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(57) ABSTRACT

A drip chamber device may include a housing including an
inlet and an outlet disposed downstream of the inlet, and a
chamber defined by an inner circumferential surface of the
housing. The chamber may fluidly connect the inlet with the
outlet. A valve member may be disposed in the chamber to
move between (i) a closed state where fluid communication
between the inlet and the chamber is blocked, and (ii) an
open state where fluid communication between the inlet and
the chamber is not blocked, based on a level of fluid within
the chamber.

To Patient



Patent Application Publication = May 5§, 2022 Sheet 1 of 3 US 2022/0133983 A1

FIG. 1 To Patient
102
111
'|00\4 -
[ 2
122
112 “«
118 \ 140
116/< )
118 ™\
114 \
D1
10 113
104
130

FIG. 2B



Patent Application Publication

May 5, 2022 Sheet 2 of 3

US 2022/0133983 Al

136

133 134
FIG. 2C

113
134




Patent Application Publication = May 5§, 2022 Sheet 3 of 3 US 2022/0133983 A1

M

M 102




US 2022/0133983 Al

CONVERGENT-DIVERGENT DRIP
CHAMBER INTEGRATED WITH FLOATING
VALVE MEMBER

TECHNICAL FIELD

[0001] The present disclosure generally relates to medical
fluid connectors, and in particular to a flow control drip
chamber connector having a valve member capable of
preventing under-infusion in intravenous (“IV”) sets with a
secondary line, as well as preventing backtflow of secondary
drug into the primary IV fluid bag.

BACKGROUND

[0002] Infusion IV sets are generally used in infusion
therapy in order to deliver medication from a pre-filled
container, e.g., an IV bottle or bag containing the desired
medication, to a patient. Generally, the IV tubing is con-
nected to a catheter and inserted into the localized area to be
treated. In some cases, there is a need to deliver multiple
medications to the patient in potentially differing dosages,
thereby causing the need for an IV extension set having
multiple branches of tubing or fluid lines through which the
multiple medications may be dispensed to the patient.
[0003] Medical infusion therapy involves the administra-
tion of medication through a needle or catheter. The medi-
cation may be administered using intravenous, intramuscu-
lar, or epidural techniques. Typically, infusion therapy
includes a fluid source coupled through tubing to a patient’s
intravenous needle or a catheter. The fluid, which may
comprise medication or any other fluid, is usually dripped
from the fluid source, through a fluid pathway, and into the
patient. Typically, a primary fluid source and one or more
secondary fluid sources may be joined to the fluid pathway
between the source and the patient.

[0004] The primary and secondary fluid sources may be
joined in the fluid pathway such that the secondary fluid may
be delivered concurrently with the primary fluid. Alterna-
tively, flow of the primary fluid may be halted where the
pressure head at the secondary fluid source is greater than
that at the primary fluid source, thereby allowing delivery of
the secondary fluid. Delivery of the primary fluid may then
be restarted after flow of the secondary fluid has ceased.
[0005] During infusion with IV sets, a secondary drug feed
could potentially flow backwards into primary IV line lead-
ing to under infusion of the secondary drug. Though a check
valve may be positioned in the primary line to prevent
backflow, check valves are prone to failure. Some common
reasons for check valve failure are due to debris existing in
infusates and minimal pressure differential at the back check
valve affecting its performance.

[0006] The description provided in the background section
should not be assumed to be prior art merely because it is
mentioned in or associated with the background section. The
background section may include information that describes
one or more aspects of the subject technology.

SUMMARY

[0007] In accordance with various embodiments of the
present disclosure, a drip chamber device may include a
housing including an inlet and an outlet disposed down-
stream of the inlet, and a chamber defined by an inner
circumferential surface of the housing. The chamber may
fluidly connect the inlet with the outlet. A valve member
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may be disposed in the chamber to move between (i) a
closed state where fluid communication between the inlet
and the chamber is blocked, and (ii) an open state where
fluid communication between the inlet and the chamber is
not blocked, based on a level of fluid within the chamber.
[0008] In accordance with various embodiments of the
present disclosure, a drip chamber device may include a
housing having a top end including an inlet for receiving a
primary fluid, an opposing bottom end including an outlet
for dispensing fluid from the housing, an intermediate sec-
tion between the top and bottom ends, and a sidewall having
(1) a first portion extending radially outward from the top end
to the intermediate section of the housing, and (ii) a second
portion extending radially inward from the intermediate
section to the bottom end of the housing. An inner circum-
ferential surface of the sidewall may define a chamber. The
drip chamber device may further include a sealing ring
circumferentially disposed along the inner circumferential
surface, and a valve member moveably disposed in the
chamber. The valve member may be displaceable in a
proximal direction into the sealing ring by a buoyant force
when fluid level in the chamber exceeds a predetermined
level.

[0009] It is understood that other configurations of the
subject technology will become readily apparent to those
skilled in the art from the following detailed description,
wherein various configurations of the subject technology are
shown and described by way of illustration. As will be
realized, the subject technology is capable of other and
different configurations and its several details are capable of
modification in various other respects, all without departing
from the scope of the subject technology. Accordingly, the
drawings and detailed description are to be regarded as
illustrative in nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The following figures are included to illustrate
certain aspects of the embodiments, and should not be
viewed as exclusive embodiments. The subject matter dis-
closed is capable of considerable modifications, alterations,
combinations, and equivalents in form and function, as will
occur to those skilled in the art and having the benefit of this
disclosure.

[0011] FIG. 1 illustrates an IV extension set that includes
a drip chamber device, in accordance with some embodi-
ments of the present disclosure.

[0012] FIG. 2A illustrates a perspective view of a drip
chamber device, in accordance with some embodiments of
the present disclosure.

[0013] FIG. 2B illustrates a front view of the drip chamber
device of FIG. 2A, in accordance with some embodiments of
the present disclosure.

[0014] FIG. 2C illustrates a perspective view of a base
plate of the drip chamber device of FIG. 2A, in accordance
with some embodiments of the present disclosure.

[0015] FIG. 2D illustrates a cross-sectional view of the
base plate of FIG. 2C along line 2D-2D, in accordance with
some embodiments of the present disclosure.

[0016] FIG. 3A illustrates an operational state of a drip
chamber device when a primary fluid flows into the drip
chamber device, in accordance with some embodiments of
the present disclosure.

[0017] FIG. 3B illustrates an operational state of the drip
chamber device where secondary fluid backflows into the
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drip chamber device from a secondary fluid line, in accor-
dance with some embodiments of the present disclosure.
[0018] FIG. 3C illustrates an operational state of the drip
chamber device of FIG. 3B where secondary fluid backtlow
into the drip chamber device continues until fluid in the drip
chamber reaches a predetermined level and the buoyant
force on the valve member engages the valve member in the
sealing ring to block fluid flow from the chamber to the inlet
in accordance with some embodiments of the present dis-
closure.

[0019] FIG. 3D illustrates an operational state of the drip
chamber device where secondary fluid backflow into the
drip chamber device has ceased and the fluid in the drip
chamber falls below the predetermined level, in accordance
with some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0020] The detailed description set forth below describes
various configurations of the subject technology and is not
intended to represent the only configurations in which the
subject technology may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing a
thorough understanding of the subject technology. Accord-
ingly, dimensions may be provided in regard to certain
aspects as non-limiting examples. However, it will be appar-
ent to those skilled in the art that the subject technology may
be practiced without these specific details. In some
instances, well-known structures and components are shown
in block diagram form in order to avoid obscuring the
concepts of the subject technology.

[0021] It is to be understood that the present disclosure
includes examples of the subject technology and does not
limit the scope of the appended claims. Various aspects of
the subject technology will now be disclosed according to
particular but non-limiting examples. Various embodiments
described in the present disclosure may be carried out in
different ways and variations, and in accordance with a
desired application or implementation.

[0022] The present description relates in general to flow
control devices, and more particularly to flow control
devices having a valve member capable of preventing under
infusion in IV sets with a secondary fluid line, as well as
preventing backflow of drug from the secondary fluid line
into the primary fluid line.

[0023] IV sets with a secondary fluid line tend to experi-
ence under infusion of the secondary drug due to backtlow
of the secondary drug into the primary line resulting from
failure of the check valve in the primary fluid line. The most
frequent causes of failure of the check valve are due to
debris accumulated at the time of spiking and seeping of
drug in the secondary fluid line into the primary fluid line at
low pressures. A common cause of under-infusion is dilution
of drug at the time of back priming of the secondary IV and
also at the time of equal head in the primary and secondary
fluid lines. Other causes include dead volume in the sec-
ondary fluid line, as well as time taken to infuse the drug.
The drip chamber devices of the various embodiments
described herein overcome the above issues commonly
associated with IV sets having primary and secondary fluid
lines. In particular, various embodiments of the present
disclosure are directed to providing a drip chamber device
that prevents backflow of secondary drug into the primary
fluid line. When head heights at the primary fluid source and
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the secondary fluid source are equal, both primary and
secondary fluids may be delivered in equal proportion.
[0024] FIG. 1 illustrates a multiple line IV extension set 1
that includes a drip chamber device 100 in accordance with
some embodiments of the present disclosure. As depicted,
IV set 1 includes a primary fluid system 15 and a secondary
fluid system 25. An IV pump (optional) may receive fluid
from primary fluid system 15 and secondary fluid system 25
via a primary IV fluid line 5 and a secondary IV fluid line
7, and may control and dispense the fluids therefrom to a
patient.

[0025] In some embodiments, primary fluid system 15
may include a primary fluid source or container such as a
primary intravenous (IV) fluid bag 10, which may include or
contain a first medical fluid, e.g., saline solution or other
medicinal fluid or drug to be administered to the patient. In
accordance with some embodiments, a secondary fluid sys-
tem 25 may include a secondary fluid source or container
such as a secondary IV fluid bag 20, which may contain a
second medical fluid, e.g., drugs or other secondary fluid to
be supplied to the patient for treatment. In some embodi-
ments, the second medical fluid may be different from the
first medical fluid. However, the various embodiments of the
present disclosure are not limited to the aforementioned
configuration. In other embodiments, the first and second
fluids may be the same.

[0026] According to various embodiments of the present
disclosure, as illustrated in FIG. 1, primary IV fluid bag 10,
which holds a primary fluid is positioned at a lower axial
position or height than the secondary IV fluid bag 20. For
example, the primary IV fluid bag 10 may be hung on a
suspension system or hanger and then the secondary IV fluid
bag 20 may be hung above the primary IV fluid bag and may
be coupled to the secondary fluid line 7, which may be
connected to the primary fluid line 5 via a connector (e.g.,
a y-site connector).

[0027] FIG. 2A illustrates a perspective view of a drip
chamber device 100, in accordance with some embodiments
of the present disclosure. FIG. 2B illustrates a front view of
the drip chamber device 100 of FIG. 2A, in accordance with
some embodiments of the present disclosure. As illustrated,
the drip chamber device 100 may have a top end 111
including an inlet 102 for receiving a primary fluid, an
opposing bottom end 113 including an outlet 104 for dis-
pensing fluid from the housing 110, and an intermediate
section 116 positioned between the top and bottom ends 111
and 113 of the housing 110. The housing 110 may further
include a sidewall extending from the top end 111 to the
bottom end 113 of the housing 110. For example, in some
embodiments, the sidewall may include a first sidewall or
sidewall portion 112 and a second sidewall or sidewall
portion 114. The first sidewall or sidewall portion 112 and
the second sidewall or sidewall portion 114 may define an
inner circumferential surface 118 of the housing.

[0028] As depicted in FIGS. 2A and 2B, the first sidewall
or sidewall portion 112 may extend radially outward and
distally from the top end 111 of the housing 110. Similarly,
the second sidewall or sidewall portion 114 may extend
radially inward and distally from the first sidewall or side-
wall portion 112 to the bottom end 113 of the housing 110.
In particular, the first sidewall or sidewall portion 112 may
extend radially outward from the top end 111 of the housing
110 to the intermediate section 116 of the housing 110. The
second sidewall or sidewall portion 114 may extend radially
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inward from the intermediate section 116 to the bottom end
113 of the housing 110. In a similar manner, the second
sidewall or sidewall portion 114 may extend radially out-
ward and proximally from the bottom end 113 of the housing
110 to the intermediate section 116 of the housing. The first
sidewall or sidewall portion 112 may extend radially inward
and proximally from the intermediate section 116 of the
housing 110 to the top end of the housing 111.

[0029] Accordingly, each of the first sidewall or sidewall
portion 112 and the second sidewall or sidewall portion 114
may have a conical shape. The housing 110 may thus in
some embodiments have a diamond shape. However, the
various embodiments of the present disclosure are not
limited to the aforementioned configuration. In other
embodiments, the housing may have an oblong or oval
shape, or any other shape where the top and bottom ends 111
and 113 are symmetrically disposed with respect to each
other and the intermediate section 116 is disposed radially
outward with respect to the first and second ends 111 and
113.

[0030] Accordingly, the drip chamber device 100 may be
referred to as a convergent-divergent drip chamber device
based on the shape of the housing where the first sidewall or
sidewall portion 112 extends radially outward (i.e., diverges)
from the top end 111, and the second sidewall or sidewall
portion 114 extends radially inward (i.e., converges) from
the first sidewall or sidewall portion 112. The convergent-
divergent conical shape of the drip chamber device may
provide several advantages, as shall be discussed in further
detail below.

[0031] In accordance with various embodiments of the
present disclosure, the inner circumferential surface 118 of
the housing 110 may define a chamber 140, which fluidly
connects the inlet 102 with the outlet 104. As depicted in
FIGS. 2A and 2B, with continued reference to FIG. 1, the
drip chamber device 100 may further include a valve mem-
ber 120 movably disposed in the chamber 140. As shall be
described in further detail below, based on a level of fluid
within the chamber 140, valve member 120 may be config-
ured to move between (i) a closed state where fluid com-
munication between the inlet 102 and the chamber 140 is
blocked, and (ii) an open state where fluid communication
between the inlet 102 and the chamber 140 is not blocked.
[0032] In some embodiments, the valve member 120 may
be a spherical ball or disc. In other embodiments, valve
member 120 may be an oblong or oval ball or disc. The
valve member 120 may be a solid body or hollow ball
having a density less than the density of the primary fluid,
the secondary fluid, or a combination of the primary and
secondary fluids in the chamber 120. Accordingly, the valve
member having the lesser density will float on the fluid 142
in the chamber which has a higher density. Since the fluid
142 in the chambers has the higher density, the fluid 142 may
exert a buoyant force on the valve member 120, causing it
to move upwards (proximally) as the level of the fluid in the
chamber continues to rise. In some embodiments, the valve
member 120 may be formed of a material including at least
one of Isoprene rubber, polyethylene (PE) foam, ethylene
propylene diene monomer (EPDM) foam, or any other
material having a density less than the density of the primary
fluid, the secondary fluid, or a combination of the primary
and secondary fluids in the chamber.

[0033] According to various embodiments of the disclo-
sure, the drip chamber device 100 may further include a

May 5, 2022

sealing ring 122 having a hollow interior 124 for accom-
modating and engaging the valve member 120 in order to
block fluid in the chamber 140 from flowing into the IV bag
10, which would otherwise cause underinfusion of the
secondary fluid to the patient. As depicted, the sealing ring
122 may be circumferentially disposed on the inner circum-
ferential surface 118 of the housing 110. In some embodi-
ments, the sealing ring 122 may be disposed adjacent to and
distally from the top end 111 of the housing 110. For
example, the sealing ring may be positioned on the inner
circumferential surface 118 at a distance from the top end
111 that is greater than or equal to the radius of the valve
member, e.g., spherical ball 120. As depicted, the inner
diameter D2 of the sealing ring 122 may be substantially
equal to the diameter D1 of the valve member 120. For
example, the inner diameter D2 of the sealing ring 122 may
be equal to or less than the diameter D1 of the valve member
120 to allow valve member 120 to be accommodated and
press-fit or interference-fit therein. Although the sealing ring
122 is illustrated as having a flat or planar profile, the various
embodiments of the present disclosure are not limited to the
aforementioned configuration. For example, in some
embodiments the sealing ring 122 may have a shape that
tapers upwards (proximally) so as to direct or otherwise
guide the valve 120 towards the inner diameter D2 of sealing
ring 122 and the central axis X (illustrated in FIG. 1).

[0034] Accordingly, the valve member 120 may be
securely accommodated in the sealing ring 122 with the
maximum of the diameter D1 of the valve member 120
forming an interference fit or a press fit with the inner
diameter D2 of the sealing ring 122. As shall be described
in further detail below, the valve member 120 being securely
accommodated or fit in the sealing ring 122 produces a
closed state in which fluid communication between the inlet
102 and the chamber 140 is blocked. Accordingly, fluid in
the chamber 140 may be prevented from otherwise flowing
into the primary IV bag 10 via the inlet 102. Advanta-
geously, secondary fluid having entered the chamber 140
may be prevented from entering primary IV fluid bag 10 and
causing a situation where insufficient secondary fluid is
delivered to the patient (under infusion). Further, the afore-
mentioned configuration of the drip chamber device includ-
ing valve member 120 and sealing ring 122 may also be
advantageous in preventing delay of administration of the
secondary fluid (which would have otherwise entered the
primary IV bag 10) to the patient. As shall also be described
in further detail below, in the open state the valve member
120 may be disposed outside of the sealing ring 120, thereby
allowing fluid communication between the inlet 102 and the
outlet 104.

[0035] FIG. 2C illustrates a perspective view of a base
plate 130 of the drip chamber device 100 of FIG. 2A, in
accordance with some embodiments of the present disclo-
sure. FIG. 2D illustrates a cross-sectional view of the base
plate 130 of FIG. 2C along line 2D-2D, in accordance with
some embodiments of the present disclosure. As depicted in
FIGS. 2C and 2D with continued reference to FIGS. 1, 2A,
and 2B, the bottom end 113 of the housing 110 may include
the base plate 130 on which the valve member 120 may be
seated in the open state. The base plate 130 may have a top
surface 131, a bottom surface 133, and a plurality of valve
support members 134 protruding proximally and longitudi-
nally from the top surface 131 of the base plate.
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[0036] As further depicted, the base plate 130 may include
an aperture 132 extending from the top surface 131 through
the bottom surface 133 of the base plate 130. The aperture
132 may fluidly communicate the chamber 140 with the
outlet 104. The valve support members 134 may be radially
spaced apart about a central longitudinal axis X of the drip
chamber device. In particular, valve support members 134
may be radially spaced apart about the aperture 132. Each
spacing between adjacent valve support members may
define a flow guide portion 136 through which fluid exiting
the chamber 140 flows into the outlet 104 via aperture 132.
The aforementioned configuration of the valve support
members 134 protruding from the top surface is advanta-
geous in that in the open state where fluid flows from the
chamber 140 into the outlet 104, the valve member 120 may
be seated and supported on the valve support members at a
height H1 above the aperture 132. Accordingly, fluid flow
into the outlet via the chamber 140 may not be occluded or
otherwise interfered with by the valve member 120 seated
above the aperture 132.

[0037] According to various embodiments of the present
disclosure, the top surface 131 of the base plate 130 may be
a ramped surface, which is angled and tapers radially inward
from an outer periphery 135 of the base plate 130 to the
aperture 132 of the base plate 130. In particular, as illustrated
in FIG. 2D, the base plate 130 may taper from a height H3
at the outer periphery 135 to a height H4 at the aperture 132.
The aforementioned configuration of the ramped or tapered
structure of the base plate 130 may be advantageous in
providing a downwardly (distally) inclined surface along
which fluid in the chamber may flow along and be guided
into the aperture 13.

[0038] FIG. 3A-3D illustrate operational states of a drip
chamber device 100, in accordance with some embodiments
of the present disclosure. FIG. 3 A illustrates an operational
state of the drip chamber device 100 when a primary fluid
flows into the drip chamber device 100. As depicted, the
valve member 120 is seated on the valve support members
134 at the raised position relative to the aperture 132
(illustrated in FIGS. 2C and 2D). In this position, the open
state, fluid may flow from the primary IV bag 10 into the
chamber 140 via the inlet 102 as illustrated by the arrows.
Once the primary fluid enters the chamber, the primary fluid
may flow onto the top surface 131 of base plate 130. Due to
the ramped, angled, or inclined structure of the base plate
130, the fluid may be guided or urged to flow down the
inclined surface of the base plate 130 and into the outlet 104
via the aperture 132. The spacings between adjacent valve
support members that define flow guide portions 136 may
further assist in guiding the primary fluid towards the
aperture 132.

[0039] FIG. 3B illustrates an operational state of the drip
chamber device 100 where secondary fluid backflows into
the primary fluid line 5 and the drip chamber device 100
from the secondary fluid line 7. As depicted, as the second-
ary fluid enters and collects in the drip chamber device 100,
the secondary fluid may exert a buoyant force F on the valve
member 120. When the buoyant force F exceeds a down-
ward force applied to the fluid by the weight of the valve
member 120, the valve member 120 may be translated or
otherwise moved proximally (upstream or upwards) towards
the top end 111 of the housing 110.

[0040] FIG. 3C illustrates an operational state of the drip
chamber device of FIG. 3B where secondary fluid backtlow

May 5, 2022

into the drip chamber device continues until fluid in the drip
chamber reaches a predetermined level and the buoyant
force on the valve member engages the valve member in the
sealing ring to block fluid flow from the chamber to the inlet
in accordance with some embodiments of the present dis-
closure. As depicted, as the secondary fluid continues to
backflow into the primary fluid line 5, the level of the fluid
in the chamber 140 continues to rise until it reaches a
predetermined level where the buoyant force pushes the
valve member 120 into the sealing ring 122. Since the
diameter D1 of the valve member 120 is greater than or
equal to the inner diameter of the sealing member 122, the
valve member forms an interference fit or a press fit in the
sealing ring 122. Accordingly, fluid in the chamber 140 is
obstructed or otherwise blocked from rising above the level
of the sealing member 122, and thereby prevented from
entering the inlet 102 and the IV bag 10. As such, the
structure of the drip chamber device 100 as described herein
is advantageous in preventing secondary fluid from entering
the primary IV bag 10 and resultantly being underinfused to
the patient. Furthermore, the convergent-divergent conical
shape of the housing 110 is advantageous in that the walls of
inner circumferential surface 118 guide motion of the valve
member as it is translated proximally toward the top surface
by the buoyant force. In particular, the first sidewall or
sidewall portion 112 having the conical shape extending
radially inward from the intermediate section 116 of the
housing and tapering at the top end 111 may guide the path
of the valve member 120 towards the sealing ring 122 and
the central axis X (illustrated in FIG. 1). Accordingly, the
conical shape of the housing 110 is advantageous in ensuring
that the valve member 120, when subject to the buoyant
force F and travels proximally towards the top end, may be
guided towards the central portion of the chamber 140 where
the sealing ring 122 is disposed.

[0041] FIG. 3D illustrates an operational state of the drip
chamber device 100 where secondary fluid backflow into the
drip chamber device 100 has ceased and the fluid in the drip
chamber falls below the predetermined level, in accordance
with some embodiments of the present disclosure. As
depicted, as the secondary fluid ceases to backflow into the
primary fluid line 5 and collect in the drip chamber device
100, the level of the fluid in the chamber may decrease
below the predetermined level. As the level of the fluid
decreases, the buoyant force on the valve member is dimin-
ished and the valve member, with its mass subject to gravity
forces may fall distally (downstream or downwards) until a
point where the valve member is seated on the base plate as
illustrated in FIG. 3A

[0042] Accordingly, the various embodiments of the pres-
ent disclosure are advantageous in providing a drip chamber
device capable of preventing under-infusion of the second-
ary drug by blocking the secondary drug from entering into
the primary IV bag 10, as discussed previously. The drip
chamber device of the various embodiments described
herein is further advantageous as it minimizes the number of
separate components of an IV set by replacing a check valve
and a conventional drip chamber with the drip chamber
device. As a result, cost of the IV set may be reduced.
Additionally, the various embodiments of the present dis-
closure are advantageous in providing a drip chamber device
which provides better sealing as the fluid level in the housing
increases. Further advantageously, the drip chamber device
of'the various embodiments described herein may optionally
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be retrofit with existing IV pump devices, so there is no need
for specialized components in order to make the drip cham-
ber device compatible with existing pumps.

[0043] The present disclosure is provided to enable any
person skilled in the art to practice the various aspects
described herein. The disclosure provides various examples
of the subject technology, and the subject technology is not
limited to these examples. Various modifications to these
aspects will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to
other aspects.

[0044] A reference to an element in the singular is not
intended to mean “one and only one” unless specifically so
stated, but rather “one or more.” Unless specifically stated
otherwise, the term “some” refers to one or more. Pronouns
in the masculine (e.g., his) include the feminine and neuter
gender (e.g., her and its) and vice versa. Headings and
subheadings, if any, are used for convenience only and do
not limit the invention.

[0045] The word “exemplary” is used herein to mean
“serving as an example or illustration.” Any aspect or design
described herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other aspects or
designs. In one aspect, various alternative configurations and
operations described herein may be considered to be at least
equivalent.

[0046] As used herein, the phrase “at least one of” pre-
ceding a series of items, with the term “or” to separate any
of the items, modifies the list as a whole, rather than each
item of the list. The phrase “at least one of”” does not require
selection of at least one item; rather, the phrase allows a
meaning that includes at least one of any one of the items,
and/or at least one of any combination of the items, and/or
at least one of each of the items. By way of example, the
phrase “at least one of A, B, or C” may refer to: only A, only
B, or only C; or any combination of A, B, and C.

[0047] A phrase such as an “aspect” does not imply that
such aspect is essential to the subject technology or that such
aspect applies to all configurations of the subject technology.
A disclosure relating to an aspect may apply to all configu-
rations, or one or more configurations. An aspect may
provide one or more examples. A phrase such as an aspect
may refer to one or more aspects and vice versa. A phrase
such as an “embodiment” does not imply that such embodi-
ment is essential to the subject technology or that such
embodiment applies to all configurations of the subject
technology. A disclosure relating to an embodiment may
apply to all embodiments, or one or more embodiments. An
embodiment may provide one or more examples. A phrase
such an embodiment may refer to one or more embodiments
and vice versa. A phrase such as a “configuration” does not
imply that such configuration is essential to the subject
technology or that such configuration applies to all configu-
rations of the subject technology. A disclosure relating to a
configuration may apply to all configurations, or one or more
configurations. A configuration may provide one or more
examples. A phrase such a configuration may refer to one or
more configurations and vice versa.

[0048] In one aspect, unless otherwise stated, all measure-
ments, values, ratings, positions, magnitudes, sizes, and
other specifications that are set forth in this specification,
including in the claims that follow, are approximate, not
exact. In one aspect, they are intended to have a reasonable
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range that is consistent with the functions to which they
relate and with what is customary in the art to which they
pertain.

[0049] It is understood that the specific order or hierarchy
of steps, or operations in the processes or methods disclosed
are illustrations of exemplary approaches. Based upon
implementation preferences or scenarios, it is understood
that the specific order or hierarchy of steps, operations or
processes may be rearranged. Some of the steps, operations
or processes may be performed simultaneously. In some
implementation preferences or scenarios, certain operations
may or may not be performed. Some or all of the steps,
operations, or processes may be performed automatically,
without the intervention of a user. The accompanying
method claims present elements of the various steps, opera-
tions or processes in a sample order, and are not meant to be
limited to the specific order or hierarchy presented.

[0050] All structural and functional equivalents to the
elements of the various aspects described throughout this
disclosure that are known or later come to be known to those
of ordinary skill in the art are expressly incorporated herein
by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be
dedicated to the public regardless of whether such disclosure
is explicitly recited in the claims. No claim element is to be
construed under the provisions of 35 U.S.C. § 112 (f) unless
the element is expressly recited using the phrase “means for”
or, in the case of'a method claim, the element is recited using
the phrase “step for.” Furthermore, to the extent that the term
“include,” “have,” or the like is used, such term is intended
to be inclusive in a manner similar to the term “comprise”
as “comprise” is interpreted when employed as a transitional
word in a claim.

[0051] The Title, Background, Summary, Brief Descrip-
tion of the Drawings and Abstract of the disclosure are
hereby incorporated into the disclosure and are provided as
illustrative examples of the disclosure, not as restrictive
descriptions. It is submitted with the understanding that they
will not be used to limit the scope or meaning of the claims.
In addition, in the Detailed Description, it can be seen that
the description provides illustrative examples and the vari-
ous features are grouped together in various embodiments
for the purpose of streamlining the disclosure. This method
of disclosure is not to be interpreted as reflecting an intention
that the claimed subject matter requires more features than
are expressly recited in each claim. Rather, as the following
claims reflect, inventive subject matter lies in less than all
features of a single disclosed configuration or operation. The
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a
separately claimed subject matter.

[0052] The claims are not intended to be limited to the
aspects described herein, but are to be accorded the full
scope consistent with the language of the claims and to
encompass all legal equivalents. Notwithstanding, none of
the claims are intended to embrace subject matter that fails
to satisfy the requirement of 35 U.S.C. § 101, 102, or 103,
nor should they be interpreted in such a way.

What is claimed is:

1. A drip chamber device, comprising:

a housing including an inlet and an outlet disposed
downstream of the inlet;
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a chamber defined by an inner circumferential surface of
the housing, the chamber fluidly connecting the inlet
with the outlet; and

avalve member disposed in the chamber to move between
(1) a closed state where fluid communication between
the inlet and the chamber is blocked, and (ii) an open
state where fluid communication between the inlet and
the chamber is not blocked, based on a level of fluid
within the chamber.

2. The drip chamber device of claim 1, wherein the inner
circumferential surface is defined by a first sidewall extend-
ing radially outward and distally from a top end of the
housing and a second sidewall extending radially inward and
distally from the first sidewall to a bottom end of the
housing.

3. The drip chamber device of claim 2, wherein each of
the first and second sidewalls comprises a conical shape.

4. The drip chamber device of claim 2, further comprising
a sealing ring circumferentially disposed on the inner cir-
cumferential surface along the first sidewall, wherein:

in the closed state, the valve member is disposed in the
sealing ring to block fluid communication between the
inlet and the chamber; and

in the open state, the valve member is disposed outside of
the sealing ring.

5. The drip chamber device of claim 4, wherein the valve

member comprises a spherical ball.

6. The drip chamber device of claim 5, wherein the
sealing ring is disposed adjacent to and distally from the top
end of the housing at a distance greater than or equal to a
radius of the spherical ball.

7. The drip chamber device of claim 5, wherein an inner
diameter of the sealing ring is less than or equal to a diameter
of the spherical ball.

8. The drip chamber device of claim 2, wherein the
bottom end of the housing comprises a base plate having a
top surface, a bottom surface, and a plurality of valve
support members protruding proximally from the top surface
of the base plate.

9. The drip chamber device of claim 8, wherein the base
plate comprises an aperture extending from the top surface
through the bottom surface of the base plate, the aperture
fluidly communicating the chamber with the outlet.

10. The drip chamber device of claim 9, wherein the top
surface of the base plate comprises a ramped surface which
is angled and tapers radially inward from an outer periphery
of the base plate to the aperture of the base plate.

11. The drip chamber device of claim 9, wherein the valve
support members are radially spaced apart about a central
longitudinal axis of the drip chamber device.
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12. A drip chamber device, comprising:

a housing having a top end including an inlet for receiving
a primary fluid, an opposing bottom end including an
outlet for dispensing fluid from the housing, an inter-
mediate section between the top and bottom ends, and
a sidewall having (i) a first portion extending radially
outward from the top end to the intermediate section of
the housing, and (ii) a second portion extending radi-
ally inward from the intermediate section to the bottom
end of the housing, wherein an inner circumferential
surface of the sidewall defines a chamber;

a sealing ring circumferentially disposed along the inner
circumferential surface; and

a valve member moveably disposed in the chamber, the
valve member being displaceable in a proximal direc-
tion into the sealing ring by a buoyant force when fluid
level in the chamber exceeds a predetermined level.

13. The drip chamber device of claim 12, wherein each of
the first and second portion of the sidewall comprises a
conical shape.

14. The drip chamber device of claim 12, wherein the
sealing ring is disposed adjacent to and distally from the top
end of the housing at a distance greater than or equal to the
radius of the valve member.

15. The drip chamber device of claim 12, wherein the
valve member comprises a spherical ball.

16. The drip chamber device of claim 15, wherein an inner
diameter of the sealing ring is less than or equal to a diameter
of the spherical ball.

17. The drip chamber device of claim 12, wherein the
bottom end of the housing comprises a base plate having an
aperture extending axially therethrough, the aperture fluidly
communicating the chamber with the outlet.

18. The drip chamber device of claim 17, wherein the base
plate further comprises a plurality of valve support members
protruding longitudinally from a top surface of the base
plate.

19. The drip chamber device of claim 18, wherein the
valve support members are radially spaced apart about the
aperture, and each spacing between adjacent valve support
members defines a flow guide portion through which fluid
exiting the chamber flows into the outlet.

20. The drip chamber device of claim 18, wherein the base
plate comprises a ramped surface which is angled and tapers
radially inward from an outer periphery of the base plate to
the aperture of the base plate.
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