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DESCRIPTION

RELATED APPLICATION

[0001] This application claims the benefit of and priority of U.S. Provisional Patent Application
Serial No. 61/726,111, filed November 14, 2012.

DESCRIPTION

TECHNICAL FIELD

[0002] The present disclosure generally relates to urinary catheters. More particularly, the
present disclosure relates to urinary catheters having a varying flexibility along their length.

BACKGROUND

[0003] Catheters are used to treat many different types of medical conditions and typically
include an elongated shaft that is inserted into and through a passageway or lumen of the
body. Catheters, and in particular intermittent catheters, are commonly used by those who
suffer from various abnormalities of the urinary system, such as urinary incontinence. With the
advent of intermittent catheters, individuals with urinary system abnormalities can self-insert
and self-remove intermittent catheters several times a day. Such catheters typically include a
shaft that is sufficiently flexible to navigate the curves of the urethra (especially catheters
intended for male users), yet rigid enough to be pushed through the urethra without collapsing
or buckling before an end of the catheter reaches the bladder. Examples of such catheters
may be found in FR2390967A1, GB2372211A, US4,280,500, US2003/069522A1,
EP1839697A1 and EP2106821A1

[0004] The present disclosure provides urinary catheters with improved flexibility/rigidity
characteristics.

SUMMARY

[0005] The invention is defined by the features of claim 1.

[0006] In another aspect falling outside the scope of the invention, a method is provided for
deploying a urinary catheter within a male urethra. The method includes advancing the
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catheter through the urethra so as to position at least portions of relatively rigid proximal first
and distal fifth sections of the catheter in the bladder and penis, respectively. Second, third,
and fourth sections of the catheter are positioned between the penis and the bladder, with the
second and fourth sections being relatively flexible and separated by the relatively rigid third
section.

[0007] In another aspect falling outside the scope of the invention, a method is provided for
manufacturing a urinary catheter. The method includes forming a catheter body by an injection
molding procedure. An outer layer is extruded over at least a portion of the catheter body.

[0008] In yet another aspect falling outside the scope of the invention, a method is provided for
manufacturing a urinary catheter. The method includes forming a tube and covering at least a
portion of the tube with a stencil. A cross-linking operation is performed, thereby cross-linking
only a portion of the tube not covered by the stencil. This portion of the tube is cross-linked by
electro-polymerization or a chemical operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a perspective view of an embodiment of a urinary catheter body or scaffold according
to an aspect of the present disclosure;

Fig. 2 is another perspective view of the urinary catheter body of Fig. 1;
Fig. 3 is yet another perspective view of the urinary catheter body of Fig. 1;
Fig. 4 is a side elevational view of the urinary catheter body of Fig. 1;

Fig. 5 is another side elevational view of the urinary catheter body of Fig. 1, with a proximal
portion thereof shown in both a straight configuration (in broken lines) and in a bent or
deflected configuration (in solid lines);

Fig. 6 illustrates the proximal end of a urinary catheter incorporating a catheter body according
to the present disclosure, initially passing into a urethra;

Fig. 7 illustrates the proximal end of the urinary catheter of Fig. 6 exiting the urethra and
entering into the bladder;

Fig. 8 is a perspective view of an alternative embodiment of a urinary catheter body or scaffold
according to an aspect of the present disclosure;

Fig. 9 is another perspective view of the urinary catheter body of Fig. 8;

Fig. 10 is yet another perspective view of the urinary catheter body of Fig. 8;



DK/EP 2919844 T3

Fig. 11 is a side elevational view of the urinary catheter body of Fig. 8;

Fig. 12 is another side elevational view of the urinary catheter body of Fig. 8, with portions
thereof shown in both a straight configuration (in broken lines) and in a bent or deflected
configuration (in solid lines);

Figs. 13-15 show steps of applying a sleeve or cover or outer layer to a urinary catheter body
according to an aspect of the present disclosure;

Fig. 16 shows an alternative sleeve or cover or outer layer applied to a urinary catheter body
according to an aspect of the present disclosure;

Fig. 17 is a side elevational view of another alternative embodiment of a urinary catheter body
or scaffold according to an aspect of the present disclosure;

Fig. 18 is a side elevational view of the urinary catheter body of Fig. 17, in a stretched or
elongated configuration;

Fig. 19 is a detail view of a portion of the urinary catheter body of Fig. 17;

Fig. 20 illustrates a coil configuration that may be incorporated into a urinary catheter body of
the type shown in Fig. 17;

Fig. 21 illustrates a preferred configuration of a urinary catheter body of the type shown in Fig.
17, configured for use in a male urethra;

Fig. 22 illustrates a male urinary system in which a urinary catheter employing the urinary
catheter body of Fig. 21 may be deployed;

Fig. 23 is a side elevational view of a catheter having selectively cross-linked sections for
varying flexibility along its length;

Fig. 24 is a side elevational view of a catheter having corrugated sections for varying flexibility
along its length;

Fig. 25 is a perspective view of a urinary catheter body or scaffold having a braided,
multifilament construction;

Fig. 26 is a perspective view of another embodiment of a urinary catheter body or scaffold
having a braided, multifilament construction; and

Fig. 27 is a perspective view of yet another embodiment of a urinary catheter body or scaffold
having a braided, multiflament construction.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
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[0010] The embodiments disclosed herein are for the purpose of providing a description of the
present subject matter, and it is understood that the subject matter may be embodied in
various other forms and combinations not shown in detail. Therefore, specific embodiments
and features disclosed herein are not to be interpreted as limiting the subject matter as defined
in the accompanying claims.

[0011] Figs. 1-5 show a urinary catheter body or scaffold or spine 10 onto which a sleeve or
cover or outer layer 12 (described in greater detail below and shown in Figs. 6 and 7) may be
applied to form a urinary catheter 14. The urinary catheter body 10 comprises an elongated,
hollow shaft or tube having a closed proximal insertion end portion 16 and an open distal end
portion 18. The illustrated proximal insertion end portion 16 includes a hemispherical or
otherwise atraumatic tip 20 that is suitable for insertion into and passage through a body lumen
or passageway of the body, such as the urethra, for example. Unless stated to the contrary, the
urinary catheter bodies and urinary catheters described herein may be adapted for either male
or female use.

[0012] The proximal end insertion tip 16 may include draining holes or eyes 22 (Figs. 6 and 7)
for the drainage of bodily fluids therethrough and into an internal conduit or lumen of the
urinary catheter body 10. The distal end portion 18 may include a connecting member 24, such
as a funnel, for fluidly connecting the catheter 14 to a collection container, such as a collection
bag into which urine drains.

[0013] The urinary catheter body 10 of Figs. 1-5 includes a plurality of cuts or slits 26 along its
length that define bending points or bending features. The cuts or slits 26 may be formed by
any of a number of methods, including being formed either during the formation of the body 10
itself (e.g., by a molding process) or being added after the body 10 has been formed (e.g., by
a cutting process). In a preferred embodiment, the body 10 is an injection-molded piece, with
the mold including elements configured to define the various cuts or slits 26 during the molding
process.

[0014] In the illustrated embodiment, each cut or slit 26 comprises the absence of material in a
plane generally perpendicular to a central axis of the body 10. In other embodiments, one or
more of the cuts or slits 26 may be oriented at a non-perpendicular angle with respect to the
axis of the body 10 and/or be substantially non-planar. The size (e.g., the degree to which they
extend toward the axis of the body 10 and/or their extent along the axis of the body 10 and/or
their angular extent along the perimeter of the body 10) and configuration of each cut or slit 26
may vary, but in the illustrated embodiment, each cut or slit 26 extends approximately half way
through the body 10. In one embodiment, the cuts or slits 26 may extend entirely through the
wall of the body 10 to communicate with the internal lumen thereof. In other embodiments, the
cuts or slits 26 may be more shallow, defining grooves that extend only partially through the
thickness of the wall of the body 10, rather than passing entirely through the wall.

[0015] As best shown in Figs. 4 and 5, the body 10 may comprise a plurality of alternating cuts
or slits 26, with each cut or slit being oriented approximately 180° away from the adjacent cuts
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or slits. In other words, the cuts or slits 26 alternate between positions on one side of the body
10 (the upper side of the body 10 in the orientation of Figs. 4 and 5) and the opposite side of
the body 10 (the lower side of the body 10 in the orientation of Figs. 4 and 5). In other
embodiments, adjacent cuts or slits are not necessarily spaced 180° away from each other, but
may be positioned at some other angle with respect to each other (e.g., by being 45° or 90°
apart about the perimeter of the body). It is also within the scope of the present disclosure for
the adjacent cuts or slits to be positioned at the same angular position (i.e., spaced 0° away
from each other about the perimeter of the urinary catheter body). Furthermore, Figs. 1-5
show the several cuts or slits 26 being approximately equally spaced along the length of the
body 10, but it is also within the scope of the present disclosure for the cuts or slits 26 to be
non-uniformly spaced along the length of the body 10.

[0016] Figs. 6 and 7 show the proximal end portion 16 of a urinary catheter 14 incorporating a
catheter body 10 having a plurality of cuts or slits 26. The catheter 14 is sufficiently rigid to be
pushed into (Fig. 6) and through a urethra U without collapsing or buckling. The cuts or slits 26
impart to the catheter 14 sufficient flexibility to follow the curvature of the urethra U (which is
particularly important for male users) until the proximal end portion 16 enters the bladder B
(Fig. 7). For example, as the catheter 14 is advanced further into the urethra U and bends
upwardly (in the orientation of Fig. 7), the cuts or slits 26 on the upper surface of the catheter
body 10 tend to close (or move toward a more closed position) and the cuts or slits 26 on the
lower surface of the catheter body 10 tend to open (or move toward a more open position).
When the proximal end portion 16 has been positioned within the bladder B, urine may enter
the hollow interior of the catheter 14 via a pair of holes or eyes 22 (only one of which is visible
in Figs. 6 and 7) and flow through the body 10 until it exits the connecting member at the distal
end portion.

[0017] The flexibility/rigidity characteristics of a catheter 14 formed using a body 10 having a
plurality of cuts or slits 26 depends upon the configuration and orientation of the various cuts or
slits 26. Thus, it should be understood that the embodiment of Figs. 1-5 is merely exemplary of
one possible configuration of a suitable body, rather than being limiting. In the illustrated
embodiment of Figs. 1-5, the catheter body 10 has different flexibilities in different bending
planes. For example, the catheter body 10 will be generally flexible when bent or deformed in
the direction of the cuts or slits 26 (i.e., in a vertical direction when in the orientation of Figs. 4
and 5), but more rigid in a perpendicular direction (i.e., into or out of the page when in the
orientation of Figs. 4 and 5). In general, the tendency of the cuts or slits 26 to close/open when
bent in a particular direction renders the catheter body 10 flexible in that direction. On the other
hand, it will be more difficult to bend the catheter body 10 in a direction that does not tend to
close or open the cuts or slits 26 (i.e., into and out of the page when in the orientation of Figs.
4 and 5), rendering the catheter body 10 more rigid in that direction. In other embodiments, the
cuts or slits may be configured and oriented so as to impart to the catheter body flexibility in
only one bending direction or the same approximate flexibility in all bending directions.

[0018] Figs. 8-12 show a urinary catheter body or scaffold or spine 28 having a different cut/slit
configuration than the catheter body 10 of Figs. 1-5. By providing the catheter body 28 with a
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different cut/slit configuration, it has a different flexibility/rigidity profile than the catheter body
10 of Figs. 1-5. In particular, the catheter body 28 illustrated in Figs. 8-12 has a plurality of
identical, alternating cuts or slits 30, as in the embodiment of Figs. 1-5, but has at least two
sections 32 and 34 in which adjacent cuts or slits 30 are spaced different distances apart. In a
more proximal section 32, there is a relatively large number of cuts/slits 30, and adjacent cuts
or slits 30 are relatively close together. In contrast, there are fewer cuts/slits 30 which are
relatively far apart in a more distal section 34.

[0019] Similar to the embodiment of Figs. 1-5, the catheter body 28 of Figs. 8-12 is relatively
flexible in a bending direction directly toward or away from the cuts/slits 30 (i.e., in a vertical
direction when in the orientation of Figs. 11 and 12, which tends to open/close the cuts/slits
30), while being more rigid in the perpendicular bending direction (i.e., into or out of the page
when in the orientation of Figs. 11 and 12, because bending the catheter body 28 in that
direction neither opens nor closes the cuts/slits 30). However, by including more cuts or slits 30
and spacing them closer together, the more proximal section 32 of the catheter body 28 of
Figs. 8-12 is more flexible in a bending direction directly toward or away from the cuts/slits 30
than the catheter body 10 of Figs. 1-5 and the more distal section 34 of Figs. 8-12. As for the
more distal section 34, it is more rigid than the catheter body 10 of Figs. 1-5 and the more
proximal section 32 of Figs. 8-12 in that same bending direction, due to having fewer cuts/slits
30 that are spaced farther apart. Such a configuration may be advantageous, in that the more
proximal section 32 (which is advanced into or adjacent to the bladder) is relatively flexible, to
allow it to traverse the curvature of the urethra (particularly the male urethra), while the more
distal section 34 (which is advanced only partly through the urethra) is more rigid, which allows
the catheter 30 to be moved through the urethra without collapsing or buckling. It will be
appreciated that such a configuration allows the catheter to perform like a dual-durometer
catheter without the need for employing different materials or durometer-modification
techniques.

[0020] While the embodiment of Figs. 8-12 is illustrated with two relatively discrete sections 32
and 34, it is within the scope of the present disclosure for the catheter body to have more than
two sections with different flexibility/rigidity sections. For example, the catheter body 28 of Figs.
8-12 may be provided with an intermediate section between the other two sections 32 and 34,
with the intermediate section having a greater flexibility than the more distal section 34 and a
lesser flexibility than the more proximal section 32. In another example, the catheter body may
include alternating flexible and rigid sections, which may be particularly beneficial for male
urinary catheters, as will be described in greater detail below.

[0021] As previously described, the cuts or slits may pass entirely through the tube wall,
thereby defining a fluid pathway between the central lumen or hollow interior of the body and
the region surrounding the catheter body. For this reason, at least a portion of the body is
covered by a sleeve or cover or outer layer to prevent urine from flowing through the cuts or
slits. On the other hand, it may be advantageous for the most proximal cuts or slits to remain
uncovered and act as holes or eyes to drain urine from the bladder into the catheter. Even if
the cuts or slits do not pass entirely through the tube wall, a sleeve or cover or outer layer is
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provided over the catheter body to provide a smooth outer surface for contacting the wall of
the urethra.

[0022] The sleeve or cover or outer layer may be variously configured and applied using any
of a number of suitable methods. For example, Figs. 13-15 show a sleeve or cover or outer
layer 36 comprising a heat-shrinkable material being provided (Fig. 13) and positioned about
at least a portion of the catheter body 38 (Fig. 14). With the outer layer 36 in place, heat is
applied to shrink the outer layer 36 and secure it to the catheter body 38 (Fig. 15). In the
embodiment of Figs. 13-15, the outer layer 36 overlays the most proximal cuts/slits 40 and at
least a portion of the proximal end insertion tip 42. After the outer layer 36 has been applied,
an additional step (e.g., a cutting or punching step) may be carried out to form eyes 44 in the
proximal end insertion tip 42 and corresponding openings through the outer layer 36 (Fig. 15)
or to form openings in the portion of the outer layer 36 overlaying selected cuts/slits 40 (e.g.,
the most proximal cuts/slits 40) to define drainage openings into the catheter 46. It is also
within the scope of the present disclosure for the eyes 44 to be formed prior to application of
the outer layer 36, with openings through the outer layer 36 subsequently formed to provide
access to the eyes 44.

[0023] Fig. 16 shows an alternative sleeve or cover or outer layer 48, which is applied to a
catheter body 50 using an extrusion process. If the outer layer 48 is extruded so as to cover all
or a portion of the proximal insertion end portion 52 of the body 50, including the cuts/slits 54,
an additional step (e.g., a cutting or punching step) may be carried out to form openings in the
portion of the outer layer 48 overlaying selected cuts/slits 54 (as shown in Fig 16) or to form
eyes and corresponding openings through the outer layer 48.

[0024] Regardless of how the sleeve or cover or outer layer is applied to the catheter body, it
may be preferred for it to be hydrophilic or have hydrophilic properties such that, when wetted
or hydrated, it becomes lubricious for ease of passage through the urethra. In other
embodiments, the sleeve or cover or outer layer may be formed of a material that is
compatible with lubricants, thereby allowing a lubricant to be applied to the catheter to provide
a lubricious surface. As will be described in greater detail herein, the sleeve or cover or outer
layer may be configured to contribute to the varying flexibility of the urinary catheter along its
length.

[0025] In addition to the use of a plurality of cuts or slits, there are other ways of imparting
varying flexibility to a urinary catheter body or scaffold or spine. For example, Figs. 17 and 18
show a urinary catheter body 56 comprising a hollow tube (formed by injection molding or
extrusion or any other suitable method) with a helical or spiral cut or slit 58 through its tubular
wall that effectively defines a coiled ribbon having a plurality of turns 60. Fig. 18 shows how the
spiral cut 58 allows the catheter body 56 to be elongated, but it will be appreciated that the
spiral cut 58 also imparts flexibility to the catheter body 56 to allow it to traverse a urethra.

[0026] As shown in Figs. 17 and 18, the pitch of the spiral cut 58 may vary along the length of
the catheter body 56, thereby imparting a varying flexibility to the catheter body 56. Fig. 17
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shows the catheter body 56 divided into five sections, each having a different flexibility than the
adjacent section(s). A first distal end section 62, which may include a funnel or connecting
member (not illustrated), omits a spiral cut, rendering it substantially rigid. A second section 64,
positioned adjacent to and proximally of the distal end section 62, includes the spiral cut 58.
The spiral cut 58 renders the second section 64 more flexible than the distal end section 62,
but has a relatively large pitch to impart the second section 64 with a degree of rigidity.
Preferably, the second section 64 is sufficiently flexible to traverse a portion of the urethra, but
sufficiently rigid to be pushed through the urethra without collapsing or buckling.

[0027] Proximal of the second section 64 are a third section 66 and a fourth section 68, with
the third section 66 being positioned between the second and fourth sections 64 and 68. The
same spiral cut 58 from the second section 64 of the catheter body 56 continues in the third
and fourth sections 66 and 68, but has a smaller pitch in the third and fourth sections 66 and
68. In the illustrated embodiment, the pitch of the spiral cut 58 is smaller in the third section 66
than in the second section 64, and smaller in the fourth section 68 than in the third section 66.
A smaller pitch results in a greater flexibility, meaning that the urinary catheter body 56 is more
flexible in the third section 66 than in the second section 64, and most flexible in the fourth
section 68. Beyond the fourth section 68 is a fifth or proximal end section 70, which may
include a pair of holes or eyes 72 but omits the spiral cut 58, rendering it substantially rigid,
similar to the distal end section 62. While Fig. 17 shows the catheter body 56 as having a
single, continuous spiral cut 58, it is within the scope of the present disclosure for the catheter
body 56 to instead include a plurality of spiral cuts, such as discrete spiral cuts for each of the
second, third, and fourth sections 64, 66, and 68.

[0028] As in the embodiments discussed previously, an outer layer or sleeve or cover is
applied to the urinary catheter body 56 of Figs. 17 and 18 using any of a number of suitable of
methods (including heat-shrinking or extrusion). may be advantageous to treat or configure the
turns 60 of the spiral cut catheter body 56 to prevent cutting or pinching the outer layer when
the catheter is flexed away from a straight configuration. According to one method, one or
more of the turns 60 may be provided with a chamfered or beveled or rounded edge 74 (Fig.
19) to decrease the risk of adjacent edges damaging the outer layer if the adjacent edges
contact each other during use. It may be preferred for both edges defined by the spiral cut 58
to be chamfered or beveled or rounded along the entire length of the spiral cut 58 to decrease
the risk of the edges of the turns 60 damaging the outer layer during use.

[0029] Fig. 20 illustrates a variation of the catheter body design of Figs. 17-19. In the
embodiment of Fig. 20, rather than employing a spiral cut, at least a portion of the catheter
body is defined by a coiled filament 76 having a plurality of loops or turns or coils 78. As in the
embodiment of Figs. 17-19, the loops 78 may be provided with a varying pitch to vary the
flexibility of the catheter body along its length. Similar to the embodiment of Figs. 17-19, a
catheter body may be provided with only selected portions defined by a coiled filament 76, with
other sections defined by a relatively rigid, uncut, uncoiled tubular portion. Alternatively,
sections including a coiled filament 76 may be made more rigid by providing joinder means 80
to seal or join adjacent loops 78 together and prevent them from separating from each other.
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The joinder means 80 may be variously provided, such as being provided as a clip or an
adhesive or a weld or any other suitable means for preventing loop separation and limiting
flexibility. According to one method, a filament is wrapped around a mandrel to define a coil
shape, with the mandrel then being heated to seal selected coils together.

[0030] The flexibility profile of the urinary catheter body 56 of Figs. 17 and 18 is merely
exemplary, and it should be understood that other flexibility profiles may be practiced without
departing from the scope of the present disclosure. For example, Fig. 21 shows a urinary
catheter body 82 having a flexibility profile that is especially well-suited for use in a male
urethra U (Fig. 22). As shown in Fig. 22, the male urethra U defines a tortuous pathway, with a
relatively sharp turn in the transition region R between the penis P and the portion S of the
urethra U beneath the prostate Q. The urethra U defines another relatively sharp turn in the
transition region T between the portion S beneath the prostate Q and the bladder B. Besides
these two transition regions, the other portions of the urethra U are relatively straight or linear
(i.e., the portion V of the urethra U defined by the penis P, the portion S of the urethra U
beneath the prostrate Q, and the portion W immediately outside of the bladder B).

[0031] The catheter body 82 of Fig. 21 is provided with five sections that correspond generally
to the aforementioned transition regions and portions of the urethra U. In particular, the
illustrated catheter body 82 includes a proximal first section 84, a second section 86 adjacent
to and distal of the first section 84, a third section 88 adjacent to and distal of the second
section 86, a fourth section 90 adjacent to and distal of the third section 88, and a distal fifth
section 92 adjacent to and distal of the fourth section 90. The sections alternate between
relatively rigid sections (the first, third, and fifth sections 84, 88, and 92) and relatively flexible
sections (the second and fourth sections 86 and 90). While Fig. 21 shows the catheter body 82
as having spiral cuts 94 in the relatively flexible second and fourth sections 86 and 90, it should
be understood that any other methods of imparting varying flexibility to a section of a catheter
or a catheter body may alternatively be employed. Preferably, one of the methods described
herein (e.g., the cuts or slits of Figs. 1-16 or the coils of Fig. 20) is used to provide the
illustrated flexibility profile.

[0032] When a urinary catheter incorporating the alternating flexibility profile of Fig. 21 is
properly positioned within the urethra U, the relatively rigid sections are configured to be
positioned in the less curved or the generally straight or linear portions of the urethra U. In
particular, the relatively rigid proximal first section 84 of the catheter or catheter body 82 is
configured to be at least partially positioned within the bladder B and the portion W of the
urethra U leading into the bladder B when the catheter has been properly inserted. The
relatively rigid third section 88 of the catheter or catheter body 82 is configured to be at least
partially positioned within the portion S of the urethra U that is beneath the prostate Q when
the catheter has been properly inserted. The relatively rigid distal fifth section 92 of the
catheter or catheter body 82 is configured to be at least partially positioned within the portion V
of the urethra U defined by the penis P.

[0033] In the illustrated embodiment, the relatively rigid sections are illustrated as being
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substantially free of any flexibility-enhancing feature (e.g., a spiral cut), but it is within the scope
of the present disclosure to provide one or more of the relatively rigid sections with flexibility-
enhancing features. However, it may be preferred for the relatively rigid sections to be less
flexible than the relatively flexible sections 86 and 90 even when they include flexibility-
enhancing features to ensure that the catheter has sufficient column strength to be
maneuvered through the urethra U without collapsing or buckling.

[0034] When a urinary catheter incorporating the alternating flexibility profile of Fig. 21 is
properly positioned within the urethra U, the relatively flexible sections 86 and 90 are
configured to be positioned in the more curved portions of the urethra U. In particular, the
relatively flexible second section 86 of the catheter or catheter body 82 is configured to be at
least partially positioned in the transition region T between the between the portion S of the
urethra U beneath the prostate Q and portion W leading into the bladder B when the catheter
has been properly inserted. It may be advantageous for the second section 86 to extend
partially into one or both of these portions S and W of the urethra U to ensure that the catheter
successfully traverses the curved transition region T. The relatively flexible fourth section 90 of
the catheter or catheter body 82 is configured to be at least partially positioned in the transition
region R between the portion V of the urethra U defined by the penis P and the portion S of the
urethra U beneath the prostate Q when the catheter has been properly inserted. It may be
advantageous for the fourth section 90 to extend partially into one or both of these portions S
and V of the urethra U to ensure that the catheter successfully traverses the curved transition
region R.

[0035] Either of the relatively flexible sections 86 and 90 of the catheter or catheter body 82
may have a substantially uniform flexibility (as in the second section 86 of Fig. 21) or a varying
flexibility (as in the fourth section 90 of Fig. 21). Furthermore, the lengths of the relatively
flexible sections (as well as the relatively rigid sections) of the catheter or catheter body may
vary, and it should be understood that the lengths of the sections illustrated in Fig. 21 are not
necessarily to scale.

[0036] While various techniques are separately described for imparting varying flexibility along
the length of a urinary catheter or catheter body, it is also within the scope of the present
disclosure for the various techniques to be combined in a single catheter or catheter body. For
example, one portion of a catheter body may include a plurality of cuts or slits of the type
described above in reference to the embodiments of Figs. 1-16, while another portion of the
same catheter body may include a spiral cut of the type described above in reference to the
embodiments of Figs. 17 and 18.

[0037] According to another aspect of the present disclosure, which may be used alone or in
combination with the methods and apparatus described previously, the outer layer or sleeve or
cover or tube may be configured to impart a varying flexibility to the urinary catheter. In one
specific example, at least a portion of the outer layer or tube may be cross-linkable, such that
cross linking may be carried out in one portion of the outer layer and not in another (or to a
lesser extent in another area), such that the cross-linked portion is more rigid than the other
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portion. If used in combination with catheter bodies of the type described herein, a partially
cross-linked outer layer or tube may supplement the rigidity/flexibility of the catheter in selected
locations. For example, Fig. 23 shows a completed catheter 96 comprising an outer layer or
tube 98 applied to a catheter body of the type shown in Fig. 21. The outer layer or tube 98 may
comprise five sections 100, 102, 104, 106, and 108, with each section corresponding to one of
the sections of the underlying catheter body. In this case, the sections 100, 104, and 108 of the
outer layer or tube 98 correspond to the first, third, and fifth sections 84, 88, and 92 of the
catheter body 82 (respectively), and may be provided with cross-links to further increase the
rigidity of those sections. The sections 102 and 106 of the outer layer or tube 98 correspond to
the second and fourth sections 86 and 90 of the catheter body 82 (respectively), and may be
substantially free of cross-linking (or at least be cross-linked to a lesser extent than the
sections 100, 104, and 108 of the outer layer or tube 98 corresponding to the first, third, and
fifth sections 84, 88, and 92 of the catheter body 82) to retain the flexibility of those sections.
The same pattern (i.e., alternating cross-linked and non- or lesser-cross-linked sections) may
alternatively be employed with other catheter bodies or inner layers (e.g., ones having a
relatively uniform flexibility along their length) to create a urinary catheter having a relatively
rigid proximal first section, a relatively flexible second section adjacent to and distal of the first
section, a relatively rigid third section adjacent to and distal of the second section, a relatively
flexible fourth section adjacent to and distal of the third section, and a relatively rigid distal fifth
section adjacent to and distal of the fourth section. Other flexibility profiles (e.g., profiles in
which flexibility increases from one end of the catheter to the other) may also be imparted to
catheters by outer layers or tubes according to this aspect of the present disclosure.

[0038] Various methods may be employed to impart different amounts of cross-links to the
different sections of the outer layer or tube. For example, the outer layer or tube may be made
of a relatively homogeneous, cross-linkable polymer material. In one embodiment, the cross-
linkable polymer material may comprise a mixture of one or more of the following materials:
polyamides, polyvinyl alcohol, polyvinyl chloride, poly(e-caprolactone) with
polymethylvinylsiloxane, poly(ethylene-co-(vinylacetate)) with dicumylperoxide, poly(L-lactide)
and poly(glycolide-co-(e-caprolactone))-segments, multiblock copolyesters from poly(e-
caprolactone) and PEG and chain extender based on cinnamic acid groups, poly(e-
caprolactone) dimethacrylate and n-butyl acrylate, oligo(e-caprolactone) diols, oligo (p-
dioxanone) diols and diisocyanate, linear density polyethylene, linear low density polyethylene
and high density polyethylene. In other embodiments, other cross-linkable materials may be
used to form the outer layer or tube.

[0039] After the catheter has been formed, a stencil or mask could be applied over the
catheter to overlay selected sections of the outer layer or tube. With the stencil or mask in
place, a cross-linking step or operation (e.g., electro-polymerization or exposure to ultraviolet
light or radiation or a chemical cross-linking operation) may be carried out, with the stencil or
mask being positioned between a cross-linking agent and the aforementioned selected
sections of the outer layer or tube. In the uncovered sections, the cross-linking agent interacts
with the material of the outer layer or tube to cross-link the material. In the covered sections,
the cross-linking agent is prevented from interacting with the material of the outer layer or tube,
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thereby preventing cross-linking of the material in the sections of the outer layer or tube that
are covered by the stencil or mask. The stencil or mask may be moved along the length of the
outer layer or tube or be removed during the cross-linking operation to further vary the extent
of cross-linking along the length of the catheter.

[0040] As noted, the outer layers or tubes and cross-linking techniques described herein may
be used with catheter bodies according to the present disclosure or may be practiced
separately. For example, a selectively cross-linked outer layer or tube may be used in
combination with an extruded inner layer or member or an inner layer or member that is
formed using a method other than molding. In another example, a tube having cross-linking in
selected regions may be provided on its own to comprise a catheter body, with no additional
inner layer or scaffold.

[0041] Fig. 24 illustrates an example of another urinary catheter body 110 having a varying
flexibility along its length, according to an aspect of the present disclosure. The urinary
catheter body 110 comprises a hollow tube (formed by injection molding or extrusion or any
other suitable method) with at least one corrugated section and at least one non-corrugated
section. In comparison to the non-corrugated section, the corrugated section is relatively
flexible, thereby imparting a varying flexibility along the length of the catheter body.

[0042] In the illustrated embodiment, the urinary catheter body 110 has three non-corrugated
sections 112, 116, and 120 and two corrugated sections 114 and 118, with each corrugated
section positioned between two of the non-corrugated sections. A first distal end section 112,
which may include a funnel or connecting member (not illustrated), has a generally uniform
outer diameter or is otherwise non-corrugated, rendering it more rigid than the corrugated
sections. A second section 114, positioned adjacent to and proximally of the distal end section
112, is corrugated, with a varying outer diameter that renders the second section 114 more
flexible than the distal end section 112. Preferably, the second section 114 is sufficiently flexible
to traverse a portion of the urethra, but sufficiently rigid to be pushed through the urethra
without collapsing or buckling.

[0043] Proximal of the second section 114 are a third section 116 and a fourth section 118,
with the third section 116 being positioned between the second and fourth sections 114 and
118. The same or a different corrugation profile from the second section 114 of the catheter
body 110 is provided in the fourth section 118, with the third section 116 being non-corrugated,
rendering it more rigid than the second and fourth sections 114 and 118 to which it is adjacent.
If the second and fourth sections 114 and 118 having the same corrugation profiles, they will
have substantially similar flexibilities, whereas they will have different flexibilities if their
corrugation profiles are different. Beyond the fourth section 118 is a fifth or proximal end
section 120, which may include a pair of holes or eyes 122 but is non-corrugated, rendering it
more rigid than the corrugated sections, similar to the distal end section 112 and the third
section 116.

[0044] When a urinary catheter incorporating the alternating flexibility profile of Fig. 24 is



DK/EP 2919844 T3

properly positioned within the urethra U (Fig. 22), the relatively rigid sections are configured to
be positioned in the less curved or the generally straight or linear portions of the urethra U. In
particular, the relatively rigid proximal section 120 of the catheter or catheter body 110 is
configured to be at least partially positioned within the bladder B and the portion W of the
urethra U leading into the bladder B when the catheter has been properly inserted. The
relatively rigid third section 116 of the catheter or catheter body 110 is configured to be at least
partially positioned within the portion S of the urethra U that is beneath the prostate Q when
the catheter has been properly inserted. The relatively rigid distal first section 112 of the
catheter or catheter body 110 is configured to be at least partially positioned within the portion
V of the urethra U defined by the penis P.

[0045] When a urinary catheter incorporating the alternating flexibility profile of Fig. 24 is
properly positioned within the urethra U, the relatively flexible sections 114 and 118 are
configured to be positioned in the more curved portions of the urethra U. In particular, the
relatively flexible fourth section 118 of the catheter or catheter body 110 is configured to be at
least partially positioned in the transition region T between the between the portion S of the
urethra U beneath the prostate Q and portion W leading into the bladder B when the catheter
has been properly inserted. It may be advantageous for the fourth section 118 to extend
partially into one or both of these portions S and W of the urethra U to ensure that the catheter
successfully traverses the curved transition region T. The relatively flexible second section 114
of the catheter or catheter body 110 is configured to be at least partially positioned in the
transition region R between the portion V of the urethra U defined by the penis P and the
portion S of the urethra U beneath the prostate Q when the catheter has been properly
inserted. It may be advantageous for the second section 114 to extend partially into one or
both of these portions S and V of the urethra U to ensure that the catheter successfully
traverses the curved transition region R.

[0046] While the illustrated embodiment of the urinary catheter body 110 may be preferred,
different configurations of the urinary catheter body 110 (e.g., having different numbers of
corrugated and non-corrugated sections or having sections with different lengths than those
illustrated in Fig. 24) may also be employed without departing from the scope of the present
disclosure. In one variation, an individual corrugated section has a varying corrugation profile,
thereby imparting a varying flexibility to that section. In yet another variation, the entirety of the
urinary catheter body is corrugated, with a varying corrugation profile to impart a varying
flexibility along the length of the urinary catheter body.

[0047] As in the embodiments discussed previously, an outer layer or sleeve or cover is
applied to the urinary catheter body 110 of Fig. 24 using any of a number of suitable of
methods (including heat-shrinking or extrusion). While the outer diameter of the urinary
catheter body 110 varies in the corrugated sections, with at least a portion of the corrugated
sections having a different outer diameter than the outer diameter of the non-corrugated
sections, it may be preferred for the outer layer or sleeve or cover to have a uniform outer
diameter when applied.
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[0048] According to another aspect of the present disclosure, a urinary catheter body may be
defined by a multiflament braid or weave or mesh to impart to it a varying flexibility along its
length. The braid or weave or mesh may be formed according to any suitable method. Figs.
25-27 illustrate three embodiments of urinary catheter bodies 124a, 124b, and 124c defined by
a multifilament braid or weave or mesh. In each embodiment, the urinary catheter body 124a,
124b, 124c has a first section 126a, 126b, 126¢c and a second section 128a, 128b, 128c,
respectively. In each embodiment, the first and second sections are defined by a braid or
weave or mesh, with the pattern density (e.g., braids per unit length) differing between the two
sections. The flexibility of a braided or woven or mesh section depends, at least in part, upon
the pattern density, with a more dense pattern being more rigid than a less dense pattern. In
the illustrated embodiments, the first section 126a, 126b, 126¢ has a lower pattern density than
the accompanying second section 128a, 128b, 128c¢, such that the first section is more flexible
than the second section. By providing two different pattern densities, it will be seen that the
flexibility of the urinary catheter body 124a, 124b, 124c varies along its length.

[0049] In the illustrated embodiment, each urinary catheter body 124a, 124b, 124¢ has only
two braided or woven or mesh section, but other profiles are also within the scope of the
present disclosure. For example, in a preferred embodiment, a urinary catheter body has five
braided or woven or mesh sections, with three relatively rigid sections (i.e., sections having a
relatively dense pattern) and two relatively flexible sections (i.e., sections with a relatively low
pattern density). The relatively rigid and flexible sections alternate, with relatively rigid end
sections, a relatively rigid midsection, and a relatively flexible section separating the midsection
from each of the end sections. By such a configuration, the different sections of a urinary
catheter formed with such a body will be positioned within the urethra as described above with
respect to the five alternating-flexibility sections of the urinary catheter body 110 of Fig. 24 (i.e.,
with the more rigid sections in more linear portions of the urethra and the more flexible
sections in more sharply curved portions of the urethra).

[0050] In the illustrated embodiment, each of the two sections has a generally uniform pattern
density, such that the entire section has a generally uniform flexibility. In other embodiments, it
is within the scope of the present disclosure for an individual braided or woven or mesh section
to have a varying pattern density, such that the section itself has a varying flexibility. It is also
within the scope of the present disclosure to provide a urinary catheter body having only one
braided or woven or mesh section, which may define all or a portion of the length of the body.
The material composition of the filaments of the braid or weave or mesh may also vary without
departing from the scope of the present disclosure. By way of example, the filaments may be
formed using polypropylene or PVC or polyurethane or another polymeric material. Other
suitable materials may also be employed without departing from the scope of the present
disclosure.

[0051] As in the embodiments discussed previously, an outer layer or sleeve or cover may be
applied to the urinary catheter bodies 124a, 124b, and 124c of Figs.25-27 using any of a
number of suitable of methods (including heat-shrinking or extrusion).
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[0052] As already described, it should be understood that the above flexibility varying
techniques are not exclusive of one another, and any two or more of the above flexibility
varying techniques may be employed in combination without departing from the scope of the
present disclosure.

[0053] It will be understood that the embodiments described above are illustrative of some of
the applications of the principles of the present subject matter. Numerous modifications may be
made by those skilled in the art without departing from the scope of the claimed subject matter,
including those combinations of features that are individually disclosed or claimed herein. For
these reasons, the scope hereof is not limited to the above description but is as set forth in the
following claims, and it is understood that claims may be directed to the features hereof,
including as combinations of features that are individually disclosed or claimed herein.
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Patentkrav
1. Urinkateter (14, 46, 96) til maend, hvilket urinkateter omfatter:
en kateterkrop (10, 28, 38, 50, 56, 82, 110, 124a, 124b, 124c) og et yderlag (12, 48, 98),
0og som definerer
et proksimalt fgrste afsnit (70, 84, 100, 120);
et andet afsnit (68, 86, 102, 118), der er nabostillet til og distalt fra det proksimale
afsnit (70, 84, 100, 120);
et tredje afsnit (66, 88, 104, 116), der er nabostillet til og distalt fra det andet afsnit
(68, 86, 102, 118);
et fierde afsnit (64, 90, 106, 114), der er nabostillet til og distalt fra det tredje afsnit
(66, 88, 104, 116); og
et distalt femte afsnit (62, 92, 108, 112), der er nabostillet til og distalt fra det fjerde
afsnit (64, 90, 106, 114), hvor
det ferste afsnit (70, 84, 100, 120), det tredje afsnit (66, 88, 104, 116) og det femte
afsnit (62, 92, 108, 112) er relativt stive,
det andet og det fierde afsnit (68, 86, 102, 118, 64, 90, 106, 114) er relativt fleksible,
0g
yderlaget (12, 48, 98) er pafert med henblik pa at tildaskke kateterkroppen (10, 28,
38, 50, 56, 82, 110, 124a, 124b, 124c) i mindst en del af afsnittene.

2. Urinkateter ifelge krav 1, hvor kateterkroppen indbefatter en spiraludskeering (58) i
mindst ét af det andet og det fjerde afsnit (68, 64).

3. Urinkateter ifalge krav 1, hvor kateterkroppen indbefatter en spiraludskaering (58) i det
andet og det fjerde afsnit (68, 64).

4. Urinkateter ifelge et hvilket som helst af kravene 2-3, der endvidere omfatter en

affasning (74) langs mindst en del af spiraludskaeringen (58).

5. Urinkateter ifelge krav 1, hvor kateterkroppen indbefatter et snoet filament (76) i mindst
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ét af det andet og det fjerde afsnit (86, 90).

6. Urinkateter ifslge krav 1, hvor kateterkroppen indbefatter et snoet filament (76) i det
andet og det fjerde afsnit (86, 90).

7. Urinkateter (14, 46) ifelge krav 1, hvor kateterkroppen indbefatter mindst én generelt
plan udskeering (26, 30, 40, 54), der definerer et bgjningspunkt i mindst ét af det andet

og det fjerde afsnit.

8. Urinkateter (14, 46) ifelge krav 1, hvor kateterkroppen indbefatter mindst én generelt
plan udskeering (26, 30, 40, 54) i hvert af det andet og det fierde afsnit.

9. Urinkateter ifelge krav 1, hvor kateterkroppen er balget i mindst ét af det andet og det
fierde afsnit (118, 114).

10. Urinkateter ifglge krav 1, hvor kateterkroppen er balget i det andet og det fijerde afsnit
(118, 114).

11. Urinkateter ifelge krav 1, hvor kateterkroppen er defineret af multifilamentsfletvaerk
eller vaevninger eller net, idet kateterkroppen har en lavere meanstertaethed i det andet og

det fierde afsnit end i det farste, det tredje og det femte afsnit.

12. Urinkateter (14, 46, 96) ifglge et hvilket som helst af kravene 1-11, hvor fleksibiliteten
af mindst ét af det andet og det fjerde afsnit (68, 86, 102, 118, 64, 90, 106, 114) er i det

veesentlige ensartet i laangderetningen af det pagaeldende afsnit.
13. Urinkateter (14, 46, 96) ifglge et hvilket som helst af kravene 1-11, hvor fleksibiliteten
af mindst ét af det andet og det fjerde afsnit (68, 86, 102, 118, 64, 90, 106, 114) varierer

i leengderetningen af det pageeldende afsnit.

14. Urinkateter (14, 46, 96) ifelge et hvilket som helst af kravene 1-13, hvor afsnittene
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mindst delvist er defineret af yderlaget (98), herunder tveerbinding i det farste, det tredje
og det femte afsnit (100, 104, 108).

15. Urinkateter (14, 46, 96) ifelge et hvilket som helst af kravene 1-13, der endvidere
omfatter, at yderlaget (12, 48, 98) er ekstruderet.
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