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(54) Title: ANASTOMOTIC DEVICE

(57) Abstract: The present invention relates to an anastomotic device (10) comprising a first ring (20) having a first contact surface
& (21) and a second ring (30) having a second contact surface (31). The rings (20, 30) are suitable to be approached in the axial
& direction (X) such as to move said contact surfaces (21; 31) towards each other. The anastomotic device is characterized in that
the contact surfaces (21, 31) have an undulated shape relative to a plane () perpendicular to the axis (X) of the rings (20, 30).
O According to another aspect thereof, the invention also relates to an apparatus (60) for the implantation of the anastomotic device
(10). According to a further aspect thereof, the invention relates to a kit comprising an anastomotic device (10) and an apparatus

(60) for the implantation of the same.
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DESCRIPTION

“Anastomotic device”
[0001]. The object of the present invention is an
anastomotic device to carry out anastomoses, particularly
to carry out anastomoses of the digestive tube or blood
vessels.
[0002]. According to further aspects, an implant
apparatus suitable to implant the anastomotic device and
an operation kit comprising the anastomotic device and
the implant apparatus are also objects of this invention.
[0003]. A known example of an anastomotic device
comprising two metallic rings suitable to be approached
to each other in the axial direction is disclosed in US
4.233.981. The two rings comprise tips suitable to hold
in the desired position the pieces of the conduit walls
on which the anastomosis is carried out. The two rings
further comprise a screw-nutscrew coupling suitable to
fasten both rings to each other, such that the pieces of
the conduit walls are clamped therebetween.
[0004]. The known devices, such as that described
above, are not without drawbacks.
[0005]. In fact, they allow obtaining a lumen having a
relatively small size as compared with the overall size
of the device. Particularly, the operating diameter of

the lumen that can be obtained with these known devices
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has the inner diameter of the rings forming the device as
its highest limit.

[0006] . This entails the disadvantage of having to
operate with relatively large-sized devices in order to
carry out the anastomosis operation in a successful
manner. The use of small-sized devices would in fact
allow creating a potentially insufficient lumen with a
consequent risk of stenosis which would make the whole
anastomosis operation useless.

[0007]. A lumen with an operating inner diameter being
limited by the inner diameter of the rings is
particularly uncomfortable when the type of operation
employed requires the equipment to be withdrawn through
the lumen. In this case, in fact, the edge of the lumen
just created may be subjected to stress in order to
release the equipment. This stress may be traumatic and
generate stenosis or other complications during the
operation.

[o008]. Even if the type of operation does not require
any equipment to pass through the lumen, the restraint
imposed to the 1lumen size sensibly affects the
effectiveness of the operation, mainly when stenosis or
other complications occur.

[0009]. Accordingly, the need 1is felt to have an

anastomotic device allowing to overcome, at least
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partially, said drawbacks.

[0010]. The problem at the heart of the present
invention is thus to provide an anastomotic device which
has such structural and functional characteristics as to
meet said requirement.

(oo1i1]. This problem is solved by means of an
anastomotic device in accordance with claim 1, by means
of an implant apparatus in accordance with claim 24 and
by means of a kit in accordance with claim 29. The
dependent claims relate to further aspects or embodiments
of the device, apparatus and kit according to the present
invention.

[0012]. Further characteristics and advantages of the
anastomotic device, implant apparatus and kit according
to the invention will become apparent from the following
description of preferred exemplary embodiments thereof,
which are merely illustrative and non-limiting, with
reference to the annexed figures, in which:

[0013]. Fig. 1 illustrates a perspective view of an
embodiment of an anastomotic device in accordance with
the present invention;

[0014]. Fig. 2 illustrates a perspective view of
another embodiment of an anastomotic device in accordance
with the present invention;

[0015]. Fig. 3.a and 3.b illustrate a ring of an



10

15

20

25

WO 2007/101526 PCT/EP2007/001272

4

anastomotic device in accordance with the present
invention in comparison with a ring of an anastomotic
device of a known type;

[ooie]. Fig. 4 illustrates a ring of an anastomotic
device in accordance with the present invention during an
implant step;

[0017]. Fig. 5 illustrates a view of an anastomotic
device in accordance with the present invention being
sectioned along a trace similar to that indicated with V-
V in Fig. 4;

[o018]. Fig. 6 illustrates a view of an anastomotic
device in accordance with the present invention being
sectioned along a trace similar to that indicated with
VI-VI in Fig. 4;

[o019]. Fig. 6.a illustrates an enlarged view of the
detail indicated with VI.A in Fig. 6;

[0020]. Fig. 7 4illustrates a perspective view of an
apparatus for the implantation of an anastomotic device
in accordance with the present invention.

[0021]. With reference to said figures, with 10 has
been generally designated an anastomotic device in
accordance with the present invention. The device 10
comprises a first ring 20 having a first contact surface
21 and a second ring 30 having a second contact surface

31.
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[0022]. Each of the rings 20 and 30 univocally defines
an axis X. The direction of a straight line parallel to
the axis X is called the “axial” direction. The direction
of a half-line perpendicular to the axis X and
originating therefrom is called the “radial” direction.
Finally, a circumference centred on the axis X and
arranged on plane perpendicular thereto defines the
“circumferential” direction.

[0023]. In Fig. 1, the rings 20 and 30 are arranged in
the configuration of use, such that the respective axes X
coincide. The ring 20 and 30 are suitable to be mutually
approached to each other in the axial direction, such
that the contact surfaces 21 and 31 are approached to
each other.

[0024]. The contact surfaces 21 and 31 have an
undulated shape relative to a plane =n perpendicular to
the axes X of the rings 20 and 30 (see for example Fig. 5
and 6).

[0025]. In other words, while the contact surfaces of
the known rings (see for example Fig. 3.b) lay on plane
n, the contact surfaces 21 and 31 of the rings 20 and 30
according to the invention deviate from the plane m to
lay on a curved surface (see for example Fig. 3.a).
[0026]. This characteristic implies a large number of

advantages for an anastomotic device 10 according to the
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invention as compared with an anastomotic device of a
known type having the same size.

[0027]. By “same size” is meant herein and below that
the rings involved in the comparison (such as those in
Fig. 3.a and 3.b) have the same projection in the axial
direction (for example, that in Fig. 4).

[0028]. As the contact surfaces 21 and 31 diverge from
the plane development of the known surfaces, their
respective inner edges 22 and 32 are defined by three-
dimensional loops which have a greater length (or
development) than the plane curve 32’ (see Fig. 4) which
represents the projection thereof in the axial direction.
[0029]. Oon the other hand, as the known contact
surfaces have a plane development, their respective inner
edges are defined by bidimensional loops which have a
length (or a development) exactly equal to the plane
curve which represents the projection thereof in the
axial direction.

[0030]. The end size of the lumen 80 obtained in the
anastomosis directly derive from the length of the inner
edges of the contact surfaces. Carrying out the
discussion with an effective simplification, the final
anastomosis lumen 80 can be considered as having a round
shape. The circumference of this round-shaped artificial

lumen would have a length equal to the inner edges of the
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contact surfaces of plane anastomotic rings having a
greater size.

[0031]. In view of the above, it appears that the
anastomotic device 10 according to the invention allows
obtaining final lumens having a greater size than those
obtained with a known device having the same size.

[0032]. Furthermore, the anastomotic device 10
according to the invention allows obtaining final lumens
having a greater elasticity than those obtained with a
known device.

[0033]. With reference to Fig. 3, and with the other
conditions being equal, the three-dimensional loop
defining the inner edge 32 of the undulated contact
surface 31 has a greater length than the length of the
plane curve (ellipse) defining the inner edge of the
known contact surface.

[0034]. The anastomotic device 10 according to the
invention, when properly implanted, is capable of holding
the rings 20 and 30 close to each other, and thus holding
the pieces of the walls 81 of the conduits involved in
the anastomosis operation close to each other. The device
10 holds the rings 20 and 30 and the pieces of the walls
81 close to each other due to the clamping force it can
ensure.

[0035]. Furthermore, the anastomotic device 10 holds
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the pieces of the walls 81 in the proper mutual position
substantially due to the frictional force generated
between the contact surfaces 21 and 31 and the walls 81
of the conduits.

[0036]. The fact that the contact surfaces 21 and 31
are not plane determines an increase in their contact
area with the conduit walls 81. Accordingly, the total
force holding the pieces of the conduit walls 81 in
position, and which thus ensures the proper course of the
anastomosis operation, is considerably increased.

[0037]. With reference to Fig. 3, the undulated contact
surface 31 determines a contact area with the conduit
walls that is greater than the contact area determined by
the known plane contact surface.

[o038]. In accordance with an embodiment of the
invention, the effect of the frictional force is further
facilitated by the provision of knurlings 33 (see for
example Fig. 1), pyramidal or conical relieves, or other
surface finishing suitable to increase the sliding
friction.

[0039]. In accordance with an embodiment of the
invention, the anastomotic device 10 comprises coupling
means 40 that are suitable to generate and maintain a
clamping force in the axial direction between the first

ring 20 and the second ring 30 when they have been
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[0040]. The coupling means 40 are preferably of a snap-
type such as illustrated in the annexed figures. The snap
coupling means are simply actuated by approaching the
rings 20 and 30 to each other and pressing them against
each other in the axial direction with the force required
to overcome the elastic resistance of the snaps and press
the tissues comprised between the rings 20 and 30.

[0041]. This characteristic of the snap coupling means
is particularly convenient, since it allows for easy
operation also when one of the two rings (typically the
one being in the distal position) cannot be directly
accessed by the operator.

[0042]. Due to this advantage, the anastomotic device
10 according to the invention, provided with snap
coupling means, is particularly suitable when the
anastomosis operation is carried out following the
endoluminal or laparoscopic route, instead of traditional
open surgery.

[0043]. With reference to the annexed figures, the
coupling means 40 comprise two pins 43 projecting from
the second ring 30 in the axial direction towards the
contact surface 31 facing direction.

[0044]. The pins 43 can be made as one piece with the

ring 30 or, preferably, they can be assembled thereto.
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For example, the pins 43 can be threaded within suitable
seats 34 that are formed on the ring 30.

[0045]. The pins are provided with teeth 44, which are
distributed along an operating coupling tract 46 (see
Fig. 5).

[0046]. Again, the coupling means 40 comprise two seats
42 that are formed on the first ring 20 with axial
development. The seats 42 are suitable to house the pins
43 and are provided with elastic tabs 45. The elastic
tabs 45 are, in turn, suitable to sequentially engage.the
teeth 44 and thus run in one way only along the operating
coupling tracts 46.

[0047]. In view of the description, it will be apparent
to those skilled in the art that, after the two rings 20
and 30 have been approached to each other, the pins 43
have been fitted within the seats 42 and the desired
clamping force has been applied in the axial direction,
the elastic tabs 45 slide along the operating coupling
tracts 46 and engage the teeth 44. As the elastic tabs 45
cannot slide in the opposite direction, they prevent the
rings from moving away again in the axial direction.
[0048]. The embodiment illustrated in the annexed
figures comprise two pins 43 and two respective seats 42.
Similarly, a different number of pins and seats can be

arranged in order to meet particular requirements.
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[0049]. In the embodiments represented in the annexed
figures, the provision of two pins 43, which are stably
housed in the seats 42, prevents any possible relative
movement between the two rings 20 and 30 in the
circumferential direction.

[0050]. In other possible embodiments, in which only
one pin 43 is provided, the relative movement between the
two rings 20 and 30 in the circumferential direction must
be otherwise prevented, such as by means of a pin section
other than round.

[0051]. With particular reference to those embodiments
that are intended for endoluminal or laparoscopic use,
the anastomotic device 10 comprises holes 52 and 53
suitable for the guide wires to pass therethrough, which
are required to carry out the operation. The holes 52 and
53 are formed on both rings 20 and 30, such as to allow
the same to be properly approached to each other simply
by sliding along the guide wires.

[0052]. In the example of the annexed figures, as
regards the first ring 20, the seats 42 act as the holes
52 for the guide wires to pass therethrough.

[0053]. As regards the second ring 30, the seats 34 of
the pins 43 act as the holes 53 for the guide wires to
pass therethrough. The holes 53 are then continued within

the pins 43.
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[0054]. The endoluminal or laparoscopic operation
method provides, in a manner known per se, that the guide
wires allow the two rings 20 and 30 to be properly
positioned relative to each other. At the same time, by
pulling the guide wires, when desired, a clamping force
is provided which acts on the distal ring in the
direction of the proximal ring.

[0055]. In order to make the clamping effective, an
equal and opposite force must be obviously provided,
which acts on the proximal ring in the direction of the
distal ring. This equal and opposite force is obtained by
pushing the proximal ring by means of an implant
apparatus 60 according to the invention, which will be
described below.

[o056] . In accordance with several possible embodiments
of the device 10, such as that represented in Fig. 1, the
coupling means 40 are formed within the curves defining
the inner edges 22 and 32 of the contact surfaces 21 and
31.

[0057]. In accordance with several possible embodiments
of the anastomotic device 10, such as that in Fig. 6 and
6.a, the surfaces 21 and 31 are mutually inclined. As may
be clearly seen particularly in Fig. 6.a, the mutual
inclination of the surfaces is such that a spacing is

generated between the contact surfaces 21 and 31 that is
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variable in the radial direction.

[0058]. This development of the contact surfaces 21 and
31 defines a variable development also in the pressure
values of the tissues 82 that are comprised between the
rings 20 and 30.

[0059]. Specifically, the radially innermost region of
the surfaces 21 and 31, i.e. the one proximate to the
inner edges 22 and 32, gives the highest pressure. In
accordance with the device 10 in Fig. 6.a, the pressure
decreases in the radial direction towards the outside and
reaches a minimum at the outer edges of the surfaces 21
and 31.

[0060]. The success or failure of the anastomosis may
be determined by the fact of being able to obtain the
proper pressure value to be applied by the anastomotic
device 10 to the tissues 82.

[0061]. In fact, an excessive pressure on the tissues
82 determines a decrease in the blood flow, which leads
to the necrosis of these tissues. This event often
implies undesired side effects, and consequently, it is
preferably avoided. At the same time, an insufficient
pressure on the tissues 82 does not allow holding the
tissue pieces in an effective manner, and may cause the
same to move away from each other. When the tissues move

away from each other, the anastomosis experiences the so-
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called leak effect.

[0062]. Setting the proper pressure value upon
implantation is made even harder since, practically, the
operator imposes a distance between the rings 20 and 30
from which the pressure of the tissues 82 is derived. The
pressure value thus depends on the difference between the
thickness of the undisturbed tissues 82 and the distance
imposed between the rings 20 and 30.

[0063]. Due to the possibility of obtaining, in the
circumferential direction, a range of pressure values
distributed in the radial direction, the user can more
easily obtain the proper value.

[0064]. Similarly, in order to meet other specific
requirements, other profiles can be studied for the
radial section of the contact surfaces 21 and 31, such
that other developments are obtained for pressure force
variation.

[0065]. Moreover, the fact that the surfaces 21 and 31
are mutually inclined determines a further increase in
the contact region with the conduit walls as compared
with the contact region being determined by the plane
contact surfaces.

[0066] . In accordance with other possible embodiments
of the anastomotic device 10, for example that in Fig. 2,

a knife 50 1is arranged on one of the rings.
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Advantageously, the knife 50 is arranged at the inner
edge of the contact surface.

[0067]. In the example from Fig. 2, the knife 50 is
arranged on the first ring 20, but nothing prevents it
from being arranged on the second ring 30. The knife 50
has such an extension in the axial direction that it can
cooperate, when the rings are being approached to each
other, with the inner edge 32 of the surface 31. When the
two rings 20 and 30 are moved proximate to each other,
such as when the device 10 is being implanted, the knife
50 and edge 32 act like an annular shear.

[0068]. When the required clamping force is applied,
the knife 50 and edge 32 automatically open the desired
lumen 80 in the walls 81 of the conduits involved in the
anastomosis. Thereby, further surgery is no longer
required in order to remove the portion of inner tissue
82 of the desired lumen 80.

[0069]. The anastomotic device 10 can be made of any
type of material suitable for surgical applications.
[0070]. Particularly, both the first ring 20 and the
second ring 30 can be made of a non bio-absorbable
material, such as a plastic or metallic material. In this
case, the anastomotic device 10 is definitively fixed in
position in the site where it has been fitted. In this

case, the anastomotic device 10 spontaneously detaches
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and moves away only when it necrotizes the tissue to
which it is attached.

[0071]. Alternatively, the selection of the material
for the whole anastomotic device 10 can be addressed to a
bio-absorbable or biofragmentable material, thus
providing that the anastomotic device 10 is completely
absorbed after a determined period of time.

[0072]. Finally, the anastomotic device 10 can be
partially made of bio-absorbable or biofragmentable
material. Particularly, it is advantageous to provide
manufacturing the coupling means 40 of bio-absorbable or
biofragmentable material, such that the anastomotic
device 10 is allowed to detach from the site in which it
has been applied after a determined period of time and
move away in a spontaneous manner.

[0073]. In the <case illustrated in the annexed
drawings, the pins 43 and/or the seats 42 and/or the
elastic tabs 45 and/or the teeth 44 may be advantageously
provided to be made of bio-absorbable or biofragmentable
material.

[0074]. Due to this characteristic, an anastomosis can
be obtained, after the required post-surgery course has
elapsed, which is free from any implant of foreign
material to the tissues 82 in the vicinity of lumen 80.

[0075]. Again, the constriction formed by the rings 20
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and 30 about the lumen 80 being eliminated, the latter
can freely adopt its final definitive size, in view of
what has been discussed above. Due to this final size the
anastomosis is definitively provided with all the
effectiveness desired during the operation planning step.
[0076]. As those skilled in the art will appreciate
from the above description, the anastomotic device 10
according to the invention can be used in endoluminal
operations, laparoscopy operations or operations carried
out by means of open surgery techniques.

[0077]. Another aspect of the present invention relates
to the apparatus 60 for implanting the anastomotic device
10 as described above. A; can be clearly seen in Fig. 7,
the implant apparatus 60 has a development that is mainly
oriented along an axis. This axis is called herein the
axis “X”, because upon use it coincides with the axes of
the rings 20 and 30 of the device 10.

[o078]. The implantation device 60 is suitable to
provide the ring of the device 10 that is placed in a
proximal position, i.e. the first ring 20, with an even
thrust.

[0079]. Particularly, the apparatus 60 comprises a
thrust surface 61 that is suitable to rest, in the axial
direction, on the service surface 23 opposite the support

surface 21 of the ring 20. The thrust surface 61 is
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totally complementary to the service surface 23, such as
to be able to adhere to a wide percentage of the same.
[o080]. It is also important that the contact points
and/or regions of the thrust surface 61 with the service
surface 23 are distributed in a balanced manner, both in
the circumferential direction and in the radial
direction. This allows maintaining the thrust by the
implant apparatus 60 on the ring 20 balanced and
preventing the generation of moments and/or forces other
than the desired axial force.

[oo81l]. In accordance with an embodiment thereof, the
apparatus 60 comprises holes 63 for the guide wires that
are used for the operation of endoluminal or laparoscopic
implantation of the device 100 to be passed therethrough.
The holes 63 allow a proper placement of the ring 20
relative to the implant apparatus 60 simply by means of
sliding along the guide wires. In this embodiment, the
implant apparatus 60 advantageously comprises means 65
for attachment to a laparoscope or endoscope.

[oo82]. A further aspect of the present invention
relates to a kit 70 comprising an anastomotic device 10
and an apparatus 60 for the implantation of the same.
[0083]. To the embodiments of the anastomotic device 10
and the apparatus 60 for the implantation of the same as

described above, those skilled in the art, aiming at
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satisfying contingent and specific needs, may carry out a
number of modifications, adaptations and replacements of
elements with others functionally equivalent, without

however departing from the scope of the claims below.

kkk * *k*k
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CLAIMS
1. An anastomotic device (10) comprising:
- a first ring (20) having a first contact surface (21) ;
and
- a second ring (30) having a second contact surface
(31);
said rings (20, 30) being suitable to be approached in
the axial direction (X) such as to move said contact
surfaces (21, 31) towards each other;
characterized in that said contact surfaces (21, 31) have
an undulated shape relative to a plane (n) perpendicular
to the axis (X) of said rings (20, 30).
2. The anastomotic device (10) according to the
preceding claim, wherein the contact surfaces (21, 31) of
the rings (20, 30) lay on a curved surface.
3. The anastomotic device (10) according to any
preceding claim, wherein the contact surfaces (21, 31)
comprise inner edges (22, 32) that are defined by three-
dimensional loops having a greater length than the plane
curve (32’), which represents the projection thereof in
the direction of the axis X.
4. The anastomotic device (10) according to any
preceding claim, wherein the contact surfaces (21, 31)
comprise knurlings (33) to increase friction.

5. The anastomotic device (10) according to any
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preceding claim further comprising coupling means (40)
suitable to generate and maintain a clamping force in the
axial direction between the first ring (20) and the
second ring (30).

6. The anastomotic device (10) according to the
preceding claim, wherein the coupling means (40) are of a
snap type.

7. The anastomotic device (10) according to claim 5 or
6, wherein the coupling means (40) comprise at least one
pin (43) that from the contact surface (31) of the second
ring (30) projects in the axial direction.

8. The anastomotic device (10) according to the
preceding claim, wherein the coupling means (40) comprise
at least one seat (42) that is formed on the first ring
(20), having an axial development and being suitable to
accommodate said at least one pin (43).

9. The anastomotic device (10) according to claim 7 or
8, wherein the pin (43) comprises teeth (44) that are
distributed along an operating coupling tract (46).

10. The anastomotic device (10) according to the
preceding claim, wherein the seat (42) comprises elastic
tabs (45) that are suitable to engage the teeth (44) and
slide along the operating coupling tract (46) only in one
direction.

11. The anastomotic device (10) according to any claim 8
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to 10, wherein the pins (43) and the respective seats
(42) are in a number of two.

12. The anastomotic device (10) according to any
preceding claim, further comprising holes (52, 53)
suitable for the guide wire to pass therethrough, which
are required for carrying out the operation of
endoluminal or laparoscopic implantation.

13. The anastomotic device (10) according to the
preceding claim, wherein the holes (52, 53) are formed on
both rings (20, 30) such that the rings (20, 30) are
allowed to be properly approached to each other simply by
sliding along the guide wires.

14. The anastomotic device (10) according to claim 12 or
13, wherein the seats (42) act as holes (52) for the
guide wires to be passed therethrough.

15. The anastomotic device (10) according to any claim
12 to 14, wherein the holes (53) for the passage of the
guide wires run through the inside of the pins (43).

16. The anastomotic device (10) according to any
preceding claim, wherein the contact surfaces (21, 31) of
the two rings (20 and 30) are mutually inclined.

17. The anastomotic device (10) according to the
preceding claim, wherein the mutual inclination of the
contact surfaces (21, 31) is such that a spacing is

provided between the contact surfaces (21, 31), which is
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variable in the radial direction.

18. The anastomotic device (10) according to any
preceding claim, wherein on one of the rings (20, 30)
there is arranged a knife (50).

19. The anastomotic device (10) according to the
preceding claim, wherein the knife (50) is arranged at
the inner edge (22, 32) of the contact surface (21, 31).
20. The anastomotic device (10) according to claim 18 or
19, wherein the knife (50) has an extension in the axial
direction such that it can cooperate, when the rings (20,
30) are being approached, with the inner edge (32, 22) of
the contact surface (31, 21) of the other ring (30, 20).
21. The anastomotic device (10) according to the
preceding claim, wherein the knife (50) that is placed on
one of the rings (20, 30) and the inner edge (32, 22) of
the contact surface (31, 21) of the other ring (30, 20)
act as an annular shear.

22. The anastomotic device (10) according to any
preceding claim, which is at least partially made of a
bio-absorbable or biofragmentable material.

23. The anastomotic device (10) according to any claim 5
to 22, wherein the coupling means (40) are at least
partially made of bio-absorbable or biofragmentable
material.

24. The apparatus (60) for implanting an anastomotic
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device (10) according to any preceding claim.

25. The implant apparatus (60) according to the
preceding claim, which is suitable to provide an even
thrust to the ring (20, 30) of the anastomotic device
(10) that is placed in the proximal position.

26. The implant apparatus (60) according to the
preceding claim comprising a thrust surface (61) that is
totally complementary to a service surface (23) opposite
the support surface (21) of the proximal ring (20).

27. The implant apparatus (60) according to the
preceding claim further comprising holes (63) for guide
wires to be passed therethrough.

28. The implant apparatus (60) according to any claim 24
to 27 comprising means (65) for attachment to a
laparoscope or endoscope.

29. A kit (70) comprising an anastomotic device (10)
according to any claim 1 to 23 and an implant apparatus

(60) according to any claim 24 to 28.
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