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not engaged and a locked position where the en-
gagement element and the counter element are
engaged, the collar is tightened on the base and
the elongate flexible element is clamped between
the mating surface portions of the base and the
collar.
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LOCKING CATHETER HUB

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority under 35 U.S.C. §119 to U.S. Provisional
Application Serial No. 61/550,167, filed October 21, 2011 and to U.S. Provisional
Application Serial No. 61/602,952 filed February 24, 2012, the entirety of which are

incorporated herein by reference.

FIELD OF THE INVENTION

This disclosure relates generally to catheters and more particularly to drainage
catheters.

BACKGROUND

Typically, drainage catheters are tubular, flexible conduits percutaneously
inserted into a fluid collection within the viscera. Common applications of drainage
catheters include abscess, biliary, and nephrostomy drainage resulting from the body’s
temporary inability to naturally drain these fluid collections. A drainage catheter may
be introduced over a stiffening cannula using either a direct trocar stick or a Seldinger
technique, over a guidewire.

To inhibit catheter movement, a pigtail loop or other retention structure is
often formed at the catheter’s distal end. The loop, once formed, engages surrounding
tissue, such as the inner walls of a lumen or organ, preventing the catheter from
displacing due to accidental tugging or pulling.

Some catheters include a pre-formed pigtail loop at their distal end. Before
placing this catheter in the body, a rigid wire is inserted to straighten out the loop.
Once placed, the rigid wire is removed. Alternatively, the pigtail loop may be formed
after the instrument is inserted at the desired location. In such catheters, a suture,
fixed to the catheter’s distal end, extends along the catheter’s length, and exits from
its proximal end. By drawing the suture proximally, the distal tip of the catheter is
forced to curl into a pigtail formation. A proximal suture portion is then secured to
hold it in place and retain the loop shape at the distal end of the catheter.

Many such lockable pigtail loop catheters are available today. Some lockable
catheters include a locking mechanism that requires a separate unlocking tool. If the

unlocking tool is misplaced, it may be difficult to release such sutures and disengage
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the catheters. Other lockable catheters do not require external unlocking tools,
rendering them susceptible to being inadvertently unlocked.
Therefore, there remains room for improvement and/or alternatives in providing

tamper-resistant structures for drainage catheters.

SUMMARY

Embodiments of the present disclosure pertain to drainage catheters, as well as
related components, systems and methods. Some embodiments provide for
alternative structures, methods of making, and methods of using drainage catheters.
In many instances, it may be desirable to fix drainage catheters within a patient’s
body to drain fluid. Pigtail loops or other retention structures such as malecot
clements may be formed at the distal end of these catheters to prevent displacement.
Some embodiments of the present disclosure introduce a novel locking hub to secure
a suture thread or the like for holding the pigtail loop in place. The locking hub may
have a simple construction and is easy use.

In some embodiments, the drainage catheter includes an clongate body
member, an elongate flexible member, and a hub coupled to the clongate body
member. The elongate body member includes a central lumen, and at least a portion
of the elongate body member is placed within a patient. The elongate flexible
member is operably coupled to the elongate body member and it extends through the
lumen of the elongate body member. The hub further includes a base and a collar.
The base has a central lumen, an outer surface, and a side lumen extending from the
central lumen to an opening in the outer surface. The outer surface of the base further
includes a screw thread and a mating surface portion. The collar has a central lumen,
an inner surface, and an outer surface. A screw thread is disposed on the inner surface
and configured to mate with the screw thread of the base. The collar’s inner surface
further includes a mating surface portion. The mating surfaces of the base and the
collar may have mismatched profiles and they may be configured such that when the
collar is tightened on the hub using the corresponding screw threads, the mating
surfaces are forced together to lock the collar to the base. The collar may also include
a side lumen extending between the inner surface and the outer surface. The elongate
flexible member may extend through the base side lumen and the collar side lumen.

In some embodiments, the hub further includes a soft outer jacket slidable

over the base and the collar. The outer jacket may have a cavity for receiving the base
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and the collar through a proximal opening. In one embodiment, the soft outer jacket
further comprises a distal portion that tapers and extends distally beyond the distal
ends of the base and the collar.

In some embodiments, the base mating surface includes a tapered surface that
tapers at a first angle and the collar mating surface includes a tapered surface that
tapers at a second angle. The first and second angles are different, and in some
embodiments, the second angle is greater than the first.

In some embodiments, the base mating surface is distal of the screw thread
disposed on the base outer surface and the collar mating surface is distal of the screw
thread disposed on the collar inner surface. Moreover, the collar mating surface may
be proximal the collar side lumen.

In some embodiments, the elongate flexible member has a first end fixed to
the hub, a second end portion extending through the base side lumen and the collar
side lumen, and a middle portion distal of the first end and the second end portion that
is operably connected to the distal portion of the elongate body member.

In some embodiments, relative proximal movement of the elongate flexible
member and the hub causes the distal portion of the clongate body member to change
shape. For example, the proximal movement of the elongate flexible member and the
hub may cause the distal portion of the elongate body member to form a loop such as
a pigtail loop or the like.

In some embodiments, tightening of the collar to the base reduces and/or
prevents relative movement between the elongate flexible member and the hub. To
this end, a portion of the elongate flexible member is fixed between the collar and the
base.

In some embodiments, a resilient seal is disposed in the base side lumen. The
resilient seal, which substantially prevents fluid flow through the side lumen, may be
composed of silicone.

In some embodiments, a locking member is included between the base and the
collar. The locking member may be a spring and may fixed to one of the base and
collar or may be trapped between the base and the collar. The locking member may,
for example, be placed in a slit provided for the purpose in the base. A locking cavity
may be provided in the collar to receive a portion of the locking member when the
collar is locked to the base to provide further positive retention of the collar on the

base. The locking member may be released from its position within the locking
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cavity to allow the collar to release from the base. This release may be effected by
pressing down on the locking member to move it from the locking cavity. A second
locking cavity in the collar may be provided to retain the collar and base in relative
position prior to the collar being tightened on the base. The locking member may be
retained between the collar and the base in a partially compressed position even when
the collar is not locked to the base. This may help prevent the collar from shifting
with respect to the base.

The present disclosure further describes methods for locking a catheter in a
patient. In some embodiments, the method includes the steps of providing a drainage
catheter, and inserting at least a portion of the drainage catheter into the patient. The
method may further include pulling an elongate flexible member proximally through
side lumens in the base and the collar to form a loop such as a pigtail loop in a distal
portion of the elongate body member, and locking the collar to the base and thereby
temporarily or permanently fixing a portion of the elongate flexible member between
the collar and the base. The method may further include the step of pulling a jacket
proximally over the collar and the base to cover the collar and a distal portion of the
base.

The foregoing and other objects, aspects, features, and advantages of the present
disclosure will become apparent from the following description, the drawings, and

from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part
of this specification, illustrate exemplary embodiments of the present disclosure and
together with the description, serve to explain the principles of the disclosure.

FIG. 1A is an illustrative diagram of a drainage catheter according to one
embodiment of the present disclosure.

FIG. 1B is a cross-sectional view of an exemplary collar according to one
embodiment of the present disclosure.

FIG. 2A is an illustrative diagram of the drainage catheter disposed within a
patient in an unlocked position according to one embodiment of the present
disclosure.

FIG. 2B is an illustrative diagram of the drainage catheter disposed within a

patient in a locked position according to one embodiment of the present disclosure.
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FIG. 3 illustrates components of a drainage catheter hub in a locked position.

FIG. 4 is an exploded view of drainage catheter hub components.

FIG. 5 is an illustrative diagram of a hub assembly of the drainage catheter
according to one embodiment of the present disclosure.

FIG. 6 is an illustrative diagram of the hub assembly of FIG. 4 with a jacket
according to one embodiment of the present disclosure.

FIG. 7 is an exploded view of drainage catheter hub components.

FIG. 8 is a cross sectional view of the drainage catheter hub of FIG. 7 in a
locked position.

FIG. 9 is a view of the drainage catheter hub components of FIG. 7

DESCRIPTION OF SELECTED EMBODIMENTS
Reference will now be made in detail to some example embodiments of the
present disclosure, an example of which is illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the drawings
to refer to the same or like parts.
For purposes of this disclosure, “proximal” refers to the end closer to the
device operator during use, and “distal” refers to the end further from the device

operator during use.

Overview

Embodiments of the present disclosure introduce drainage catheters used to
drain viscera such as the kidneys, bladder, abdominal cavity, stomach, and biliary
system. These catheters may include a retention element such as a pigtail loop with a
novel suture-locking hub. The locking hub minimizes tampering risks by providing a
retention system, which is difficult to inadvertently open, yet does not require any
additional unlocking tools. The locking hub may include a base attached to the
proximal end of the catheter. A flexible member such as a suture may be connected
to the distal end of the elongate member and may extend through the elongate
member towards the hub. In the hub, the suture may exit from a small opening in the
base. Proximally pulling the suture thread may actuate the retention element forming
the pigtail loop. A collar may cover the base, retaining the suture between the collar's
inner surface and the base’s outer surface. A screw-fit lock including a screw

threading on the outer surface of the base may engage a corresponding screw thread
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on the inner surface of the collar to lock the base and the collar. The base’s outer
surface and the collar’s inner surface may also positively engage when the screw
threads are engaged to provide further retention. The base may taper distally at a
particular angle, while the collar may taper at a different angle. Moreover, the collar
may taper at a sharper angle than the base making the tapered collar diameter slightly
lesser than the corresponding diameter of the base.

The following exemplary embodiments illustrate the retention element as a
pigtail loop. It will be understood, however, that this depiction is merely exemplary
and not meant to limit the scope of the present disclosure. For example, the retention
element may be a malecot element, an element having struts or any other element that
can be expanded, contracted or otherwise actuated to change configuration to secure

the catheter within a patient.

Exemplary Embodiments

FIG. 1 illustrates an exemplary drainage catheter including an elongated body
member 102, an elongate flexible member 104 (or flexible member 104), and a hub
106.

The elongated body member 102 includes a central lumen 108 extending from
its distal end 109 to its proximal end 110. The member 102 may have any cross-
sectional shape, such as circular, rhombic, rectangular, oval, semicircular, or any
other suitable shape. Moreover, the elongated member diameter may vary depending
on the quantity of fluid to be extracted, fluid density, the size of the body cavity or
cannula used to guide the elongated member 102 towards the desired location.
Further, the elongated body member 102 may have a uniform cross-section or
diameter from its distal 109 to proximal end 110. Alternatively, the cross-section and
diameter may vary through its length.

The elongated body member’s distal portion includes one or more apertures
112 to facilitate fluid flow from the patient’s body to the central lumen 108. These
apertures can be adapted to fit the needs of a given application. For example, the
number of apertures 112 and their shape may vary based on the nature of the fluid.
For example, if the fluid is viscous, the apertures 112 may be larger or more
numerous. Alternatively, if the fluid has lower density, the apertures 112 may be

smaller or lesser in number. It will be understood that the size and number of
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apertures are not restrictive, and clongated members with any size and number of
apertures are well within the scope of the present disclosure.

Because the elongated body member 102 is within a patient’s body for short or
extended periods, the device is made of non-allergic or biocompatible material. Such
materials include, for example, silicones and polyurethanes. It will be understood that
any other suitable material may just as easily be used. In one embodiment, the
elongated member 102 may be coated with an anti-bacterial coating to inhibit
bacterial growth on its surface. The anti-biotic coating may contain an inorganic anti-
biotic agent, disposed in a polymeric matrix that adheres the anti-biotic agent to the
elongate member’s surface. Further, a drug releasing coating may also be applied to
the outer surface of the elongated member 102, assisting in healing. In another
embodiment, the elongated member 102 includes a lubricious coating to facilitate
convenient insertion.

The flexible member 104 may be coupled to a distal portion of the elongated
body member 102, and it may exit the elongated body member 102 through a distal
opening 114. From here, the elongated flexible 104 member may reenter the central
lumen 108 through a second opening 116 disposed at a little distance from the distal
end 109. Within the central lumen 108, the flexible member 104 travels from the
distal end to the proximal end, and then extends out of the elongated member 102.
This member may be a suture thread made of nylon or other similar material of
comparable strength. Alternatively, the member may be a thread or a flexible metal
wire.

In another embodiment, instead of attaching to the distal end 109 of the
elongated member 102, the flexible member 104 may be coupled to the elongate
member-hub junction. From this junction, this member extends distally through the
central lumen 108 towards the distal end 109. From there, it exits the lumen 108
through the distal opening 114 and reenters the lumen from the second opening 116.
It then returns proximally through the central lumen 108 towards the hub 106. To
attach the flexible member 104 to the elongate member’s distal end 109 or the
elongate member-hub junction, suitable coupling techniques, such as tying, gluing, or
piercing, may be used.

The hub 106 includes a base 118 and a collar 120. The base 118 is a
cylindrical tube including a proximal end 119, a distal end 121, an internal

passageway 122, a side lumen 124, and an external surface 126. Its distal end 121 is
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coupled to the elongated body member’s proximal end 110, and its internal
passageway 122 (extending along its length) is coaxial with the central lumen 108.
The external surface 126 of the base 118 tapers from its proximal end 119 to its distal
end 121, and it includes an engagement element 128. In one embodiment, only a
portion of the base 118 tapers. In this case, the tapering may begin distal of the
engagement element 128 and extend to the distal end 121. The side lumen 124
extends from the internal passageway 122 to the external surface 126. This lumen
provides a path for the flexible member 104 to exit the base 118.

A mating surface 129 is present on the external surface 126. This portion may
begin distal of the engagement element 128 and extend up to the base’s distal end
121. Alternatively, the mating surface 129 may extend for a portion of the external
surface 126 distal of the engagement element 128. In one embodiment, the mating
surface 129 tapers proximally to distally.

In addition to the elements described in the immediately preceding section, the
base 118 may further include screw threads 130 at its proximal end 119. These screw
threads 130 attach peripheral instruments to the drainage catheter 100 such as
collection bags, drainage tubes, syringes, and so on. It will be understood that instead
of the threaded arrangement, other means may also be employed to attach peripheral
equipment to the hub 106. For example, snap fit arrangement may be employed.

Base 118 may be composed of a semi-rigid material such as molded
biocompatible plastic, nylon, polyethylene, ethylene-vinyl acetate co-polymer, or a
shape memory metal, such as nitinol. Alternately, a semi-rigid compliant member,
such as rubber may form the base 118.

Collar 120 is a hollow cylindrical structure that snuggly fits around the base 118
when the distal end 109 is placed at the desired location within a patient’s body. FIG. 1B is a
cross-sectional view of the collar 120. It includes a tapered inner surface 132, mating
surface 133, and an outer surface 134. Moreover, like the external surface 126 of the
base 118, the collar’s inner surface 132 may also taper from its proximal end to its
distal end, as illustrated, or vice versa. The tapering angle, however, differs from the
base’s tapering angle. In one embodiment, the collar’s tapering angle is greater than
that of the base 118. Further, the collar’s inner surface 132 includes a counter
element 136 that may mate with the engagement element 128 when the collar 120 is
placed around the base 118. The collar 120 also includes a side lumen 138 that

extends from the inner surface 132 to the outer surface 134. The flexible member 104
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may pass through this side lumen 138. The mating surface 133 extends from the
counter element 136 to the collar’s distal end. Alternatively, the mating surface 133
may begin distal of the counter element 136 and its length may be equal to the length
of the base’s mating surface 129.

Engagement element 128 and counter element 136 are shown as a helical male
thread and a corresponding female thread. These threads may be mating threads or
they may have slightly different pitches so that the force between the threads may add
to the force between the collar 120 and the base 118 when locked together. The
structure of the engagement element 128 and the counter element 136 may vary in
different embodiments of the drainage catheter 100. For example, these elements may
be helical male and female threads, members of a snap-fit assembly, male and female
luer-lock elements, protrusions and notches, ratcheting members, etc. It will be
understood that any suitable engagement element 128 and counter element 136 may
be utilized without departing from the scope of the present disclosure.

Similar to the base, the collar 120 may also be formed of a semi-rigid or rigid
material, such as nylon, rubber, biocompatible plastic and so on.

The structural features of the drainage catheter 100 are described with
reference to FIG. 1A and FIG. 1B. The following figures (FIG. 2A and 2B) describe
the catheter’s functional features, including a method of locking the flexible member
104 in the hub 106. FIG. 2A illustrates the drainage catheter 100 in a first position,
with hub 106 in an unlocked state; and FIG. 2B illustrates the drainage catheter 100 in
a second position, with hub 106 in a locked state. The figures, in succession, illustrate
a process of inserting the drainage catheter 100 in a patient’s body, forming a pigtail
loop, and securing the flexible member 104 to maintain the pigtail loop.

Initially, to insert the distal end 109 within a cavity 201 in the patient’s body
203, the elongated member 102 is straightened with a stiffening stylus 202 disposed
within its central lumen 108. A guide wire is also inserted in the central lumen 108 to
guide the catheter to the desired location. The straightened elongated member 102 is
then advanced to the cavity 201 using any suitable procedure such as percutaneous
insertion, or insertion through a body cavity. Once in place, the guide wire and
stiffening stylus 202 are withdrawn by pulling them back out of the catheter’s
proximal end 204.

During this insertion procedure, the collar 120 is not secured over the base

118. It may instead rest around the proximal portion of the elongated member 102.
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Moreover, the flexible member 104 extends from the elongated member 102 to the
base 118. From the base 118, the flexible member 104 exits via the side lumen 124,
enters the collar 120, and exits the collar 120 through the collar’s side lumen 138. A
portion of the flexible member extends out from the collar’s side lumen 138.

Once the catheter is in place, a pigtail loop is formed and secured. This
operation is illustrated in FIG. 2B. An operator may pull the flexible member 104
extending from the side lumen 138 to draw the distal end 109 of the elongated
member 102 proximally, forcing it to curl up and form the pigtail loop 206. To lock
the pigtail loop 206, the operator, while pulling the flexible member 104 taut with one
hand, may move the collar 120 towards the base 118 with the other hand. The collar
120 is pushed until the collar’s counter element 136 contacts the engagement element
128.

In one embodiment, the engagement element 128 and the counter element 136
are helical external and internal screw threads, respectively. Once contacted, the
collar 120 may be twisted, to engage the external screw thread in the internal thread,
locking the base 118 and the collar 120. Further, the helical external and internal
screw threads may extend less than 360° around the base’s external surface, and their
major diameter may be lesser than their lead.

The collar length and its taper angle may be selected such that when the screw
thread of the collar 120 reaches the helical screw thread on the base 118, the inner
diameter of the distal end of the collar 120 is equivalent to the outer diameter of the
base portion that is in contact with the collar’s distal end. So, when the collar 120 is
screwed on the base 118, the collar 120 twists proximally, forcing the mating surface
133 of the collar 120 into a tight fit over the mating surface 129 of the base 118 and
sealing the space between collar 120 and base 118. This mechanism introduces a
double lock. Because of the force exerted by the tight fit between the mating surfaces
of the base 118 and collar 120, it is difficult to disengage the hub 106. Moreover,
even if the engagement element 128 wears off over time, or is inadvertently
disengaged, considerable force is required to separate the collar 120 and the base 118
because of the mating force between their mating surfaces. Therefore, the pigtail loop
206 stays intact even if the device is tampered with.

FIG. 3 is a detail view of hub 106 in the locked position. Here, a portion of
the flexible member 104 (between the side lumen 124 and the side lumen 138) is

trapped between the collar 120 and base 118, preventing any movement. It will be
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understood that once locked, the side lumens should not overlap one another. The
separation between the two lumens 124, 138 determines the length of flexible member
104 trapped between the base 118 and the collar 120. To reduce the strain on the
flexible member 104, it is advisable to have a relatively lengthy portion between the
lumens. Therefore, the lumens may be placed as far away from each other as
possible.

In the locking position, side lumens 124 and 138 may be in a variety of
relative positions. For example, the lumens may lie in the same longitudinal plane,
but be circumferentially separated from one another. A second example position
occurs with the lumens lying in the same circumferential plane, but in different
longitudinal planes. In another exemplary embodiment, the lumens could lie in
different circumferential and longitudinal planes along the surface of the base 118 and
the collar 120. The side lumens 124, 138 may be positioned anywhere along the
external surface of the base 118 and collar 120.

It will be understood that the helical screw thread assembly illustrated in the
figures is merely exemplary. The engagement element 128 and counter element may
be any suitable engaging arrangement without departing from the scope of the present
disclosure. For example, the engagement and counter elements may be elements of a
snap fit assembly or a luer-lok assembly. Alternatively, the engagement element 128
may be multiple spring-loaded angular projecting flanges while the counter element
may carry similarly shaped grooves. When the collar 120 travels proximally over the
base 118 the projections may engage the grooves locking the collar 120 to the base
118. To unlock the hub 106, the base 118 may include a spring-release button.
Pressing this button contracts the spring in the flanges, pulling the flanges towards the
base’s surface, thereby releasing them from the groove, and unlocking the hub 106.
To ensure that the release button is not accidently pressed, it may be embedded in the
base’s body between the inner and out surface, similar to reset buttons present on
most electronic devices. Any other suitable engagement mechanism may be
contemplated and is within the scope of the present disclosure.

To complete placement, the excess flexible member 104 extending from the
collar’s side lumen 138 is trimmed. With the flexible member 104 trimmed, if the
catheter 100 is accidentally unlocked, the pigtail loop 206 at the distal end may
straighten out, and the proximal end of the flexible member 104 may be lost within

the central lumen 108. It can be difficult to extract the flexible member 104 in this
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situation. To overcome this difficulty, the proximal portion of the flexible member
104 may be coiled around the base 118 before the collar 120 is locked in place and the
flexible member 104 is trimmed. This excess flexible member 104 between the base
118 and the collar 120 allows operators to unlock the hub 106, straighten the pigtail
loop 206, and manipulate the placement of the elongated member 102 without losing
the flexible member 104.

It will be understood that various alternatives may be contemplated for the hub
106. FIG. 4 illustrates one such alternative. Here, the hub 106 includes a jacket 402
that covers both the base 118 and the collar 120, in an assembled condition. In one
embodiment, the jacket 402 may be made of a pliable material that deforms under
pressure or that may change its shape according to underlying instruments. Such
material may include rubber, polymer, nylon, etc. A flexible jacket 402 may be used
because the external surface of the hub 106 is uneven, and fitting a rigid jacket over
this surface may pose difficulties.

Further, the jacket 402 includes a cavity 404 coaxial with the base’s internal
passageway 122. The jacket 402 is pulled proximally over the collar 120 and base
118, to prevent accidental tampering. In the illustrated embodiment, the jacket 402
tapers distally and extends beyond the distal ends of the base 118 and the collar 120.
Alternatively, a distal portion of the jacket 402 could taper, while its proximal portion
maintains a uniform cross-section.

In another embodiment, the jacket 402 may be made of two equal and
identical shaped portions, obtained by, for example, slicing the jacket longitudinally.
These longitudinal portions align to form the jacket. In an embodiment, the two
longitudinal portions may cover the collar and base such that the two ends of the
longitudinal portion touch each other. Subsequently, the portions may be secured
using known securing mechanisms such as snap-fitting, locking, glue, etc.
Alternatively, the two portions may be hingedly attached from one end, while the
other end may swing open. In this implementation, when the two free ends contact
cach other, they form a hollow space within to cover the hub. The jacket may open
around the hinge to place over the collar and base. Once placed, the jacket 402 may
be closed, and suitable mechanisms may be included to lock the open edges of the
jacket 402. In these embodiments, the internal surface of the jacket 402 may be
shaped like the external hub surface. As the jacket 402 opens laterally, it can easily fit

over the hub 106, and, therefore, it may not be made of a flexible or elastic material.
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Instead, the jacket 402 may be formed of any suitable rigid or semi-rigid material,
such as plastic, metal, polymer, and so on.

As illustrated in FIG. 4, the base’s side lumen 124 is distal of the engagement
element 128. This placement minimizes potential interference between the flexible
member 104 and any peripheral instruments attached to the proximal end of the hub
106. Placing the side lumen 124 distal of the engagement element 128, however, may
result in fluid leakage through that lumen. To prevent such leakage, the side lumen
124 may include a sealing member 406. Any sealing member, such as a pliant plug
having a threadable hole may be used. Likewise, insoluble materials with self-sealing
properties may seal the lumen. Such materials include silicone, wax, rubber, or latex.
In some embodiments, the collar’s side lumen 138 may also be sealed in a similar
manner. Alternatively, a deformable sealing material may be disposed between the
base 118 and the collar 120, providing a similar sealing function when locked
together.

FIG. 5 is a detail view of the hub 106 of FIG. 1 with the jacket 402. Here, the
jacket 402 lies on the proximal portion of the elongated member 102 distal of the
collar 120 and base 118. When the hub 106 is assembled for locking, the collar 120
engages with the base 118 and locks the flexible member 104 in position. The jacket
402 then slips over the locked base and collar assembly, isolating it from external
conditions.

FIG. 6 is a sectional view of the hub 106 and the jacket 402 in the locked state.
The internal lumens, passageways, and surfaces of the elongated member 102, base
118, collar 120, and jacket 402 are visible in this view. The proximal diameter of the
elongated member 102 is sized to match the distal diameter of the base 118, providing
a smooth transition from one lumen to the other. For instance, the elongated member
102 and the base 118 may be fused or bonded to one another. The internal
passageway 122 may gradually increase in diameter from the distal end 121 to the
proximal end 119. Alternatively, the passageway 122 may remain uniform
throughout the length of the base 118, or it may taper towards the proximal end,
neither case departing from the scope of the present disclosure.

FIG. 6 illustrates the inner surface 132 of the collar 120 along with the mating
surface 133, the counter element 136, and the side lumen 138. The inner surface 132
of the collar 120 tapers from the proximal end to the distal end or vice versa. As

described previously, the collar’s taper angle may differ from that of the base 118.
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For example, the tapering angle of the collar’s inner surface 132 may be greater than
the tapering angle of the base’s outer surface 126. Because the tapering angle is
greater, the collar’s mating surface 133 tightly fits around the base’s mating surface
129 providing an airtight surface lock between the collar 120 and base 118.

The internal surface of the jacket 402, as depicted, follows the contour of the
collar 120 up to the distal end of the collar 120. From there on, the jacket 402 tapers
at a suitable angle towards the elongated member 102. The tapering angle determines
the length of the jacket 402 distal of the collar 120; the sharper the angle, the shorter
the jacket 402.

FIG. 6 also illustrates the embodiment where the flexible member 104 is
attached to the junction between the elongated member 102 and the base 118. Here,
the flexible member 104 travels distally through the central lumen 108 towards the
distal end 109, threads between the distal opening 114 and second opening 116, and
returns through the central lumen 108 toward the hub 106. In the hub 106, the
flexible member 104 exits from the side lumens of both the base 118 and the collar
120.

FIGS. 7, 8 and 9 are various views of certain components of a catheter hub
assembly 500. The hub assembly 500 includes a base 510, a collar 512 and a locking
clement 512. The base 510 includes a suture lumen 516 and may include a recess 518
for installing a sealing member (not illustrated) as described above. It may further
include a slot 520 or other cavity for partially receiving the locking element 512. The
base 510 may also include conventional element such as threads 526 at a proximal
end 524 for connecting the hub assembly 500 to other components. It is contemplated
that a catheter or other elongate member (not illustrated) extends from the distal end
522 of the base 510. An engagement element 528 on the base 510 engages with a
counter element of the collar 512 as described above. The collar 512 includes a suture
lumen 530 and may also include a first locking lumen 532 and a second locking
lumen 534. A knurl or other gripping feature may be disposed on the collar outer
surface and may be at the proximal end 540 of the collar 512. Lumen 538 extends the
length of the collar 538 and includes an engagement element as described above. The
locking element 514 may include a prong 542, a first arm 544 and a second arm 546.
The embodiment described with respect to FIGS. 7, 8 and 9 may include and

preferably does include any of the other features described in the embodiments above
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such as the suture, the jacket and the elongate member and in general differs only by
including the locking element 514 and associated features.

Locking element 514 may be a spring made from a suitable resilient material
such as, for example, stainless steel, spring steel, or a polycarbonate. It is disposed
between the base 510 and the collar 512. At a high level of abstraction, locking
clement 514 operates to provide further positive retention of the collar 512 on the base
510. In the illustrated embodiment, this is done by capturing the locking element in a
recess in the base and in a recess in the collar (slot 520 and first locking lumen 532)
when the collar is in the appropriate, tightened position on the base where the
engagement element and the counter element. Locking element 514 is a separate
clement in the illustrated embodiment, but embodiments are contemplated where the
locking element might be fixed (by adhesive or otherwise) to one of the base and
collar or might be integral with one of the base and collar.

In the illustrated embodiment, locking element 514 is captured between the
base and the collar such that the locking element is somewhat compressed even when
the engagement element and the counter element are not engaged. Thus arm 546 is
firmly in slot 520 and prong 542 is against the inner surface of collar 512. This keeps
the surfaces of the collar 512 and base 510 in contact and may serve to keep the collar
in relative position on the base.  The collar may include a first locking lumen 532
that is positioned to receive the prong 542 when the collar is locked on the base as
illustrated in FIG. 8. The first locking lumen 532 may extend through the collar as
illustrated to allow a user to depress the prong to allow release of the hub when
desired. Alternatively, the prong may be made such that it snaps off at a pre-
determined level of force to allow release of the collar. A second locking lumen 534
may also be included. This second locking lumen may receive or partially receive the
prong to hold the base and the collar in relative position when the collar is not locked
on the base. This second locking lumen may be in addition to or in lieu of the partial
compression of the locking element described above. These features may work
together to keep the collar from inadvertent or undesirable movement relative to the
hub. Other locking mechanisms such as a releasable ratchet may also be
incorporated into the hub.

Embodiments of the present disclosure may be used in any medical or non-
medical procedure, including any medical procedure where draining visceral fluid is

desired. In addition, at least certain aspects of the aforementioned embodiments may
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be combined with other aspects of the embodiments, or removed, without departing
from the scope of the disclosure.

Other embodiments of the present disclosure will be apparent to those skilled

in the art from consideration of the specification and practice of the embodiments

5 disclosed herein. Tt is intended that the specification and examples be considered as

exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.
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WHAT WE CLAIM IS:

1. A drainage catheter, comprising;:

an elongate body member defining a central lumen and comprising a distal
portion and a proximal portion, at least a portion of the elongate body member
adapted for placement within a patient;

an elongate flexible member operable connected to the distal portion of the
elongate body member and extending through the lumen in at least the proximal
portion of the elongate body member; and

a hub comprising

a base having a proximal end, a distal end, and an internal passageway,

an outer surface between the proximal and distal ends, and a side lumen

extending from the internal passageway to an opening in the outer surface,

wherein the outer surface includes an engagement element and a mating

surface portion, and wherein the base distal end is fixed to the elongate body

member proximal portion, and

a collar having a proximal end, a distal end, an inner surface extending

from the proximal end to the distal end and an outer surface extending from

the proximal end to the distal end, the collar further having a side lumen

extending from the inner surface to the outer surface and wherein the inner

surface of the collar includes a mating surface portion and a counter element,

wherein the elongate flexible member extends through the base side lumen
and the collar side lumen, and

wherein the hub has an unlocked position where the engagement element and
the counter element are not in engagement and a locked position where the
engagement element and the counter element are in engagement, the collar is
tightened on the base and the elongate flexible element is clamped between the

mating surface portions of the base and the collar.
2. The drainage catheter of claim 1, wherein the hub further comprising

an outer jacket covering the base and the collar, the outer jacket having a cavity for

receiving the base and the collar.
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3. The drainage catheter of claim 2, wherein the outer jacket further
comprises a distal portion that tapers distally and extends distally beyond the distal

ends of the base and the collar.

4. The drainage catheter of claim 1, wherein the base mating surface
comprises a tapered surface that tapers at a first angle and wherein the collar mating
surface comprises a tapered surface that tapers at a second angle and wherein the

second angle is greater than the first angle.

5. The drainage catheter of claim 1, wherein the base mating surface is
distal the engagement element disposed on the base outer surface and wherein the

collar mating surface is distal the counter element disposed on the collar inner surface.

6. The drainage catheter of claim 1, wherein the base mating surface and
collar mating surfaces are proximal to the engagement element and the counter
element is distal the engagement element disposed on the base outer surface and
wherein the collar mating surface is distal the counter element disposed on the collar

inner surface.

7. The drainage catheter of claim 1, wherein the elongate flexible
member has a first end fixed to the hub, a second end portion extending through the
base side lumen and the collar side lumen, and a middle portion distal of the first end
and the second end portion that is operably connected to the distal portion of the

elongate body member.

8. The drainage catheter of claim 1, wherein relative proximal movement
of the elongate flexible member and the hub causes the distal portion of the elongate

body member to change shape.
9. The drainage catheter of claim 1, wherein relative proximal movement

of the elongate flexible member and the hub causes the distal portion of the elongate

body member to form a loop.
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10. The drainage catheter of claim 1, wherein when the collar is tightened
to the base, no relative movement between the elongate flexible member and the hub
is possible and a portion of the elongate flexible member is fixed between the collar

and the base.

11. The drainage catheter of claim 1, further comprising a resilient seal
disposed in the base side lumen that substantially prevents fluid flow through the side

[umen.

12. The drainage catheter of claim 1, further comprising a locking element

disposed between the base and the collar.

13. The drainage catheter of claim 12, wherein the locking element is a

spring.

14. The drainage catheter of claim 12, wherein the locking element is

partially disposed in a cavity on the outer surface of the base.

15. The drainage catheter of claim 14, wherein the cavity is a slot that

extends generally longitudinally.

16. The drainage catheter of claim 12, wherein the locking element is

partially compressed between the collar and the base.

17. The drainage catheter of claim 12, wherein the locking element is
partially compressed between the collar and the base when the engagement element

and the counter clement are not engaged.

18. The drainage catheter of claim 12, wherein the collar comprises a first
locking cavity, the first locking cavity configured to partially receive the locking

element when the collar is locked to the base.

19. The drainage catheter of claim 18, wherein the collar comprises a

second locking cavity, the second locking cavity configured to partially receive the
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locking element when the engagement element and the counter element are not

engaged.

20. A drainage catheter, comprising;:

an elongate body member comprising a distal portion and a proximal portion,
at least a portion of the elongate body member for placement within a patient;

an elongate flexible member operably coupled to the distal portion of the
elongate body member and extending through the lumen in at least the proximal
portion of the elongate body member; and

a hub comprising:

a base having a proximal end, a distal end, and an outer surface

extending between the proximal and distal ends, the base further including a

screw thread disposed on the outer surface, the outer surface having a mating

surface portion, the base distal end fixed to the elongate body member

proximal portion, the elongate body member and base together defining a

central device lumen, and

a collar having a proximal end, a distal end and a central lumen, an

inner surface extending from the proximal end to the distal end and an outer

surface extending from the proximal end to the distal end, a screw thread

disposed on the inner surface and configured to mate with the screw thread of

the base, the inner surface comprising a mating surface portion, the mating

surfaces of the base and the collar having mismatched profiles and configured

such that when the collar is tightened on the hub using the corresponding

screw threads, the mating surfaces are forced together to lock the collar to the

base,

wherein the elongate flexible member has a proximal portion that exits the
central device lumen proximal the proximal end of the base and is disposed between
at least a portion of the outer surface of the base and the inner surface of the collar
such that when the collar is locked to the base, the elongate flexible member proximal

portion is fixed between the base and the collar.

20



PCT/US2012/060438

19

g1 DiAd
N
T
854
25l i
mmm S
ﬁlii:zi:
\sgs
Vi Dfd
- i
k74
N A ¥21 2 g5
V r o fffhu;é/k:z ....... b bot
- -~ /IR
— azw M H g mwm
A .z.mz / mm g i
g gy e B ber o
Gl - 0]

WO 2013/059204



PCT/US2012/060438

WO 2013/059204

2/9

Ve DIid




PCT/US2012/060438

WO 2013/059204

3/9

g DIH

a4

—dtig




WO 2013/059204 PCT/US2012/060438

4/9

FIG. 3




WO 2013/059204

5/9

e

E L oo TN
‘../;/f:;’ =
Vo o
A PO
; VN
@x \ A
&3 \ T
AN
\ \
X
\ §
\
N\
.
A
T
e

o2

ot

- \
AN

PCT/US2012/060438

FIG. 4



WO 2013/059204 PCT/US2012/060438

6/9

N S
LY

FiG. 5




PCT/US2012/060438

WO 2013/059204

7/9

00g-"

L

£ ainby




PCT/US2012/060438

WO 2013/059204

8/9

§ aaninyg




PCT/US2012/060438

9/9

WO 2013/059204

6 oanbi

P

Ry
-
-

S
s e




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/060438

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61M25/00 A61M25/04
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A61IM

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

page 1; figures 1,3i
page 9, lines 1-9, 16-25

PALMA GIORGIO [US])

19 May 2005 (2005-05-19)
paragraphs [0062],
figures 1-4

6 January 2004 (2004-01-06)
column 10; figures 1,2

A WO 01/76677 Al (SCIMED LIFE SYSTEMS INC
[US]) 18 October 2001 (2001-10-18)

A US 2005/107739 Al (PALMA GIORGIO D [US] DI

[0071] - [0082];

A US 6 673 060 Bl (FLEMING III JAMES A [US])

1-19

1-19

1-19

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 January 2013

Date of mailing of the international search report

22/03/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bielsa, David

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.
INTERNATIONAL SEARCH REPORT PCT/US2012/060438
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-19

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/060438

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2010/062796 Al (COOK INC [US]; SABIN
CORP [US]; HRUSKA AMY LEE [US]; GRANT
GEOFFREY P) 3 June 2010 (2010-06-03)
paragraphs [0030] - [0043]; figures 1-3
WO 99/11315 Al (BOSTON SCIENT CORP [US])
11 March 1999 (1999-03-11)

page 9; figures 2-4

US 2011/125135 Al (AHMED MAHFUZA [US] ET
AL) 26 May 2011 (2011-05-26)

page 9

1-19

1-19

1-19

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/060438
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0176677 Al 18-10-2001 AU 5700501 A 23-10-2001
AU 2001257005 B2 02-03-2006
CA 2404440 Al 18-10-2001
DE 60126272 T2 31-10-2007
EP 1286718 Al 05-03-2003
JP 4741774 B2 10-08-2011
JP 2003530166 A 14-10-2003
US 2001049490 Al 06-12-2001
WO 0176677 Al 18-10-2001

US 2005107739 Al 19-05-2005  NONE

US 6673060 Bl 06-01-2004  NONE

WO 2010062796 Al 03-06-2010 US 2011313403 Al 22-12-2011
WO 2010062796 Al 03-06-2010

WO 9911315 Al 11-03-1999  US 5928208 A 27-07-1999
US 6042577 A 28-03-2000
WO 9911315 Al 11-03-1999

US 2011125135 Al 26-05-2011 EP 2504055 Al 03-10-2012
US 2011125135 Al 26-05-2011
WO 2011066113 Al 03-06-2011

Form PCT/ISA/210 (patent family annex) (April 2005)




International Application No. PCT/ US2012/ 060438

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-19

a drainage catheter with a hub comprising a base with a side
lumen extending from an internal passageway to an opening in
the outer surface, and a collar with a side lTumen wherein an
elongated flexible member extends through the base side
Tumen and the collar side lumen.
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