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FLUID FLOW CONTROL VALVE AND FLOW
CONTROL DEVICES AND METHODS EMPLOYING SAME

[0001] The present application generally relates to flow control valves and
more particularly to medical fluid transfer and/or injection devices for medical
fluids that employ such valves.

Background
[0002] Development efforts have continued in recent years in the development
of new and/or improved devices for transferring, reconstituting and/or injecting
medical fluids, such as drugs, antibiotics, vaccines, biologics and other
medicaments for therapeutic and/or diagnostic purposes. One example of such a
development may be found in PCT publication W0O2014/204894 A2 by Enable
Injections LLGC of Franklin, Ohio USA, which is incorporated by reference herein.
That publication discloses a medical fluid injection device and an associated
system or device for fluid transferring, mixing, diluting and/or reconstituting a
medical fluid for injection. The injection device employs an internal reservoir in
the form of a resilient balloon or bladder that expands as it is filled with medical
fluid from the transfer device. The injection device may, after filling, be removed
from the transfer device and placed on the skin of a patient and activated. Upon
activation, an injection needle is advanced from the device into the skin of the
patient and the inherent pressure provided by the expanded resilient reservoir
forces the medical fluid through the needle and into the patient. This injection
device and others that are functionally similar may use flow control valves, such
as check valves or one-way valves, to control the flow of medical fluid.
[0003] While flow control valves are, in general, well known in a wide variety of
technical settings, and in a variety of configurations, there continues to be a need
for new valve design and development, including, without limitation, valves
particularly suited for use in medical fluid transfer and/or injection devices such as
found in the above identified PCT publication. One known form of valve employs
a ball within a flexible tube to control flow therethrough. Examples of these may
be found in U.S. Patents nos. 605,693; 2,314,767; and 6,923,785; U.S. published
application no. 2006/0163506; Great Britain patent application GB 2,091,853(A);

and European patent application EP 0800032(A1).
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Summary
[0004] The present subject matter is directed to a novel flow control valve and

to injection devices and/or transfer, mixing or reconstitution devices employing
such a valve and to methods of their use. The following non-limiting summary is
to acquaint the reader generally with various potential aspects of the present
subject matter, and is non-exclusive with respect to the various possible aspects
or combinations of aspects found in such device or method. Additional aspects of
the present subject matter may be found in the detailed description below, in the
accompanying claims and/or in the accompanying figures.
[0005] In accordance with one aspect of the present subject matter, a fluid flow
control valve includes a valve housing defining a valve cavity with an inlet and an
outlet. A valve body having a fluid flow lumen and a valve member located within
the fluid flow lumen are positioned in the valve cavity and control flow between the
inlet and outlet. The valve body is resilient and the valve body and valve member
are respectively sized such that the valve member is cross-sectionally larger than
the fluid flow lumen when the valve body and valve member are in a substantially
unstressed condition so as to result in annular contact between the valve member
and valve body that substantially blocks fluid flow through the fluid flow lumen in
the absence of fluid pressure from the inlet. The resiliency of the resilient valve
body allows for movement between a normally closed position in which the valve
member and fluid lumen surface are in contact and block flow, and an open
position in response to fluid pressure from the inlet, in which the valve body flexes
to allow fluid flow between the valve body and valve member. The valve body
includes an exterior surface that is exposed, at least in part, to pressure from fluid
between the valve member and outlet. This allows the pressure of the
downstream fluid to press against the valve body and help create sealing contact
against the valve member.
[0006] In accordance with another aspect of the present subject matter a
medical fluid injection or transfer device may comprise a housing, a reservoir
within the housing for receiving medical fluid, an inlet port in the housing for
receiving medical fluid from a source, and a fluid flow path in the housing
communicating between the inlet port and reservoir. The fluid flow path includes a
2
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one-way valve that includes a valve body including a fluid flow lumen therethrough
and a valve member located within the fluid flow lumen. At least one of the valve
body and valve member is resilient and respectively sized for movement between
a normally closed position in which the valve member and a fluid lumen surface
are in sufficient annular contact to block fluid flow through the fluid flow lumen in
the absence of fluid pressure from the inlet port, and an open position in response
to fluid pressure from the inlet port in which at least one of the valve body and
valve member flexes to a spaced apart position that allows fluid flow between
them.
[0007] In accordance with another aspect of the present subject matter a
medical fluid injection device comprises an injection device housing, a resilient
expandable reservoir within the housing for receiving medical fluid, an injection
needle carried by the housing, an injection flow path for communication between
the injection needle and reservoir, a port in the housing for receiving medical fluid
under pressure from a source, and an inlet fluid flow path in the housing
communicating between the inlet port and reservoir for introducing medical fluid
into the reservoir. The inlet fluid flow path includes a one-way valve for allowing
fluid flow from the inlet port into the reservoir and preventing fluid flow from the
reservoir to the inlet port. The one-way valve includes a valve body including a
substantially resilient sleeve portion through which inlet flow path extends, a valve
inlet for fluid flow into one end of the inlet flow path and a valve outlet for fluid flow
from the other end of the inlet flow path. A substantially rigid valve member is
located within the inlet flow path of the resilient sleeve portion between the valve
inlet and valve outlet. The valve member is sized such that it has a cross-
sectional size larger than the inlet flow path in a substantially unbiased condition,
such that the sleeve normally contacts the valve member and blocks fluid flow
through the valve body from the reservoir to the inlet port. The sleeve is resiliently
expandable under fluid pressure from the inlet port to allow fluid flow from the inlet
port toward the reservoir.
[0008] In yet another aspect, a medical fluid flow control device comprises a
housing, a resilient expandable reservoir within the housing, an inlet port in the
housing for receiving medical fluid from a source and an outlet port in the housing
3
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for flow of fluid from the housing and a fluid flow path between the inlet port and
the reservoir and between the reservoir and the outlet port. The fluid flow path
between the inlet port and reservoir includes a normally closed one-way valve for
allowing fluid flow from the inlet port into the reservoir and preventing fluid flow
from the reservoir to the inlet port. In this aspect, the valve may have two seals or
sealing areas that help prevent flow from the reservoir to the inlet port. The one-
way valve includes a valve body. The valve body includes a resilient hollow
sleeve portion defining a fluid flow lumen therein, a valve body inlet for fluid flow
into one end of the fluid flow lumen from the inlet port and a valve body outlet for
fluid flow from the other end of the fluid flow lumen into the reservoir. A
substantially separate rigid valve member is located within the lumen of the
resilient sleeve portion and is sized such that the valve member is larger than the
lumen of the resilient sleeve when the sleeve is in an unbiased condition, whereby
the sleeve portion will normally exert an annular inward force against an outer
surface of the valve member to provide an annular first seal between the valve
member and sleeve and block flow through the fluid flow lumen from the reservoir
to the inlet port. The sleeve has an outer surface in fluid communication with the
fluid flow path between the valve and reservoir and is resiliently expandable under
sufficient fluid pressure from the inlet port to allow fluid flow between the valve
body and valve member and into the resilient reservoir. The valve body further
defines an annular valve seat in the lumen between the valve member and valve
body inlet, which valve seat is contacted by the valve member in the normally
closed condition to provide an additional seal against fluid flow from the reservoir.
The valve member is movable away from the valve seat under fluid pressure from
the inlet port to allow fluid flow through the fluid flow lumen between the valve seat
and valve member.

[0009] These and other aspects of the present subject matter are set forth in

the following more detailed description and accompanying figures.
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Brief Description of the Drawings

[0010] Fig. 1 is a perspective view of a transfer device and injection device
combination or assembly within an outer package, which employs a flow control
valve in accordance with the present disclosure.

[0011] Fig. 2 is side view of the combination of Fig. 1 with the outer package
removed and portions of the injection device and transfer device in sectional view
for better depiction of the structures.

[0012] Fig. 3 is an exploded perspective view of certain parts of the injection
device of Fig. 1.

[0013] Fig. 4 is a vertical cross-sectional view of the injection device of Fig. 1
and a portion of the transfer device.

[0014] Fig. 5 is a horizontal cross-sectional view of the injection device of Fig.
1.

[0015] Fig. 6A is a perspective view of one embodiment of a valve body and
valve member that may be employed in the injection and/or transfer device
exemplified in Fig. 1.

[0016] Fig. 6B is a perspective view of the embodiment of a valve body and
valve member shown in Fig. 6A, taken from a different viewing angle.

[0017] Fig. 7A is a side view of the valve body of Fig. 6A.

[0018] Fig. 7B is a bottom view of the valve body of Fig. 7A.

[0019] Fig. 7C is a cross-section view of the valve body of Fig. 7A, taken along
line 7C-7C.

[0020] Figs. 8A and 8B are enlarged cross-sectional views of the of the
injection and transfer device combination of Fig. 2, showing the valve in closed
position in Fig. 8A and in open position in Fig. 8B.

[0021] Figs. 9 cross-sectional views similar to Fig. 8A with certain parts of the
injection or transfer device removed, and diagramatically showing the fluid forces
acting on the valve after the injection device is filled and before administration to a

patient.
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Detailed Description

[0022] As illustrated for purposes of explanation and not limitation, Fig. 1
depicts, in perspective view, a combined medical fluid transfer and injection
device, generally at 10, in accordance with the present subject matter. The
combination transfer and injection device 10 includes a transfer device or
assembly 12 and an injection device or assembly 14. This combination is
intended for one-time use only and is illustrated in an exemplary outer container or
package 16 for shipment and/or storage.
[0023] The illustrated embodiment of the transfer device 12 allows the transfer
medical fluid, which may be any injectable fluid such as for diagnostic or
therapeutic purposes including, without limitation, drugs, antibiotics,
chemotherapy or similar agents, biologics or other medicament, from a fluid
source such as a standard syringe to the injection device 14. The transfer device
includes a plastic tray 18 that has syringe receiving station or recess 20 and an
injection device receiving station or recess 22. The illustrated injection device
recess has a generally elongated and oval configuration that allows the user to
grip and remove the injection device when needed. The patrticular injection device
14 is illustrated substantially as disclosed in the PCT published application
incorporated by reference above, except that it employs a novel valve structure as
described herein for controlling flow of fluid from the fluid source the injection
device.
[0024] Figure 2 is a side view of the transfer and injection device or
combination 10 with the package 16 and tray 18 removed, and with certain parts
in cross-section for clearer showing of various interior aspects. As seen in Fig. 2,
the transfer device includes a first connector or port 24 for connection to a fluid
source such as a syringe, a second connector port or mating member 26 for
cooperation with the injection device 14 and a fluid flow path 28 connected
between them. The first connector 24 is shown with the upper syringe receiving
portion in section, illustrating a female luer port 30 for receiving the typical male
luer end of a syringe type fluid source. The first connector has an internal
passageway, not shown, that extends from the luer port 30 to the flow path 28.
The fluid flow path 28 may be of any suitable construction such as flexible plastic
6
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tubing, a rigid pre-formed flow path or other. As used herein, the word, “upper,”
lower,” “above,” “below” and similar words are only indicative of relative positional
relationships among various features and are not otherwise intended to impose
limitations of direction.
[0025] The second connector 26 is situated in the tray 18 beneath the injection
device receiving station or recess 22. The fluid flow path 28 is connected to an
inlet port 32 of the second connector and an internal flow path 34 in the second
connector extends from the inlet port 32 to an outlet port 36. Optionally, the
internal flow path includes a hydrophobic filter such as hydrophobic membrane 38
covering a connector vent opening 40 to allow gas bubbles in the medical fluid to
vent to the ambient atmosphere, while preventing liquid from flowing through the
filter, and another filter such as membrane 42 through which the fluid must pass to
remove particulate or other undesired materials from the fluid. The membrane 48
may have any suitable pore size and may be hydrophilic to block the passage of
any gas bubbles. A membrane 42 having average pore size of about 150-170
microns may be suitable. In the illustrated embodiment, the internal flow path 34
extends through a relatively thin and wide cavity or region 44. One side of the
cavity communicates through the hydrophobic membrane 38 with gas vent
opening 40 in the connector wall. On the opposite side of the cavity, the
membrane 42 extends over the second connector outlet port 36. The relatively
thin height of the cavity promotes contact of any entrained bubbles with the
hydrophobic membrane, while the relatively large cavity width provides a large
cross section for fluid flow through the cavity.
[0026] The second connector 26 includes an upstanding support member 46 to
help support the underside of the injection device. The outlet port 36 of the
second connector also extends upwardly toward the underside of the injection
device. A rigid fluid transfer tube 48 extends from the outlet port 36 for insertion
into an inlet port of the injection device 14, as will be described in more detail
below. The transfer tube may be made of any desired material but may preferably
be of rigid plastic or metal, such as stainless steel.
[0027] The injection device 14, as noted earlier, is described for the most part
in the PCT publication W0O2014/204894 A2 by Enable Injections LLC of Franklin,
7
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Ohio USA, incorporated by reference herein. The injection device is intended for
one-time use only, preferably for bolus injections into a patient while the device is
worn by the patient. The injection device has a housing 50 that encloses a fluid
reservoir, preferably a resilient, expandable reservoir such as an arcuate resilient
bladder 52. The injection device housing has a fluid inlet port 54 for receiving the
fluid transfer tube 48 and a fluid flow path, generally at 56, that extends between
the inlet port and the reservoir. In accordance with this description, a one-way
flow control valve generally at 58 is located in the fluid flow path to control fluid
flow between the inlet port and the reservoir, allowing medical fluid to flow from
the inlet port to the reservoir and substantially preventing fluid flow from the
reservoir to the inlet port.

[0028] As perhaps better seen in Fig. 3, the fluid flow path 56 extends from the
inlet port 54 into a manifold 60. The illustrated manifold is generally v-shaped,
with a valve housing 62 at the vertex of the v-shaped manifold, a bladder
mounting member 64 on one leg of the v-shaped manifold and a needle housing
66 on the other leg of the v-shaped manifold. The fluid flow path 56 extends into
the valve housing 62 and branches at the valve housing and extends from the
valve housing along each leg of the v-shaped manifold. This can be better seen
in Figs. 4 and 5 which show the fluid flow path branch 56a, which extends through
the bladder mounting member 64, and the fluid flow path branch 56b, which
extends to needle housing 66.

[0029] Referring to Fig. 5, the bladder mounting member 64 extends into an
open end of an arcuate resilient bladder 52. The open end of the bladder is
secured to the mounting member by a circumferential o-ring 68 that resides in a
slot 70 around the mounting member and clamps the bladder wall 71 against the
surface of the mounting member. The fluid flow path 56a discharges into the
bladder, and Fig. 5 shows the resilient bladder as expanded after filling. When
filled, the expanded resilient bladder inherently applies pressure to the fluid
contained therein, and provides the motive force for expelling the fluid through an
injection needle 100 (Fig. 4) when the injection device is later activated. The flow

control valve 58 described below allows filling of the bladder under pressure from
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a medical fluid source (e.g. a syringe) and prevents the pressurized fluid in the
filled bladder from escaping through the inlet port 54.
[0030] As better seen in Figs. 2, 3, and 8, the flow control valve 58 includes a
valve body 70 and a valve member 72. A fluid flow lumen 74 extends through the
valve body and the valve member is located in the fluid flow lumen. At least one
of the valve body and valve member is resilient and respectively sized such that
the valve member 72 is cross-sectionally larger than the fluid flow lumen 74 when
the valve body and valve member are in a relaxed or unstressed condition. This
size relationship results in tight annular contact between the valve member and
the surface of the valve body fluid flow lumen, forming what may be referred to as
an annular sealing band, zone or localized stress region between the valve body
and valve member, which substantially blocks fluid flow through the fluid flow
lumen in the absence of fluid pressure from the inlet port. The resiliency of the
valve member and/or valve body allows for movement or resilient flexing of the
valve body and/or valve member between a normally closed position in which the
valve member and a fluid lumen surface are in contact and blocking flow, and an
open position in response to fluid pressure from the inlet port in which at least one
of the valve body and valve member flexes to a spaced apart position that allows
fluid flow between them.
[0031] One implementation or version of the valve body can be better seen in
enlarged view, for example, in Figs. 6-9. As shown there, the illustrated valve
body includes a base portion 76 and a hollow tubular portion or sleeve 78
extending upwardly from the base portion. Fluid flow lumen 74 extends through
the base and the hollow tubular portion or sleeve. The valve body may be made
of any suitable material. In the illustrated version, the valve body is resilient and
made of elastomeric material such as resilient polymer, and more preferably
silicone material. The material of the valve body may be of selected flexibility and
in one version may have a ShoreA hardness of about 40 or greater. The fluid flow
lumen through the base is sized to tightly and sealingly receive the fluid transfer
tube 48 of the transfer device.
[0032] Referring to Fig. 6B, the underside of the base portion 76 optionally has
arecessed area 80 around the entrance to the lumen 74 for receiving an optional
9
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fluid absorbent member 82. The fluid absorbent member may also be of any
suitable material, size or shape, and in one embodiment is a cellulose disc that is
affixed in the recessed area 80 to the underside of the valve body so that it is
adjacent to lumen opening in the base portion and to the fluid transfer tube. The
absorbent member absorbs or wicks any small residue of fluid that may escape
from the lumen 74 when injection device is removed from the transfer device and
the fluid transfer tube is withdrawn from the valve body.
[0033] Although either or both of the valve body 70 and valve member 72 could
be resilient, in the illustrated embodiment the valve body is resilient and the valve
member is rigid. In this embodiment, the valve member is spherically shaped and
has a smooth outer surface for sealing contact with the wall of the fluid flow lumen
74 in the tubular portion or sleeve 78. Stainless steel is one suitable material for
the valve member, and rigid plastic may also be suitable. The relative size of the
valve member and valve housing may be selected to control the tension induced
in the tubular portion of the valve body when the valve member is located in the
fluid flow lumen 74, which affects the annular sealing pressure exerted by the
tubular portion on the valve member, and therefore the amount of pressure
required to open the valve.
[0034] One estimation of the pressure required to open the annular seal of fluid
control valve 58 as described above is provided by the following formula:
P =4nEt(D —d)/d

where

E = modulus of elasticity for the valve body 70 material

d = inner diameter of the tubular portion or sleeve 78 in the relaxed,
unstressed state

D = outer diameter of the spherical valve member 72

t = wall thickness of the tubular portion or sleeve 78

P = the internal pressure to open the valve.
[0035] In one particular but non-limiting example, the tubular portion of a
silicone valve body, with a Shore A durometer of about 40, has a tubular portion

wall thickness of about 0.011 inches (0.2mm) and an internal fluid flow lumen
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diameter of about 0.108 inches (2.8mm) in the unstressed state, with a spherical
valve member having an outer diameter of about 0.118 inches (3mm).
[0036] As an alternative to a separate valve member 72, the valve housing 62
could include a cavity extension that extends into the open end of the tubular
portion 78 of the valve body and is sized (e.g. with a bulbous portion similar in
shape to a spherical member) to stretch the tubular portion to provide an annular
sealing zone between them, similar in function to the separate spherical valve
member 72. This alternative could potentially provide cost saving and simplify
assembly as compared, for example, to the use of a separate stainless steel valve
member.
[0037] Turning now to Figs. 8A and 8B, shown in enlarged detail is the flow
control valve 58, valve housing 62, fluid transfer tube 48 and fluid flow path
branches 56a and 56b. The valve housing defines an internal valve cavity 84
which, in this embodiment, forms a portion of the fluid flow path 56. The flow
control valve is situated within the valve cavity, with the base portion 76 fixed
between the valve housing and a bottom wall 86 of the injection device housing
50, so that the tubular portion or sleeve of the valve body extends upwardly into
the valve cavity. The optional absorbent member 82 is located within lower
recess 80 in the valve body base, and is situated between the valve body and the
inside surface of bottom wall 86. The absorbent member is therefore spaced from
contact with the patient’s skin by the thickness of the bottom wall.
[0038] Fig. 8A illustrates the flow control valve 58 in the injection device in the
closed position. The valve is generally in this position both before and after filling
of the resilient bladder 52 with medical fluid, but not during filling. In this
embodiment, as described above, the spherical valve member 72 is larger than
the inside diameter of the tubular portion 78 of the valve body 70. The tension
induced in the resilient sleeve causes the lumen 74 surface in the tubular portion
to seal against the annular surface of the valve member as described above.
[0039] Fig 8A also shows an additional and optional aspect of the present
subject matter. An optional additional or supplemental seal may be provided in
the flow control valve 58 to better assure that medical fluid does not leak from the
reservoir to the inlet port 54 after filling. More specifically, the valve body 70 may
11
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have an additional internal annular valve seat that engages the valve member in
the closed position. One example of such a seat is illustrated in Fig. 8A in the
form of an annular radial shoulder 88 located between the base portion 76 and
tubular portion 78. In this embodiment the spherical valve member also contacts
the internal shoulder 88 in the valve closed position, providing additional
resistance to leakage from the reservoir.
[0040] As visible in the figures, in this implementation of the flow control valve,
the valve cavity 84 is larger than the tubular portion 78 of the valve body 70 so
that fluid in the flow path 56 can flow around at least part of the outer surface of
the valve body. This allows medical fluid to flow from the reservoir through branch
56a, through the valve cavity 84 and into branch 56b to the injection needle. This
also contributes to a seal between the valve member and valve body, as will be
described in more detail below with respect to Fig. 9.
[0041] Fig. 8B is an illustration of the flow control valve 58 during filing of the
reservoir. Medical fluid flows under pressure from a fluid source, such as a
syringe, into the fluid transfer tube 48 and into fluid flow lumen 74 in the valve
body 70. The pressure of the fluid lifts the valve member 72 away from annular
shoulder 88 (if optionally employed) and causes the resilient tubular portion 78 to
flex radially outwardly and provide a space between the valve member and
surface of fluid flow lumen 74, allowing fluid to flow from the fluid transfer tube
through branch 56a and into the reservoir. It should be noted that before the
injection device is activated, the injection needle lumen is not open to the flow
path branch 56b and thus fluid flowing into the injection device largely flows into
the reservoir. The valve cavity is dimensioned or toleranced such that the valve
member 72 cannot be pushed out of the open end of tubular portion 78 of the
valve body 70 by the incoming fluid. When the filling is complete and the pressure
from the fluid source (e.g., syringe) is less than the opening pressure for the valve,
the valve automatically and inherently returns to the closed position. Although the
pressure of the filled reservoir is enough to force medical fluid through an injection
needle when the injection device is eventually actuated, it is not large enough to
open the valve. The medical fluid is retained in the reservoir until the injection
device is needed, and the flow control valve prevents leakage to the inlet port 54.
12
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[0042] When the injection device 14 is removed from the transfer device 12,
the fluid transfer tube 48 is withdrawn from the base of the valve body 70. A very
small amount of fluid may be present below the valve member and, if so, this fluid
will be absorbed by the absorbent member 82, which is adjacent to the fluid inlet
port 54 and spaced by the thickness of the bottom wall 86 of the injection device
housing 50 from direct contact with the patient’s skin.
[0043] Fig. 9 diagrammatically illustrates the forces acting on the flow control
valve 58 after the injection device has been filled and before it has been actuated
for injection into a patient. At this point in its use, the expanded resilient reservoir
exerts an expulsion pressure Pe on the medical fluid in the reservoir and in fluid
flow path 56, which includes the valve cavity 44. Because the medical fluid
source is no longer exerting any fill pressure, the pressure at the fluid inlet port
may be assumed to be at atmospheric pressure. The valve cavity being larger
than the tubular portion of the valve body, medical fluid pressure Pe is exerted
against the outer surface of the tubular portion and against the exposed upper
surface of the valve member 72 as shown. The pressure against the outside of
the resilient tubular portion 78 adds to the inherent resilient force of the tubular
portion in forcing the surface of lumen 74 against the surface of the valve member
72, enhancing the seal therebetween. Also, for valves having the optional
secondary seal of the valve member against internal valve seat, such as shoulder
88 of the valve body, the fluid pressure Pe exerted against the exposed surface
of the valve member helps to force the valve member against the valve seat to
enhance the secondary seal therebetween.
[0044] When the injection device is activated and the injection needle is
deployed into the patient’s skin, the inlet port of the injection needle is open to flow
path branch 56b, and reservoir pressure Pe expels fluid from the reservoir through
the needle and, into the patient.

Additional Aspects

[0045] Without limiting or detracting from the foregoing description, additional

features, embodiments or aspects of the present subject matter include:

[0046] Aspect 1. A fluid flow control valve including: a valve housing defining

a valve cavity having an inlet and outlet, a valve body disposed in the valve cavity
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between the inlet and outlet and having a fluid flow lumen, a valve member
located within the fluid flow lumen of the valve body, the valve body being
resilient, and the valve body and valve member being respectively sized such that
the valve member is cross-sectionally larger than the fluid flow lumen when the
valve body in a unstressed condition so as to provide annular contact between the
valve member and valve body, the annular contact substantially blocking fluid flow
through the fluid flow lumen in the absence of fluid pressure from the inlet, the
resiliency of the resilient valve body allowing for flexing between a normally closed
position in which the valve member and a fluid lumen surface are in contact and
blocking flow, and an open position in response to fluid pressure from the inlet in
which at least one of the valve body and valve member flexes to a spaced apart
position that allows fluid flow between them, and the valve body including an
exterior surface exposed at least in part to pressure from fluid downstream of the
valve body so as to encourage sealing contact between the valve body and valve
member.

[0047] Aspect2. The fluid flow control valve of aspect 1 in which valve body
includes a base portion carried by the housing and hollow sleeve extending from
the base portion, the interior of the sleeve defining the fluid flow lumen, a fluid
orifice in the base portion communicating with one end of the sleeve and the fluid
inlet port, the other end of the sleeve being open and communicating with the
outlet, the valve member being disposed in the sleeve.

[0048] Aspect 3. The fluid flow control valve of aspect 1 or 2 further
comprising a fluid absorbent member adjacent to the valve cavity inlet.

[0049] Aspect4. The fluid flow control valve of any one of aspects 1-3 in
which the valve body includes an annular valve seat in the fluid flow lumen
between the valve member and inlet for engagement by the valve member to
provide an additional seal against fluid flow through the lumen.

[0050] Aspect5. The fluid flow control valve of aspect 4 in which the annular
valve seat comprises a radial shoulder.

[0051] Aspect 6. The fluid flow control valve of any one of aspects 1-5 in

which the valve body is made of silicone.

14



10

15

20

25

30

WO 2017/014847 PCT/US2016/036445

[0052] Aspect7. The fluid flow control valve of any one of aspects 2-6 in
which the valve member is generally spherically shaped and the fluid flow lumen
in the sleeve is generally cylindrically shaped.

[0053] Aspect8. The fluid flow control valve of any one of aspects 1-7 in
which the sleeve is made of elastomeric material having a Shore Hardness A of
about 40 or greater.

[0054] Aspect9. A medical fluid injection or transfer device comprising: a
housing; a reservoir within the housing for receiving medical fluid; an inlet port in
the housing for receiving medical fluid from a source; a fluid flow path in the
housing communicating between the inlet port and reservoir; the fluid flow path
including a one-way valve, the one-way valve including: a valve body including a
fluid flow lumen therethrough; a valve member located within the fluid flow lumen;
and at least one of the valve body and valve member being resilient and
respectively sized for movement between a normally closed position in which the
valve member and a fluid lumen surface are in sufficient annular contact to block
fluid flow through the fluid flow lumen in the absence of fluid pressure from the
inlet port, and an open position in response to fluid pressure from the inlet port in
which at least one of the valve body and valve member flexes to a spaced apart
position that allows fluid flow between them.

[0055] Aspect 10. The injection or transfer device of aspect 9 in which the
valve body is resilient.

[0056] Aspect 11. The injection or transfer device of aspect 9 or 10 in which
the valve member is resilient.

[0057] Aspect 12. The injection or transfer device of any one of aspects 9-11
in which the reservoir comprises an expandable resilient balloon.

[0058] Aspect 13. The injection or transfer device of any one of aspects 9-12
in which valve body includes a base portion carried by the housing and hollow
sleeve extending from the base portion, the interior of the sleeve defining the fluid
flow lumen, a fluid orifice in the base portion communicating with one end of the
sleeve and the fluid inlet port, the other end of the sleeve being open and

communicating with the reservoir, the valve member being disposed in the sleeve.
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[0059] Aspect 14. The injection or transfer device of any one of aspects 9-13
further comprising a fluid absorbent member adjacent to the orifice.
[0060] Aspect 15. The injection or transfer device of any one of aspects 9-14
wherein the sleeve is has an outer surface in fluid communication with the
reservoir.
[0061] Aspect 16. The injection or transfer device of any one of aspects 9-15
further comprising a fluid flow manifold defining a valve body cavity containing the
valve body and the valve member is defined by a portion of the manifold that
extends into the fluid flow lumen.
[0062] Aspect 17. The injection or transfer device of any one of aspects 9-16
in which the valve body includes an annular valve seat in the fluid flow lumen
between the valve member and inlet port for engagement by the valve member to
provide a secondary seal against fluid flow from the reservoir toward the inlet port.
[0063] Aspect 18. The injection or transfer device of any one of aspects 9-17
in which the valve member and valve lumen are sized such that in an unbiased
condition the valve member has a larger cross-section size than the valve lumen
and resilient contact between the valve member and valve lumen normally
prevents fluid flow through the valve lumen.
[0064] Aspect 19. A medical fluid injection device comprising: an injection
device housing; a resilient expandable reservoir within the housing for receiving
medical fluid; an injection needle carried by the housing; an injection flow path for
communication between the injection needle and reservoir; an port in the housing
for receiving medical fluid under pressure from a source; an inlet fluid flow path in
the housing communicating between the inlet port and reservoir for introducing
medical fluid into the reservoir; the inlet fluid flow path including a one-way valve
for allowing fluid flow from the inlet port into the reservoir and preventing fluid flow
from the reservoir to the inlet port, the one-way valve including: a valve body
including a substantially resilient sleeve portion through which inlet flow path
extends, a valve inlet for fluid flow into one end of the inlet flow path and a valve
outlet for fluid flow from the other end of the inlet flow path; a substantially rigid
valve member located within the inlet flow path of the resilient sleeve portion
between the valve inlet and valve outlet; and the valve member being sized such
16
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that it has a cross-sectional size larger than the inlet flow path in the unbiased

condition such that the sleeve normally contacts the valve member and blocks

fluid flow through the valve body from the reservoir to the inlet port, the sleeve

being resiliently expandable under fluid pressure from the inlet port to allow fluid

flow between the valve body and valve member.

[0065] Aspect 20. The injection device of aspect 19 in which the valve body is

located in the inlet fluid flow path so as to allow fluid pressure from the reservoir to

be exerted against an outer surface of the sleeve portion.

[0066] Aspect21. The injection device of aspect 19 or 20 in which the valve

body includes an internal valve seat which the valve member contacts when in the

flow blocking condition, providing an additional seal against fluid flow through the

reservoir toward the inlet port.

[0067] Aspect22. The injection device of anyone of aspects 19-21 in which

valve body includes a base portion carried by the housing and including a fluid

inlet communicating with the fluid flow path.

[0068] Aspect 23. The injection device of any one of aspects 19-22 further

comprising a fill member extending through the fluid inlet.

[0069] Aspect24. The injection device of any one of aspect 23 further

comprising a fluid absorbent member adjacent to the inlet to absorb liquid from the

inlet upon withdrawal of the fill member.

[0070] Aspect 25. The injection device of ay one of aspects 19-24 in which

the valve member is generally spherically shaped and the fluid flow path in the

sleeve is generally cylindrically shaped.

[0071] Aspect 26. The injection device of any one aspects 19-25 in which the

sleeve is made of elastomeric material having a Shore Hardness A of about 40 or

greater.

[0072] Aspect 27. The injection device of any one of aspects 19-26 further

comprising a fluid flow manifold defining a valve body cavity receiving the valve

body and the valve member is defined by a portion of the manifold that extends

into sleeve.

[0073] Aspect28. A medical fluid flow control device comprising: a housing;

a resilient expandable reservoir within the housing; an inlet port in the housing for
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receiving medical fluid from a source and an outlet port in the housing for flow of
fluid from the housing and a fluid flow path between the inlet port and the reservoir
and between the reservoir and the outlet port; the fluid flow path between the inlet
port and reservoir including a normally closed one-way valve for allowing fluid flow
from the inlet port into the reservoir and preventing fluid flow from the reservoir to
the inlet port, the one-way valve including a valve body, the valve body including a
resilient hollow sleeve portion defining a fluid flow lumen therein, a valve body
inlet for fluid flow into one end of the fluid flow lumen from the inlet port and a
valve body outlet for fluid flow from the other end of the fluid flow lumen into the
reservoir; a substantially separate rigid valve member located within the lumen of
the resilient sleeve portion; the valve member being sized such that the valve
member is larger than the lumen of the resilient sleeve when the sleeve is in an
unbiased condition, such that the sleeve portion normally exerts an annular inward
force against an outer surface of the valve member to provide an annular first seal
between the valve member and sleeve and block flow through the fluid flow lumen
from the reservoir to the inlet port, the sleeve being resiliently expandable under
fluid pressure from the inlet port to allow fluid flow between the valve body and
valve member and into the resilient reservoir, the sleeve having an outer surface
in fluid communication with the fluid flow path between the valve and reservoir;
and the valve body further defining an annular valve seat in the lumen between
the valve member and valve body inlet, which valve seat is contacted by the valve
member in the normally closed condition to provide an additional seal against fluid
flow from the reservoir, the valve member being movable away from the valve
seat under fluid pressure from the inlet port to allow fluid flow through the fluid flow
lumen between the valve seat and valve member.
[0074] Aspect 29. A method of controlling fluid flow employing a flow control
valve comprising a resilient valve body including a fluid flow lumen therein and a
rigid valve member located within the fluid flow lumen, the rigid valve member
being sized larger than the valve lumen to contact the surface of the valve lumen
and block flow therethrough when the valve body is in a relaxed condition, the
method including: applying sufficient upstream fluid pressure in the fluid flow
lumen to flex the resilient valve body to a position in which the surface of the fluid
18
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flow lumen is spaced from the valve member to allow fluid flow through the lumen;
reducing the upstream pressure to allow the resilient valve body to contact the
valve member; and contacting an exterior surface of the resilient valve body with
downstream fluid under pressure, to assist in providing sealing contact between
the surface of the fluid flow lumen and the valve member.

[0075] Aspect 30. The method of aspect 29 in which the flow control valve is
located in a flow path communicating with a resilient expandable downstream
reservoir, and the step of applying upstream fluid pressure includes flowing fluid
through the lumen and into the downstream reservoir, the upstream fluid pressure
being sufficient to expand the reservoir, the reservoir being biased by its resiliency
to expel fluid under pressure.

[0076] Aspect31. The method of aspect 29 or 30 employing the flow control
valve of any one of aspects 1-8.

[0077] While the flow control valve herein is described by reference to
specifically illustrated structures shown in the accompanying figures, it is
understood that the present subject matter is not limited to such specific structures
and has application in other forms and devices without departing from the scope
of this disclosure. For this reason, reference is required to the following claims to

ascertain the scope of the present subject matter.
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Claims

1. A fluid flow control valve including:

a valve housing defining a valve cavity having an inlet and outlet,

a valve body disposed in the valve cavity between the inlet and outlet and
having a fluid flow lumen,

a valve member located within the fluid flow lumen of the valve body,

the valve body being resilient, and the valve body and valve member being
respectively sized such that the valve member is cross-sectionally larger than the
fluid flow lumen when the valve body in a unstressed condition so as to provide
annular contact between the valve member and valve body, the annular contact
substantially blocking fluid flow through the fluid flow lumen in the absence of fluid
pressure from the inlet,

the resiliency of the resilient valve body allowing for flexing between a
normally closed position in which the valve member and a fluid lumen surface are
in contact and blocking flow, and an open position in response to fluid pressure
from the inlet in which at least one of the valve body and valve member flexes to a
spaced apart position that allows fluid flow between them, and

the valve body including an exterior surface exposed at least in part to
pressure from fluid downstream of the valve body so as to encourage sealing

contact between the valve body and valve member.

2. The fluid flow control valve of claim 1 in which valve body includes a base
portion carried by the housing and hollow sleeve extending from the base portion,
the interior of the sleeve defining the fluid flow lumen, a fluid orifice in the base
portion communicating with one end of the sleeve and the fluid inlet port, the other
end of the sleeve being open and communicating with the outlet, the valve

member being disposed in the sleeve.

3. The fluid flow control valve of claim 1 further comprising a fluid absorbent

member adjacent to the valve cavity inlet.

4, The fluid flow control valve of claim 1 in which the valve body includes an

annular valve seat in the fluid flow lumen between the valve member and inlet for
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engagement by the valve member to provide an additional seal against fluid flow

through the lumen.

5. The fluid flow control valve of claim 4 in which the annular valve seat

comprises a radial shoulder.

6. The fluid flow control valve of claim 1 in which the valve body is made of
silicone.
7. The fluid flow control valve of claim 2 in which the valve member is

generally spherically shaped and the fluid flow lumen in the sleeve is generally

cylindrically shaped.

8. The fluid flow control valve of claim 1 in which the sleeve is made of

elastomeric material having a Shore Hardness A of about 40 or greater.

9. A medical fluid injection or transfer device comprising:

a housing;

a reservoir within the housing for receiving medical fluid;

an inlet port in the housing for receiving medical fluid from a source;

a fluid flow path in the housing communicating between the inlet port and
reservoir;

the fluid flow path including a one-way valve, the one-way valve including:

a valve body including a fluid flow lumen therethrough;

a valve member located within the fluid flow lumen; and

at least one of the valve body and valve member being resilient and
respectively sized for movement between a normally closed position in which the
valve member and a fluid lumen surface are in sufficient annular contact to block
fluid flow through the fluid flow lumen in the absence of fluid pressure from the
inlet port, and an open position in response to fluid pressure from the inlet port in
which at least one of the valve body and valve member flexes to a spaced apart

position that allows fluid flow between them.

10.  The injection or transfer device of claim 9 in which the valve body is

resilient.
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11.  The injection or transfer device of claim 9 in which the valve member is

resilient.

12.  The injection or transfer device of claim 9 in which the reservoir comprises

an expandable resilient balloon.

13.  The injection or transfer device of claim 9 in which valve body includes a
base portion carried by the housing and hollow sleeve extending from the base
portion, the interior of the sleeve defining the fluid flow lumen, a fluid orifice in the
base portion communicating with one end of the sleeve and the fluid inlet port, the
other end of the sleeve being open and communicating with the reservoir, the

valve member being disposed in the sleeve.

14.  The injection or transfer device of claim 9 further comprising a fluid

absorbent member adjacent to the orifice.

15.  The injection or transfer device of claim 9 wherein the sleeve is has an

outer surface in fluid communication with the reservoir.

16.  The injection or transfer device of claim 9 further comprising a fluid flow
manifold defining a valve body cavity containing the valve body and the valve
member is defined by a portion of the manifold that extends into the fluid flow

lumen.

17.  The injection or transfer device of claim 9 in which the valve body includes
an annular valve seat in the fluid flow lumen between the valve member and inlet
port for engagement by the valve member to provide a secondary seal against

fluid flow from the reservoir toward the inlet port.

18.  The injection or transfer device of claim 9 in which the valve member and
valve lumen are sized such that in an unbiased condition the valve member has a
larger cross-section size than the valve lumen and resilient contact between the
valve member and valve lumen normally prevents fluid flow through the valve

lumen.
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19. A medical fluid injection device comprising:

an injection device housing;

a resilient expandable reservoir within the housing for receiving medical
fluid;

an injection needle carried by the housing;

an injection flow path for communication between the injection needle and
reservoir;

an port in the housing for receiving medical fluid under pressure from a
source;

an inlet fluid flow path in the housing communicating between the inlet port
and reservoir for introducing medical fluid into the reservoir;

the inlet fluid flow path including a one-way valve for allowing fluid flow from
the inlet port into the reservoir and preventing fluid flow from the reservoir to the
inlet port, the one-way valve including:

a valve body including a substantially resilient sleeve portion through which
inlet flow path extends, a valve inlet for fluid flow into one end of the inlet flow path
and a valve outlet for fluid flow from the other end of the inlet flow path;

a substantially rigid valve member located within the inlet flow path of the
resilient sleeve portion between the valve inlet and valve outlet; and

the valve member being sized such that it has a cross-sectional size larger
than the inlet flow path in the unbiased condition such that the sleeve normally
contacts the valve member and blocks fluid flow through the valve body from the
reservoir to the inlet port, the sleeve being resiliently expandable under fluid
pressure from the inlet port to allow fluid flow between the valve body and valve

member.

20.  The injection device of claim 19 in which the valve body is located in the
inlet fluid flow path so as to allow fluid pressure from the reservoir to be exerted

against an outer surface of the sleeve portion.

21.  The injection device of claim 19 in which the valve body includes an

internal valve seat which the valve member contacts when in the flow blocking
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condition, providing an additional seal against fluid flow through the reservoir

toward the inlet port.

22.  The injection device of claim 19 in which valve body includes a base
portion carried by the housing and including a fluid inlet communicating with the
fluid flow path.

23.  The injection device of claim 19 further comprising a fill member extending
through the fluid inlet.

24.  The injection device of claim 23 further comprising a fluid absorbent
member adjacent to the inlet to absorb liquid from the inlet upon withdrawal of the

fill member.

25.  The injection device of claim 19 in which the valve member is generally
spherically shaped and the fluid flow path in the sleeve is generally cylindrically
shaped.

26. The injection device of claim 19 in which the sleeve is made of elastomeric

material having a Shore Hardness A of about 40 or greater.

27.  The injection device of claim 19 further comprising a fluid flow manifold
defining a valve body cavity receiving the valve body and the valve member is

defined by a portion of the manifold that extends into sleeve.

28. A medical fluid flow control device comprising:

a housing;

a resilient expandable reservoir within the housing;

an inlet port in the housing for receiving medical fluid from a source and an
outlet port in the housing for flow of fluid from the housing and a fluid flow path
between the inlet port and the reservoir and between the reservoir and the outlet
port;

the fluid flow path between the inlet port and reservoir including a normally
closed one-way valve for allowing fluid flow from the inlet port into the reservoir

and preventing fluid flow from the reservoir to the inlet port, the one-way valve
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including a valve body, the valve body including a resilient hollow sleeve portion
defining a fluid flow lumen therein, a valve body inlet for fluid flow into one end of
the fluid flow lumen from the inlet port and a valve body outlet for fluid flow from
the other end of the fluid flow lumen into the reservoir;

a substantially separate rigid valve member located within the lumen of the
resilient sleeve portion;

the valve member being sized such that the valve member is larger than
the lumen of the resilient sleeve when the sleeve is in an unbiased condition, such
that the sleeve portion normally exerts an annular inward force against an outer
surface of the valve member to provide an annular first seal between the valve
member and sleeve and block flow through the fluid flow lumen from the reservoir
to the inlet port, the sleeve being resiliently expandable under fluid pressure from
the inlet port to allow fluid flow between the valve body and valve member and
into the resilient reservoir, the sleeve having an outer surface in fluid
communication with the fluid flow path between the valve and reservoir; and

the valve body further defining an annular valve seat in the lumen between
the valve member and valve body inlet, which valve seat is contacted by the valve
member in the normally closed condition to provide an additional seal against fluid
flow from the reservoir, the valve member being movable away from the valve
seat under fluid pressure from the inlet port to allow fluid flow through the fluid flow

lumen between the valve seat and valve member.

29. A method of controlling fluid flow employing a flow control valve comprising
aresilient valve body including a fluid flow lumen therein and a rigid valve member
located within the fluid flow lumen, the rigid valve member being sized larger than
the valve lumen to contact the surface of the valve lumen and block flow
therethrough when the valve body is in a relaxed condition, the method including:

applying sufficient upstream pressure in the fluid flow lumen to flex the
resilient valve body to a position in which the surface of the fluid flow lumen is
spaced from the valve member to allow fluid flow through the lumen;

reducing the upstream pressure to allow the resilient valve body to contact

the valve member; and
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contacting an exterior surface of the resilient valve body with downstream
fluid under pressure, to assist in providing sealing contact between the surface of

the fluid flow lumen and the valve member.

30.  The method of claim 29 employing the flow control valve of any one of

claims 1.
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