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(57) Abstract: A gas vent valve assembly may be attached
or incorporated to a disposable fluid transfer set used with
a fluid warmer to administer an infusate to a patient The
gas vent valve assembly has a housing having a fluid inlet,
a gas outlet and a fluid outlet The gas outlet is located at
the top of the housing while the fluid outlet is located at
the bottom of the housing The fluid inlet is located at a side
lower portion of the housing Inside the housing is an actu-
ator float that has an upper seal and a lower seal The float
is freely movable within the housing to an upper position
whereby its upper seal closes the gas outlet while the fluid
outlet is opened, and to a lower position whereby its lower
seal closes the fluid outlet and the gas outlet is opened
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GAS VENT VALVE ASSEMBLY

Field of the Invention
[001] The present invention relates to a device for eliminating gases or air that may be
trapped within an intravenous (IV) tube set used to provide physiological or cellular fluids

to a patient.

Background of the Invention
[002] When physiological or cellular fluids are administered to a patient, it is imperative
that foreign particles and gas bubbles or air emboli that may be trapped in the fluids be
removed. Inthe prior art, these fluids are passed through a filter before being administered

to the patient.

[003] One prior art filter is disclosed in U.S. patent No. 4,662,906. This filter includes a
structure that first separates the gas from the fluid by introducing a vortex flow into the fluid.
The gas bubbles that are separated from the fluid are moved into a chamber that is formed
in part by a hydrophobic membrane, so that the gas exits to the atmosphere through the
membrane. The fluid is then passed through a defoaming sponge, treated with an anti-
foaming agent, so that any remaining gas is separated from the fluid. After exit from the
sponge material into cylindrical element located within a storage reservoir, the remaining
gas rises to the chamber and passes through the hydrophobic membrane to the
atmosphere.

[004] Anther prior artfilter, assigned to the assignee of the instant application, is disclosed
in U.S. patent No. 4,900,308. There, the filter has a plenum sufficiently large so that the
downward velocity of fluid is less than the upward velocity of gas bubbles that form in the
fluid. A hydrophobic membrane covers the top of the plenum, so that, as the gas rises to
the top of the plenum it is separated from the fluid and exits to the atmosphere through the

hydrophobic membrane. This device relies on the phenomenon that the downward flow
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velocity for a fluid is less than the rate at which a bubble of gas to be removed will rise
through the fluid. There is therefore no control with respect to the venting of the gas to
atmosphere or the administration of the fluid to the patient. The disclosure of the '308

application is incorporated by reference herein.

[005] Another gas elimination device, also assigned to the assignee of the instant
application, is disclosed in U.S. patent 5,707,431. In the '431 gas elimination device, a
cylindrical chamber is divided radially into two parts by a cylindrical filter centrally located
within the chamber. A fluid inlet is located such that the input fluid is directed tangentially
to the outer part of the chamber to create a vortex flow, which is stopped by passage of the
fluid through the filter. The vortex motion causes the gas contained in the fluid to be
separated from the fluid and rises to the top of the outer portion of the chamber. The top
of the chamber is covered by a hydrophobic membrane, which allows the gas to exit the
chamber to the atmosphere. A shut-off valve in the form of a float has a bottom end that
engages the fluid output when there is adequate fluid present in the device. The '431
device therefore requires that a filter be used to divide radially into two parts a cylindrical
chamber so that the gas in the fluid is removable therefrom. The disclosure of the '421

patent is incorporated by reference herein.

Summary of the Present Invention

[006] The gas vent valve assembly of the present invention is designed and adapted for
use in an intravenous tube (IV) set that is disposable after use. The IV set, which is
connected to a physiological fluid heater, such as for example any one of the systems H-
1025, H-1200 and H-1000 High Flow Blood and Fluid Level 1 warmers sold by the
assignee of the instant invention. The gas vent valve assembly is added to a conventional
disposable unit so that an extra level of protection is provided to the patient by preventing
gas and air emboli that may be in the infusate from being administered into the patient.

[007] The gas vent valve assembly has a valve body housing that has a fluid inlet at a side
thereof, a gas outlet at its top and a fluid outlet at its bottom. An actuator that may be a
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float dimensioned to be freely movable within the valve housing is positioned within the
chamber of the housing. The float may be sealed, if it is hollow, to increase the buoyancy.
Alternatively, the float may be made from a solid material, for example plastic, that has the
required buoyancy. In any event, the float has a lower surface where there is an extension
or a shaft. Atthe end of the shaft is a seal mechanism that may be in the form of a ball or
sphere or some other configuration that allows it to engage in a seal tight manner to a seat
provided at the fluid outlet of the valve housing. At the top surface of the float there is an
extension or upper shaft. Atthe top of the upper shaft there is a seal mechanism that may
also be in the form of a ball or a sphere or some other shape that allows it to sealingly
engage with an upper seat at the gas outlet at the top of the valve housing. The upper seal
may not be needed if a hydrophobic membrane is placed over the gas outlet. However,
when an upper seal is used in conjunction with a hydrophobic membrane, the useful life
of that membrane is enhanced by since the flow of fluid to the membrane is blocked. The
venting capability of a hydrophobic membrane will typically diminish as the membrane is

wetted.

[008] The respective dimensions of the valve housing and the float are such that the float
rises readily when the chamber of the housing is filled with a certain amount of fluid. The
float is raised to an upper position whereby its upper seal engages the air outlet seat to
close or shut off the fluid communications path between the chamber of the housing and
the atmosphere. Atthattime, the lower seal of the float is moved sufficiently far away from
the fluid outlet seat so that the fluid inside the housing would flow unhindered out of the
fluid outlet. This continues so long as there is a sufficient amount of fluid in the chamber
of the housing to keep the float afloat to thereby keep open the fluid path between the
chamber of the housing and the fluid outlet, while at the same time closing off the gas

outlet.

[009] If gas such as air gets inside the housing, given that gas is lighter than fluid, the gas
would form as gas bubbles and float to the top of the fluid. When a sufficient amount or
volume of gas is collected in chamber of the housing, the amount of fluid in the chamber
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is reduced to the point where fluid could no longer buoyantly support the float. As a result,
the float falls or moves to a lower position whereby its lower seal engages the fluid outlet
seat to thereby shut off the flow of fluid to the patient. Atthe same time, the gas outlet is
opened to vent the gas collected in the chamber of the housing to the atmosphere. So
long as the amount of gas or air in the housing is such that the upper seal of the float is
disengaged from the seat of the gas outlet, the gas within the housing is vented to the
atmosphere. When the gas in the chamber of the housing is reduced to a given amount
due to the inflow into the chamber of additional fluid, the float would again rise and its lower
seal disengages from the fluid outlet to allow fluid to be output to the patient. When
enough fluid flows into the housing without introduction of gas or air therewith, the float is
moved to its upper position so that its upper seal shuts off the gas vent to prevent reverse

air inflow of air from the atmosphere into the chamber of the housing.

[0010] The operation of the gaé vent valve assembly of the instant invention is therefore
independent of whether there is any power being supplied to the fluid warmer, i.e., whether
the fluid warmer is turned on. Rather, the operation of the instant inventive gas vent valve
assembly is dependent on the relationship between the volume or amount of gas/air and
the volume or amount of fluid in the housing vis-a-vis the density of the float and its
buoyancy relative to the fluid inside the chamber of the housing, the viscosity of the fluid,
and the positioning of the float relative to the housing in response to the amount of fluid in
the chamber of the housing. The performance or operation of the float is also dependent
on orientation, i.e. the gas vent valve assembly being attached to the system in a vertical

orientation.

[0011] The instant invention is therefore an apparatus for preventing gas from being input
to a patient who is being infused with an infusate. The apparatus comprises a housing
having an inlet to enable the infusate to flow into the housing, a gas outlet to vent gas from
the housing and a fluid outlet to output the infusate to the patient. The apparatus further
includes an actuator movable inside the housing, the actuator having an upper end and a
lower end, an upper seal means being provided at the upper end to seal the gas outlet and
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a lower seal means at the lower end to seal the gas outlet. The housing of the apparatus
has a longitudinal space that enables the actuator to at least move between an upper
position whereby the upper seal means seals the gas outlet and the fluid outlet is opened,
and a lower position whereby the lower seal means seals the fluid outlet and the gas output
is opened. The actuator is moved to the lower position to seal the fluid outlet with the lower
seal means and to open the gas outlet to vent the gas inside the housing when a

predetermined volume of gas gets inside the housing.

[0012] The present invention also is directed to a fluid warmer having a heater, at least
one reservoir containing an infusate to be infused to the patient, a fluid communications
path for conveying the infusate to the heater for warming with the warmed infusate being
output to a gas elimination device to ensure that gas in the warmed infusate is removed.
The gas elimination device comprises: a housing having an inlet to enable the infusate to
flow into the housing, a gas outlet to vent gas from the housing and a fluid outlet to output '
the infusate to the patient; and an actuator movable inside the housing that has an upper
end and a lower end, the upper end of the actuator having an upper seal for sealing the
gas outlet, the lower end of the actuator having a lower seal for sealing the fluid outlet.
The actuator is movable between an upper position wherein the upper seal seals the gas
outlet and the fluid outlet is opened, and a lower position wherein the lower seal seals the
fluid outlet and the gas outlet is opened. And when the gas inside the housing increases
to a predetermined volume, the actuator is moved to the lower position to seal the fluid
outlet and to open the gas outlet to vent the gas inside the housing out to the atmosphere.

[0013] The present invention further is related to a disposable set of fluid transfer tubes
that includes a first tubing connectable to at least one infusate reservoir for receiving an
infusate, a heat transfer portion of the tubing for transferring heat to the infusate flowing
through the tubing, and an output portion for outputting the infusate. The disposable set
further comprises: a housing having an inlet connected to the output portion of the tubing
to receive the infusate, the housing having a gas outlet to vent gas from the housing and
a fluid outlet to output the infusate to the patient; an actuator movable inside the housing
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having an upper end and a lower end, the upper end having an upper seal for sealing the
gas outlet, the lower end having a lower seal for sealing the fluid outlet; wherein the
actuator is movable between an upper position wherein the upper seal seals the gas outlet
and the fluid outlet is opened and a lower position wherein the lower seal seals the fluid
outlet and the gas outlet is opened; and wherein when there is a predetermined volume
of gas inside the housing, the actuator is moved to the lower position to seal the fluid outlet

and to open the gas outlet to vent the gas inside the housing out of the housing.
[0014] The actuator described above may be in the form of a float.

Brief Description of the Figures
[0015] The present invention will become apparent and the invention itself will be best
understood with reference to the following description of the present invention taken in

conjunction with the accompanying drawings, wherein:
[0016] Fig. 1 is a prior art illustration of a fluid warmer and a conventional disposable unit;

[0017] Fig. 2 is anillustration of the present invention gas vent valve assembly integrated
to a disposable fluid transfer set of the instant invention assembled to a fluid warmer;

[0018] Fig. 3 is an air detector which when used with the present invention provides an
additional safety feature for preventing gas or air in the infusate from being administered

into the patient;

[0019] Fig. 4a is an assembled isometric view of the gas vent valve assembly of the

instant invention;

[0020] Fig. 4b is an exploded view of the various components that make up the gas vent

valve assembly of the instant invention;
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[0021] Fig. 5 is a cross-sectional view showing the gas vent valve assembly of the instant

invention; and

[0022] Fig. 6a and Fig. 6b are respective illustrations showing the gas vent vaive assembly
of the instant invention closing the fluid outlet to prevent fluid flow to the patient and

opening the fluid outlet to allow fluid to-be infused to the patient.

Detailed Description of the Invention
[0023] With reference to Fig. 1, a prior art fluid warmer, such as for example the System
1025 manufactured by the assignee of the instant application, is shown. The fluid warmer
is designated 2 and includes a central portion 4 that has a heater therein for fluidly heating
a heat exchanger 6, a portion of which is shown in the exploded view 6a. The heat
exchanger 6 is a part of a fluid transfer disposable set 8, for example an intravenous (IV)
tube set, that includes bag spikes 10a and 10b that are used to connect to storage bags
12a and 12b, respectively. The storage bags 12a and 12b may be referred to as fluid
reservoirs that store cellular or physiological fluids such as for example blood, saline and
other well known fluids for infusion into a patient. As the fluid from the fluid reservoir flows
through heat exchanger 6, it is heated. This heated fluid is introduced or administered to
a patient as an infusate, by means of a tube 14 that has a conventional luer end for
connection to a cannula inserted into the patient. A filter 16 is provided in the disposable
set to filter out particulates that may be contained in the infusate. The predecessor of the
fluid warmer and the disposable set as shown in Fig. 1 are discussed in U.S. patent
4,759,749, assigned to the assignee of the instant invention. The disclosure of the '749
patent is incorporated herein. The heat exchanger shown in Fig. 1, as well as its operation,
are described in U.S. patents 4,878,537, 5,063,994 and 5,097,898, all assigned to the
assignee of the instant invention. The respective disclosures of the '537, '994 and '898

patents are incorporated by reference to this application.

[0024] A fluid warmer similar to that shown in Fig. 1 is illustrated in Fig. 2. Elements that

are the same as the elements shown in Fig. 1 are labeled the same. For the Fig. 2 fluid
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warmer, however, there is shown assembled thereto the disposable set of the instant
invention, designated 18, which has likewise spikes 20a and 20b for effecting respective
fluid communications paths with fluid bags or reservoirs 12a and 12b. There is likewise a
heat exchanger 6 mounted to fluid warmer and by which heated water flows for warming

the infusate flowing through the heat exchanger.

[0025] Although prior art fluid warmers of the assignee have been described herein for the
instant invention, it should be appreciated that the gas valve assembly of the instant

invention may also be used for other warmers such as for example a fast flow fluid warmer.

[0026] For the inventive disposable fluid transfer set 18, a gas vent valve assembly of the
instant invention, designated 22, is added thereto for receiving the heated fluid or infusate
from heat exchanger 6. The gas vent valve assembly eliminates gas such as air that may
somehow have been introduced into the tubing or fluid flow and must be eliminated, as
such gas pockets if injected into a patient as an air emboli may cause harm and even
death to the patient. The output from the gas vent valve assembly is connected to an air
detector 24 which provides a redundant check for the presence of air in the infusate. The
outletis in the form of tubing 14, which, as mentioned previously, is connected to a cannula
inserted to the patient so that the fluid may be infused into the patient.

[0027] Fig. 3 is anillustration of the air detector that my be used for detecting any potential
air emboli present in the fluid to be infused to the patient. The chamber whereby air emboli
may be detected is designated 26. For the instant invention, chamber 26 receives the fluid
via tubing 28 from the outlet of the gas vent valve assembly of the instant invention.

[0028] With reference to Figs. 4a and 4b, the gas vent valve assembly 22 of the instant
invention is shown to have a valve body or housing 30 that, for the embodiment, is an
elongated chamber having substantially rectangular sides but a square top and bottom that
is funnel shaped. The top or top surface is designated 30a while the downward slanted
bottom surface is designated 30b. There is a fluid inlet 32, located at the lower portion of
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body 30, that allows the heated infusate to flow into the housing 30. There is at top 30a
an air or gas outlet 34 that allows air or gas to output from housing 30 to the atmosphere.
As best shown in Fig. 4b, the gas outlet 34, along with its outlet neck that is integrally
formed as a one-piece with the top 30a, includes a gas outlet or upper seat 34a that fits
within gas outlet 34. Gas outlet seat 34a forms a guide and provides the seat to which a
sealing member sits for closing or sealing the opening of gas outlet 34.

[0029] There is moreover a fluid outlet 36 extending from the funnel shaped lower portion
of the housing 30. Fluid outlet 36 allows the infusate in the chamber of housing 30 to be
output to the patient. As best shown in Fig. 4b, the fluid outlet 36 comprises a spout 36a
that is connected to a lower neck 36b that extends from the bottom funnel portion of
housing 30. As best shown in Fig. 5, with the lower portion of housing 30 being funneled
shaped, per designation 30b, the fluid stored in the chamber of the housing is funneled
directly into sprout output 36a. The fluid outlet 35 includes a lower seat 36c¢ fitted within
a neck 36b and the spout output 36a. Fluid outlet 36 is closed or sealed by a

corresponding lower sealing member.

[0030] As best shown in Fig. 4b, an actuator in the form of a float 38 is movably
positioned within the chamber or interior cavity of body 30. Float 38 is of a dimension that
enables it to be readily movable within the chamber of housing 30. For the embodiment
shown in Figs. 4a and 4b, float 38 has an elongated body that has rectangular sides along
its longitudinal axis and a square top 38a and bottom 38b. A shaft 42 extends from the
bottom 38b of float 38. To the distal end of shaft 42 there is attached a seal mechanism
that may be in the shape of a ball or a sphere 40, or any other appropriate shape that
allows it to sealingly engage lower seat 36¢ of fluid outlet 36. There is extending from the
top 38a of float 38 an upper shaft 46 to which an upper seal mechanism is attached to its
distal end. The seal mechanism at the upper shaft 46 may also be in the shape of a ball
or a sphere 44, or any other shape that allows it to sealingly engage upper seat 34a of gas
outlet 34. Although shown to be removed from float 38 in Fig. 4b, in practice top 38a, as

well as bottom 38b, each are welded to and therefore form an integral part of float 38, so
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that float 38 is completely sealed with an internal cavity and a density that allows it to rise
inside the chamber of housing 30 when the level of fluid in the chamber is raised to a given

level.

[0031] It should be appreciated that the respective cross sections of the housing 30 and
float 38 may be configured differently from those shown in Figs. 4a and 4b. For example,
the cross sections of the housing and the float may well be square, rectangular, circular,
D-shaped or any other shape so long as those shapes conform to the space available on
the surface or portion of the equipment to which the housing is to be attached. The thing
to note is the aspect ratio (largest width dimension compared to the height) of the float is

important in that it is needed for the proper tracking of the float.

[0032] With reference to Fig. 5, a fully assembled gas vent valve assembly of the instant
invention is shown. As illustrated, the actuator float 38 is located within housing 30, and
is dimensioned such that it is movable longitudinally within the chamber of housing 30.
The upper shaft 46 is shown to be extending substantially along the longitudinal axis of the
float 38 while the lower shaft 42 is offset from the longitudinal axis of housing 30 so that
it is aligned along the longitudinal axis of the fluid outlet 36. Thus, when moving to its
upper position, the upper sealing sphere 44 of float 38 is movably guided by the gas vent
.guide 34a; and when moving to its lower position, the lower sealing sphere 40 of float 30
is movably guided by the fluid outlet guide 36¢c. When float 30 is moved fully to its upper
position, its upper seal sphere 44, guided within guide 34a, would fully sit on or sealingly
engage the upper seat 34c to block the opening of seat 34c to thereby close or shut gas
vent outlet 34 to prevent any reverse inflow of air from te atmosphere into the housing. At
that time or sometime prior to that depending on the dimensions of the float and its upper
and lower shafts relative to the dimension of the chamber of housing 30, the fluid outlet is
opened. Similarly, when float 30 is moved to its lower position, the lower seal sphere 40
is guided by lower guide 36¢ to sealingly engage lower seat 36d to block the opening of
lower seat 36d to thereby close or shut fluid outlet 36. The gas vent guide 34a and fluid
outlet guide 36¢c may be circular components or sleeves, having a minimum of three
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features, which act as guides to track the upper shaft 46 and the lower shaft 42
respectively. In cross-section, the gas vent guide and fluid outlet guide may resemble

wagon wheels, and the guide features may resemble the spokes.

[0033] For the instant invention gas vent valve assembly, the input of fluid into housing 30
via fluid inlet 32 is shown by the directional arrow designated 46, the gas or air output from
gas vent outlet 34 is shown by the directional arrow 48, and the fluid output from fluid

output 36 is shown by the directional arrow designated 50.

[0034] The operation of the gas vent valve assembly is based on the buoyancy of the float
relative to the fluid inside the chamber of housing 30, and the relationship between the
volume of air and the amount of fluid in the chamber of the housing 30. This is illustrated
in Figs. 6a and 6b.

[0035] As shown in Fig. 6a, the fluid or infusate flows into the chamber of housing 30 via
the fluid inlet 32, as indicated by directional arrow 46. For the Fig. 6a illustration, the
amount of fluid or infusate input to the chamber of housing 30 is indicated by outline 52,
while the volume of gas or air in the chamber of housing 30 is designated by outline 54.
As gas/air is lighter than the fluid, the air rises to the upper portion of the chamber of
housing 30. Given the relationship between the volume of air and the amount of infusate
in the chamber of housing 30, due to both the density of actuator float 38 and its
relationship to the amount of fluid and air in the chamber of housing 30, there is not
enough buoyancy provided by fluid 52 to raise up float 38 from its lower position. As a
result, the lower seal 40 attached to float 38 remains seated on the outlet seat 36d of fluid
outlet 36. The fluid outlet 36 therefore remains shut off and infusate is prevented from
being output from the inventive gas vent valve assembly and administered to the patient.
At that time, due the respective configurations of the actuator float 38 and its upper and
lower shafts and attached seal mechanisms, the upper seal sphere 44 is positioned away

from seat 34c of gas outlet 34. As a consequence, the gas or air inside housing 30, as
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indicated by outline 54, is vented to the atmosphere per directional arrow 48 as fluid flows

into the chamber of housing 30.

[0036] As additional infusate is input via fluid inlet 32 into the chamber of housing 30,
given that fluid is heavier than air or gas, gas/air bubbles would percolate up from the fluid
into the upper portion of the chamber of housing 30, as gas/air is vented via gas outlet 34
to the atmosphere via the open gas outlet 34. With a given amount of fluid within housing
30, per shown by the fluid outline 52 in Fig. 6b, the relationship between the volume of gas
and the amount of fluid, and the buoyancy of the actuator float 38 relative to the fluid,
cause the actuator float 38 to rise. This is shown in Fig. 6b where the amount of fluid
shown by outline 52 is greater than the volume of air shown by outline 54. In this instance,
float 38 rises to move the lower seal 40 away from seat 36b of fluid outlet 36, thereby
opening the fluid outlet 36 to enable the infusate in the chamber of housing 30 to output
from fluid outlet 36, per directional arrow 50. At that time, as float 38 has risen to a
predetermined level so that only a small volume of air remains in the chamber, upper seal
44 sealingly engages upper seat 34c¢ of gas outlet 34, thereby closing the gas outlet to
prevent any reverse inflow of air from the atmosphere into the housing. The respective
dimensions of housing 30 aknd float 38, as well as the buoyancy of the float relative to the
fluid, may be designed such that substantially all the air in the chamber is flushed out of

the chamber to the atmosphere before gas vent 34 is shut off.

[0037] For the Fig. 6 embodiment of the instant invention, so long as the relative amount
of fluid to air within housing 30 is such that it does not cause float 38 to move downwards
to its lower position, gas outlet 34 would remain closed. But as soon as the amount of air
reaches a volume that causes float 38 to move downwards to a distance that disengages
upper seal 44 from upper seat 34c, the gas vent 34 would open to once again vent the air
inside the chamber of housing 30 to atmosphere. And when the amount of air inside the
chamber of housing 30 gets to a certain volume, for example as per shown in Fig. 6a, the
fluid outlet 36 is closed so as to prevent any fluid or gas from being output from the fluid

outlet 36 and possibly injected into the patient.
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[0038] In another feature of the gas vent valve assembly of the instant invention, the upper
seal 44 for gas vent 34 may be removed. Instead, a hydrophobic membrane is mounted
over the opening of the gas vent. This feature is feasible in those situations where it is
determined that the relative dimensions of the housing 30 and float 38 are such that it is
highly unlikely that the small amount of air remaining at the top portion of the chamber of
housing 30 would make its way down to the fluid outlet 36 and be output therefrom. For
this feature, a one way valve may be added to the gas vent 34 to prevent back flow of air

from the atmosphere into the chamber of housing 30.

[0039] As noted with respect to Fig. 3, an air detector further down on the fluid
communications path provides a redundant check on whether there is any air emboliin the

infusate. If there is, the warmer system shuts down.

[0040] Forthe gas vent valve assembly of the instant invention, insofar as its operation is
based on the positioning of the float 38 that is dependent on the relationship of the
respective amounts of gas and fluid inside the chamber of housing 30, it operates
automatically and without any need for external power. Accordingly, the operation of the
gas vent valve assembly of the present invention is transparent to the user, is immune from
any power outage to the fluid warmer, and will continue to operate even when there is a

loss of power to the fluid warmer.
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Claims
1. Apparatus for preventing gas from being input to a patient being infused with an
infusate comprising: a housing having an inlet to enable the infusate to flow into said
housing, a gas outlet to vent gas from said housing and a fluid outlet to output the infusate
to the patient; an actuator movable inside said housing, said actuator having an upper end
and a lower end; said upper end having an upper seal means thereon for sealing said gas
outlet, said lower end having a lower seal means for sealing said fluid outlet; said housing
having a longitudinal space to enable said actuator to at least move between an upper
position whereby said upper seal means seals said gas outlet and said fluid outlet is
opened and a lower position whereby said lower seal means seals said fluid outlet and said
gas outlet is opened; and wherein when the gas reaches a predetermined volume inside
said housing, said actuator is moved to said lower position to seal said fluid outlet with said

lower seal means and to open said gas outlet to vent the gas inside said housing out of

said housing.
2. Apparatus of claim 1, wherein said actuator comprises a float.
3. Apparatus of claim 1, wherein said fluid outlet comprises a seat and wherein said

lower seal means comprises a lower sphere attached to a shaft that extends from a lower
surface of said actuator, said lower sphere filling the seat of said fluid outlet when said

actuator is at said lower position.

4 Apparatus of claim 1, wherein said gas outlet comprises a seat and wherein said
upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside
said housing is less than predetermined volume, said actuator being at said upper position.

5. Apparatus of claim 1, wherein said actuator comprises a body freely movable within
said housing having an upper shaft extending from its upper end and a lower shaft

extending from its lower end, wherein said upper seal means comprises a first spherical
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seal at the end of said upper shaft away from said actuator and wherein said lower seal
means comprises a second spherical seal at the end of said lower shaft away from said
actuator, said gas outlet having a gas outlet seat and a gas outlet guide for guiding said
first spherical seal to the gas outlet seat when said actuator is moved to said upper position
due to the volume of gas inside said housing exceeding said predetermined volume, said
fluid outlet having a fluid outlet seat and a fluid outlet for guiding said second spherical seal

to said fluid outlet seat when said actuator is moved to said lower position.

6. Apparatus of claim1, wherein said gas comprises air.
7. Apparatus of claim 1, wherein said fluid comprises blood or blood products.
8. Apparatus of claim 2, wherein said float is of a given density such that the

movement of said float is dependent on a relationship between the amount of gas and fluid

in said housing.

9. A fluid warmer having at least one reservoir containing an infusate to be infused to
a patient, a fluid communications path for conveying the infusate to a heat exchanger for
warming, the warmed infusate being output to a gas elimination device to ensure that gas
in the warmed infusate is removed, said gas elimination device comprising: a housing
having an inlet to enable the infusate to flow into said housing, a gas outlet to vent gas
from said housing and a fluid outlet to output the infusate to the patient; an actuator
movable inside said housing, said actuator having an upper end and a lower end, said
upper end having an upper seal for sealing said gas outlet, said lower end having a lower
seal for sealing said fluid outlet, said actuator movable between an upper position wherein
said upper seal seals said gas outlet and said fluid outlet is opened and a lower position
wherein said lower seal seals said fluid outlet and said gas outlet is opened; and wherein
when the gas inside said housing reaches a predetermined volume, said actuator is moved
to said lower position to seal said fluid outlet and to open said gas outlet to vent the gas

inside said housing out of said housing.
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10.  Fluid warmer of claim 9, wherein said actuator comprises a float.

11.  Fluid warmer of claim 9, wherein said fluid outlet comprises a seat and wherein said
lower seal means comprises a lower sphere attached to a shaft that extends from a lower
surface of said actuator, said lower sphere filling the seat of said fluid outlet when said

actuator is at said lower position.

12.  Fluid warmer of claim 1, wherein said gas outlet comprises a seat and wherein said
upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside
said housing is less than predetermined volume, said actuator being at said upper position.

13, Adisposable set of fluid transfer tubes that includes a first tubing connectable to at
least one infusate reservoir for receiving an infusate, a heat transfer portion of said tubing
for transferring heat to the infusate flowing through said tubing and an output portion for
outputting the infusate, said disposable set further comprising: a housing having an inlet
connected to said output portion of said tubing to receive the infusate, said housing having
a gas outlet to vent gas from said housing and a fluid outlet to output the infusate to the
patient; an actuator movable inside said housing, said actuator having an upper end and
a lower end, said upper end having an upper seal for sealing said gas outlet, said lower
end having a lower seal for sealing said fluid outlet, said actuator movable between an
upper position wherein said upper seal seals said gas outlet and said fluid outlet is opened,
and a lower position wherein said lower seal seals said fluid outlet and said gas outlet is

- opened; and wherein when the gas inside said housing reaches a predetermined volume,
said actuator is moved to said lower position to seal said fluid outlet and to open said gas
outlet to vent the gas inside said housing out of said housing.

14.  Disposable set of claim 13, wherein said actuator comprises a float.
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15.  Disposable set of claim 13, wherein said fluid outlet comprises a seat and wherein
said lower seal means comprises a lower sphere attached to a shaft that extends from a
lower surface of said actuator, said lower sphere filling the seat of said fluid outlet when

said actuator is at said lower position.

16. Disposable set of claim 14, wherein said gas outlet comprises a seat and wherein
said upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside

said housing is less than predetermined volume, said actuator being at said upper position.

17.  Apparatus of claim 1, wherein said fluid comprises an intravenous (IV) fluid.
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AMENDED CLAIMS
received by the International Bureau on 22nd May 2009 (22.05.09)

1. Apparatus for preventing gas from being input to a patient being infused with an
infusate comprising: a longitudinal housing having an upper portion and a lower portion and
an inlet located at the lower portion to enable the infusate to flow into said housing, a gas
outlet at the upper portion to vent gas from said housing and a fluid outlet at the lower
portion below said inlet to output the infusate to the patient; an actuator movable inside
said housing, said actuator having an upper end and a lower end; said upper end having
an upper seal means thereon for sealing said gas outlet, said lower end having a lower
seal means for sealing said fluid outlet; said housing having a longitudinal space to enable
said actuator to at least move between an upper position whereby said upper seal means
seals said gas outlet and said fluid outlet is opened and a lower pasition whereby said
lower seal means seals said fluid outlet and said gas outlet is opened; and wherein when
the gas reaches a predetermined volume inside said housing, said actuator is moved to
said lower position to seal said fluid outlet with said lower seal means and to open said gas
outlet fo vent the gas inside said housing out of said housing.

2. Apparatus of claim 1, wherein said actuator comprises a float.

3. Apparatus of claim 1, wherein said fluid outlet comprises a seat and wherein said
lower seal means comprises a lower sphere attached to a shaft that extends from a lower
surface of said actuator, said lower sphere filling the seat of said fiuid outlet when said
actuator is at said lower position.

4, Apparatus of claim 1, wherein said gas outlet comprises a seat and wherein said
upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside
said housing is less than predetermined volume, said actuator being at said upper position.

5. Apparatus of claim 1, wherein said actuator comprises a body freely movable within
said housing having an upper shaft extending from its upper end and a lower shaft

AMENDED SHEET (ARTICLE 19)



WO 2009/094206 PCT/US2009/000472
19

extending from its lower end, wherein said upper seal means comprises a first spherical
seal at the end of said upper shaft away from said actuator and wherein said lower seal
means comprises a second spherical seal at the end of said lower shaft away from said
actuator, said gas outlet having a gas outlet seat and a gas outlet guide for guiding said
first spherical seal to the gas outlet seat when said actuator is moved to said upper position
due to the volume of gas inside said housing exceeding said predetermined volume, said
fluid outlet having a fluid outlet seat and a fluid outliet for guiding said second spherical seal
to said fluid outlet seat when said actuator is moved to said lower position.

6. Apparatus of claim1, wherein said gas comprises air.
7. Apparatus of claim 1, wherein said fluid comprises blood or blood products.
8. Apparatus of claim 2, wherein said float is of a given density such that the

movement of said float is dependent on a relationship between the amount of gas and fluid
in said housing.

8. A fluid warmer having at least one reservoir containing an infusate to be infused to
a patient, a fluid communications path for conveying the infusate to a heat exchanger for
warming, the warmed infusate being ouiput to a gas elimination device to ensure that gas
in the warmed infusate is removed, said gas elimination device comprising: an elongate
housing having an upper portion and a lower portion, an inlet provided at the lower portion
to enable the infusate to flow into said housing, a gas outlet at the upper portion to vent
gas from said housing and a fluid outlet at the lower portion below said inlet to output the
infusate o the patient; an actuator movable inside said housing, said actuator having an
upper end and a lower end, said upper end having an upper seal for sealing said gas
outlet, said lower end having a lower seal for sealing said fluid outlet, said actuator
movable between an upper position wherein said upper seal seals said gas outlet and said
fluid outlet is opened and a lower position wherein said lower seal seals said fluid outlet
and said gas ouftlet is opened; and wherein when the gas inside said housing reaches a

AMENDED SHEET (ARTICLE 19)
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predetermined volume, said actuator is moved to said lower position to seal said fluid outlet
and to open said gas outlet to vent the gas inside said housing out of said housing,

10.  Fluid warmer of claim 9, wherein said actuator comprises a float,

11.  Fluid warmer of claim 9, wherein said fluid outlet comprises a seat and wherein said
lower seal means comprises a lower sphere attached to a shaft that extends from a lower
surface of said actuator, said lower sphere filling the seat of said fluid outlet when said
actuator is at said lower position.

12.  Fluid warmer of claim 1, wherein said gas outlet comprises a seat and wherein said
upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside
said housing is less than predetermined volume, said actuator being at said upper position.

13, Adisposable set of fluid transfer tubes that includes a first tubing connectable to at
least one infusate reservoir for receiving an infusate, a heat transfer portion of said tubing
for transferring heat to the infusate flowing through said tubing and an output portion for
outputting the infusate, said disposable set further comprising: a housing having an upper
portion and a lower portion, an inlet located at the lower portion of said housing connected
to said output portion of said tubing to receive the infusate, said housing having a gas
outlet at the upper portion to vent gas from said housing and a fluid outlet at the lower
partion below said inlet to output the infusate to the patient; an actuaior movable inside
said housing, said actuator having an upper end and a lower end, said upper end having
an upper seal for sealing said gas outlet, said lower end having a lower seal for sealing
said fluid outlet, said actuator movable between an upper position wherein said upper seal
seals said gas outlet and said fluid outlet is opened, and a lower position wherein said
lower seal seals said fluid outlet and said gas outiet is opened; and wherein when the gas
inside said housing reaches a predetermined volume, said actuator is moved to said lower

AMENDED SHEET (ARTICLE 19)
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position to seal said fluid outlet and to open said gas outlet to vent the gas inside said
housing out of said housing.

14.  Disposable set of claim 13, wherein said actuator comprises a float.

15. Disposable set of claim 13, wherein said fluid outlet comprises a seat and wherein
said lower seal means comprises a lower sphere attached to a shaft that extends from a
lower surface of said actuator, said lower sphere filling the seat of said fluid outlet when

said actuator is at said lower position.

16. Disposable set of claim 14, wherein said gas outlet comprises a seat and wherein
said upper seal means comprises an upper sphere attached to an upper surface of said
actuator, said upper sphere filling the seat of said gas outlet when the amount of gas inside

said housing is less than predetermined volume, said actuator being at said upper position.

17.  Apparatus of claim 1, wherein said fluid comprises an intravenous (V) fluid.

AMENDED SHEET (ARTICLE 19)
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STATEMENT UNDER ARTICLE 19(1)

International Bureau of WIPO
34 chemin des Colombettes
1211 Geneva 20, Switzerland

Dear Sir:
Please replace pages 14-17 with the attached substitute pages 14-17.

Original claims 1, 9 and 13 have been replaced by amended claims 1, 9 and 13.
Claims 2-8, 10-12 and 14-17 remain unchanged. The amendment to claims 1, 9 and
13 describes in more detail the configuration of the housing by noting that the housing
has an upper portion and a lower portion, and that the fluid inlet is located at the lower

portion of the housing.

Respectfully submitted,

-—
P ) ——

Louis Woa, RN 31,730
Law Offices of Louis Woo
717 North Fayette Street
A Alexandria, Virginia 22314
Date: 2% af% 2009 Phone: (703) 299-4090
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