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(57) Abstract: A valve assembly including a housing having a base and an outer shell, which forms a proximal cavity and a distal
cavity joined by a canal; an inner housing configured for longitudinal movement within the distal cavity; a seal positioned within the

o distal cavity that together with the longitudinal movement of the inner housing regulates the flow of fluid through the valve as -
sembly; and one or more selected from the group consisting of the base notched with one or more notches and the inner housing
having one or more through slots aligned to permit access to the one or more notches, the seal being a reversibly deformable sealing

o pin, and a torque limiter mechanism configured to resist the longitudinal movement of the inner housing distally until a sufficient ra
dial force is applied.



VALVE ASSEMBLY AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

[001 ] This application claims benefit of priority to US provisional patent application

62/1 90, 108, filed 08 July 201 5 and US provisional patent application 62/328,375, filed 27 April

201 6 ; the content of each is herein incorporated by reference in their entirety.

FIELD OF THE INVENTION

[002] The invention relates to devices and methods for controlling the flow of fluid

and more specifically to valve assemblies for controlling the in-line flow of fluid, such as

controlling the infusion of liquids into patients for medical purposes.

BACKROUND OF THE INVENTION

[003] A variety of medical treatment and diagnostic procedures require the infusion

of fluids, such as the intravenous infusion of medications. Fluids are typically administered

through a series of tube-like segments ultimately connecting a reservoir or syringe at one end

to a needle inserted into the patient at the opposing end. The segments are typically

connected through luer devices, which can be characterized generally as male to female

connectors with helical threads.

[004] There are a number of approaches for regulating the flow of fluid through

medical tubing. One of the most common is a roller clamp that rolls across tubing in one

direction to cutoff flow and in the opposing direction to permit flow. Other approaches have

been developed for direct connection to luer devices.

[005] US 8,647,31 0 by Fangrow Jr. provides a technical approach where a male luer

tip and rigid internal member extending into the passageway of the luer tip move relative to

one another to open and close the distal most end of the male luer tip. One deficiency of this

approach is that it is not applicable to many spike valve connectors since the internal member

is rigid and cannot be displaced by the central spike of the spike valve.

[006] US 6,745,998 by Doyle provides at least two alternative approaches for a luer

valve. A first approach is configured for connection to a spike valve where a resilient member

is elastically displaced from a sealing position against a distal end of a tubular passage using

the spike protruding from the spike valve. Once displaced or collapsed, the fluid is permitted

to flow through the tubular passage and into the spike valve. A deficiency of this approach is
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that since opening the valve requires compressing the resilient member, the valve is not

applicable to connectors that lack a central spike. In a different approach, a bladder is

compressed proximally by a connecting luer (that lacks a spike) to move a forward end of the

bladder away from a forward end opening of the tubular member. However, like Fangrow Jr. ,

this approach would not apply to a spike valve because access through the forward end is

permitted only after compressing the bladder with the complementary luer.

[007] Accordingly, there remains a need to develop additional valve assemblies for

medical applications that can be used with luer connectors that have spike valves and with

luer connectors that lack a central spike. There also remains a continued need to ensure

valves for medical applications that sealingly connect opposing fluid line connectors prior to

valve opening that are easy to operate.

SUMMARY OF THE INVENTION

[008] The invention addresses the above deficiencies in the art and provides

related benefits. In one aspect of the invention a valve assembly is provided, which

includes an outer housing having a base and an outer shell, which forms a proximal

cavity and a distal cavity joined by a canal, wherein base is preferably threaded at a

proximal end for luer connection and notched with one or more notches at a distal end;

an inner housing config ured for long itud inal movement with in the distal cavity , the

inner housi ng havi ng one or more through slots aligned to permit access to the one or

more notches across the inner housing, and a central boss havi ng a throug h bore

that directs passage of f lu id throug h the inner housi ng ; and a seal positioned within

the distal cavity that together with the longitudinal movement of the inner housing

regulates the flow of fluid through the valve assembly.

[009] Longitudinal movement of the inner housing distally opens the valve and

longitudinal movement of the inner housing proximally closes the valve. Longitudinal

movement between the outer shell and inner housing can be by helically turning the inner

housing in relation to the outer housing. Helical turning can be by arranging

complementary camming elements on the outside surface of the inner housing and on

the inside surface of the outer housing.

[01 0] In some embodiments the inner housing is threaded with connector threads

that surround the boss to define a helical axis. Attachment to a fluid line distally is preferably

by luer connection with the connector threads. Preferably the connector threads are oriented

in a same direction as the camming element on the outside of the inner housing such that

rotation of a connecting fluid line in relation to the outer housing sealingly connects the fluid



line to the inner housing then continued rotation in a same direction longitudinally moves the

inner housing distally to open the valve assembly and thus permit flow. In further

embodiments the valve assembly includes a torque limiter mechanism between the

outer shell and the inner housing configured to resist the rotational movement of the inner

housing until a sufficient radial force is applied, which is designed to occur after sealingly

connecting the distal fluid line to the inner housing. This configuration ensures secure

connection between a fluid line distally prior to opening the valve. In still further

embodiments, the torque limiter mechanism has interengageable formations on the outer

shell and the inner housing, the interengageable formations preferably having at least one

indent on the inner housing and at least one flexible member on the outer shell biased

into engagement in the indent in a closed position, whereby the move me nt of the inner

housing is resisted by engagement of an end face of the indent with the flexible member

until the biasing force of the flexible member is overcome. At which time, the inner

housing is permitted to helically rotate distally to open the valve assembly.

[01 1] In some embodiments the one or more through slots of the inner housing

are longitudinally adjacent to the one or more notches on the base when the valve is in

a closed position. This configuration provides direct access to the notches by traversing

the slots with a suitable tool . Direct access permits interaction with the base through the

inner housing . In some embodiments, a removable cap is provided, which is configured

to reversibly cap the distal cavity. In further embodiments the cap has one or more

prongs configured to traverse the one or more through slots to engage the one or more

notches so that when capped, rotation of the cap causes rotation of the base, which

facilitates attachment to a luer connector to the base.

[01 2] In some embodiments, the seal is a sealing pin. In some embodiments

the sealing pin is deformable but in other embodiments the sealing pin is rigid. In some

embodiments the deformable sealing pin bulges radially at a proximal end when

compressed. In other embodiments the deformable sealing pin bends about midway

between its proximal base and distal tip.

[01 3] In some embodiments the sealing pin reversibly mates with a distal end of

the central boss to regulate the flow of fluid through the valve assembly. In some

embodiments the sealing pin reversibly mates with a proximal end of the central boss to

regulate the flow of the fluid through the valve assembly. In some embodiments, the

sealing pin reversibly mates with the canal to regulate the flow of the fluid through the

valve assembly. Reversibly mating can be by way of compression and release of a

compressive force.

[01 4] In related aspect, the invention also provides a valve assembly having an



outer housing including a proximal cavity and a distal cavity joined by a canal; an inner

housing configured for longitudinal movement within the distal cavity, the inner housing

having a central boss having a through bore to direct passage of fluid through the inner

housing; a reversibly deformable sealing pin positioned within the central boss, the

sealing pin having a proximal base and a distal tip, wherein the sealing pin is configured

to deform when applying a sufficient force proximally against the distal tip and

substantially reverse deformation upon release of the force, further wherein flow of fluid

through the valve assembly is regulated at the proximal base of the sealing pin.

[01 5] In some embodiments, the outer housing includes a base with one or more

notches at a distal end and the inner housi ng has one or more through slots aligned

to permit access to the one or more notches. In some embodiments removable cap is

provided, which is configured to reversibly cap the distal cavity, wherein the cap has one

or more prongs configured to traverse the one or more through slots to engage the one

or more notches so that when capped, rotation of the cap causes rotation of the base.

[01 6] Longitudinal movement of the inner housing distally opens the valve and

longitudinal movement of the inner housing proximally closes the valve. Longitudinal

movement between the outer shell and inner housing can be by helically turning the inner

housing in relation to the outer housing. Helical turning can be by arranging

complementary camming elements on the outside surface of the inner housing and on

the inside surface of the outer housing.

[01 7] In some embodiments the inner housing is threaded with connector threads

that surround the cent ra l boss to define a helical axis. Attachment to a fluid line distally is

preferably by luer connection with the connector threads. Preferably the connector threads

are oriented in a same direction as the camming element on the outside of the inner housing

such that rotation of a connecting fluid line both connects the fluid line to the inner housing

and longitudinally moves the inner housing distally to open the valve assembly and thus

permit flow. In further embodiments the valve assembly includes a torque limiter

mechanism between the outer shell and the inner housing configured to resist the

movement of the inner housing until a sufficient radial force is applied. This configuration

ensures secure connection between a fluid line distally prior to opening the valve. In still

further embodiments, the torque limiter mechanism has interengageable formations on

the outer shell and the inner housing, the interengageable formations preferably having at

least one indent on the inner housing and at least one flexible member on the outer

shell biased into engagement in the indent in a closed position, whereby the

move me nt of the inner housing is resisted by engagement of an end face of the indent

with the flexible member until the biasing force of the flexible member is overcome. At

which time, the inner housing is permitted to helically rotate distally to open the valve



assembly.

[01 8] Preferably, the sealing pin is constructed from a flexible or bendable

polymer. In some embodiments, the sealing pin is constructed from silicone. In some

embodiments the sealing pin is constructed from a polyisoprene.

[01 9] In some embodiments, the sealing pin is configured to bend about midway

between its proximal base and distal tip when sufficient proximal force is applied . In

some embodiments, the sealing pin is configured to bulge radially at the proximal base

to maintain a fluid tight seal against the central boss or canal.

[020] Preferably, a fluid tight seal is maintained until the longitudinal movement

distally of the inner housing. In some embodiments a closed position is characterized

as the proximal base of the sealing pin sealed against the central boss and/or the canal.

In some embodiments a closed position is maintained when the proximal base of the

sealing pin is sealingly mated against the central boss and/or the canal and the sealing

pin is displaced from a distal tip of the central boss, such as during deformation . A n

open position can be defined by the proximal base of the sealing pin spaced apart from

both the central boss and the canal.

[02 1] In another related aspect of the invention a valve assembly is provided

having an outer housing including a proximal cavity and a distal cavity joined by a canal;

an inner housing configured for longitudinal movement within the distal cavity, the inner

housing having a central boss including a through bore to direct passage of fluid through

the inner housing; and a seal positioned within the distal cavity that together with the

longitudinal movement of the inner housing regulates the flow of fluid through the valve

assembly. The outer housing and inner housing also have a torque limiter mechanism,

configured to resist the longitudinal movement of the inner housing distally until a sufficient

radial force is applied, which is greater than a force required to sealingly connect a luer

connector to the inner housing . Preferably, the torque limiter mechanism resists

disconnection of the luer connection until after closing the valve.

[022] In another related aspect of the invention a method of attaching a valve

assembly to a fluid line is provided, which includes engaging the threads of the base of the

valve assembly against a complementary threaded end of a proximal fluid line; and rotating

the base by rotation of the cap to continue engagement of the threads until a seal is formed

between the fluid line and the valve assembly. In such a method, preferably the valve

assembly is characterized as an outer housing having a base and an outer shell, which

forms a proximal cavity and a distal cavity joined by a canal, wherein base is threaded

at a proximal end and notched with one or more notches at a distal end; an inner housing

config ured for lo ng itud inal movement with in the d istal cavity , the inner housing



having one or more through slots aligned to permit access to the one or more notches

across the inner housing, and a central boss having a through bore that directs

passage of fluid through the inner housing; and a seal positioned within the distal

cavity that together with the longitudinal movement of the inner housing regulates the

flow of fluid through the valve assembly. Still more preferably the assembly the one or

more through slots are longitudinally adjacent to the one or more notches when the valve

is in a closed position, and further where a removable cap is configured to reversibly cap

the distal cavity, wherein the cap comprises one or more prongs configured to traverse

the one or more through slots to engage the one or more notches so that when capped,

rotation of the cap causes rotation of the base.

[023] In some embodiments, the method also includes removing the cap; mating

a distal fluid line to the inner housing; and longitudinally moving the inner housing to permit

flow of the fluid through the valve assembly. In still further embodiments, the distal fluid line

has a spike valve and the seal is a deformable sealing pin, wherein the step of mating the

distal fluid line to the inner housing includes inserting the spike of the spike valve into the

central boss thereby displacing the deformable sealing pin away from a distal tip of the

central boss while the valve assembly remains closed.

[024] In yet another related aspect, a method of employing a valve assembly is

provided, which includes forming a fluid tight seal between the base of the valve assembly

and a proximal fluid line; mating a distal fluid line having a spike valve to the inner housing

by inserting the spike of the spike valve into the central boss thereby displacing the

deformable sealing pin away from a distal tip of the central boss while the valve assembly

remains closed. In such a method, preferably the valve assembly is characterized as having

an outer housing including a proximal cavity and a distal cavity joined by a canal; an

inner housing configured for longitudinal movement within the distal cavity, the inner

housing having a central boss having a through bore to direct passage of fluid through

the inner housing; a reversibly deformable sealing pin positioned within the central boss,

the sealing pin having a proximal base and a distal tip, wherein the sealing pin is

configured to deform when applying a sufficient force proximally against the distal tip and

substantially reverse deformation upon release of the force, further wherein flow of fluid

through the valve assembly is regulated at the proximal base of the sealing pin.



BRIEF DESCRIPTION OF THE DRAWINGS

[025] The invention will be better understood from the following detailed

description of preferred embodiments of the invention, taken in conjunction with the

accompanying drawings in which like reference numerals refer to like parts and in which:

[026] FIG. 1 depicts an exemplary valve assembly 10 in a closed state;

[027] FIG. 2 is cross section of an exemplary valve assembly 10 shown in a closed

state;

[028] FIG. 3 is an exploded view of an exemplary valve assembly 10 ;

[029] FIG. 4 is an exploded view of the valve assembly 10 of FIG. 3 shown in a

different viewing angle;

[030] FIG. 5 depicts the valve assembly of FIG. 1 in an open state;

[03 1] FIG. 6 is a cross section of the valve assembly 10 of FIG. 2 shown in an open

state;

[032] FIG. 7 is an isometric view of an exemplary inner housing 200;

[033] FIG. 8 is an isometric view of an exemplary base 102;

[034] FIG. 9 is depicts an exemplary capped valve assembly 10 ;

[035] FIG. 10 depicts an exemplary cap 400;

[036] FIG. 11 is a cross section of the capped valve assembly 10 of FIG. 9 ;

[037] FIG. 12 depicts an exemplary valve assembly 10 in a closed state with a

mated spike valve 500 and

[038] FIG. 13 depicts the valve assembly 10 of FIG. 12 in an open state with a

mated spike valve 500.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[039] As an introduction to the invention and with reference to FIGS. 1-13 , the

invention includes a valve assembly 10 for regulating the flow of fluid. The valve assembly

10 is particularly useful in the medical field, such as regulating the flow of in-line fluid for

infusion of medications in liquid form.

[040] For consistency, the valve assembly 10 is described with reference to a

base 102 extending proximate P from an outer shell 104, and regulating fluid that flows

distally D through the assembly 10 ; however, the artisan having ordinary skill in the art to

which the invention belongs will recognize that the valve assembly 10 could also regulate

fluid flowing in a proximal P direction and therefore is not intended to be limited in regard

to the terms the orientation of the base 102 and outer housing 104 or the direction of fluid

flowing through the valve assembly 10 . That is, whether fluid flows proximally P or distally



D, the valve assembly 10 is configured for connection to a first fluid line connector at one

end and configured for connection to a second fluid line connector at the opposing end

such that the valve assembly 10 regulates the flow of fluid between the two fluid lines in

either direction.

[04 1] Unless defined otherwise, all technical and scientific terms used herein have

the same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs. Although methods and materials similar or equivalent to those described

herein can be used in the practice or testing of the invention, the preferred methods and

materials are now described.

[042] As shown in FIG. 1, the valve assembly 10 has an outer housing 100, which

can be defined generally by a base 102 assembled to an outer shell 104. Turning to FIG.

2 , the outer shell 104 can be fabricated as a first part 104a and a second part 104b for

ease of manufacturing and assembly, but the outer shell 104 has also been formed

integrally as a single part.

[043] With reference to FIGS. 1-4, assembly of the outer housing 100 can begin

by forming the first part 104a and second part 104b of the outer shell 104 separately, such

as by injection molding, then inserting an injection molded base 102 proximally through

the first part 104a of the outer shell 104 until locking or snap fitting complementary locking

surfaces. The complementary locking surfaces lock the base 102 into position

longitudinally L to prevent further longitudinal L sliding. In some embodiments, the base

102 is locked into position longitudinally L but the outer shell 104 is permitted to rotate

circumferentially around the base 102 but requiring greater force than that encountered

when connecting a distal fluid line and displacing the inner housing 200. In some

embodiments the base 102 and outer shell 104 are locked longitudinally L and

circumferentially. In some embodiments a protruding ring 116 encircling the base 102

snap fits into a circular recess 118 along the inner surface of the outer shell 104. After

which, the second part 104b of the outer shell 104 can be friction fit or snap fit over the

first part 104a of the outer shell 104. Once assembled , the outer housing 100 forms a

proximal cavity 110 fluidly coupled to a distal cavity 112 by a canal 114 , thereby providing

a path for passing fluid, preferably a liquid, such as a medication for infusion into a patient.

[044] The base 102 is configured for connection to a proximal fluid line preferably

using luer connection via threads 106 that complement threads on a luer connector. At

the opposing end of the base 102 is a receiving member 107, which can be embodied as a

female structure for receiving a complementary male structure, but is preferably is embodied

as one or more notches 108 notched from the base 102. The notches 108 could be

positioned along the outside surface of the base 102 but are preferably positioned

circumferentially along an inner surface of the base 102. Notches can also be provided



on the inner housing 200 that align with the notches 108 during assembly. When

embodied as notches 108, there can be one notch 108, two notches 108, three notches

108, four notches 108 or more than four notches 108 spaced regularly or irregularly

around the inner or outer surface of the base 102. Preferably there are at least four

notches 108.

[045] With reference to FIGS. 1-6, an inner housing 200 is positioned within the

distal cavity 112 and configured for longitudinal L movement, which together with

the seal 300 regulates the flow of fluid through the valve assembly 10. Longitudinal

L movement can be by way of helically arranged complementary camming elements

120, 220 between the outer shell 104 and the inner housing 200. This permits longitudinal

L movement by helically turning the inner housing 200 in relation to the outer shell 104 or

helically turning the outer shell 104 in relation to the inner housing 200. Operationally,

once the distal fluid line is sealingly connected, continued rotation of the distal fluid line

luer in relation to the outer housing 100 extends the inner housing 200 distally in relation

to the outer housing 100 thereby opening the valve assembly 10 to permit fluid flow.

Relatedly, reversing rotation would retract the inner housing 200 proximally thereby

closing the valve assembly 10 to prevent fluid flow.

[046] Differentiating between rotational connection of the distal fluid line and

longitudinal displacement of the inner housing 200 was a challenge that had to be

overcome. It is important that the distal fluid line be sealingly connected prior to opening

the valve 10, and rotation of the distal fluid line be in a same direction for both distal fluid

line connection and valve 10 opening. Similarly, it is important to close the valve 10 before

disconnecting the distal fluid line. The solution was the formation of a torque limiter

mechanism 1 22, 222 between the outer shell 104 and the inner housing 200. When the

valve assembly 10 is in a closed orientation, the torque limiter mechanism 122, 222 resists rotation of

the inner housing 200 relative to the outer housing 100 until a sufficient force is applied. By

defining this sufficient force to be greater than the rotational force applied for connecting

a distal fluid line to the inner housing 200, the valve assembly 10 ensures the distal fluid

line is securely connected prior to opening the valve assembly 10. Once the sufficient

force is applied, the torque limiter 122, 222 releases to permit the helical rotation of the

inner housing 200 in relation to the outer housing 100 thereby opening the valve assembly

10. Similarly, by defining the force required for helical rotation after release of the torque

limiter 122, 222 to be less than that of disconnecting the distal fluid line from the valve

assembly 10, continued rotation in the opposite direction of an open valve assembly 10

first closes the valve assembly 10 then disconnects the distal fluid line from the inner

housing 200. Structurally, the torque limiter mechanism 122, 222 preferably includes

interengageable formations on the outer shell 104 and inner housing 200. Most preferably



the interengageable formations include at least one indent 222 on the inner housing

200 and at least one flexible member 12 2 on the outer shell 104 biased into

engagement in the indent 222 when the valve is in the closed position. In such a

configuration move ment of the inner housing 200 is initially resisted during connection

with the distal line by engagement of an end face 224 of the indent 222 with the flexible

member 122 until the biasing force of the flexible member 122 is overcome. Once

overcome, continued rotational force rotates the inner housing 200 in relation to the outer

shell 104, which longitudinally L displaces the inner housing 200 distally thereby opening

a closed valve assembly 10 . Though less preferred , the torque limiter mechanism 122,

222 could also be embodied as two opposing flexible members on the outer housing 100

and inner housing 200 based together until a biasing force is overcome.

[047] In further embodiments, the interengageable formations include

diametrically opposite first and second indents 222 on the inner housing 200 and

diametrically opposed flexible members 122 on the outer shell 104, which engage the

respective indents 222 in a closed position. In such an embodiment, the valve assembly

10 is preferably open with less than a 180 degree turn of the inner housing 200 in relation

to the outer shell 104.

[048] With reference to FIGS. 2-9, preferably, the inner housi ng 200 has one or

more through slots 202 permitting access to the receiving member 107 of the base 102

through the inner housing 200. In some embodiments there are two through slots 202. In

other embodiments there are three through slots 202. In other embodiments there are

four through slots 202. In still other embodiments there are more than four through slots

202. In some embodiments, there are more through slots 202 than notches 108.

Preferably, at least one of the one or more through slots 202 are longitudinally L aligned

and adjacent to one of the one or more notches 108 to permit linear access to the notches

108 across the inner housing 200 when the valve 10 is in a closed position.

[049] With reference to FIGS. 1- 11, preferably, the valve assembly 10 is provided

with a tool to traverse the through slots 202 and engage the receiving member 107 (or

notches 108) to directly rotate the base 102. In preferred embodiments, the tool is in the

form of a removable cap 400 that reversibly caps the distal cavity 112 , thereby decreasing

direct handling of the distal D end of the inner housing 200 when connecting the base 102

to a proximal fluid line. In an exemplary embodiment the cap 400 has one or more prongs

402 configured to fit through the one or more slots 202 and rest within the one or more

notches 108 so that rotation of the cap 400 directly rotates the base 102.

[050] The valve assembly 10 can be easily connected at each end and operated.

Proximal P connection to a fluid line connector is conveniently accomplished by rotation

of the cap 400, with its prongs 402 received by or engaged in the notches 108. Direct



engagement between the prongs 402 and the notches 108 permit turning the base 102

via the cap 400. Connecting to a fluid line distally D can be accomplished by removing

the cap 400 and rotating of the outer shell 104, which also rotates the inner housing 200

due to the torque limiter mechanism 122, 222, or by rotating the fluid line in relation to the

inner housing 102. Once connected, longitudinal L displacement of the inner housing 200

can be by continued rotation of the outer shell 104 or the sealed distal fluid line in relation

to one another. Helical movement longitudinally L displaces the inner housing 200

distally, which opens the valve assembly 10 ; and helical movement in the opposite

direction of an open valve assembly 10 proximally returns the inner housing 200 and thus

closes the valve assembly 10 . Continued rotation disconnects the fluid line.

[05 1] Longitudinal L displacement of the inner housing 200 regulates the flow of

fluid through interaction with the seal 300, which is preferably embodied with an elongated

longitudinal extent 3 16 and a proximal base 3 12 (also referred to as a "sealing pin 3 10"),

optionally with a proximal extension 3 18 for attachment to the base 102 of the outer shell

100. In particular, longitudinal L movement of the inner housing 200 distally D moves the

central boss 206 away from the seal 300, which opens the valve assembly 10 , and

longitudinal L movement of the inner housing 200 proximally P moves the central boss

206 towards and against the seal 300 to close the valve assembly 10 . The seal 300 can

operate using different modes.

[052] In some embodiments, flow of fluid is regulated through interfering with the

distal end of the canal 114, which joins the proximal cavity 110 and the distal cavity 112 .

This can be accomplished by compressing the seal 300 with the inner housing 200 against

the canal 114 in a closed state and releasing the compressive force to permit

displacement of the seal 300 from the canal 114 in an open state. In some embodiments

(not shown) the seal 300, in particular the proximal base 3 12 of the seal 300 bulges

radially when compressed to form a fluid tight seal at the canal 114 and retreats when

decompressed to permit passage of fluid into the distal cavity 110 . In such embodiments,

the seal is deformable at its base 3 12 and may be deformable or rigid along its longitudinal

extent 3 16 (shown in FIGS 12-1 3).

[053] In other embodiments, the base 3 12 of the seal 300 is shaped

complementary to the proximal end of the central boss 206 such that the seal 300

reversibly mates against the central boss 206 to seal fluid tight when the valve 10 is closed

and moves away from the fluid tight mating when the valve 10 is open. In this configuration

the seal 300 can be deformable or rigid along its longitudinal extent 3 16 , but is preferably

deformable (shown in FIGS. 12-1 3).

[054] As shown more clearly in FIGS. 12-1 3 , in some embodiments, the seal 300

reversibly deforms along its longitudinal extent 3 16 . This configuration may be preferred



when connecting the valve assembly 10 distally to a spike valve 500. In this configuration,

a deformable sealing pin 310 extending into the through bore 208 of the central boss 206 is

configured to bend and flex away from the distal aperture 2 10 of the boss 206 to ensure proper

seating of a spike 510 into the central boss 206. An implication of this configuration is that the

sealing pin 310 is displaced from the distal aperture 210 of the boss 206 while the valve 10

remains closed. As such, the distal end of the central boss 206 would not itself prevent flow

of fluid through the valve 10.

[055] Providing a configuration where the sealing pin 310 bends away from the distal

aperture 210 of the central boss 206 while the valve assembly 10 remains closed provides a

number of benefits. For instance, a deformable sealing pin 310 that bends along its

longitudinal extent 316 permits the valve assembly 10 to be used with both spike connectors

500 and connectors that lack a spike 510. In addition it also permits the valve assembly 10 to

be used with a number of different sized spikes 510. In particular, spike valves 500 having

different sized spikes 510 can be properly seated prior to opening the valve assembly 10. In

addition, a deformable sealing pin 310 that bends along its longitudinal extent ensures proper

mating of the central boss 206 and spike 510 prior to opening the valve assembly 10 by

providing a suitable guided path.

[056] FIGS. 12-13 also depict the delayed opening of the valve assembly 10 when

connecting the valve assembly 10 distally to a spike valve 500. As shown in FIG. 12, initial

rotation of a central spike valve 500 relative to the valve assembly 10 causes longitudinal L

movement and mating of the central spike 510 of the spike valve 500 against the deformable

sealing pin 310 within the central boss 206. Continued rotation increases the force

longitudinally L against the deformable sealing pin 310, which causes the deformable sealing

pin 310 to bend such that the sealing pin 310 is displaced away from the distal aperture 210

of the central boss 206 to permit entry of the central spike 510 into the boss 206. Since release

of the in-line fluid is regulated in a region of the proximal end of the central boss 206 and

sealing pin 310, which remains sealed during insertion of the central spike 510, bending and

thus displacement of the sealing pin 310 away from the distal aperture 210 of the central boss

206 does not cause the in-line fluid to flow through the valve 10. In this configuration the valve

10 remains closed even though the sealing pin 310 is displaced from the distal aperture of the

boss 206. Once the central spike 510 is maximally inserted into the central boss 206 and the

sealing pin 310 is fully displaced from the distal aperture 210 of the central boss 206 continued

rotation of the spike valve 500 moves the central boss 206 distally together with the central

spike valve 500, thereby unsealing the valve 10 at the proximal end of the central boss 206

and base 312 of the sealing pin 310. Flow of in-line fluid is then permitted across the central

boss 206 and into the spike valve 500.



[057] In still another embodiment, the flow of fluid through valve assembly 10 is

regulated at least in part by reversibly maintaining the sealing pin 3 10 with a distal end of

the through bore 208 of the central boss 206. In this approach, the sealing pin 3 10 is

preferably rigid or substantially rigid and the distal fluid line lacks a spike 5 10 connector.

[058] Returning to FIGS. 3-4 and FIGS. 9-1 1, the invention also provides a cap

400 sized to cover the distal cavity 112 of the valve assembly 10 . The cap 400 is defined

generally by a top 404 joined to a circular sidewall 406. The sidewall 406 preferably has a flat

inner surface free of threads so that it is friction fit against the outer housing 100. The cap 400

has one or more prongs 402 configured to traverse the through slots 204 of the inner housing

200 for engagement against the receiving member 107. More preferably, the one or more

prongs 402 include more than one prong 402. In some embodiments, the cap 400 has two

prongs 402. In other embodiments the cap 400 has three prongs 402. In other embodiments,

the cap 400 has four prongs 402. In other embodiments, the cap 400 has five prongs 402. In

other embodiments, the cap 400 has six prongs 402. In other embodiments, the cap 400 has

more than six prongs 402. In some embodiments, the cap 400 has fewer prongs 402 than

there slots 202. In some embodiments the prongs 402 are in a circular arrangement and

extend longitudinally L from the top 404.

[059] With reference to FIGS. 1- 13 , a valve assembly 10 for controlling fluid flow

along a fluid line is also provided, which includes an outer housing 100 having a proximal

cavity 110 and a distal cavity 112 joined by a canal 114 ; an inner housing 200 configured

for longitudinal L movement within the distal cavity 112 , the inner housing 200 having a

central boss 206 comprising a through bore 208 to direct passage of fluid through the

inner housing 200; and a seal 300 positioned within the distal cavity 112 that together with

the longitudinal L movement of the inner housing 200 regulates the flow of fluid through

the valve assembly 10 ; wherein the outer housing 100 and inner housing 200 comprise a

torque limiter mechanism 122, 222 configured to resist the longitudinal movement of the inner

housing 200 distally until a sufficient radial force is applied, which is greater than a force

required to sealingly connect a luer connector to the inner housing 200. Preferably, the

torque limiter mechanism 122, 222 resists disconnection of the luer connection until after

closing the valve 10 . Most preferably, the torque limiter mechanism 122, 222 includes

interengageable formations on the outer shell 104 and the inner housing 200, the

interengageable formations having at least one indent 22 2 on the inner housing 2 0 0

and at least one flexible member 1 2 2 on the outer shell 10 4 biased into engagement

in the indent 222 in a closed position , whereby the move me nt of the inner housing 200

is resisted by engagement of an end face 224 of the indent 222 with the flexible member

122 until the biasing force of the flexible member 122 is overcome.



[060] The invention also provides a method of attaching a valve assembly 10 to a

fluid line. An exemplary valve assembly includes an outer housing 100 having a base 102

and an outer shell 104, which forms a proximal cavity 110 and a distal cavity 112 joined

by a canal 114 , wherein the base 102 is threaded 106 at a proximal end and notched with

one or more notches 108 at a distal end; an inner housing 200 config ured for

long itud inal L movement with in the distal cavity 112 , the inner housi ng 200 havi ng

one or more through slots 204 aligned to permit access to the one or more notches 108

across the inner housing 200, and a central boss 206 havi ng a throug h bore 208 that

d irects passage of f lu id throug h the inner housi ng 200 ; and a seal 300 positioned

within the distal cavity 112 that together with the longitudinal L movement of the inner

housing 200 regulates the flow of fluid through the valve assembly 10 . In further

embodiments the one or more through slots 202 of the inner housing 200 are

longitudinally L adjacent to the one or more notches 108 on the base 102 when the valve

10 is in a closed position. This configuration provides direct access to the notches 108

by traversing the slots 202 with a suitable tool. Direct access permits interaction with the

base 102 through the inner housing 200. In some embodiments, a removable cap 400 is

provided, which is configured to reversibly cap the distal cavity 112 . In further

embodiments the cap 400 has one or more prongs 402 configured to traverse the one or

more through slots 202 to engage the one or more notches 108 so that when capped,

rotation of the cap 400 causes rotation of the base 102.

[061 ] In some embodiments, the method includes engaging the threads 106 of the

base 102 of the valve assembly 10 against a complementary threaded end of a proximal fluid

line, such as through a luer connector; and rotating the base 102 by rotation of the cap 400 to

continue engagement of the threads 106 until a seal is formed between the fluid line and the

valve assembly 10 .

[062] In some embodiments the method further includes removing the cap 400;

mating a distal fluid line to the inner housing 200; and longitudinally L moving the inner housing

200 to permit flow of the fluid through the valve assembly 10 .

[063] In some embodiments the distal fluid line includes a spike valve 500 and the

seal 300 is a deformable sealing pin 3 10 , wherein the step of mating the distal fluid line to the

inner housing 200 includes inserting the spike 5 10 of the spike valve 500 into the central boss

206 thereby displacing the deformable sealing pin 3 10 away from a distal tip 3 14 of the

central boss 206 while the valve assembly 10 remains closed.

[064] In related method, the invention also includes a method of employing a valve

assembly 10 , where the valve assembly 10 includes an outer housing 100 including a

proximal cavity 110 and a distal cavity 112 joined by a canal 114 ; an inner housing 200

configured for longitudinal L movement within the distal cavity 112 , the inner housing 200



having a central boss 206 havi ng a through bore 208 to direct passage of fluid through

the inner housing 200; a reversibly deformable sealing pin 3 10 positioned within the

central boss 206, the sealing pin 3 10 having a proximal base 3 12 and a distal tip 3 14 ,

wherein the sealing pin 3 10 is configured to deform when applying a sufficient force

proximally against the distal tip 3 16 and substantially reverse deformation upon release

of the force, further wherein flow of fluid through the valve assembly 10 is regulated at the

proximal base 3 12 of the sealing pin 3 10 .

[065] In some embodiments the method includes forming a fluid tight seal between

the base 102 of the valve assembly 10 and a proximal fluid line; mating a distal fluid line having

a spike valve 500 to the inner housing 200 by inserting the spike 5 10 of the spike valve 500

into the central boss 206 thereby displacing the deformable sealing pin 3 10 away from a

distal tip 3 14 of the central boss 206 while the valve assembly 10 remains closed ; and

longitudinally L moving the inner housing 200 to permit flow of the fluid through the valve

assembly 10 .

[066] The foregoing disclosure of exemplary embodiments has been presented for

purposes of illustration and description. It is not intended to be exhaustive or to limit the

invention to the precise forms disclosed. Many variations and modifications of the

embodiments described herein will be apparent to one of ordinary skill in the art in light of the

above disclosure.

[067] Further, in describing representative embodiments, the specification may have

presented the method and/or process as a particular sequence of steps. However, to the

extent that the method or process does not rely on the particular order of steps set forth herein,

the method or process should not be limited to the particular sequence of steps described. As

one of ordinary skill in the art would appreciate, other sequences of steps may be possible.

Therefore, the particular order of the steps set forth in the specification should not be

construed as limitations on the claims.

[068] While the invention is susceptible to various modifications, and alternative

forms, specific examples thereof have been shown in the drawings and are herein described

in detail. It should be understood, however, that the invention is not to be limited to the

particular forms or methods disclosed, but to the contrary, the invention is to cover all

modifications, equivalents and alternatives falling within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A valve assembly ( 10) comprising:

an outer housing ( 100) comprising a base ( 102) and an outer shell ( 104),

which forms a proximal cavity ( 1 10) and a distal cavity ( 1 12) joined by a canal

( 1 14), wherein the base ( 102) is threaded ( 106) at a proximal end and notched

with one or more notches ( 108) at a distal end;

an inner housing (200) config ured for long itud inal (L) movement with in

the distal cavity (112) , the inner housi ng (200) com prisi ng one or more

through slots (202) aligned to permit access to the one or more notches ( 108)

across the inner housing (200), and a central boss (206) com prisi ng a

throu gh bore (208) that directs passage of f luid throug h the inner housi ng

(200) ; and

a seal (300) positioned within the distal cavity ( 1 12) that together with the

longitudinal (L) movement of the inner housing (200) regulates the flow of fluid

through the valve assembly ( 10) .

2 . The valve assembly ( 10) according to claim 1, wherein the outer shell ( 104)

and inner housing (200) comprise complementary camming elements ( 120, 220), wherein

the longitudinal (L) movement occurs by helically turning the inner housing (200) in

relation to the outer housing ( 100).

3 . The valve assembly ( 10) according to claim 1, wherein the one or more

through slots (202) are longitudinally (L) adjacent to the one or more notches ( 108) when

the valve ( 10) is in a closed position.

4 . The valve assembly according to claim 3 , further comprising a removable

cap (400) configured to reversibly cap the distal cavity ( 1 12), wherein the cap (400)

comprises one or more prongs (402) configured to traverse the one or more through slots

(202) to engage the one or more notches ( 108) so that when capped , rotation of the cap

(400) causes rotation of the base ( 102).



5 . The valve assembly according to claim 1, wherei n the inner housing (200)

comprises connector threads (204) that surround the boss (206) to define a helical axis.

6 . The valve assembly ( 10) according to claim 1, wherein the seal (300) is a

sealing pin (31 0).

7 . The valve assembly ( 10) according to claim 6 , wherein sealing pin (31 0) is

deformable.

8 . The valve assembly ( 10) according to claim 7 , wherein the sealing pin (31 0)

bulges radially at a base (31 2) when compressed.

9 . The valve assembly ( 10) according to claim 6 , wherein sealing pin (31 0) is

rigid.

10 . The valve assembly ( 10) according to claim 6 , wherein the sealing pin (31 0)

reversibly mates with a distal aperture (2 10) of the central boss (206) to regulate the flow

of fluid through the valve assembly ( 10).

11. The valve assembly ( 10) according to claim 6 , wherein the sealing pin (31 0)

reversibly mates with a proximal end the central boss (206) to regulate the flow of the fluid

through the valve assembly ( 10).

12 . The valve assembly ( 10) according to claim 6 , wherein the sealing pin (31 0)

reversibly mates with the canal (2 14) to regulate the flow of the fluid through the valve

assembly ( 10).

13 . The valve assembly ( 10) according to claim 1, further comprising a torque

limiter mechanism ( 12 2 , 2 2 2 ) between the outer shell ( 104) and the inner housing (200)

configured to resist the movement of the inner housing (200) until a sufficient radial force is

applied.

14 . The valve assembly (10) according to claim 13 ,wherein the torque limiter

mechanism ( 122, 222) comprises interengageable formations on the outer shell (104)



and the inner housing (200), the interengageable formations comprising at least one

indent (22 2) on the inner housing (2 00) and at least one flexible member ( 12 2 )

on the outer shell ( 104 ) biased into engagement in the indent (222) in a closed

position, whereby the move ment of the inner housing (200) is resisted by

engagement of an end face (224) of the indent (222) with the flexible member ( 122) until

the biasing force of the flexible member ( 122) is overcome.

15 . A valve assembly ( 10) comprising:

an outer housing ( 100) comprising a proximal cavity ( 1 10) and a distal cavity ( 1 12)

joined by a canal ( 1 14);

an inner housing (200) configured for longitudinal (L) movement within the distal

cavity ( 1 12), the inner housing (200) comprising a central boss (206)

comprisi ng a through bore (208) to direct passage of fluid through the inner

housing (200);

a reversibly deformable sealing pin (31 0) positioned within the central boss (206),

the sealing pin (31 0) comprising a proximal base (3 12) and a distal tip (31 4),

wherein the sealing pin (31 0) is configured to deform when applying a sufficient

force proximally against the distal tip (31 4) and substantially reverse

deformation upon release of the force, further wherein flow of fluid through the

valve assembly ( 10) is regulated at the proximal base (31 2) of the sealing pin

(31 0).

16 . The valve assembly ( 10) according to claim 15 , wherein the outer shell

( 104) and inner housing (200) comprise complementary camming elements ( 120, 220),

wherein the longitudinal (L) movement occurs by helically turning the inner housing (200)

in relation to the outer housing ( 100).

17 . The valve assembly ( 10) according to claim 15 , wherein the outer housing

( 100) comprises a base ( 102) with one or more notches ( 108) at a distal end and the

inner housi ng (200) comprises one or more through slots (202) aligned to permit access

to the one or more notches ( 108)



18 . The valve assembly according to claim 17 , further comprising a removable

cap (400) configured to reversibly cap the distal cavity ( 1 12), wherein the cap (400)

comprises one or more prongs (402) configured to traverse the one or more through slots

(202) to engage the one or more notches ( 108) so that when capped , rotation of the cap

(400) causes rotation of the base ( 102).

19 . The valve assembly according to claim 15, wherein the inner housing (200)

comprises connector threads (204) that surround the boss (206) to define a helical axis.

20. The valve assembly according to claim 15 , wherein the sealing pin (31 0) is

constructed from a flexible or bendable polymer, optionally selected from the group

consisting of a silicone, a polyisoprene, and one or more other flexible or bendable

polymers.

21. The valve assembly according to claim 15 , wherein the sealing pin (31 0) is

configured to bend about midway between the proximal base (31 2) and distal tip (31 4)

when the force is applied.

22. The valve assembly according to claim 15 , wherein the sealing pin (31 0) is

configured to bulge radially at the proximal base (3 12) to maintain a fluid tight seal against

the central boss (206) or canal ( 1 14)

23. The valve assembly according to claim 22, where the fluid tight seal is

maintained until the longitudinal movement of the inner housing (200).

24. The valve assembly according to claim 15 , wherein a closed position is

characterized as the proximal base (3 12) of the sealing pin (31 0) sealed against the

central boss (306) and/or the canal ( 1 14).

25. The valve assembly according to claim 15 , wherein a closed position is

maintained when the proximal base (31 2) of the sealing pin (306) is sealingly mated

against the central boss (206) and/or the canal ( 1 14) and the sealing pin (306) is displaced

from a distal aperture (31 4) of the central boss (306).

26. The valve assembly according to claim 15 , wherein an open position is

defined by the proximal base (31 2) of the sealing pin (31 0) spaced apart from both the



central boss (206) and the canal ( 1 14).

27. The valve assembly ( 10) according to claim 15 , further comprising a torque

limiter mechanism ( 12 2 , 2 2 2 ) between the outer shell ( 104) and the inner housing (200)

configured to resist the longitudinal (L) movement of the inner housing (200) until a sufficient

rotational force is applied.

28. The valve assembly (10) according to claim 27, wherein the torque limiter

mechanism ( 122, 222) comprises interengageable formations on the outer shell (104)

and inner housing (200), the interengageable formations comprising at least one indent

(2 2 2 ) on the inner housing (2 0 0) and at least one flexible member ( 12 2 ) on the

outer shell ( 10 4 ) biased into engagement in the indent (222) in a closed position,

whereby the move me nt of the inner housing (2 00) is resisted by engagement of an

end face (224) of the indent (222) with the flexible member ( 122) until the biasing force

of the flexible member ( 122) is overcome.

29. A valve assembly ( 10) comprising:

an outer housing ( 100) comprising a proximal cavity ( 1 10) and a distal cavity ( 1 12)

joined by a canal ( 1 14);

an inner housing (200) configured for longitudinal (L) movement within the distal

cavity ( 1 12), the inner housing (200) comprising a central boss (206)

comprising a throughbore (208) to direct passage of fluid through the inner

housing (200); and

a seal (300) positioned within the distal cavity ( 1 12) that together with the

longitudinal (L) movement of the inner housing (200) regulates the flow of fluid

through the valve assembly ( 10) ;

wherein the outer housing ( 100) and inner housing (200) comprise a torque limiter

mechanism ( 122, 222), configured to resist the longitudinal movement of the inner

housing (200) distally until a sufficient radial force is applied, which is greater

than a force required to sealingly connect a luer connector to the inner housing

(200).



30. The valve assembly (10) according to claim 29, wherein the torque limiter

mechanism ( 122,222) resists disconnection of the luer connection until after closing the

valve ( 10) .

3 1 . The valve assembly (10) according to claim 29, wherein the torque limiter

mechanism ( 122, 222) comprises interengageable formations on the outer shell (104) and

the inner housing (200), the interengageable formations comprising at least one indent

(2 2 2 ) on the inner housing (2 0 0 ) and at least one flexible member ( 12 2 ) on the

outer shell ( 10 4 ) biased into engagement in the indent (222) in a closed position,

whereby the move me nt of the inner housing (2 00) is resisted by engagement of an

end face (224) of the indent (222) with the flexible member ( 122) until the biasing force of

the flexible member ( 122) is overcome.

32. A method of employing a valve assembly ( 10) within a fluid line, comprising:

engaging the threads ( 106) of the base ( 102) of the valve assembly

( 10) according to claim 4 against a complementary threaded end of a

proximal fluid line; and

rotating the base ( 102) by rotation of the cap (400) to continue

engagement of the threads ( 106) until a seal is formed between the fluid line

and the valve assembly ( 10).

33. The method according to claim 32, further comprising:

removing the cap (400);

mating a distal fluid line to the inner housing (200); and

longitudinally moving the inner housing (200) to permit flow of the

fluid through the valve assembly ( 10).

34. The method according to claim 32, wherein the distal fluid line comprises a

spike valve (500) and the seal (300) comprises a deformable sealing pin (3 10), wherein the

step of mating the distal fluid line to the inner housing (200) comprises inserting the spike

(51 0) of the spike valve (500) into the central boss (206) thereby displacing the deformable

sealing pin (31 0) away from a distal tip (31 4) of the central boss (206) while the valve

assembly ( 10) remains closed.



A method of employing a valve assembly ( 10) within a fluid line, comprising:

forming a fluid tight seal between the base ( 102) of the valve

assembly ( 10) according to claim 15 and a proximal fluid line;

mating a distal fluid line comprising a spike valve (500) to the inner

housing (200) by inserting the spike (51 0) of the spike valve (500) into the

central boss (206) thereby displacing the deformable sealing pin (31 0)

away from a distal aperture (31 4) of the central boss (306) while the valve

assembly ( 10) remains closed; and

longitudinally (L) moving the inner housing (200) to permit flow of the

fluid through the valve assembly ( 10) .
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The inventions listed as Groups l-lll do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I include: an outer housing comprising a base and an outer shell, wherein the base is threaded
at a proximal end and notched with one or more notches at a distal end; the inner housing comprising one or more through slots aligned
to permit access to the one or more notches across the inner housing (which are not present in Groups ll-lll), and a seal positioned
within the distal cavity that together with the longitudinal movement of the inner housing regulates the flow of fluid through the valve
assembly (which are not present in Group II).

The special technical features of Group II include: a reversibly deformable sealing pin positioned within the central boss, the sealing pin
comprising a proximal base and a distal tip, wherein the sealing pin is configured to deform when applying a sufficient force proximally
against the distal tip and substantially reverse deformation upon release of the force, further wherein flow of fluid through the valve
assembly is regulated at the proximal base of the sealing pin (which are not present in Groups I and III).

The special technical features of Group III include: and a seal positioned within the distal cavity that together with the longitudinal
movement of the inner housing regulates the flow of fluid through the valve assembly (which are not present in Group II); wherein the
outer housing and inner housing comprise a torque limiter mechanism, configured to resist the longitudinal movement of the inner
housing distally until a sufficient radial force is applied, which is greater than a force required to sealingly connect a luer connector to the
inner housing (which are not present in Groups l-ll).

The common technical features of Groups I, I I and III are: a valve assembly comprising: an outer housing comprising a proximal cavity
and a distal cavity joined by a canal; an inner housing configured for longitudinal movement within the distal cavity, the inner housing
comprising a central boss comprising a throughbore to direct passage of fluid through the inner housing; and a seal positioned within the
distal cavity that together with the longitudinal movement of the inner housing regulates the flow of fluid through the valve assembly.

These common technical features are disclosed by US 2012/0277688 A 1 (ROGIER). Rogier discloses a valve assembly comprising: an
outer housing (14, 16, collectively; figure 4) comprising a proximal cavity (A; annotated figure 4) and a distal cavity (B, annotated figure
4) joined by a canal (C; annotated figure 4); an inner housing (46) configured for longitudinal movement within the distal cavity (actuator
46 reciprocates longitudinally within bore 48; paragraph [0047]), the inner housing comprising a central boss (indicated to by 46P; figure
4) comprising a throughbore (50) to direct passage of fluid through the inner housing (fluid flows through bore 40 of the actuator 46;
paragraph [0053]); and a seal (40) positioned within the distal cavity that together with the longitudinal movement of the inner housing
regulates the flow of fluid (valve element 40 is opened to allow fluid flow via reciprocation of actuator 46; paragraphs [0047], [0049])
through the valve assembly (10).

Since the common technical features are previously disclosed by Rogier, the common features are not special and so Groups I, I I and III
lack unity.
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