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CATHETER CONNECTION SYSTEM FOR ULTRAVIOLET LIGHT DISINFECTION

PRIORITY INFORMATION
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/135,080, filed March 18, 2015 and U.S. Provisional Patent Application No. 62/238,644,
filed October 7, 2015.

[0002]
FIELD
[0003] This application relates generally to sterilization units, more particularly, sterilization of

connectors used in a medical application, for example, during peritoneal dialysis (PD).

BACKGROUND
[0004] Catheters are commonly used to infuse fluids into or remove them from various
locations in the human body. In many cases these catheters are left in place for weeks or
months to provide this access. The longer an indwelling catheter provides this communication
between the outside and inside of the body the greater the likelihood microbes such as bacteria,
fungi, and viruses can migrate into the body and cause an infection. These infections can be
very difficult and costly to treat and can result in a high level of morbidity for patients that have
a need for this catheterization. Therefore, there is a high need for preventing the migration of
microbes through the catheter and into the body.
[000S] The opportunity for microbes to enter the catheter occurs each time the connection point
between the indwelling catheter and other equipment used for removing or infusing fluids is
opened and closed. One way of preventing the migration of microbes through the catheter into
the body is to disinfect the connection point each time it is opened and closed. One particular
application for disinfecting this catheter connection point is during peritoneal dialysis.
[0006] Peritoneal dialysis (PD) can be used as a treatment for patients with severe chronic
kidney disease. Fluid is introduced through a tube in the abdomen and flushed out periodically
either while the patient sleeps, in automated peritoneal dialysis, or during regular dialysis

sessions through the day, as in continuous ambulatory peritoneal dialysis.
-1-
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[0007] As shown in Figure 1, a patient undergoing peritoneal dialysis can have an indwelling
catheter 4 surgically inserted into the abdomen. A transfer catheter 2 can be attached to the
indwelling catheter. The transfer catheter can be replaced, in a sterile environment, such as ata
clinic, every few months to a year. Between dialysis sessions, the patient wears the transfer
catheter against the body. During dialysis sessions, the transfer catheter can be connected to a
drain bag to drain the fluid present in the abdomen and a fresh dialysate bag to introduce fluid
to the abdomen. The drain bag and dialysate bags can be attached in series or can be attached
in parallel using a Y-shaped solution set catheter 6. Prior to each treatment, the patient
connects the tip of the transfer catheter to a new dialysis solution set catheter using rigorous
aseptic techniques to maintain sterility. The aseptic technique include the patient and anyone
around them wearing a mask, closing doors and windows, turning off fans, and thoroughly
washing hands for 2 minutes. Then the patient typically scrubs the opening of the transfer
catheter with alcohol, iodine, or a similar antiseptic agent prior to connecting the catheters. The
same sterile technique must be employed when disconnecting the catheters as well. If sterility
is compromised at any time, the component being used must be replaced and the whole process
started again. Once the patient feels confident enough to perform the procedure at home
unattended, and after many months of practice, the time to disinfect, connect and start PD takes
approximately 20-30 minutes.

[0008] This is obviously a complicated and time-consuming process that is highly reliant on
patient compliance. If a patient fails to adhere to any of the strict steps of the sterilization
procedure, he or she faces a greatly increased risk of a serious infection that targets the
peritoneal cavity, commonly referred to as peritonitis. This type of internal infection, if not
caught early, may leads to sepsis and death of the patient. Typically, PD patients experience a
50% chance of infection during the first 12 to 18 months and experience 15% mortality/yr
directly related to the infection. In addition to seriously endangering the patient’s health,
infections in peritoneal dialysis are also very costly to treat. The average total charges form a
peritonitis hospital stay are roughly $50,000 dollars and the entire annual cost to the healthcare
system is around $1.5 billion. Given that the noncompliance rate for a standard PD procedure
is around 30%, there is a huge need to help reduce the health and financial burdens of infection.
[0009] Ultraviolet (UV) disinfection systems are known in the art. U.S. Patent Nos. 4,882,496;

7,834.328; 4,620,845; 6,461,568 and U.S. Publication Nos. 2005/0013729 and 2007/0274879,
-
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describe such systems. However, such systems can be cumbersome, making them difficult for
a patient to use. Additionally, such systems tend to rely on UV disinfection for complete
disinfection, which can, in the absence of proper components and connectors, limit the

effectiveness of the disinfection.

SUMMARY OF THE DISCLOSURE
[0010] In some embodiments, there is described an ultraviolet (UV) catheter connection
disinfection system, comprising a first connector comprising a UV transparent region at a first
end of the first connector, a sealing plunger positioned proximal to the first end of the first
connector, and a piercing member; and a second connector comprising a leading membrane
surface and a sealing surface for sealing against the UV transparent region at a first end of the
second connector, wherein the piercing member is configured to pierce the leading membrane
surface, a deflector is configured to deflect the sealing plunger into a flow position, the first end
of the second connector is configured to mate with the first end of the first connector in a first
disinfection position in which the leading membrane surface is intact and the sealing plunger is
blocking flow through the first connector and a second flow position in which the leading
membrane surface is punctured by the piercing member and the sealing plunger is deflected
into the flow position by the deflection member, and wherein, in the first disinfection position,
a disinfection zone is bounded by the leading membrane surface, an inner surface of the UV
transparent region, the sealing surface, and the sealing plunger.
[0011] In some embodiments, in the disinfection position a small volume disinfection zone is
bounded by the leading membrane surface, and inner surface of the UV transparent region, and
the sealing plunger. The sealing surface can comprise at least one of an o-ring, a wiper shaped
blade, and a spring energized seal. In some embodiments, the sealing surface comprises at least
one of silicone, butyl rubber, PTFE, and neoprene. The leading membrane surface can
comprise at least one of metallic foil and plastic foil. In some embodiments, the UV
transparent region comprises at least one of quartz glass, cyclic olefin copolymer, and TPX.
The system can further comprise a stop configured to prevent the system from inadvertently
moving from the disinfection to the flow position. In some embodiments, the stop comprises a
clip. The system can further comprise a spring maintaining the plunger seal in a sealing

position within the UV transparent region. In some embodiments, a second end of the second
-3-
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connector is configured to connect to a tubular member through a sealed connector, the tubular
member removable from the second connector while maintaining the seal at the second end of
the second connector. The sealed connector can comprise a needleless connector. The sealed
connector can comprise a luer connector. In some embodiments, the luer connector is removed
along with the tubular member. The first connector can be configured to connect to an
indwelling catheter. The second connector can be configured to connect to a solution set
catheter. In some embodiments, the second connector comprises the piercing member. The
piercing member can serve as the deflector. The first connector can comprise the piercing
member. The sealing plunger can comprise the piercing member. In some embodiments, the
first connector and the second connector comprise threads to hold the connectors together. In
some embodiments, the sealing surface comprises the joining of the UV transparent region and
the first end of the second connector. The first connector can comprise a sealing actuator
configured to advance the sealing plunger against an opening of the UV transparent region. In
some embodiments, the sealing plunger and the leading membrane surface are resealable. In
some embodiments, the sealing plunger and the leading membrane surface are single use
components. In some embodiments, the sealing plunger is resealable and the leading
membrane surface is a single use component. In some embodiments, the sealing plunger is a
single use component and the leading membrane surface is resealable.

[0012] In some other embodiments, there is also described a method of ultraviolet (UV)
disinfection, comprising: connecting a first end of a first connector with a first end of a second
connector such that the connectors are in a disinfection position, the first connector comprising
a lumen formed using a UV transparent region, a first sealing member positioned in the UV
transparent region and blocking flow through the first connector, and a piercing member, and
the second connector (414) comprising a second sealing member configured to sealingly
engage a surface of the UV transparent region, and a leading membrane surface separating a
lumen of the second connector from the lumen of the first connector, wherein, in the
disinfection position, a disinfection zone is bounded by the leading membrane surface, the
surface of the UV transparent region, and the first and second sealing members; exposing the
disinfection zone to UV light; advancing the second connector with respect to the first

connector; piercing the leading membrane surface with the piercing member; and deflecting the

-4-
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first sealing member to allow flow between the first connector lumen and the second connector
lumen.

[0013]

[0014] In some embodiments, the method further comprises disengaging a stop prior to
advancing the second connector relative to the first connector. Disengaging the stop can
comprise removing a ¢ clip. In some embodiments, advancing the second connector with
respect to the first connector comprises turning the connectors relative to one another.
Advancing the second connector with respect to the first connector also results in piercing the
leading membrane surface with the piercing member.

[0015]

[0016]

[0017]

[0018]

[0019]
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The novel features of the invention are set forth with particularity in the claims that
follow. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0021] FIG. 1 is an illustration of a conventional peritoneal dialysis setup.
[0022] FIG 2 is an illustration of an embodiment of a catheter connection system.
[0023] FIG 3 is an illustration of a side view of an embodiment of a catheter connection

system.
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[0024] FIG 4a is an illustration of an end view of an embodiment of the transfer catheter of a
catheter connection system.

[0025] FIG 4b is an illustration of a cross section view of an embodiment of the transfer catheter
from FIG. 4a through line A-A.

[0026] FIG 5a is an illustration of an end view of an embodiment of the solution set catheter of a
catheter connection system.

[0027] FIG 5b is an illustration of a cross section view of an embodiment of the solution set
transfer catheter from FIG. 5a through line B-B.

[0028] FIG 6a is an illustration of a side view of an embodiment of a catheter connection system.
[0029] FIG 6D is an illustration of a detailed view of an embodiment of the catheter connection
system from FIG. 6a.

[0030] FIG 7a is an illustration of a side view of an embodiment of a catheter connection system.
[0031] FIG 7b is an illustration of a detailed view of an embodiment of the catheter connection
system from FIG. 7a.

[0032] FIG 7c¢ is an illustration of an end view of an embodiment of the catheter connection
system.

[0033] FIG 7d is an illustration of a cross section view of an embodiment of the catheter
connection system from FIG. 7¢ through line C-C.

[0034] FIG 8 is an illustration of a side view of an embodiment of a catheter connection system.
[0035] FIG 9a is an illustration of a detailed view of an alternate embodiment of the catheter
connection system.

[0036] FIG 90 is an illustration of an end view of an embodiment of the catheter connection
system from FIG. 9a.

[0037] FIG 9c is an illustration of a cross section view of an embodiment of the catheter
connection system from FIG. 9b through line D-D with the connection sealed to prevent fluid
flow before disinfection.

[0038] FIG 9d is an illustration of a cross section view of an embodiment of the catheter
connection system from FIG. 9b through line D-D with the connection unsealed to allow fluid
flow after disinfection.

[0039] FIG 10a is an illustration of a detailed view of still another alternate embodiment of the
catheter connection system.

[0040] FIG 10b is an illustration of an end view of an embodiment of the catheter connection
system from FIG. 10a.

[0041] FIG 10c¢ is an illustration of a cross section view of an embodiment of the catheter

connection system from FIG. 10b through line E-E.
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[0042] FIG 11a is an illustration of a detailed view of yet another alternate embodiment of the

catheter connection system.

[0043] FIG 11b is an illustration of an end view of an embodiment of the catheter connection
system from FIG. 11a,

[0044] FIG 11c is an illustration of a cross section view of an embodiment of the catheter
connection system from FIG. 11b through line F-F.

[0045] FIG 12a is an illustration of a detailed view of another alternate embodiment of the
catheter connection system.

[0046] FIG 12b is an illustration of an end view of an embodiment of the catheter connection
system from FIG. 12a.

[0047] FIG 12c is an illustration of a cross section view of an embodiment of the catheter
connection system from FIG. 12b through line G-G.

[0048] FIGS. 13A and B illustrate an embodiment of a transfer catheter.

[0049] FIG. 13C illustrates and embodiment of a solution set catheter.

[0050] FIG. 14 is an illustration of an embodiment of a transfer catheter connector connected to
a solution set connector in a disinfection position.

[0051] FIG. 15 illustrates a stop feature of the connectors of FIG. 14.

[0052] FIG. 16 illustrates an embodiment of the kill zone of FIG. 14.

[0053] FIG. 17 illustrates the connectors of FIG. 14 positioned in a flow position.

[0054] FIG. 18 illustrates the connectors of FIG. 14 positioned within a UV disinfection unit.

DETAILED DESCRIPTION
[0055] Embodiments of the catheter connection system disclosed herein can be used by
peritoneal dialysis (PD) patients. FIG. 2 illustrates an embodiment of a catheter connection
system 10 that can be used like the transfer catheter 2 and solution set catheter 6 of FIG. 1. The
transfer catheter 100 of the catheter connection system 10 of the current invention comprises a
tubular body 102, a first end 104 and a second end 106. The transfer catheter 100 comprises a
first connector 108 positioned at or near the first end 104, and a second connector 112 positioned
at or near the second end 106, Referring also to FIG. 3, the second connector 112 comprises a
connector body 114, an end retainer 124, and one or more struts 122 which connect the end
retainer 124 to the connector body 114. A UV transparent section 120 is constrained between
the connector body 114, the end retainer 124, and the struts 122. The struts 122 are configured
to allow UV light to be directed to the UV transparent section 120 from one or more directions
without creating any shadows or blocking the UV light from covering the entire transparent

section 120. FIG. 2 shows the second connector 112 comprising two struts, but other
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configurations are also possible. For example, the second connector 112 can comprise 1, 3, 4, 5,

or more struts 122. In some embodiments, the struts 122 comprise square edges, as shown in
FIG. 2. Other configurations are also possible. For example, the struts 122 may comprise
chamfered edges.

[0056] Inside the UV transparent section 120 is a sealing plunger 126 which can be actuated to
seal off the inside of the UV transparent section 120 from the inside of the connector body 114
and the rest of the fluid path as will be explained in detail below.

[0057] The solution set catheter 200 of the catheter connection system 10 comprises a tubular
body 202, a first end 204, and a second end 206. The solution set catheter 200 comprises a male
connector 212 positioned at or near the second end 206, and is connected to a solution set (not
shown) at the first end 204. The male connector 212 is configured to connect to the second
connector 112 of the transfer catheter 100. The male connector 212 comprises a connector hub
214, a leading membrane surface 220, a sealing surface 216 and one or more securing threads
218. The leading membrane surface 220 is configured to be easily positioned inside the UV
transparent section 120 of the transfer catheter 100, the sealing surface 216 is configured to seal
against the inside of the UV transparent section 120 of the transfer catheter 100 and the securing
thread 218 is configured to engage with the threads 118 on the inside of the end portion 124 of
the transfer catheter 100 to provide a means for securely attaching the solution set catheter 200 to
the transfer catheter 100,

[0058] The sealing surface 216 can comprise any one of a number of sealing methods well
known to those skilled in the art, including, but not limited to, one or more o-rings, wiper shaped
blades, spring energized seals, etc. The sealing material of the sealing surface 216 can be any
number of sealing materials well known to those skilled in the art including, but not limited to
silicone, butyl rubber, PTFE, neoprene, etc. The leading membrane surface 220 can comprise
any number of sealing materials well known to those skilled in the art including, but not limited
to, metallic or plastic foil and it can be attached to the connector hub 214 via adhesive, dip
coating, over-molded, etc. The UV transparent section can comprise any number of UV-
transparent substances known to those skilled in the art, such as. but not limited to, quartz glass,
cyclic olefin copolymer (e.g., Topas®), and Mitsubishi chemicals TPX.

[0059] The solution set catheter 200 also comprises a ¢ clip 224, a barb hub 230, a needleless
connector 240 and a male luer connector 244. The ¢ clip 224 is positioned between the
connector hub 214 and the barb hub 230 and prevents relative motion between the barb hub 230
and the connector hub 214 while it is in place. Other mechanisms for preventing relative motion
between the barb hub 230 and the connector hub 214 are also possible (e.g., mating

protrusions/recesses on the two connectors). The needleless connector 240 and the male luer
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connector 244 provide a means of selectively attaching and providing fluid flow between the
tubular body 202 to the barb hub 230 as will be explained further herein. The needleless
connector 240 and male luer 244 can be any one of a number of readily available connectors that
are available from numerous suppliers such as Qosina.

[0060] Referring now to FIG. 4b, the cross section of the connector body 114 is shown to
contain the sealing plunger 126, a flexible accordion seal 134, a compression spring 136 and the
distal end 162 of the tubular body 102. One end of the compression spring 136 is constrained by
the inside 166 of the connector body 114 and the other end is pushing against the flexible
accordion seal 134, The flexible accordion seal 134 in turn presses against a piston 132 that is
part of the sealing plunger 126 and opposite the sealing edge of the sealing plunger 126. In this
manner, the compression spring 136, absent any other input, maintains the sealing plunger 126
position inside the UV transparent section 120 and isolates the lumen 130 of the tubular body
102 and the inside 164 of the flexible accordion seal 134 from the inside of the UV transparent
section 120. This isolation provides a small controlled volume 128 of the inside of the UV
transparent section that is potentially exposed to microorganisms when the second connector 112
is not connected to the solution set connector 212. This small controlled volume 128 can serve
as the disinfection zone of the connector system. The volume of the disinfection zone 128 can
be about 0.25-0.55 cc, for example about 0.4 cc. Resilient members other than compression
springs can also be used to maintain the sealing plunger 126 position inside the UV transparent
region 120. The distal end 168 of the flexible accordion seal 134 can also be constrained
between the connector body 114 and the UV transparent section 120 to provide a fluid tight
connection between them. The proximal end 172 of the flexible accordion seal 134 can be
connected directly to the tubular body 102 or can be connected to the tubular body 102 using a
standard hose barb connector 174. In either manner of connection, an enclosed fluid pathway is
provided from the second end 106 of the second connector 112 to the lumen 130 of the tubular
body 102. A groove 174 can also be provided in the piston 134 to ensure that fluid can flow past
the piston when it is compressed against the flexible accordion seal 134.

[0061] Referring now to FIG. 5b, the cross section of the connector hub 214 is shown with
internal threads 248 which are configured to receive the external threads 232 of the barb hub
230. The end of the hollow barb hub 236 is also shown with a piercing member 234 positioned
inside of the leading membrane surface 220. It can be seen that there is a continuous enclosed
fluid pathway from inside face 252 of the leading membrane surface 220 through the inside of
the connector hub 214, the barb hub 230, the needleless connector 240 and the male luer 244 to
the lumen 230 of the tubular body 202. When the sterile solution set packaging (not shown) is

-10 -
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opened the leading membrane surface 220 maintains the sterility of this fluid pathway as there

are no openings for microorganisms.

[0062] FIGS. 6a and 6b show the transfer catheter 100 connected to the solution set catheter 200,
The sealing surface 216 of the solution set catheter 200 is inserted inside the UV transparent
section 120 of the transfer catheter 100 and seals against the inner surface, the securing threads
218 (see FIG. 3) of the connector hub 214 engage with the threads 118 of the end retainer 124 of
the second connector 112 to maintain the connection of the solution set catheter 200 to the
transfer catheter 100. In this configuration, the UV transparent section 120, the sealing surface
216 and the sealing plunger 126 create a small contained volume 128 that is isolated from the
outside and from both the transfer catheter 100 inner lumen 130 and the solution set catheter 200
inner lumen 280. This small contained volume 128 comprises all of the inner space that may
have been exposed to microorganisms prior to the connection; and it provides a UV -transparent
pathway for UVC light to penetrate and kill any microorganisms that may have contaminated the
space or the end of the solution set catheter 200 before the connection was made (including the
leading membrane surface 220 and any other portion of the connector hub 214 that is in between
the leading membrane surface 220 and the sealing surface 216). With this configuration, it is
very easy for the user to place the catheter connection system 100 into a UVC generating
apparatus (not shown) for delivery of UVC to the disinfection zone 128 to kill any contamination
from microorganisms. Alternately the user can direct UVC light into the disinfection zone 128
using an appropriate UVC light apparatus without first placing the catheter connection system
100 into the UVC apparatus. Exemplary UV light apparatuses are described in U.S. Application
No. 14/857,522, filed September 17, 2015, entitled “Ultraviolet Disinfection Unit” and
International Application No. PCT/US15/25352, filed April 10, 2015, and entitled “Connector
Disinfection System”.

[0063] Referring to FIGS. 7a-7d, the catheter connection system 10 is shown without the ¢ clip
224 and with the barb hub 230 advanced towards the transfer catheter 100. The ¢ clip 224 can be
easily removed from the catheter connection system 10 by the user by grasping and pulling the
tab 228.

[0064] In this embodiment, the barb hub is advanced by rotating wherein the external threads
232 of the barb hub 230 engage the internal threads 248 of the connector hub 214. It will be
obvious to those skilled in the art that the use of threads and a rotating motion are just one of
many possible means for advancing the barb hub 230 relative to the connector hub 214. Any
means can be used in the current invention for advancing the barb hub 234 relative to the
connector hub 214 including but not limited to a straight axial movement, without departing

from the current invention. For example, in some embodiments, axial motion can be used to
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move the barb hub 234 relative to the connector hub 214, When advanced, the piercing member

234 (e.g., barb) of the barb hub 230 penetrates the leading membrane surface 220 and creates an
opening in the leading membrane surface through which fluid can flow. In the same manner of
advancing the barb hub 230 relative to the connector hub 214 and penetrating the leading
member surface 220 with the piercing member 234, the advancing piercing member 234 then
applies a force on the sealing plunger 126 to overcome the force from the compression spring
136 and advance the sealing plunger 126 out of the UV transparent section 120. In this manner,
the small contained volume 128 that was previously isolated (by the UV transparent section 120,
sealing plunger 126, and sealing surface 216) and disinfected from all microorganisms by UVC
light is now open for fluid flow from the inner lumen 130 of the transfer catheter 100 to the inner
lumen 280 of the solution set catheter 200. The flow of fluid from one catheter to the other is not
constrained to one direction only and can flow in either direction in the configuration shown in
FIGS. 7a-7d.

[0065] With the catheter connection system 10 described above, a patient can make a connection
to a transfer catheter 100 with a new solution set catheter 200 as is done in the typical PD
procedure without the need to go through all the numerous contamination prevention steps as are
typically required with the current standard of care. Rather than following those time consuming
steps with the catheter connection system 10 of the current invention, the patient can quickly and
easily make the connection as described herein, then disinfect the small contained volume 128
using UVC light, and then open the small contained volume 128 by penetrating the seal on the
solution set catheter 200 and opening the sealing plunger 126 on the transfer catheter 100 in
order to complete the fluid exchange needed for the PD procedure. The catheter connection
system 10 both greatly reduces the number of steps needed for PD and greatly increases the
efficacy of the disinfection at the connection, the combination of which reduces the complexity
and increases the safety of PD.

[0066] After the fluid exchange, it is typical for the solution set catheter 200 to be disconnected
from the transfer catheter 100; then the solution set catheter 200 and used solution set are
discarded and the second end 106 of the transfer catheter 100 is capped to reduce the chance of
microorganisms entering the inner lumen 130. Between the steps of disconnecting the solution
set catheter 200 and capping the transfer catheter 100 there is another opportunity for
microorganisms to enter the inner lumen 130. Referring to FIG.8, with the catheter connection
system 10 of the current invention, the solution set catheter 200 is not completely disconnected
from the transfer catheter 100 after fluid exchange. Rather, the male luer connector 244 and
attached tubular body 202 are disconnected from the needleless connector 240 and they are then

discarded along with the used solution set. As is well known by those skilled in the art the
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needleless connector 240 has a seal septum (not shown) which seals the needleless connector

240 and therefore the inner lumen 130 of the catheter connection system 10 as the male luer 244
is removed preventing any contamination on the inner lumen 130 by microorganisms. The
remainder of the solution set catheter 200 is left attached to the transfer catheter 100 until the
next PD procedure is needed. At that time, the solution set catheter 200 is disconnected from the
transfer set catheter 100 by counter rotating the connector hub 214. As the connector hub 214
moves relative to the transfer catheter 100 the piercing member 234 moves relative to the sealing
plunger 126 and the sealing plunger 126 reenters the UV transparent section 120 sealing off the
inner lumen 130. It will be obvious to those skilled in the art, that the relative positions of the
sealing surface 216, the sealing plunger 126 and the piercing member 234 can be configured to
ensure that the sealing plunger 126 reenters the UV transparent section 120 and seals it from the
inner lumen 130 before the sealing surface 216 exits the other end of the transparent section 120
to ensure that no microorganisms can enter through the UV transparent section 120 and into the
inner lumen 130. In this manner, the inner lumen 130 of the transfer catheter 100 is only
exposed to potential air and or touch contamination by microorganisms at the beginning of each
PD procedure when the solution set catheter 200 is disconnected.

[0067] The use of the needleless connector 240 and male luer connector 244 for disconnecting
the solution set from the solution set catheter 200 is not the only manner to leave the solution set
catheter 200 attached to the transfer catheter 100 to prevent opening the connection and creating
the possibility for microorganism contamination at the end of the PD procedure. U.S. patent
number 8,038,643 discloses one possible alternate method that includes a connector system
whereby a plug is advanced into the first end 204 of the solution set catheter 200 sealing the
inner lumen 280 prior to disconnecting the solution set catheter 200 from the used solution set.
This method can be also used prevent contamination of the inner lumen space of the current
invention. Those skilled in the art will know of methods, other than those described herein for,
without departing from the current invention, disconnecting a portion of the solution set catheter
200 from the catheter connection system 10 of the current invention without opening the
connection between the transfer catheter 100 and the solution set catheter 200, or otherwise
allowing potential contamination by microorganisms of the inner lumen 130.

[0068] In some embodiments, the sealing plunger of the transfer catheter connector is a reusable
(resealable) element. In some embodiments, the sealing plunger is a single use component, and
is replaced between uses. The leading membrane surface can also be a reusable or resealable
element. In some embodiments, the leading membrane surface is a single use component.
[0069] It will be obvious to those skilled in the art that the current invention is not limited to use

in just PD procedures, but can be applied to any procedure where there is an indwelling catheter
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line going into the body where periodic connection and disconnections need to be done to the

external end of the indwelling catheters for the purpose of infusing or removing fluid from the
body through the indwelling catheter. Such procedures include Foley catheters placed in the
bladder, intravascular lines placed either peripherally or centrally into the vascular system,
transparenteral nutrition tubes, esophageal or tracheal tubes and the like. In any of these
procedures the potential for contamination of the inner region of the body that the catheter line or
equivalent is placed can be reduced by use of the current invention.

[0070] The above description describes just one particular embodiment of the current invention.
There are many other embodiments possible without departing from the intention of the current
invention. One alternate embodiment is show in FIGS. 9a-9¢c. The catheter connection system
20 of this embodiment includes a sealing plunger 326 that is configured with a piercing member
354, In this embodiment, the connector hub 414 of the solution set catheter engages with the UV
transparent section 320 sufficiently for the sealing surface 416 to seal against the inside of the
UV transparent section 320 and the leading membrane surface 420 of the connector hub 414
along with the sealing plunger 326 and the UV transparent section 320 create a small contained
volume 328. After the small contained disinfection zone volume 328 has been disinfected with
UVC light the connector hub 414 is further advanced into the UV transparent section 320 by
rotating which advances the external threads 418 on the connector hub 414 along the internal
threads 318 of the connector body 314. This advancement forces the leading membrane surface
420 against the piercing member 354 which pierces the leading membrane surface 420 as shown
in FIG. 9d. Still further advancement of the connector hub 414 relative to the connector body
414 advances the connector hub 414 against the sealing plunger stop 358 to overcome the force
of the compression spring 336 and push the sealing plunger 326 out of the UV transparent
section 320. Fluid can then flow back and forth from the inner lumen 330 of the transfer catheter
to the inner lumen 480 of the solution set catheter. Removal of the connector hub 414 from the
connector body 314 will remove the force on the sealing plunger stop 358 allowing the
compression spring 356 to advance the sealing plunger 326 back into the UV transparent section
320 to seal off the UV transparent section from the inner lumen 330. As in the previously
described embodiment, the position of the sealing plunger stop, the sealing plunger 326, and the
sealing surface 416 are configured such that the sealing plunger 326 will seal against the inside
of the UV transparent surface 320 before the sealing surface 416 is withdrawn from the UV
transparent section 320 to prevent contamination of the inner lumen 330.

[0071] It will be apparent to those skilled in the art that the embodiment shown in FIGS. 9a-9d

has fewer components in the solution set catheter than the previously disclosed embodiment
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described herein. Fewer components generally results in the advantage of a more reliable and

less expensive system.

[0072] Referring to FIGS. 10a-10c, an alternate embodiment of the catheter connection system
1010 is shown. The connector body 1114 of this embodiment has a seal actuator 1150 which is
configured to advance a seal 1126 against an opening 1160 of a UV transparent section 1120.
The seal actuator 1150 is comprised of an extended arm 1152 which connects the seal actuator
1150 to the seal 1126 through the flexible accordion membrane 1134. The flexible accordion
membrane 1134 seals off around the extended arm 1152 preventing any fluid leak. The seal
actuator 1152 is configured for the user to selectively seal and unseal the opening 1160 of the
UV transparent section 1120, The catheter connection system 1010 also includes a connector
hub 1214, a ¢ clip 1224 and a barb hub 1230. The connector hub 1214 is configured with a
leading membrane surface 1220, and the barb hub 1230 is configured with a piercing member
1234 that is position adjacent to the leading membrane surface 1220. When the seal 1126 is
advanced against the opening 1160, the seal 1126 the UV transparent section 1120 and the
leading membrane surface 1220 create a small controlled volume 1128 that can be disinfected
with UVC light. As with previously described embodiments, after disinfection, the c clip 1224 is
removed so that the barb hub 1230 can be advanced and the piercing member 1234 can penetrate
the leading membrane surface 1220. The seal actuator 1150 is retracted unsealing the opening
1160 in the UV transparent section 1120 allowing fluid to flow to and from the inside of the
tubular body 1102 and to and from the inside of the tubular body 1202. In this embodiment, the
user is easily able to control the flow of fluid by actuating the seal actuator 1150.

[0073] Another alternate embodiment of the current invention is shown in FIGS. 11a-11¢. The
catheter connector system 2010 comprises a UV transparent section 2120 that has a side opening
2160. The side opening 2160 is covered with a flexible membrane 2134 which is sealed to the
UV transparent section 2120 by the connector body 2114 and one or more supporting ribs 2122,
In this embodiment, actuation of the seal actuator 2150 forces a ball 2152 against the flexible
membrane 2134 such that the flexible membrane 2134 seals against the inside surface of the UV
transparent section 2120. The flexible membrane 2134, UV transparent section 2120 and the
leading membrane surface 2220 together create a small contained volume 2128 that can be
disinfected with UVC light that is directed towards the small contained. volume 2128 from one or
more directions. After disinfection, the ¢ clip 2224 is removed so that the barb hub 2230 can be
advanced and the piercing member 2234 can penetrate the leading membrane surface 2220. The
seal actuator 2150 is retracted releasing the force on the ball 2152 and allowing the flexible
membrane 2134 to unseal from the inside of the UV transparent section 2120 allowing fluid to

flow to and from the inside of the tubular body 2102 and to and from the inside of the tubular
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body 2202. In this embodiment, the user is easily able to control the flow of fluid by actuating

the seal actuator 2150,

[0074] Yet another embodiment of the current invention is shown in FIGS. 12a-12¢. The
catheter connection system 3010 is comprised of dome seal 3126 that is position between the UV
transparent section 3120 and the connector body 3114. The dome seal 3126, the UV transparent
section 3120, and the leading membrane surface 3220 create a small contained volume 3128 that
can be disinfected with UVC light. After disinfecting the small contained volume 3128 the
connector hub 3214 is rotated advancing the leading membrane surface 3220 through a slit in the
dome valve 3126 as the internal threads 3218 on the connector hub 3214 engage the external
thread 3118 on the connector body 3114. After the leading membrane surface 3220 passes
through the dome valve 3126 it is forced over the piercing member 3234 which penetrates the
leading membrane surface 3220 allowing fluid to flow to and from the tubular body 3102 and to
and from the tubular body 3202. The dome valve 3126 is configured such that the slit will close
and reseal the tubular body 3102 from the UV transparent section 3120 when the connector hub
3214 is separated from the connector body 3114. The connector body 3114 is configured with a
depressed section 3060 that helps the user securely grasp the connector body 3114 to advance
and retract the connector hub 3214,

[0075] FIGS. 13A-13C show another embodiment of transfer and solution set catheters similar
to those shown in FIGS. 12A-12C. FIG. 13A illustrates a side view of a transfer catheter 1302
comprising connector piece 1350. A sectioned view is shown in FIG. 13B. The transfer catheter
connector 1350 connects to the catheter tubing 1354 (e.g., using a barb fitting or solvent |
bonding). A clamp 1353 (e.g., a pinch clamp) is positioned proximal to the connector piece
1350. The clamp 1353 can help prevent leakage and contamination between dialysis sessions.
The transfer catheter connector 1350 comprises a UV-transparent window portion 1312
positioned at its distal end. The window 1312 includes a round tube 1356 supported by two ribs
1358 of the connector body. The ribs 1358 can comprise beveled edges 1359 which can allow
better exposure of the UV-window 1312 to applied UV light. Fewer or more panes are also
possible. The window can comprise quartz, in some embodiments. Other materials or
combinations or materials are also possible (e.g., topas).

[0076] Proximal to the window 1312 is a valve 1314. The valve 1314 can comprise a dome
valve, as shown in F IG. 13B. A piercing member 1316, such as a barb (or needle, spike, point,
etc.) is positioned proximal to or within the valve 1314, The valve 1314 provides a seal and
allows for passage of the piercing member 1316 upon proximal deflection of the dome portion,
but is configured to seal upon subsequent distal deflection of the valve dome. Valves other than

dome valves (e.g., flat valves, and X-slot valves) are also contemplated.
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[0077] Threads 1320 on the transfer catheter 1302 are shown connected to threads 1322 on the

connector 1350. Other modes of connection are also possible. For example, the disinfection
portion 1318 can be joined to the transfer catheter 1302 using an ultrasonic welding step, a
solvent bonding procedure, a snap fit, an adhesive, or the like. In some embodiments, the
connector 1350 is formed integrally with the transfer catheter.

[0078] FIG. 13C illustrates a side view of an embodiment of a solution set connector 1352. The
connector can connect to the tubing 1360 (e.g., using a barb fitting or solvent bonding). The
tubing 1360 can fluidly connect to a lumen 1362 of the solution set connector 1352 that extends
proximally beyond the rest of the solution set connector 1352. In some embodiments, the tubing
1360 can itself run through the connector 1352 to the proximal end. The lumen 1362 comprises
a film barrier 1364 at its proximal end. The barrier film 1364 provides a seal between the
outside environment and the solution set tubing. The film 1364 can be pierced by the piercing
member 1316 by complete connection of the transfer catheter 1302 and solution set catheter
1304. The barrier film 1364 can comprise an elastomeric material, a metallic film, a polymer
film, or a combination of these.

[0079] The lumen 1362 comprises one or more seals 1366 (e.g., O-rings) positioned around the
lumen 1362. The seals 1366 are configured to sealingly interfere with an inner surface of the
UV-transparent window 1312 as the lumen 1362 is inserted within the window 1312. The seals
1366 can define a boundary for and seal the fluid path, as described in more detail below. The
connector comprises an outer connection region 1370 configured to surround the transfer
catheter connector 1350 as the transfer catheter connector is inserted into the solution set catheter
(FIG. 14).

[0080] The transfer catheter connector 1350 is shown connected with the solution set catheter
connector 1352 in FIG. 14 via a threaded connection. In some embodiments, a user turns the
connectors 1350, 1352 (e.g., about Y turn) to move the catheters into the position shown in FIG.
14. Other configurations for connecting the catheters are also contemplated. For example, in
some embodiments, a linear motion where the user presses the connectors together is
contemplated. A distal end of the transfer catheter connector 1350 is inserted within the outer
connection region 1370 of the solution set catheter connector 1354, Threads 1330 on the transfer
catheter 1302 are threaded to threads 1332 on the solution set catheter 1304. The transfer
catheter connector 1350 includes stops 1334 configured to interact with feature 1336 on an inner
surface of the solution set connector. The stop 1334 can include a protrusion or bump
configured to interfere with a feature 1336 comprising a depression or opening on the solution
set connector. FIG. 14 illustrates the catheters 1302, 1304 connected in a disinfection position,

as will be described in more detail below.
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[0081] FIG. 15 better illustrates the stop 1334 of the transfer catheter connector 1350 and mating

feature 1336 of the solution set connector 1352. The stop 1334 and mating feature 1336 provide
audio and/or tactile feedback to a user, providing a positive stop when the catheters are in the
proper position for disinfection. This feature provides a safety to prevent over-insertion and
puncture of solution set seal prior to disinfection. After completion of disinfection, the stop
forces a user to actively disengage the stop to advance the solution set tubing towards the barb to
allow for initiation of the drain phase. For example, in some embodiments, the user must squeeze
the solution set connector using finger grips 1502 to disengage the stop 1334 before advancing
the solution set connector. The finger grips 1502 can advantageously indicate where a user
should press to allow disengagement of the stop 1334. The finger grips 1502 can also
advantageously allow for easier disengagement by providing a comfortable and easy spot to
squeeze the connector 1352, The stops 1334 and mating features 1336 can also help to ensure
that the catheters are not inadvertently disconnected. For example, when a user is moving the
catheters out of the flow position (e.g., at the end of a dialysis session), the stops can help ensure
that the catheters are not disconnected prematurely. FIG. 15 shows the catheters 1302, 1304 in
the disinfection position as indicated by the engagement of the stop 1334 of the transfer catheter
connector 1350 with the mating features 1336 of the solution set connector 1352,

[0082] FIG. 16 illustrates the same view as FIG. 14, but also shows various regions of possible
contamination within the connected catheter system. The kill zone 1402 is shown as the space
within the UV-transparent region 1312 bounded by the valve 1314 on the transfer catheter side.
A flange 1602 extending around the dome valve 1314 can interfere sealingly with an edge of the
UV-transparent window 1312. The kill zone 1402 is bounded on the solution set side by the
distal end of the solution set catheter including barrier film and the seals 1366 on the solution set
catheter side. The seals 1366 and the valve 1314 help to minimize the volume to be disinfected
by minimizing the volume of the fluid path of dialysate fluids. The seals 1366 being provided on
the lumen of the solution set catheter allows the disinfected zone to be maintained after
disinfection and during the transition from the disinfection to the flow position as the seals 1366
move towards the transfer catheter 1302 to shorten the fluid path. For example, if the seal were
on an inner surface of the transfer catheter connector 1350, transition from the disinfection to the
flow zone would move an untreated portion of the solution set connector 1352 past the seal and
into the fluid path.

[0083] The kill zone 1402 includes the region of potential contamination within fluid path as
well as the region capable of irradiation with UV light. As shown in FIG. 16, the kill zone 1402
extends past the seals 1366 on the solution set side of the catheter connection. This portion of

the solution set connector 1352 is not required to be disinfected as the seals 1366 prevent any
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contamination contained therein from entering the fluid path area. However, the disinfection of
this additional area provides an extra level of safety that can help to provide confidence in
complete disinfection of the fluid path region. In some embodiments, the volume of the kill
zone is about .25-.55 cc, for example about .4 cc.

[0084] FIG. 17 illustrates the transfer catheter 1302 and the solution set catheter 1304 in the
flow position, in which the piercing member 1316 has ruptured the film barrier 1364, creating a
fluid path between the transfer catheter 1302 and the solution set catheter 1304. The transfer
catheter 1302 and solution set catheter 1304 transition from the disinfection position to the flow
position by disengaging stop 1334 from mating features 1336 and further inserting the transfer
catheter connector 1350 into the solution set connector 1352. In this embodiment, the further
insertion comprises rotating the connectors 1350, 1352 relative to one another to advance the
solution set connector 1352 towards the transfer catheter connector via threads 1330, 1332.
[0085] In some embodiments, advancing the catheters 1302, 1304 from the flow position to the
disinfection position comprises rotating the solution set connector 1352 about one full tumn.
Thread thickness and pitch can be selected to enable one full turn to transition the system from
disinfection to flow position. Turning the catheters one full turn to transition to the flow
position can provide ease of use of the system as an average user should be able to complete
one full turn in on motion.

[0086] To disinfect the catheters when in the disinfection system, the catheter connection can
be exposed to UV radiation. For example, the catheter connection can be placed in a UV
disinfection unit such as the unit described in U.S. Provisional Application No. 62,052,164
(“the ‘164 Application™), filed September 18, 2014 A disinfection unit can be configured to
ensure that the connectors are properly positioned within the unit to allow for optimal UV
exposure and disinfection. FIG. 18 illustrates a cross-sectional view of the connectors 1350,
1352 positioned within the disinfection unit of the ‘164 Application. The UV lamps 1802 are
positioned on either side of the catheters 1302, 1304. The catheter connection is positioned
such that the unobstructed portion of UV transparent tube 1356 are generally facing the UV
lamps while ribs 1358 are positioned at the top and bottom of the unit, in the positions least
exposed to UV irradiation. The convex shape of the dome valve 1314 (not shown in FIG. 18)
can allow for thorough disinfection, as the entire surface area of the valve is in a position to be

directly exposed to UV light.
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[0087] An example method of using the disinfection system described herein during a dialysis
session follows. The user first assembles required equipment and supplies (e.g., stand for
dialysate bag). The user inspects the dialysate bag set, opens the outer packaging of the bag set
and removes the dust cover. The previous solution set catheter can be removed from the
transfer catheter. A new solution set catheter is attached to the transfer catheter and moved into
the disinfection position (e.g., by turning the catheters relative to one another ¥4 of a turn). The
catheter connectors 1350, 1352 are exposed to a UV light source (e.g., by placing the
connectors in a unit such as that shown in FIG. 18). The UV light source is activated to expose
the connectors 1350, 1352. The connectors can then be removed from the disinfection unit, if
one was used. The connectors are then transitioned to the flow position (e.g., by tuming the
catheters relative to one another 1full tum. The tube clamp on the transfer catheter is opened.
The user performs dialysate drain, flush, and fill, per the bag manufacturer’s instructions. The
transfer catheter clamp is closed. The solution set catheter is retracted to the initial position
(disinfection position). The solution set catheter can be clamped off and the bag set removed
from the solution set catheter. Alternatively, the solution set catheter can be removed and an
optional cap can be positioned on the transfer catheter. In some embodiments, this cap can be
irradiated with UV light as a last step in the procedure.

[0088] It will be appreciated that while the disinfection system has been described in
connection with peritoneal dialysis, the transfer catheter and/or solution set connectors can be
used in numerous other applications, medical or otherwise. For example, features of the
connectors/valves disclosed in PCT Application No. PCT/US15/25352, filed April 10, 2015,
and entitled “Connector Disinfection System” and U.S. Application No. 14/731,110, filed June
4, 2015, and entitled “Transfer Catheter for Ultraviolet Disinfection”, can be used in the
connector systems described herein.

[0089] Although the embodiments described herein contain particular combinations of the
various elements of the current invention, it will be obvious to those skilled in the art that these
elements can be combined in many other variations to provide the features needed without
departing from the current invention. In the description herein UVC light was mention as a
method of disinfection of microorganisms. Although the UVC wave length of approximately
260 nanometer wavelength is particularly effective in disinfection of microorganisms, longer

UVB wavelengths can be used for disinfection without departing from the current invention.
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The elements of the current invention are depicted as generally cylindrical in shape as is typical
of most catheter systems. However, any element, portion of the system, or the entire system
can be in a non-cylindrical shape to achieve the desired function without departing from the
current invention.

[0090] Variations and modifications of the devices and methods disclosed herein will be
readily apparent to persons skilled in the art. As such, it should be understood that the
foregoing detailed description and the accompanying illustrations, are made for purposes of
clarity and understanding, and are not intended to limit the scope of the invention, which is
defined by the claims appended hereto. Any feature described in any one embodiment
described herein can be combined with any other feature of any of the other embodiment
whether preferred or not.

[0091] It is understood that the examples and embodiments described herein are for illustrative
purposes only and that various modifications or changes in light thereof will be suggested to
persons skilled in the art and are to be included within the spirit and purview of this application

and scope of the appended claims.
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EMBODIMENTS IN WHICH AN EXCLUSIVE PROPERTY OR PRIVILEGE IS
CLAIMED ARE DEFINED AS FOLLOWS:

1. An ultraviolet (UV) catheter connection disinfection system, comprising:

a first connector comprising a UV transparent region at a first end of the first connector,
a sealing plunger positioned proximal to the first end of the first connector, and a piercing
member; and

a second connector comprising a leading membrane surface and a sealing surface for
sealing against the UV transparent region at a first end of the second connector, wherein

the piercing member is configured to pierce the leading membrane surface,

a deflector is configured to deflect the sealing plunger into a flow position,

the first end of the second connector is configured to mate with the first end of the first
connector in a first disinfection position in which the leading membrane surface is intact and
the sealing plunger is blocking flow through the first connector and a second flow position in
which the leading membrane surface is punctured by the piercing member and the sealing
plunger is deflected into the flow position by the deflection member, and

wherein, in the first disinfection position, a disinfection zone is bounded by the leading
membrane surface, an inner surface of the UV transparent region, the sealing surface, and the

sealing plunger.

2. The system of claim 1, wherein the leading membrane surface comprises at least one of

metallic foil and plastic foil.

3. The system of claim 1, further comprising a stop configured to prevent the system from

inadvertently moving from the disinfection to the flow position.

4, The system of claim 3, wherein the stop comprises a ¢ clip.

5. The system of claim 1, further comprising a spring maintaining the sealing plunger in a

sealing position within the UV transparent region.
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6. The system of claim 1, wherein the sealing plunger comprises the piercing member.

7. The system of claim 1, wherein the sealing surface comprises the joining of the UV

transparent region and the first end of the second connector.

8. A method of ultraviolet (UV) disinfection, comprising:
connecting a first end of a first connector with a first end of a second connector such
that the connectors are in a disinfection position,
the first connector comprising a lumen formed using a UV transparent region, a
first sealing member positioned in the UV transparent region and blocking flow through
the first connector, and a piercing member, and
the second connector (414) comprising a second sealing member configured to
sealingly engage a surface of the UV transparent region, and a leading membrane
surface separating a lumen of the second connector from the lumen of the first
connector,
wherein, in the disinfection position, a disinfection zone is bounded by the
leading membrane surface, the surface of the UV transparent region, and the first and
second sealing members;
exposing the disinfection zone to UV light;
advancing the second connector with respect to the first connector;
piercing the leading membrane surface with the piercing member; and
deflecting the first sealing member to allow flow between the first connector lumen and

the second connector lumen.

9. The method of claim 8, wherein advancing the second connector with respect to the first

connector comprises turning the connectors relative to one another.

10.  The method of claim 8, wherein advancing the second connector with respect to the first

connector also results in piercing the leading membrane surface with the piercing member.
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11.  The method of claim 8, further comprising disengaging a stop prior to advancing the

second connector relative to the first connector.
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