edge, and _

- a kn:.fe actuating device (30) adapted to move the knJ.fe

towards the anvil (4),
- characterlzed in that the llne along which the closed row

(10, 12) of staples 1s arranged has a stepped shape, leaving
a plane perpendicular to the longitudinal axis of the staple
fastening assembly (1), such that said line has a larger

‘total length than the projection of said line onto said
plane.

Stapling instrument according to claim 1, -characterized in

that said projection of said line onto said plane is

circular.

Stapling instrument according to claim 1 or 2, characterized
in that the anvil (4) has a stepped staple-forming surface

(43) wh:x.ch matches the stepped shape of the l:.ne along which

the closed row (10 12) of staples is arranged.
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~Stapling instrument according " to one of claims 1 to 3,

characte:tized in that the line defining the cutting edge of
the knife has a stepped shape und runs essentially in
parallel to the line along which the closed row (10, 12) of

staples is arranged.

Stapling instrument according to‘ one of c'laims 1 to 4,
characterized in that the staples of a closed row (12) of_
staples are arra.nged at dlfferent positions, measured along

the longltudlnal axis of the staple fastening assembly (1) .

Stapling instrument aCcOrding to one of claims 1 to 5,

characterlzed in that the staples of a closed row (10) of
staples are arra.nged with gaps (18) and/or protrusions (19)
in between adjacent ‘staples (14, 15)/(15 16), wherein each
gap- (18) 1s defined by a recess (18) in the surface of the
cartridge device (2) and the anvil (4) has a protrusion (48)

fitting into that recess (18), and wherein each protrusion

(19) emerges from the surface of the cartridge device (2)
and the anvil (4) has a recess (49) for accomodating that

protrusion (19).

Stapling instrument according to one of cla:Lms 1 to 6
characterlzed inj that the staple dr1V1ng device ({ 30) is
adapted to drive the staples out of the ‘cartridge device (2)

such that each staple is moved essentially in parallel to

the longitudinal axis of ‘the staple fastening assembly (1).

.Stapl:x.ng instrument accordlng to claim 7, characterlzed in

that the staple drIV1ng device (30) comprises pushers (36
38, 39) for dr1V1ng the staples.

Stapling :Lnstrument accordlng to claim 8, characterized by
at least two groups of pushers (38, 39) having different

lengths.
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Stapling instrument according to claim 8 or 9, characterized
in that the pushers (36, 38, 39) are integrally combined in

a sleeire structure (30).

‘Stapling instrument ac’:':*éording to one of claims 1 to 10,

c_haraCteri‘zed in that the staple driving device (30) is
adapted to drive the staples of a closed row (10, 12) of
staples essentially simultaneously out of the cartridge

device (2).

 Stapling instrument according to one of claims 1 to 11,

characterlzed by at least two closed rows (10, 12) of
staples, wherein the staples of adjacent rows (10, 12) are
staggered with respect to each other. B

Stapling' instrument 'according- to one of"""' 'claims 1 to 12,

characterized 1n that the anvil (4) compr:.ses a counterpart
adapted to accomodate the cuttlng edge of the knife.

Stapling instrument according to one 'of ‘claims 1 to 13, cha-

racterized in that the staple fastenlng assembly (1) 1is
removably mounted in the distal end region of the body

portion.

Stapling instrument according to one of claims 1 to 14, cha-

racterized in that the anvil (4) is removable.

Stapling instrument according to claim 15, characterized in
that the anvil comprlses a shaft flttlng onto a peg

protrudlng from the cartrlge device, w_h:s.ch peg preferably

compr:l.ses a mandrel.

Stapling instrument accordingto one of claims 1 to 16 , Cha-
racterized in that the cartridge device (2) comprises a
removable cartridge containing the staples.
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18. Staple fastaning assembly, characterized by the features of

the staple fastening assembly (1) as defined in one of
claims 1 to 17. '

5 19. Anvil, characterlzed by the features of the anvil (4) as
deflned in one of claims 1 to 17.

20. Cartridge device, characterized by the features of the
| ‘cartridge -devic_é (2) 'as defined in one of claims 1 to 17.
10 _ ' I
21. Cartridge, which is adapted to the stapling instrument ac-
cording to c¢laim 17. '

22. K.m.fe, characterized by the features of the knife as def:l.ned
15 in one of clalms 1 to 17. '
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FIG. 3
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