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(57) Abstract: To establish an easily de-
tachable connection of a hollow cylindrical
component (9), such as a graft, at a recess
(2) in tissue, such as a heart or a blood ves-
sel, an annular element (13), a guide ele-
ment (15) and a spring element (19) are
provided, which are secured by way of a su-
ture ring (4) at the body part and at the hol-
low cylindrical component, and which per-
mit an easily disengagable mutual locking
by way of the spring element. To this end,
the annular element comprises a groove (14)
extending around the periphery thereof, into
which the spring element plunges for lock-
ing.
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Connection System for the Detachable Fixation of a

Hollow Cylindrical Component at a Recess

The invention applies to the field of mechanical
science and especially connection technology, and
relates more particularly to the establishment of a
connection comprising hollow cylindrical components.
The invention can be used particularly advantageously

in the field of medical technology.

In medical technology, more particularly in
operations involving blood circulation, it is often
necessary to connect hollow cylindrical components in
the form of cannulas, grafts, tube connectors and the
like to one another or to parts of a patient’s body,

such as blood vessels or organs.

A typical application is the connection of a graft to

a hole in a heart wall or a large blood vessel,
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wherein a suture ring is connected to organ tissue by
way of a sutured connection and appropriate hollow
cylindrical components are then connected to the

suture ring.

Appropriate hollow cylindrical components can also
extend partially into the opening of the pertinent
body part, such as into the heart wall or into the
opening of a blood vessel, at least to a certain

extent.

Diverse variants of the connection of hollow
cylindrical components to the opening of a body part
of a patient’s body are known from the prior art. For
example, document US 2007/0134993 Al shows a suture
ring that can be connected to bodily tissue in the
manner of a flange, wherein a tube connector is
fixedly connected to the suture ring. The tube
connector has a longitudinal slot bridged by a screw,
thereby enabling the connector to be fixedly clamped
radially on an inserted tube piece by tightening the

sSCrew.

A very similar configuration is shown in US
2007/0167969 Al. In that case, however, the focus is
on a tool for creating an opening in a body part in a

targeted manner.

Document WO 2007/084340 A2 (see figure 1 in
combination with text page 6) likewise makes known a
suture ring comprising a clamping ring secured
thereto, wherein the clamping ring can be compressed
radially by way of a screw located on the periphery
thereof.
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Since space that may not be available during an
operation is required to tighten the screws described
in the prior art, and since time is required to
perform said tightening and it is generally difficult
to inspect the establishment of a clamped connection
of this type, the problem addressed by the present
invention is that of creating a connection system for
such cases, which makes it possible to easily and
detachably connect a hollow cylindrical component to
a recess and which can be implemented using the

simplest possible structural means.

Document US 6 319 231 Bl makes known a connection
system, by way of which a cannula can be connected to
a connector, wherein the two parts are mutually
locked by way of a groove/spring connection to a
retaining ring that is simultaneously positioned in
an outer groove of one part and in an inner groove of
the other part. The retaining ring is released by

tightening in the circumferential direction.

Document US 2003/0023255 Al likewise makes known a
groove/spring connection for a cannula for a medical
application, wherein the type of creation and release

of the lock is not discussed in detail.

The problem is solved using the means of the

invention according to the features of claim 1.

In the connection system for detachably affixing a
hollow cylindrical component at a recess in a part of
a patient’s body, an annular element is therefore
provided according to the invention that comprises a
groove that extends azimuthally around the outer
jacket surface thereof, at least in sections, and a
guide element, which can be displaced in the axial
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direction of the cylindrical component with respect
to the annular element before fixation. The guide
element and the annular element can be inserted into
one another at least partially in the axial
direction, and so they overlap partially in the axial
direction. A spring element is also provided, which
is movably guided in the guide element exclusively
perpendicular to the axial direction and plunges at
least partially into the groove of the annular
element. The spring element therefore affixes the
annular element and the guide element against one
another in the axial direction. To affix the hollow
cylindrical component at the recess, either the
annular element or the guide element is connected or
coupled to the hollow cylindrical component, and the
other of the two bodies is connected or coupled to

the edge of the recess.

In this manner the hollow cylindrical component can
be detachably secured at the recess by way of the
annular element and the guide element and the spring

element, which locks them.

The annular element can have a cylindrical design,
for example, and the groove extending around the
circumference thereof can also extend around the
entire circumference as a complete annular groove.
The annular groove can have a cross section that is
rectangular, V-shaped or U-shaped. By way of a bevel
of the walls of the annular groove, it is also
possible to remove the hollow cylindrical component
if excessive axial forces occur in that the spring
element is pushed out of the groove and the
connection between the annular element and the guide
element is forcibly disengaged.
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The guide element can have a cylindrical bore hole
for the hollow cylindrical component and,
additionally, a cavity for guidance of the spring
element. To this end, the guide element can
substantially comprise two plate-type,
interconnectable partial bodies, which are made of
titanium, for example. They can be welded to one

another.

The spring element can be stiff or resilient, but it
must be sized such that it can plunge, as a spring,
at least partially into the groove of the annular

element.

Each of the components, that is, the annular element
and the guide element and the spring element, can be
made of a metal, preferably a titanium alloy, or of a
plastic, such as a hard silicone, a polyethylene or a
polyurethane. It is also possible for one or more
components to be made of a first one of these
materials and for one of the other components to be
made of another material.

The annular element and the guide element are
connected or coupled either to the hollow cylindrical
component or to the edge of the recess, respectively.
This means that the respective components are
connected indirectly or directly to the hollow
cylindrical component and the edge of the recess. It
is therefore possible to provide one more component
in each case, which is connected to the hollow
cylindrical component or to the edge of the recess,
and to which the annular element or the guide element
is respectively connected or coupled. In the
connection to the hollow cylindrical component, the
annular element and the guide element can
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displaceable thereon in the axial direction to a
limited extent, for example, wherein the limitation
of the displaceability can be implemented by way of a

stop secured to the component, for example.

Advantageously, according to the invention, the
spring element can be displaceably guided, non-
deformed per se, in the guide element. The spring
element has at least one first position within the
guide element, in which it plunges into the groove of
the annular element after the guide element and the
annular element are inserted into one another, and at
least one second position in which the spring element
does not plunge into the groove of the annular
element. The spring element can be pivoted, rotated

or displaced between these positions.

For example, the outer contour of the cross section
of the annular element can be elliptical, and the
spring element can have a corresponding elliptical
opening into which the annular element fits in the
first orientation thereof. If the annular element and
the spring element are then rotated opposite one
another about the axis of the hollow cylindrical
component, the spring element can plunge into the
annular groove of the annular element and establish
the lock. To this end, the spring element comprises
an operating lever, which protrudes from the guide
element and can be operated from the outside to

rotate the spring element.

Advantageously, the spring element can also be
elastically deformable within the guide element
between a locked state and an unlocked state in which
it does not plunge into the groove of the annular

element. In this case as well, the spring element is
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advantageously designed such that it protrudes from
the guide element at least partially in such a way
that the elastic deformation can be induced manually

from the outside.

The spring element can be pressed at one side within
the guide element radially with respect to the axial
direction of the hollow cylindrical component against
a fixed stop, thereby permitting it to expand
radially. To this end, the spring element can
protrude on exactly one side, for example, radially
beyond and/or out of the guide element and can be
pressed into the guide element radially from this
side. This simplifies handling, more particularly the
closure and release of the connection during surgery,
for example, since the connection system need only be
accessible from one radial side for actuation. It
suffices to hold the guide element and press the

spring element against it.

According to a further advantageous embodiment of the
invention, the spring element comprises elastically
resilient components made of a plastic or a metal,
more particularly being made entirely of such a

resilient material.

According to a further embodiment of the invention,
the spring element is elastically expandable radially
relative to the axial direction of the cylindrical

element.

By way of the radial deformability, the spring
element can be advantageously compressed in a first
radial direction and, simultaneously, can be radially
expanded perpendicular thereto. In this manner, it

can be elastically deformed by way of radial pressure
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in such a way that, in a first shape, it can be slid
over the annular element and, in a second shape, it
plunges at least partially into the groove of the

annular element.

To this end, the expansion of the annular spring
element in a first direction can be greater than in a
second direction that extends transversely to the

first direction.

The spring element can be designed, for example, as
an elliptically shaped, closed retaining clip or a
substantially diamond-shaped or hexagonally shaped
retaining clip. In this case, the spring element can
be expanded or compressed overall by the application

of radial pressure on two opposing sides.

To permit meaningful use with such a spring element,
the cross section of the annular element must be
shaped such that the spring element can be slid over
the annular element in a first shape and, in a second
shape, it plunges at least partially into the groove
of the annular element. To this end, for example, the
diameter of a circle inscribed in the annular spring
element in the unloaded state is smaller than the

outer diameter of the annular element.

In addition, according to an advantageous embodiment
of the invention, the element that is connected or
connectable to the edge of the recess is connected or
connectable to a securing member that is directly
connected or connectable to the edge. In this manner,
an appropriate securing member can be connected to
the edge of the recess by suturing, for example, or
other common connecting techniques before the

connection system is installed. Such a securing
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member is often a suture ring designed as felt or
cloth, which can be connected to tissue of the
patient’s body by way of a threaded connection. The
annular element or the guide element can be fixedly
connected to the securing member before it is affixed
to the tissue or at the edge of the recess. However,
they can also be connected to the securing member by
way of a clamp connection, an adhesive connection, or
a threaded connection after securing at the edge of

the recess.

According to a further advantageous embodiment of the
invention, the securing member is a suture ring that
can be secured to organic tissue at the edge of the

recess by way of a sutured connection using thread.

It can also be provided that the securing member
comprises a peripheral sealing lip, which is made of
silicone, for example, at which the hollow
cylindrical component extending therethrough seals.
The sealing lip can be provided at an opening of the
securing member and extend there into the interior of
the opening. In this case, the sealing lip of the
securing member seals outwardly at the cylindrical
jacket surface of the hollow cylindrical component.
It is then only necessary to establish the mechanical
fixation of the hollow cylindrical component, wherein
the seal integrity of the connection can be ensured

exclusively by way of the sealing lip.

The securing member can comprise, for example, a
suture ring made of titanium, on which a cloth/felt
ring is slid from one side and a silicone ring
comprising a sealing lip and a further cloth/felt
ring is placed and secured from the other side.
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The invention is shown in the following in a drawing

with reference to an exemplary embodiment and is

subsequently described.

Shown are

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

a heart wall comprising a suture ring
secured thereto, shown schematically in a

section,

the arrangement depicted in figure 1 having
a tube connector inserted therein,

an alternative approach to securing a tube

connector in an opening in a heart wall,

a connection system according to the
invention, in the non-fixed state, shown

schematically in a longitudinal view,

the arrangement depicted in figure 4, in
the fixed state,

a part of a guide element,

the part of the guide element depicted in
figure 6, comprising an inserted spring

element,

the complete guide element comprising a

spring element,

a top view of a section of the guide
element comprising a spring element in the
locked state,
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
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11

12

13

14

15

16

17

18
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a section as shown in figure 9 but
comprising an elastically deformed and

unlocked spring element,

two parts of a guide element in a three-

dimensional exploded view,

an alternative guide element comprising a
spring element that is merely displaceable,

and

a further alternative guide element,
likewise comprising a displaceable spring

element.

a further guide element, in a cross

section, comprising a spring element,

the design of a securing member,

a top view of a suture ring and

an alternative guide element comprising an
upper part and a lower part, into which two
snap-in spring elements plunge, and

an alternative guide element comprising an

upper part and a lower part, in which a

spiral spring element is accomodated.

Figure 1 shows, schematically, a part of a heart wall

1 having a continuous recess 2, which can also be

formed artificially, for example, by punching or

cutting into the heart wall.
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A suture ring 4 is placed onto the edge 3 of the
recess 2, which can be connected to the organic
tissue of the heart wall 1 by way of a peripheral
surgical suture using a thread 5. Such a suture ring
can be made of a felt-type fabric, for example, which
can be easily penetrated by a suture needle. In the
exemplary embodiment shown, the suture ring 4
comprises a first fabric layer 6, a second fabric
layer 7 and, disposed therebetween, a sealing layer 8
having a radially inwardly protruding sealing lip

made of silicone.

The suture ring 4 serves to establish and simplify a
reliable connection of a conduit element or tube
element at the heart wall 1. The conduit element can
be a pump connector, which may be part of a pump

housing.

Figure 2 shows a cylindrical object that has been
inserted into the recess 2, which is typically in the
form of a conduit element or a hollow cylindrical
graft 9. It serves to create a conduit channel from
the interior of the heart or another organ to a
desired other point. A graft is usually flexible,
although it can also comprise a stiff end that can be
inserted into a recess 2. The end 9a is also intended
to be freely rotatable in the recess about the
longitudinal axis 10 thereof. The end 9a of the graft
comprises a securing flange 11, which can likewise be
made of a fabric or can contain a fabric, and which
can be sutured to the suture ring 4 in order to affix
the end of the graft in the recess 2 at the suture

ring.

The flange can also be made of a hard material, more
particularly a metal or a hard plastic, and can have



10

15

20

25

30

35

WO 2012/156101 PCT/EP2012/002150

13

openings that permit passage of the thread 5 for

fixation at the suture ring.

Figure 3 shows another attachment method, in which a
clamping ring 12 is fixedly connected directly to the
suture ring 4, said clamping ring being slotted in
the longitudinal direction and therefore radially
expandable to permit easy insertion of the end 9 of
the graft. Once the end 9%a of the graft has been
positioned, the clamping ring 12 is tightened by way
of a clamping screw or clamp, which are not shown in
detail, that is, it is also compressed radially, in
order to fix and securely position the end 9a. The
clamping ring 12 can be sized such that it

simultaneously seals.

However, operating a clamping mechanism for such a
clamping ring 12 is complicated in surgical
conditions, and simple disengagement of said

connection would also be desirable.

Figure 4 shows an embodiment of a connection system
according to the invention, with which the end 9 of a
hollow cylindrical component is detachably securable
in a recess of a heart wall 1, wherein the connection

is likewise easy to engage and disengage.

To this end, a suture ring 4 connected to the heart
wall 1 is provided in the depiction in figure 4, to
which an annular element 13 is fixedly connected,
which comprises a groove 14 that extends azimuthally
around the outer jacket surface thereof. The cross
section of the groove 14 is rectangular, although it

could also be V-shaped or round.
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Moreover, a guide element 15 is provided, which is
fixedly connected to the hollow cylindrical component
19 and guides a spring element 19 in a cavity 16
between two front plates 17, 18.

The front plate 17 has a central recess 20, which is
so large that at least a portion of the guide element
15 can be axially inserted onto the annular element
15.

To slide the guide element 15 in the axial direction
of the cylinder axis 10 onto the annular element 13,
the spring element 19 is deformed in such a way that
it can likewise be slid over the annular element 13
and thereby elastically plunges radially into the
groove 14. The spring element can be easily deformed
by the application of manual force or by traveling up
a bevel on the annular element. Since the spring
element 19 is held in the guide element 15, it can
mutually lock the annular element 13 and the guide

element 15 in the axial direction of the axis 10.

Figure 5 shows, in detail, the connection state in
the locked form, in which the spring element 19 has
already snapped into the groove 14 of the annular
element 13. The end 9 of the hollow cylindrical
element is therefore fixed in the recess of the heart
wall 1 by way of the suture ring 4 in an easily
detachable manner. In principle, instead of fixing an
annular element 13 at the suture ring and fastening
the guide element 15 at the hollow cylindrical
element, the reverse is also possible, that is, to
replace the annular element 13 by the guide element
and have it connected to the hollow cylindrical
element, while, in this case, the guide element 15 is

connected to the suture ring 4 or, in another manner,
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is connected directly to the edge of the recess 2 in
the heart wall 1.

For the rest, the connection system can also be used
in other organs or in blood vessels, for example,
wherein the heart wall 1 would then be replaced by

the wall of a blood vessel.

The hollow cylindrical element 9 can be typically
made of a metal, more particularly a titanium alloy,
or of a plastic, for example, a corrugated tube,
wherein it can have a continuous cylindrical design
having a constant diameter in the region in which it
can be slid into the suture ring, in order to permit
sealing of the sealing lip 8 at that point. Said end
9a of the element/graft can be made of different
material, for example, than the remaining region, for

example, of PTFE, polyurethane or a metal.

The hollow cylindrical element can be in the form,
for example, of connector of a pump, more
particularly a heart pump, or in the form of a pump
tube that simultaneously forms a part of the pump

housing.

The guide element 15 and the annular element 13 can
preferably comprise a metal, more particularly a
titanium alloy, for example the same alloy as the
hollow cylindrical element 9, although in special
cases it can also be made of a resistant plastic such
as polyurethane, or of PTFE or polyethylene. The
spring element 19 can likewise be made of one of the
aforementioned materials, although it must be
elastically deformable. The spring element 19 can be
designed as a metal wire having appropriate elastic

properties.
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The spring element 19 is also intended to be shaped
such that it protrudes from an opening provided on
the periphery of the guide element 15 in such a way

that it can be moved or compressed from that point.

Figure 6 shows, in a three-dimensional depiction, a
front plate 18 of the guide element, which is made of
a plastic, for example, is substantially shaped as a
circular ring and comprises two thickened regions 21,
22, which lie opposite one another on the ring
symmetrically with respect to an axis 23 that is a
symmetry axis of the front plate 18. The height of
the thickened regions 21, 22 can correspond
approximately to or be slightly larger than the
thickness of the spring element 19.

Figure 7 shows the front plate 18 depicted in figure
6 comprising a spring element 19 placed thereon,
which, in this case, is formed by a closed retaining
clip having a diamond shape. The diamond shape of the
spring element 19 has only two blunt regions 24, 25
which serve to improve grippability in the assembled
state. The spring clip is retained by the thickened
regions 21, 22 and is designed such that it can be
compressed exclusively in the direction of the axis
23 and is expandable transversely to the axis 23 and,
therefore, radially. To this end, the blunt ends 24,
25 can be gripped using two fingers and moved toward

one another in order to expand the spring element 19.

Figure 8 shows the guide element 15 in the assembled
form comprising the first front plate 17 and the
second front plate 18. The front plates 17, 18 are
shaped such that, in the assembled state, they leave

space between them for the spring element 19. More
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particularly, the first front plate 17 can lie on the
thickened regions 21, 22. Figure 8 shows the spring
element 19 between the front plates 17, 18, which
protrudes from openings at the outer jacket surface
of the guide element and can be manually operated
there. As shown at the point 26, the spring element
19 in the unloaded state protrudes into the inner
central opening of the guide element. The guide
element 15 can still be slid onto the annular element
13 by way of said inner opening when the spring
element 19 is actuated. Once the sliding-on has been
completed, the spring element 19 can be released,
thereby permitting it to snap radially inwardly into
the groove 14 of the annular element.

Figure 9 shows, in a perpendicular top view, a
section of the guide element 15 comprising an
unactuated spring element 19. The actuating forces of
the spring element are indicated by two arrows 27,
28. In addition to the guide element 15, the annular
element 13 is also sketched in the interior thereof,
wherein the spring element 19, in the top view,
partially penetrates the annular element 13 since it
is plunged into the circumferential groove thereof.

Figure 10 shows, in contrast, the same section as in
figure 9 with an actuated spring element 19 that has
been expanded by the application of force to the
extent that it does not radially touch the
circumference of the annular element 13 at any point.
In this position, the guide element 15 comprising the
spring element 19 can be slid onto the annular

element 13 and can be removed therefrom.

Figure 11 shows, schematically, the interaction of
the front plates 17, 18 before they are assembled to
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form a guide element. A thickened region 21 and the
inserted spring element 19 are shown at the front
plate 18.

Figure 12 shows an alternative embodiment of a guide
element, an annular element and a spring element. The
guide element 15' is shown comprising an annular
element 13' located concentrically therein. The guide
element 15' has a wide groove 29 or only two guide
channels 30, 31 for the two arms 32, 33 of the spring
element 19'. The spring element does not have to be
expanded to be slid into the groove of the annular
element 13', which is depicted by the dashed base 34
having the groove. The spring element 19' can be slid
easily in the direction of the arrow 35 radially into
the guide element 15' in order to plunge into the
groove of the annular element and mutually lock the
spring and the guide element. The guidance of the
spring element 19' in the guide element 15' can be
designed so tight that the spring element
automatically becomes wedged in the guide element.
However, the arms 32, 33 of the spring element 19'
can also be designed so long that they pass through
the guide element and can be secured on the other

side by way of a snap ring.

Figure 13 shows a further embodiment of a guide
element and a spring element comprising a guide
element 15'', which has a groove for receiving the V-
shaped spring element 19''. The spring element can be
clamped in the groove 36 of the guide element 15''
between the groove walls, for example. The spring
element can be slid in the direction of the arrow 37
into the groove 36 at least to the point at which the
arms 38, 39 plunge into the groove of the annular

element 13'', which is represented by the dashed base
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40 of the groove. Since the spring element 19''
automatically becomes wedged in the groove 36 of the
guide element 15'', it is also automatically fixed in
the locked state.

The examples depicted in figures 12 and 13 show that
the locking between the guide element and the annular
element can also be implemented without a deformable
spring element and only by way of a spring element
that can be displaced, rotated or pivoted.

Figure 14 shows a guide element 15''' having a recess
in which a spring element 41 can be moved radially
against a fixed stop 42 of the guide element. The
spring element 41 can be expanded beyond the outer
contour of the annular element 13''' by applying
pressure in the radial direction. In the locked
state, the spring element plunges into the groove of
the annular element 13''' to the base 40 thereof. The
spring 41 protrudes radially from the guide element

15''' on one side for actuation.

Figure 15 shows the assembly of a securing member
comprising, in the following axial order, a cloth
ring 43, a suture ring 44 made of titanium and having
an external flange, a silicone ring, the inner
diameter of which is smaller than that of the
remaining components, for forming a sealing lip 8 and
a further cloth ring 46. The parts can be sutured

and/or bonded to one another.

Figure 16 shows a top view of the suture ring 44

comprising openings 47 in the external flange, which
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are provided for suturing.

Figure 17 shows a guide element comprising an upper
part 41 and a lower part 43, into which two snap-in
spring elements 42 plunge. These spring elements
partially penetrate the circumferential groove of the
annular element 45 and thereby lock the guide element
and the annular element with respect to axial
displacement. The spring elements snap into the
locked position by way of snap-in hooks. The two
snap-in hooks at the spring element are unlocked by
applying pressure onto the two pressure pieces,
thereby releasing the axial lock and permitting the

spring elements to be removed from the groove.

Figure 18 shows an alternative guide element
comprising an upper part 46 and a lower part 48, in
which a spiral spring element 47 is accomodated. This
spring element has recesses at the inner diameter. In
the unloaded state, the spring element has a small
diameter and plunges into the groove of the annular

element 49 to secure it axially and tangentially.

By applying pressure to the points at the spring
element indicated by *, the inner diameter of the
spring element is increased to the extent that the
annular element is axially and tangentially
displaceable once more with respect to the guide

element.

The implementations of the invention that are shown

make it possible to easily and detachably connect a
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hollow cylindrical component 9 at an opening 2 in
tissue of a patient’s body, wherein the connection
can be easily created even in surgical conditions and
is fluid-tight. The hollow cylindrical component is
easily rotated in the opening, optionally together
with further elements secured thereto, such as pumps

or valves.
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Claims

A connection system for detachably affixing a
hollow cylindrical component (9) at a recess (2)
in a part of a patient’s body, comprising an
annular element (13; 13’; 13’'; 13 ’’’) that has
a groove (14) extending azimuthally around the
outer jacket surface thereof, at least in
sections, and comprising a guide element (15;
15'; 15''; 15'''), which can be displaced,
before fixation, in the axial direction (10) of
the hollow cylindrical component (9) with
respect to the annular element, wherein the
guide element (15; 15'; 15'') and the annular
element can be slid into one another at least
partially in the axial direction, and comprising
a spring element (19; 19'; 19''), which is
movably guided in the guide element exclusively
perpendicular to the axial direction (10) in
such a way that, to establish the fixed state,
it plunges at least partially into the groove
(14) of the annular element and therefore
mutually locks the annular element and the guide
element in the axial direction, wherein, in the
connected state of the annular element and the
guide element, one element is connected to the
hollow cylindrical component (9) and the other

element is provided for connection or coupling
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to the edge (3) of the recess (2) directly or by

way of a connecting element (4).

The connection system according to claim 1,
characterized in that the spring element (19';
19'') 1is displaceably guided, non-deformed per

se, in the guide element (15'; 15'').

The connection system according to claim 1 or 2,
characterized in that the spring element (19) is
elastically deformable within the guide element
(15) between a locked state and an unlocked
state in which it does not plunge into the

groove (14) of the annular element (13).

The connection system according to claim 1, 2 or
3, characterized in that the spring element (19)
can be pressed at one side within the guide
element radially with respect to the axial
direction (10) against a fixed stop, thereby

permitting it to expand radially.

The connection system according to claim 1, 2, 3
or 4, characterized in that the spring element
(19) protrudes on only one side beyond the guide
element radially with respect to the axial
direction (10) and can be pressed radially from

this side into the guide element.

The connection system according to claim 1 or
one of the following, characterized in that the

spring element (19) comprises elastically
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resilient components made of a plastic or a
metal, more particularly being made entirely of
such a resilient material and being elastically
expandable radially with respect to the axial

5 direction of the cylindrical element.

7. The connection system according to claim 1 or
one of the following, characterized in that the
spring element (19) is an annularly closed,

10 strand-shaped element.

8. The connection system according to claim 7,
characterized in that the expansion of the
annular spring element (19) is greater in a

15 first direction than in a second direction that

extends transversely to the first direction.

9. The connection system according to claim 7 or 8,
characterized in that the annular spring element
20 (19) can be expanded by pressure directed
radially toward the center of the ring, said
expansion extending transversely to the

direction of the pressure.

25 10. The connection system according to claim 1 or
one of the following, charaéterized in that the
diameter of a circle inscribed in the annular
spring element (19) in the unloaded state is
smaller than the outer diameter of the annular

30 element (13).
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11. The connection system according to claim 1 or
one of the following, characterized in that the
element (13; 13'; 13''; 15; 15'; 15'') that is
connected or connectable to the edge (3) of the

5 recess (2) is connected or connectabnle to a
securing element (4; 4') that is connected

directly to the edge.

12. The connection system according to claim 11,
10 characterized in that the securing element (4)
is a suture ring that can be secured to organic
tissue at the edge (3) of the recess (2) by way

of a sutured connection using thread.

15 13. The connection system according to claim 11 or
12, characterized in that the securing element
(4) comprises a peripheral sealing lip (8) at
which the hollow cylindrical component (9)

extending therethrough seals.

20
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