
Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

0 
95

7 
95

1
B

1
*EP000957951B1*
(11) EP 0 957 951 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention
of the grant of the patent:
09.06.2004 Bulletin 2004/24

(21) Application number: 97916997.6

(22) Date of filing: 25.03.1997

(51) Int Cl.7: A61M 5/00, A61B 19/00,
A61M 5/38

(86) International application number:
PCT/US1997/004863

(87) International publication number:
WO 1997/041904 (13.11.1997 Gazette 1997/49)

(54) FLUID GAS REMOVAL DRIP CHAMBER

TROPFKAMMER ZUM ENTGASEN VON FLÜSSIGKEITEN

CARTOUCHE DE PERFUSION ELIMINANT LE GAZ CONTENU DANS LE LIQUIDE

(84) Designated Contracting States:
AT DE ES FR GB IE IT NL SE

(30) Priority: 06.05.1996 US 642955

(43) Date of publication of application:
24.11.1999 Bulletin 1999/47

(73) Proprietor: Mallinckrodt Inc.
St. Louis, MO 63134 (US)

(72) Inventor: FORD, Steven
Woods Cross, UT 84087 (US)

(74) Representative: Belcher, Simon James et al
Urquhart-Dykes & Lord
Tower North Central
Merrion Way
Leeds LS2 8PA (GB)

(56) References cited:
EP-A- 0 492 634 US-A- 3 776 229
US-A- 3 965 895 US-A- 4 013 072
US-A- 4 332 247 US-A- 4 521 211
US-A- 4 740 103 US-A- 4 976 685
US-A- 5 024 657 US-A- 5 031 654
US-A- 5 242 424 US-A- 5 489 385



EP 0 957 951 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

1. The Field of the Invention

[0001] This invention relates to a device for removing
gas from solutions for parenteral administration to a pa-
tient, and, in particular, to a drip chamber for removing
gas from liquids prior to parenteral infusion into a pa-
tient.

2. Present State of the Art

[0002] In modern medicine a wide variety of fluids are
administered parenterally. Such fluids can include
blood, plasma, a standard saline solution or other fluid.
Prior to infusion of any fluid, however, it is generally de-
sired to remove air or other gases which might be
present in the solution. In many situations, removal of
gas is absolutely essential to avoid a gas embolism.
[0003] To accomplish this function, a wide variety of
devices have been developed that are capable of re-
moving gas or air suspended or entrained in the fluid.
Most devices employ some sort of chamber with a fluid
inlet and a fluid outlet. The devices may contain various
filtering elements and passages to vent removed gas
outside the chamber.
[0004] In some devices, the chamber is used to collect
gas that has been extracted from the liquid flowing
through the chamber. The gas is then vented outside
the chamber through a hydrophobic membrane or filter.
A hydrophobic membrane permits gas to pass there-
through, but is resistant to the passage of liquid. Since
gas naturally rises to the top of the chamber, many de-
vices locate the hydrophobic filter at the top of the cham-
ber. The fluid inlet is generally located below the hydro-
phobic filter. This allows the gas extracted from the fluid
to rise to the top of the chamber and be vented through
the hydrophobic filter.
[0005] While this arrangement of fluid inlet and hydro-
phobic filter seems naturally to compliment the physical
characteristics of the liquid and gas, it also creates sev-
eral problems. For example, in most devices there is no
way to estimate the flow rate of the fluid through the
chamber. Thus, in applications where it is desirable to
visually estimate the flow rate of the fluid through the
chamber, some other device must also be located in flu-
id communication with the chamber. For example, a
separate drip chamber may be located in line with the
gas removal chamber. By watching the drip rate in the
drip chamber a health care professional can estimate
the flow rate of the fluid. Unfortunately, it is not often
convenient to locate a drip chamber in line with the gas
removal chamber. An extra drip chamber adds addition-
al expense and complexity to the setup.
[0006] Collection of air inside the drip chamber is an-
other problem when a separate drip chamber is used. A
drip chamber must contain an air space so that a health
care professional can watch the fluid drip. Because

many drip chambers are not automatically vented, if ex-
tra air collects in the drip chamber air space, it may be
forced out of the drip chamber into the fluid line. Thus,
in many cases, use of a drip chamber requires close
monitoring by health care professionals. This is often an
undesirable result. Thus, no device currently exists
which satisfactorily addresses the problem of estimating
fluid flow rate through a fluid gas removal chamber.
[0007] Not wishing to be bound by theory, it is also
presently believed that hydrophobic filters which are
horizontally positioned in the top of the chamber be-
come unintentionally "clogged" when the fluid level
reaches the membrane and then drops below the mem-
brane. This "clogging" is caused by fluid which adheres
to the horizontal membrane surface due to fluid surface
tension effects. Air cannot pass through the membrane
with fluid adhering to the membrane surface, effectively
"clogging" the membrane.
[0008] EP-A-0492634 discloses a transfusion filtering
device with hydrophobic fibres disposed along the inner
wall of a housing to discharge air.
[0009] Finally, current gas removal devices are some-
times incapable of handling a large volume of air which
is introduced into the chamber along with the liquid. For
example, hydrophobic filters located in the upper portion
of the gas removal chamber by necessity have a fixed
cross section. The cross sectional area of the hydropho-
bic filter, along with the degree of clogging which has
taken place, affect the maximum flow rate of air through
the hydrophobic filter. If, therefore, a large volume of air
is suddenly introduced into the chamber, the maximum
flow rate of the filter will determine how long it takes to
vent the air to the outside. If the flow rate is not large
enough to handle repeated introduction of large vol-
umes of air into the chamber, the chamber will complete-
ly fill with air and become useless. Thus, it would repre-
sent an advancement in the art to construct a filter which
could accommodate a high flow rate of air through the
hydrophobic filter so that the chamber functions normal-
ly even in the presence of repeated volumes of air intro-
duced into the chamber.

SUMMARY OF THE INVENTION

[0010] The present invention is directed to a fluid gas
removal drip chamber having a hydrophobic barrier
which extends into the interior of the drip chamber. The
hydrophobic barrier preferably comprises at least a por-
tion of a three-dimensional surface. An inlet port allows
fluid to enter the drip chamber from the top so that the
fluid falls through an air space formed in the top of the
drip chamber. By shaping the inlet port so that droplets
of fluid are formed, a health care professional can esti-
mate the flow rate of the fluid by watching the drip rate
as the fluid falls through the air space in the top of the
drip chamber.
[0011] Because the hydrophobic barrier extends into
the drip chamber, when fluid fills the chamber the hydro-
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phobic barrier will be submerged in the fluid. Liquid will
not flow through the hydrophobic membrane. As en-
trained gas separates from the liquid, the gas rises to
the top of the chamber and collects in the air space. As
the air space increases, it forces the fluid level down
slightly to expose a portion of the hydrophobic mem-
brane. The air then passes through the exposed hydro-
phobic membrane and is vented outside the chamber.
Thus, the surface area of the hydrophobic membrane
varies according to the amount of air collected in the top
of the drip chamber. When a large volume of air is intro-
duced into the drip chamber, it forces the fluid level down
to a greater extent and exposes a larger surface area of
the hydrophobic membrane.
[0012] Because the hydrophobic membrane extends
into the chamber, at least a portion of the hydrophobic
membrane is submerged in the liquid. The submerged
portion of the hydrophobic membrane is not used to vent
gas from the chamber until it is exposed as previously
described. If large amounts of entrained air are intro-
duced into the chamber, the air collected in the top of
the chamber forces the fluid level down to expose suf-
ficient surface area of hydrophobic filter needed to pass
air therethrough.
[0013] Other preferred embodiments of the instant in-
vention contain a screen or hydrophilic filter located be-
tween the fluid inlet and the fluid outlet of the drip cham-
ber. The screen or hydrophilic filter is used in some ap-
plications to provide further filtering of the fluid prior to
parenteral infusion into a patient. When a hydrophilic fil-
ter is used, the filter can also help prevent passage of
air through the drip chamber fluid outlet. A hydrophilic
filter, once wetted, will readily pass liquid but will inhibit
passage of air.
[0014] Still other embodiments of the inventive fluid
gas removal chamber contain an umbrella valve or
check valve in fluid communication with the hydrophobic
filter in order to prevent vented gas from re-entering the
drip chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 is a perspective view illustrating a system
incorporating one embodiment of the fluid gas re-
moval chamber of the present invention.
Figure 2 is a cross sectional view taken along line
2-2 in Figure 1 further illustrating the embodiment
of the inventive fluid gas removal chamber.
Figure 3 is an enlarged perspective view of one em-
bodiment of the hydrophobic filter.
Figure 4 is a cross sectional view depicting a fluid
gas removal chamber with the hydrophobic mem-
brane located below the fluid inlet to provide an air
head space and allow for fluid flow rate monitoring.
Figure 5 is a cross sectional view of another em-
bodiment of a fluid gas removal device within the

scope of the present invention.
Figure 6 is a cross sectional view of yet another fluid
gas removal chamber within the scope of the
present invention having an umbrella valve instead
of a check valve.
Figure 7 is a cross sectional view of another fluid
gas removal chamber within the scope of the
present invention in which the tubular housing has
caps at both the proximal and distal ends.
Figure 8 is an enlarged cross sectional view of the
proximal end of the fluid gas removal chamber illus-
trated in Figure 4.
Figure 9 is an enlarged cross sectional view of the
proximal end of the fluid gas removal chamber illus-
trated in Figure 5.

DETAILED DESCRIPTION OF THE INVENTION

[0016] Referring to Fig. 1, one presently preferred em-
bodiment of the fluid gas removal drip chamber of the
present invention, generally designated 10, is illustrated
as part of a system for parenterally administering fluids
comprising a media bag 12, inlet line 14, drip chamber
10 and outlet line 16. The flow of liquid from media bag
through inlet line 14 can be selectively blocked by the
use of a tubing clamp 18. Similarly, the flow of fluid out
of drip chamber 10 and through outlet line 16 can be
selectively controlled through the use of tubing clamp
20.
[0017] The structure of one embodiment of the inven-
tive fluid gas removal drip chamber will now be de-
scribed with reference to Figs. 2-3. In the following de-
scription, when the term "proximal end" is used to de-
scribe a component of drip chamber 10, it will refer to
the end of that component that is situated closest to or
oriented toward media bag 12. Similarly, when the term
"distal end" is used to described a component of drip
chamber 10, it will refer to that end of the component
that is closest to or oriented toward outlet line 16.
[0018] Drip chamber 10 comprises an elongated, tu-
bular housing 22 and an end cap 24. Together, housing
22 and end cap 24 define an interior chamber 26 for re-
ceiving and collecting fluids. Drip chamber 10 further
comprises an elongated, cylindrically shaped hydropho-
bic filter assembly 28 and a check valve 30. As best il-
lustrated in Fig. 2, housing 22 has a generally elongated,
tubular shape. In the presently preferred embodiment,
housing 22 has a first portion 32 of substantially uniform
diameter, an intermediate cylindrical portion 34 having
a slightly reduced diameter, a conically shaped portion
36 and an outlet nipple 38. Outlet nipple 38 is configured
to receive the proximal end of outlet line 16 in mating
relationship. The proximal end of outlet line 16 is per-
manently and securely fastened to the inner wall of out-
let nipple 38 through the use of a suitable adhesive. The
precise dimensions of housing 22 depend on the de-
sired volume, the presently preferred range for which is
5-35 milliliters, as well as the desired medical applica-
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tion for which the drip chamber 10 is to be utilized.
[0019] The distal end of end cap 24 is configured to
receive the proximal end of housing 22 in mating rela-
tionship. As shown in Fig. 2, the proximal end of end cap
24 includes an inner annular flange 40 and an outer an-
nular flange 42. Together flanges 40 and 42 form an an-
nular recess 44 around the periphery of the distal end
of end cap 24, which receives the proximal end of hous-
ing 22 in mating relationship. The proximal end of hous-
ing 22 is securely and permanently fastened within re-
cess 44 through the use of a suitable adhesive. Cap 24
also has a throughbore 46 that is configured to receive
the distal end of inlet line 14 in mating relationship. The
distal end of inlet line 14 is securely and permanently
fastened within throughbore 46 through the use of suit-
able adhesive. End cap 24 further comprises an interior
recess 48, which is configured to house check valve 30
and to receive the proximal end of hydrophobic filter as-
sembly 28. End cap 24 is preferably made of rigid PVC,
but could also be made of rigid or semi-rigid polycar-
bonate, ABS or other suitable material.
[0020] Drip chamber 10 includes a means for deliver-
ing fluid to interior chamber 26. In one presently pre-
ferred embodiment, the fluid delivery means simply
comprises inlet line 14, which extends through end cap
24 and terminates at the proximal end of interior cham-
ber 26. optionally, inlet line 14 may also terminate in a
nozzle (not shown) that is designed to form the fluid de-
livered through inlet line 14 into droplets before falling
into interior chamber 26.
[0021] Drip chamber 10 also comprises a barrier
means, disposed adjacent the top end and extending
into interior chamber 26, for establishing a vertically di-
mensional hydrophobic barrier that will allow air to pass
from interior chamber 26, without passing fluid. In one
presently preferred embodiment, the barrier means
comprises a hydrophobic filter assembly 28. As best il-
lustrated in Fig. 3, hydrophobic filter assembly 28 com-
prises a cylindrical hub 50, a hydrophobic membrane
52, and a support structure 53 that is disposed within
membrane 52. A portion of hub 50 is configured to mate
within interior recess 48 of end cap 24. As best shown
in Figs. 2 and 3, hub 50 also includes a throughbore 56,
which is configured to receive the distal end of check
valve 30 in mating relationship. Hub 50 is permanently
and securely fastened within interior recess 48, and the
distal end of check valve 30 is securely and permanently
secured to the inner wall of throughbore 56, by means
of a suitable adhesive material.
[0022] While a variety of hydrophobic membranes are
commercially available, in the presently preferred em-
bodiment, membrane 52 is made out of a membrane
material from Gelman Sciences under the trademark
VERSAPOR", having an average pore size of 0.45 mi-
crons. Other hydrophobic membranes are commercially
available, such as a membrane material available from
W.L. Gore having a pore size of 1 micron with a non-
woven backing and teflon coating on one surface. Suit-

able hydrophobic membranes may also be considered
"oleophobic" in the art.
[0023] Support structure 53 shown in Fig. 3 is com-
posed of a circular disk 54 situated at the distal end of
membrane 52. Interposed between and integrally at-
tached to hub 50 and circular disk 54 are four elongated
ribs 55a-d, which are radially spaced at 90° intervals
about the periphery of filter assembly 28. Support struc-
ture 53 provides structural support to membrane 52,
thereby preventing membrane 52 from collapsing under
the force of fluid and/or gas pressures generated within
interior chamber 26. Support structure 53 can be made
rigid or semi-rigid nylon, ABS, polycarbonate or other
suitable material. Alternatively, support structure 53 can
take the form of a cylinder made out of rigid or semi-rigid
open cell foam and configured to fit within membrane 52.
[0024] As best shown in Fig. 2, with hub 50 situated
within interior recess 48, the proximal end of hydropho-
bic membrane 52 is positioned adjacent, but slightly low-
er than the distal end of inlet tube 14. As will be dis-
cussed in more detail below, during the use of drip
chamber 10, air is trapped in the space between the dis-
tal end of inlet tube 14 and the proximal end of mem-
brane 52, thereby providing a visual means for measur-
ing the flow rate of fluid through inlet tube 14 and enter-
ing interior chamber 26 of drip chamber 10. The height
or size of the head space at the top of interior chamber
26 can be increased or decreased by increasing or de-
creasing the dimension of hub 50 along its longitudinal
axis. In those embodiments where visual monitoring of
the flow rate is desired, then the proximal end of mem-
brane 52 is spaced sufficiently below the top of interior
chamber 26. In other embodiments where flow rate is
not monitored, the head space can be eliminated, there-
by reducing the size and material costs for the chamber.
[0025] Drip chamber 10 further comprises a vent
means for venting air that has passed from interior
chamber 26 through hydrophobic membrane 52 to the
atmosphere and, at the same time, prevents the pas-
sage of air from the atmosphere into drip chamber 10.
In one presently preferred embodiment, the vent means
comprises a check valve 30. As illustrated in Fig. 2,
check valve 30 comprises an inlet tube 58, an enlarged
center hub 60, and an outlet tube 62. Disposed within
center hub 60 is diaphragm 64, which permits passage
of air through the inlet tube 58 and outlet tube 62 in Fig.
2, but prevents airflow in the opposite direction. Check
valve 30 provides a passage extending from the interior
of hydrophobic filter assembly 28 to the outside atmos-
phere, thereby providing means for venting air intro-
duced into interior chamber 26 to the atmosphere, while
at the same time, providing a means for preventing air
from entering interior chamber 26 through check valve
30.
[0026] Check valve has a relatively low pressure
break point, preferably in the range of 1-2 psi, with re-
spect to air pressure build up within interior chamber 26
so that check valve 30 readily vents to the atmosphere
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air that is separated from the fluid contained within inte-
rior chamber 26.
[0027] While a variety of suitable check valves are
commercially available, in one presently preferred em-
bodiment of the invention, check valve 30 is a product
manufactured by The Filtertek Companies and market-
ed under the product name Center-Post Surevalve. An-
other commercially available check valve is manufac-
tured by Burron Medical.
[0028] Another vent means for venting air from the in-
terior chamber 26 through hydrophobic membrane 52
to the atmosphere and preventing exterior air from en-
tering the drip chamber is an umbrella valve 80, illustrat-
ed in Figs. 4, 6, 7 and 8. The umbrella valve 80 is pref-
erably constructed of a flexible, polymeric material, such
as silicone or polyurethane. Suitable umbrella valves
are commercially available from Vernay Laboratories.
As shown in Fig. 7, the umbrella valve 80 is used with
a modified cap 24. The umbrella valve has a stem 82
having a rounded bulb 84 at one end thereof. The stem
82 and bulb 84 are pressed through an opening 86 in
cap 24. The bulb 84 helps keep the umbrella valve 80
positioned close to the cap 24 so that the valve periphery
88 seals against cap 24. Vents 90, molded into cap 24,
allow air to flow from the interior of the hydrophobic filter
assembly 28, through the umbrella valve 80, to the out-
side atmosphere.
[0029] The proximal end of the hydrophobic filter as-
sembly 28 shown in Fig. 6 extends to the top of the in-
terior chamber 26 such that it is approximately level with
the distal end of inlet tube 14. In this embodiment, the
drip chamber 10 will fill substantially entirely with fluid.
As mentioned above, and illustrated in Figs. 8 and 9, the
proximal end of the hydrophobic filter assembly 28 may
be positioned at any distance from the top of the interior
chamber 26 to provide fluid level control. With the filter
assembly 28 positioned at the top of interior chamber
26 so that their is no head space, the drip chamber 10
can be reduced in size. Such an embodiment is prefer-
ably used in combination with a commercially available
drip chamber for measurement of flow rate.
[0030] Drip chamber 10 may optionally be provided
with a means for filtering fluid prior to its passage
through the outlet of drip chamber 10. In one presently
preferred embodiment of the invention, the filtering
means comprises a hydrophilic membrane assembly
66, disposed within interior chamber 26 at the distal end
of drip chamber 10. As illustrated in Fig. 4, one embod-
iment of hydrophilic membrane assembly 66 comprises
a hydrophilic membrane 68 and a support structure 70.
In one presently preferred embodiment of hydrophilic fil-
ter assembly 66, support structure 70 comprises a cir-
cular end cap 72 situated at the proximal end of hy-
drophilic membrane 68, an annular base 74 situated at
the distal end of hydrophilic membrane 68, and support
ribs 76a-c integrally attached to, and extending be-
tween, circular end cap 72 and annular base 74. Hy-
drophilic membrane 68 permits the passage of fluid

therethrough, but inhibits the passage of air bubbles and
other contaminants that may be carried in the fluid. As
illustrated in Fig. 4, annular base 74 is configured to
mate within intermediate portion 34 of housing 22. An-
nular base 74 is securely and permanently fastened to
the interior wall of intermediate portion 34 through the
use of a suitable adhesive.
[0031] An alternative embodiment of hydrophilic filter
assembly 66 is illustrated in Fig. 5. In this embodiment,
hydrophilic filter assembly 66 simply comprises a sup-
porting annular ring 70' and a flat, circular shaped hy-
drophilic membrane 68' securely fastened about its pe-
ripheral edge to ring 70'. Hydrophilic filter assembly 66
is only used for certain applications, such as for blood
and intravenous systems, and is not used in situations
or applications where filtration is provided at another lo-
cation or for irrigation applications.
[0032] Drip chamber 10 is configured to be used with
its longitudinal axis oriented in a generally vertical direc-
tion. In this orientation, drip chamber 10 presents an
elongated, vertically oriented hydrophobic filter assem-
bly 28, which has a relatively large membrane surface
area. As discussed in more detail below, the vertical ori-
entation of hydrophobic membrane assembly 28, cou-
pled with its large surface area, produces superior per-
formance in terms of longer service life and other ben-
efits. As used herein, the "vertical orientation" of hydro-
phobic membrane is intended to include an angled
membrane, but not an entirely horizontal hydrophobic
membrane.
[0033] Fig. 7 illustrates another embodiment within
the scope of the present invention which is designed for
manufacturing simplicity. It includes two molded caps 24
and 94 which can be bonded to the tubular housing 22.
Unlike the tubular housing 22 shown in Fig. 2, the tubular
housing 22 shown in Fig. 7 can be cut to length from
commercially available tubing. The various components
can be quickly assembled and bonded to together to
form the completed fluid gas removal chamber.
[0034] The use and operation of drip chamber 10 will
now be described with reference generally to Figs. 4 and
5. Fluid is introduced into the interior chamber 26 of drip
chamber 10 through inlet line 14 from media bag 12.
During the initial filling of interior chamber 26, air initially
situated within interior chamber 26 is gradually dis-
placed by the entering fluid, and is vented to the atmos-
phere through hydrophobic member 52 and check valve
30.
[0035] As drip chamber 10 is filled, the fluid level will
initially rise to a point that is approximately even with the
proximal or top end of hydrophobic membrane 52. At
that point, the air occupying the space between the prox-
imal end of hydrophobic member 52 and the distal end
of inlet tube 14 will be trapped within interior chamber
26 and the hydrophobic membrane 52 will be completely
blocked by the surrounding fluid.
[0036] If the top end of the hydrophobic membrane 52
is sufficiently below the distal end of inlet tube 14, a head
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space will exist at the proximal end of interior chamber
26 that permits visual monitoring of the rate at which fluid
is flowing into drip chamber 10. Preferably, inlet tube 14
is terminated in such a manner that droplets are formed
at the end of inlet tube 14 as they enter interior chamber
26. By visually monitoring the rate at which droplets form
and enter interior chamber 26, a health care profession-
al can approximate the rate at which fluid is being intro-
duced into drip chamber 10.
[0037] As discussed above, it is common for air bub-
bles to be entrained within fluids introduced into interior
chamber 26 of the fluid. As the fluid settles in interior
chamber 26, any air introduced into interior chamber 26
tends to migrate the top surface of the fluid. As more
and more air collects above the meniscus, the air col-
lected at the top of interior chamber 26 forces the fluid
level down to the point where a portion of hydrophobic
membrane 52 is exposed to the trapped air. At that point,
a portion of the air passes through hydrophobic mem-
brane 52 and is vented to the atmosphere through check
valve 30, umbrella valve 80, or similar venting device.
Thus, drip chamber 10 has a self-regulating fluid level
which rises and falls to the extent necessary to vent ex-
cess gas trapped in the upper portion of interior chamber
26 to the atmosphere.
[0038] Another feature of drip chamber 10 is that it
automatically adjusts the rate at which gases can flow
through hydrophobic membrane 52 upon the introduc-
tion of a large amount of air into interior chamber 26.
During normal operation and use of drip chamber 10, a
relatively small surface area of hydrophobic membrane
52 is exposed to the air trapped at the top of interior
chamber 26. However, upon the introduction of a large
volume of air and other gases into interior chamber 26,
that large volume of air or other gas collects at the top
of interior chamber 26, forcing the level of the fluid down
and exposing a larger surface area of hydrophobic
membrane 52 to the air or other gases. The increased
surface area exposed to the gases effectively increases
the overall flow rate through hydrophobic membrane 52.
[0039] In summary, the novel fluid gas removal device
of the present invention overcomes several significant
disadvantages of those found in the prior art. Specifical-
ly, the present invention provides a fluid gas removal de-
vice that allows the flow rate of fluid to be visually mon-
itored and estimated by a health care professional with-
out the need for a separate drip chamber. Moreover, the
present invention provides a fluid gas removal device
that minimizes the problems associated with occlusion
of the hydrophobic filter. Further still, the present inven-
tion provides a fluid gas removal device that responds
to increased inflow of gas by automatically increasing
the flow rate through the hydrophobic filter.
[0040] The present invention may be embodied in oth-
er specific forms without departing from its essential
characteristics. The described embodiments are to be
considered in all respects only as illustrated and not re-
strictive. The scope of the invention is, therefore, indi-

cated by the appended claims.

Claims

1. A fluid gas removal chamber (10) for parenteral ad-
ministration of fluids, comprising:

a housing (22) having an enclosed top end, and
an outlet (16) with an opening therethrough for
discharge of fluid, said housing defining an in-
terior chamber (26) for receiving and collecting
fluid;
means for delivering fluid to said chamber (14);
barrier means (28), disposed adjacent the top
end and extending into said chamber forming
a void head space, said barrier means estab-
lishing a vertically dimensioned hydrophobic
barrier that will pass air from said chamber,
without passing fluid; and
vent means (30), in fluid communication with
said barrier means, for venting air passed
through the hydrophobic barrier of said barrier
means.

2. A chamber (10) as claimed in claim 1, in which the
barrier means (28) comprises an elongate hydro-
phobic membrane (52), the elongate hydrophobic
membrane comprising at least a portion of a three-
dimensional surface.

3. A chamber (10) as claimed in claim 2, in which the
barrier means (28) further comprises means (53) for
supporting the hydrophobic membrane against col-
lapse.

4. A chamber (10) as claimed in claim 1, in which the
vent means (30) includes means in fluid communi-
cation with the vent means for preventing air from
entering the chamber through the vent means.

5. A chamber (10) as claimed in claim 1, which in-
cludes a cap (24) which encloses the top end of the
housing.

6. A chamber (10) as claimed in claim 5, in which the
means for delivering fluid (14) comprises a first pas-
sageway (46) extending through the cap (24) into
the chamber (26).

7. A chamber (10) as claimed in claim 6, in which the
vent means (30) comprises a second passageway
(48) extending through the cap (24) into the cham-
ber (26).

8. A chamber (10) as claimed in claim 1 or claim 7,
which includes means (66), disposed between the
outlet and the means for delivering fluid, for filtering
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the fluid prior to passage through the outlet.

9. A chamber (10) as claimed in claim 8, in which the
means for filtering the fluid (66) comprises a hy-
drophilic membrane (68).

10. A chamber (10) as claimed in claim 9, in which the
hydrophilic membrane (68) comprises at least a
portion of a three-dimensional surface.

11. A chamber (10) as claimed in claim 1, in which the
barrier means (28) is disposed sufficiently below the
top end of the housing (22) forming the void head
space to enable the monitoring of delivered fluid
droplets.

12. A chamber (10) as claimed in claim 11, in which the
means for delivering fluid to the chamber (14) com-
prises a nozzle capable of forming the delivered flu-
id into droplets.

13. A chamber as claimed in claim 1, in which the bar-
rier means (28) is disposed close to the top end
such that, in use, a little void head space is formed
between the top end and the delivered fluid.

Patentansprüche

1. Flüssigkeitsentgasungskammer (10) für eine par-
enterale Verabreichung von Flüssigkeiten, umfas-
send:

ein Gehäuse (22) mit einem eingeschlossenen
oberen Ende und einem Auslass (16) mit einer
Öffnung dadurch zum Ablassen einer Flüssig-
keit, wobei das Gehäuse eine innere Kammer
(26) definiert, um eine Flüssigkeit aufzuneh-
men und zu sammeln;
ein Mittel zum Abgeben einer Flüssigkeit an die
Kammer (14);
ein Sperrmittel (28), welches benachbart zu
dem oberen Ende angeordnet ist und sich in die
Kammer erstreckt, wobei ein leerer oberer
Raum ausgebildet ist, wobei das Sperrmittel ei-
ne vertikal dimensionierte hydrophobe Sperre
bildet, welche Luft von der Kammer durchlässt,
ohne Flüssigkeit durchzulassen; und
ein Entlüftungsmittel (30) in Flüssigkeitsverbin-
dung mit dem Sperrmittel, um Luft, welche
durch die hydrophobe Sperre des Sperrmittels
durchgelassen wird, zu entlüften.

2. Kammer (10) nach Anspruch 1, wobei das Sperr-
mittel (28) eine verlängerte hydrophobe Membran
(52) umfasst, wobei die verlängerte hydrophobe
Membran mindestens einen Abschnitt einer dreidi-
mensionalen Oberfläche umfasst.

3. Kammer (10) nach Anspruch 2, wobei das Sperr-
mittel (28) weiter ein Mittel (53) umfasst, um die hy-
drophobe Membran gegen einen Zusammenfall zu
stützen.

4. Kammer (10) nach Anspruch 1, wobei das Entlüf-
tungsmittel (30) ein Mittel in Flüssigkeitsverbindung
mit dem Entlüftungsmittel aufweist, um zu verhin-
dern, dass Luft durch das Entlüftungsmittel in die
Kammer eindringt.

5. Kammer (10) nach Anspruch 1, welche eine Kappe
(24) aufweist, welche das obere Ende des Gehäu-
ses einschließt.

6. Kammer (10) nach Anspruch 5, wobei das Mittel
zum Abgeben von Flüssigkeit (14) einen ersten
Durchgang (46) umfasst, welcher sich durch die
Kappe (24) in die Kammer (26) erstreckt.

7. Kammer (10) nach Anspruch 6, wobei das Entlüf-
tungsmittel (30) einen zweiten Durchgang (48) um-
fasst, welcher sich durch die Kappe (24) in die Kam-
mer (26) erstreckt.

8. Kammer (10) nach Anspruch 1 oder Anspruch 7,
welche ein Mittel (66) aufweist, welches zwischen
dem Auslass und dem Mittel zum Abgeben von
Flüssigkeit angeordnet ist, um die Flüssigkeit vor
dem Durchgang durch den Auslass zu filtern.

9. Kammer (10) nach Anspruch 8, wobei das Mittel
zum Filtern der Flüssigkeit (66) eine hydrophile
Membran (68) umfasst.

10. Kammer nach Anspruch 9, wobei die hydrophile
Membran (68) mindestens einen Abschnitt einer
dreidimensionalen Oberfläche umfasst.

11. Kammer (10) nach Anspruch 1, wobei das Sperr-
mittel (28) ausreichend unter dem oberen Ende des
Gehäuses (22) angeordnet ist, wodurch der leere
obere Raum ausgebildet ist, um das Beobachten
der abgegebenen Flüssigkeitströpfchen zu ermög-
lichen.

12. Kammer nach Anspruch 11, wobei das Mittel zum
Abgeben von Flüssigkeit an die Kammer (14) eine
Düse umfasst, welche geeignet ist, um die abgege-
bene Flüssigkeit in Tröpfchen auszubilden.

13. Kammer nach Anspruch 1, wobei das Sperrmittel
(28) derart dicht an dem oberen Ende angeordnet
ist, dass beim Einsatz ein kleiner leerer oberer
Raum zwischen dem oberen Ende und der abge-
gebenen Flüssigkeit ausgebildet ist.
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Revendications

1. Cartouche de perfusion éliminant le gaz contenu
dans le liquide (10) pour une administration paren-
térale de liquides, comprenant :

un logement (22) ayant une extrémité supérieu-
re fermée, et un canal d'évacuation (16) avec
une ouverture à travers ce dernier pour déchar-
ger le liquide, ledit logement définissant une
chambre intérieure (26) pour recevoir et collec-
ter le liquide ;
le moyen pour administrer le liquide vers ladite
chambre (14) ;
le moyen-barrière (28), disposé de façon adja-
cente à l'extrémité supérieure et s'étendant
dans ladite chambre formant un vide, ledit
moyen-barrière établissant une barrière hydro-
phobe dimensionnée verticalement qui va faire
passer de l'air à partir de ladite chambre, sans
faire passer du liquide ; et
le moyen d'évent (30), dans la communication
du liquide avec ledit moyen-barrière, pour
éventer l'air passé à travers la barrière hydro-
phobe dudit moyen-barrière.

2. Cartouche de perfusion (10) selon la revendication
1, dans laquelle le moyen-barrière (28) comprend
une membrane hydrophobe allongée (52), laquelle
membrane hydrophobe allongée comprenant au
moins une partie d'une surface tridimensionnelle.

3. Cartouche de perfusion (10) selon la revendication
2, dans laquelle le moyen-barrière (28) comprend
en outre le moyen (53) pour supporter la membrane
hydrophobe contre la déformation.

4. Cartouche de perfusion (10) selon la revendication
1, dans laquelle le moyen d'évent (30) comprend le
moyen dans la communication du liquide avec le
moyen d'évent pour empêcher l'air de pénétrer
dans la chambre à travers le moyen d'évent.

5. Cartouche de perfusion (10) selon la revendication
1, qui comprend un couvercle (24) qui enferme l'ex-
trémité supérieure du logement.

6. Cartouche de perfusion (10) selon la revendication
5, dans laquelle le moyen pour administrer le liquide
(14) comprend un premier passage (46) s'étendant
à travers le couvercle (24) dans la chambre (26).

7. Cartouche de perfusion (10) selon la revendication
6, dans laquelle le moyen d'évent (30) comprend
un second passage (48) s'étendant à travers le cou-
vercle (24) dans la chambre (26).

8. Cartouche de perfusion (10) selon la revendication

1 ou 7, qui comprend le moyen (66), disposé entre
le canal d'évacuation et le moyen pour administrer
le liquide, pour filtrer le liquide avant le passage à
travers le canal d'évacuation.

9. Cartouche de perfusion (10) selon la revendication
8, dans laquelle le moyen pour filtrer le liquide (66)
comprend une membrane hydrophile (68).

10. Cartouche de perfusion (10) selon la revendication
9, dans laquelle la membrane hydrophile (68) com-
prend au moins une partie d'une surface tridimen-
sionnelle.

11. Cartouche de perfusion (10) selon la revendication
1, dans laquelle le moyen-barrière (28) est disposé
suffisamment en dessous de l'extrémité supérieure
du logement (22) formant le vide pour permettre le
contrôle des gouttelettes de liquide administrées.

12. Cartouche de perfusion (10) selon la revendication
11, dans laquelle le moyen pour administrer le liqui-
de vers la chambre, comprend une buse capable
de former le liquide administré en gouttelettes.

13. Cartouche de perfusion (10) selon la revendication
1, dans laquelle le moyen-barrière (28) est disposé
à proximité de l'extrémité supérieure de telle sorte
que, dans la pratique, un petit vide se forme entre
l'extrémité supérieure et le liquide administré.
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