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(57) ABSTRACT 

Aportable drainage system alloWs patients to ambulate in a 
hospital or to be discharged to their homes With active 
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suction draining ?uids and gases from bodily areas, includ 
ing sites proximate to surgical procedures. The portable 
chest tube drainage system includes a vacuum chamber, a 
vacuum pump housing and a ?uid reservoir. These compo 
nents, in one embodiment, removably connect to the por 
table drainage system and are disposable. The vacuum pump 
housing includes a vacuum source, Which may comprise a 
small vacuum pump and one or more removable, replace 
able, and/or rechargeable batteries. A vacuum regulating 
control responsive to user manipulation regulates the 
vacuum and restricts the vacuum to levels non-injurious to 
tissues proximate the end of a drainage tube connected to the 
portable drainage system. A vacuum pressure relief valve 
incorporated in line maintains the maximal vacuum pressure 
inside the vacuum chamber beloW a non-injurious level. A 
?oW meter interposed betWeen the vacuum source and the 
vacuum chamber indicates an amount of air ?oW. Aone-Way 
valve interposed betWeen the vacuum chamber and ?uid 
reservoir maintains vacuum in the vacuum chamber during 
removal of the ?uid reservoir, and another one-Way valve 
interposed betWeen the vacuum chamber and the vacuum 
source maintains vacuum in the vacuum chamber during an 
interruption in the vacuum source. Baf?es inside the vacuum 
chamber separate ?uids and gas in the vacuum chamber and 
direct ?uids to the ?uid reservoir, While the vacuum pump 
removes air from the vacuum chamber and exhausts the air 
to atmosphere by Way of the vacuum pump. When ?lled, the 
?uid reservoir may be discarded and another ?uid reservoir 
may be connected to continue drainage. 
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PORTABLE MODULAR CHEST DRAINAGE 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to drainage systems 
and, in particular, to active drainage systems for removal of 
liquids and gases from the body of an animal, for example, 
from the pleural cavity of a patient following lung surgery. 

[0003] 2. Description of the Related Art 

[0004] Early patient drainage systems, for example chest 
tube drainage systems, utiliZed a glass bottle and glass tube 
immersed under Water. Vacuum pressure applied to the glass 
bottle vented ?uids from the chest cavity of a patient. The 
degree of suction Was regulated by the height of a column of 
Water inside the glass tube. These chest tube drainage 
systems required substantial effort from trained personnel to 
set up and operate, and they required continuous monitoring 
of the Water column and vacuum levels. The tedious initia 
tion and labor-intensive use of such systems limited their 
availability to hospitals, Where patients requiring active 
chest tube drainage remained until the active drainage Was 
no longer required. 

[0005] When the number of coronary artery bypass sur 
geries exploded in the early 1970’s, several neW types of 
disposable chest tube drainage systems Were introduced on 
the market. These drainage systems typically connect to 
either a central vacuum line or to a separate vacuum pump 
connected to an electrical outlet. While someWhat easier to 
operate, the availability of these systems generally remained 
limited to hospitals. 

[0006] Also, these systems, still used today, are less than 
ideal for certain types of chest-related surgeries. For 
example, existing chest tube drainage systems Were 
designed primarily for cardiac surgeries, and not for pulmo 
nary or lung-related surgeries. Since the number of lung 
related surgeries is substantially less than the number of 
cardiac surgeries, very little research and development has 
been directed to the design of commercial drainage systems 
for lung-related surgeries or other types of medical proce 
dures presenting recovery concerns Which differ from those 
related to cardiac surgeries. 

[0007] For example, folloWing cardiac surgery, physicians 
are concerned With the precise amount of bleeding as Well as 
the recovery of the patient’s blood Which is often given back 
to patients. In contrast, hoWever, during a patient’s recovery 
from lung surgery, a surgeon is generally more concerned 
about the presence and persistence of air leaks in the 
patient’s lung(s) than the amount of bleeding from the 
surgery. Such air leaks from lungs, especially emphysema 
tous lungs, can persist for days or even Weeks, and must be 
carefully monitored. FolloWing lung surgery, the ?uid 
drained from a patient is typically a mixture of blood and 
lymph and gases, and current protocols do not include giving 
that mixture back to the patient. 

[0008] One problem With existing drainage systems is that 
the vacuum generated by a central vacuum line or an 
AC-poWered portable suction pump can be quite poWerful. 
To prevent injury from excessive vacuum force, existing 
drainage systems use pressure regulating means such as a 
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Water column or a dry pressure regulator. Despite these 
safety features, bodily tissue, such as lung tissue, may be 
injured if it is sucked against the chest tube due to exces 
sively high vacuum poWer of the central vacuum line. 

[0009] Another problem is that drainage systems that are 
noW commercially available have been designed only for 
in-patient (hospital-based) use. Even in the hospital, existing 
drainage systems substantially impair patient mobility. 
Moreover, the complexity of these systems requires constant 
in-service training of nurses and technicians to operate them. 

[0010] Surgical patients often require drainage treatments 
for extended periods of time folloWing surgical procedures. 
For example, When air leak after lung surgery persists, chest 
tubes, Which remain in the patient’s chest folloWing the 
surgery, often need to be suctioned for many days. If the 
amount of air leak is small and the patient’s general condi 
tion is stable, such a patient may noW be discharged home 
With a chest tube connected to a one-Way valve, such as 
Heimlich valve. Such one-Way valve systems, hoWever, use 
passive drainage means, Which frequently fail to prevent 
collapsing of the lung, and, therefore, the utility of such 
systems is very limited. 

[0011] There is noW a great need and demand in the 
medical community for an active portable drainage system, 
Which Will alloW medically stable patients go home soon 
after surgery With their chest tubes continuously and safely 
vented during recovery. Not only Would the medical 
expenses for these patients be markedly reduced, but also 
they Would be permitted to recover in the more familiar and 
comfortable, and less stressful, environment of their oWn 
homes. 

SUMMARY OF THE INVENTION 

[0012] One aspect of the present invention is a portable 
active drainage system. The system comprises (1) a vacuum 
source creating a vacuum; (2) a vacuum chamber having a 
drainage tube port, a vacuum port and a reservoir port, the 
vacuum chamber connected to the vacuum source through 
the vacuum port to apply the vacuum to vent ?uid from an 
animal through the drainage tube port When the drainage 
tube port is connected to a drainage tube extending from a 
location inside the animal; and (3) a reservoir having an 
input port connected to the reservoir port, the reservoir 
receiving vented liquid through the input port, the reservoir 
con?gured in combination With the vacuum source and the 
vacuum chamber to provide a self-contained and transport 
able unit. In preferred embodiments of this system, a further 
advantageous aspect exists Wherein the vacuum chamber 
separates gas and liquid from the vented ?uid. Another 
advantageous aspect of this system further comprises a ?oW 
meter indicating a ?oW quantity. A further advantageous 
aspect of the system is one Wherein the ?oW quantity 
corresponds to a leak in at least one lung of the animal. Still 
another advantageous aspect of the system is one Wherein 
the vacuum source includes a vacuum pump and a poWer 

source. A still further advantageous embodiment of the 
system is one Wherein the vacuum source is substantially 
enclosed Within a vacuum pump housing. Another advanta 
geous aspect of the system is one Wherein the poWer source 
includes at least one battery and Wherein the vacuum pump 
operates from electrical current provided by the at least one 
battery. Afurther advantageous embodiment of the system is 
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one wherein the power source includes a poWer converter 
converting current from a standard electrical outlet to an 
electrical current suitable to poWer said vacuum pump and 
Wherein the poWer converter is con?gured to be connected 
to a standard electrical outlet. Yet another advantageous 
embodiment of the system is one Wherein the battery is a 
rechargeable battery, and Wherein the poWer source includes 
a battery recharger con?gured to charge the battery and 
provide current suitable to poWer the vacuum pump. 
Another advantageous embodiment of the system is one 
Wherein the vacuum chamber includes at least one baf?e 
separating liquid and gas from the vented ?uid. In yet 
another advantageous embodiment, the system is one 
Wherein the reservoir port includes a one-Way valve, the 
one-Way valve maintaining the vacuum inside the vacuum 
chamber during removal or replacement of the reservoir. 
Still another advantageous embodiment of the system is one 
Wherein the vacuum source moves gases from the vacuum 

chamber into the atmosphere. A still further advantageous 
embodiment is one Wherein the vacuum port includes a 
one-Way valve, the one-Way valve maintaining vacuum 
inside the vacuum chamber during an interruption in the 
vacuum source. In another advantageous embodiment, the 
system further comprises a regulating control that regulates 
the vacuum. A further advantageous aspect of the system is 
one Wherein a maximum vacuum permitted by the regulat 
ing control is insuf?cient to injure living tissues exposed to 
the maximum vacuum. In yet another advantageous embodi 
ment, the system further comprises a vacuum relief valve 
regulating the vacuum. In a still further advantageous 
embodiment, the system further comprises a tilt sWitch 
detecting tilt along at least one axis and providing a tilt 
signal When the amount of tilt exceeds a predetermined 
threshold. In a further advantageous embodiment, the sys 
tem further comprises a tilt alarm responding to said tilt 
signal by generating an audible sound. In yet a further 
advantageous embodiment, the system further comprises a 
tilt alarm responding to the tilt signal by generating a visible 
indication of a tilt condition. In another advantageous 
embodiment, the system further comprises a second drain 
age tube port, Wherein ?uid is vented from the animal 
through the second drainage tube port When the second 
drainage tube port is connected to a second drainage tube 
extending from a location inside the animal. 

[0013] Another aspect of the present invention is a method 
for draining ?uid from an animal. The method comprising 
the steps of (1) inserting a ?rst end of a ?rst drainage tube 
into an animal; (2) connecting a second end of the ?rst 
drainage tube to a ?rst drainage tube port of an active 
drainage system, the animal supporting the Weight of the 
active drainage system, the active drainage system including 
a source of electricity and producing vacuum from the 
electricity; and (3) applying the vacuum to the second end of 
the ?rst drainage tube. Preferred embodiments of the method 
exist, and, in one advantageous aspect, the method is one 
Wherein the animal ambulates using its natural mode of 
transportation during the application of the vacuum. In a 
further preferred embodiment, the method comprises the 
further step of venting ?uid from the animal into the active 
drainage system through the ?rst drainage tube. In another 
preferred embodiment, the method comprises the further 
step of collecting liquid from the animal in a reservoir of the 
active drainage system. In still another preferred embodi 
ment, the method comprises the further step of separating 
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gas and liquid from the vented ?uid. A further advantageous 
aspect of the method is one Wherein the animal is a human. 
Another advantageous embodiment of the method com 
prises the further steps of inserting a ?rst end of a second 
drainage tube into the animal; connecting a second end of 
the second drainage tube to a second drainage tube port of 
the active drainage system; and applying vacuum to the 
second end of the second drainage tube. Still another advan 
tageous embodiment of the method comprises the further 
steps of inserting a ?rst end of a second drainage tube into 
the animal; and connecting a second end of the second 
drainage tube to a ?rst drainage tube port of a second active 
drainage system, the animal supporting the Weight of the 
second active drainage system. 

[0014] Yet another aspect of the present invention is a 
method for draining ?uid from an animal. The method 
comprises the steps of (1) inserting a ?rst end of a ?rst 
drainage tube into an animal; (2) connecting a second end of 
the ?rst drainage tube to a ?rst drainage tube port of an 
active drainage system, the animal supporting the Weight of 
the active drainage system; (3) applying vacuum to the 
second end of the ?rst drainage tube, the vacuum generated 
by the active drainage system; (4) venting ?uid from the 
animal; and (5) separating gas and liquid from the vented 
?uid. Further advantageous preferred embodiments exist, 
and one preferred embodiment of the method comprises the 
further step of exhausting the gas into the atmosphere during 
the application of the vacuum. Another advantageous 
embodiment of the method comprises the further steps of 
tilting the active drainage system at least a predetermined 
number of degrees along an axis; and responding to the 
tilting by activating a perceivable alarm. 

[0015] Still another aspect of the present invention is a 
method for draining ?uid from a mammal. The method 
comprises the steps of (1) inserting a chest tube into the 
pleural cavity of a mammal so that a ?rst end of the chest 
tube is proximate to a lung; (2) connecting a second end of 
the chest tube to an active drainage system; (3) applying a 
vacuum from the active drainage system to the chest tube; 
(4) regulating the vacuum to correspond to an air leak in the 
lung; and (5) venting ?uid from a location proximate to the 
lung While the mammal ambulates and While the mammal 
supports the Weight of the active drainage system. Further 
advantageous preferred embodiments exist, and one further 
advantageous preferred embodiment of the method is one 
comprising the further step of determining an amount of air 
leak in the lung With a ?oW meter of the active drainage 
system. Another advantageous embodiment of the method 
comprises the further step of regulating the vacuum so that 
it does not harm living tissue proximate to the ?rst end of the 
chest tube. Another advantageous embodiment of the 
method is one Wherein the mammal is a human. 

[0016] Another aspect of the present invention is a por 
table active drainage system. The system comprises (1) 
vacuum generating means for generating a vacuum; (2) 
poWer source means for supplying an electric current to the 
vacuum generating means; (3) venting means for directing 
vacuum from the vacuum generating means to a drainage 
tube extending from a location inside an animal and for 
venting ?uid from the animal; (4) separating means for 
separating liquid and gas from the vented ?uid; (5) collec 
tion means for collecting the separated liquid; and (6) 



US 2002/0058915 A1 

support means permitting the animal to support the Weight 
of the portable active drainage system While ambulating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and other features and advantages of the 
invention Will become more apparent upon reading the 
following detailed description and upon reference to the 
accompanying draWings, in Which; 

[0018] FIG. 1 illustrates a representation of a patient 
moving about and using a chest tube drainage system in 
accordance With an embodiment of the present invention; 

[0019] FIG. 2 illustrates a representation of a patient at 
rest using a chest tube drainage system in accordance With 
an embodiment of the present invention; 

[0020] FIG. 3 illustrates a perspective vieW of a chest tube 
drainage system in accordance With an embodiment of the 
present invention; 

[0021] FIG. 4A illustrates a representation of a perspec 
tive vieW of the vacuum pump housing in one embodiment 
of the present invention; 

[0022] FIG. 4B illustrates a cross-sectional vieW of the 
vacuum pump housing in one embodiment of the present 
invention; 

[0023] FIG. 4C illustrates a frontal vieW of a vacuum 
pump housing in one embodiment of the present invention; 

[0024] FIG. 4D illustrates a vieW from the top of the 
vacuum pump housing in one embodiment of the present 
invention; 

[0025] FIG. 4E illustrates a representation of a perspec 
tive vieW from the bottom of the vacuum pump housing in 
one embodiment of the present invention; 

[0026] FIG. 5A illustrates a representation of a perspec 
tive vieW of a vacuum pump housing in accordance With an 
embodiment of the present invention; 

[0027] FIG. 5B illustrates a representation of a top doWn 
vieW of an arrangement of a vacuum pump and a battery 
pack in a vacuum pump housing in accordance With an 
embodiment of the present invention; 

[0028] FIG. 5C illustrates a representation of a frontal 
vieW of an arrangement of a vacuum pump Within a vacuum 
pump housing in accordance With an embodiment of the 
present invention; 

[0029] FIG. 5D illustrates a representation of a side vieW 
of an arrangement of a vacuum pump and a battery pack in 
a vacuum pump housing in accordance With an embodiment 

of the present invention; 

[0030] FIG. 6A illustrates a representation of a perspec 
tive vieW of a vacuum chamber in accordance With an 
embodiment of the present invention; 

[0031] FIG. 6B illustrates a representation of a cross 
sectional side vieW of a vacuum chamber in accordance With 
an embodiment of the present invention; 

[0032] FIG. 6C illustrates a representation of a rear vieW 
of a vacuum chamber in accordance With an embodiment of 

the present invention; 
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[0033] FIG. 7A illustrates a representation of a perspec 
tive vieW of a flow meter in accordance With one embodi 
ment of the present invention; 

[0034] FIG. 7B illustrates a representation of a frontal 
vieW of the arrangement of a flow meter relative to a flow 
meter housing in accordance With an embodiment of the 
present invention; 

[0035] FIG. 7C illustrates a representation of a top doWn 
vieW of an arrangement of a flow meter relative to a flow 
meter housing in accordance With an embodiment of the 
present invention; 

[0036] FIG. 7D illustrates a representation of a side vieW 
of a flow meter arranged in a flow meter housing in 
accordance With an embodiment of the present invention; 

[0037] FIG. 7E illustrates retaining members holding a 
?oating ball Within a tube of a flow meter in accordance With 
an embodiment of the present invention; 

[0038] FIG. 8A represents an illustration of a collection 
reservoir in accordance With an embodiment of the present 
invention; 
[0039] FIG. 8B represents a cross-sectional vieW of a 
collection reservoir in accordance With an embodiment of 
the present invention; 

[0040] FIG. 9A illustrates a side vieW cross-section of a 
one-Way umbrella valve in accordance With an embodiment 
of the present invention; 

[0041] FIG. 9B illustrates a representation of a ?oating 
occluder portion of a one-Way umbrella valve in accordance 
With an embodiment of the present invention; 

[0042] FIG. 9C illustrates a representation of a stopper 
portion of a one-Way umbrella valve in accordance With an 
embodiment of the present invention; 

[0043] FIG. 10A illustrates a perspective representation of 
a vacuum relief valve in accordance With one embodiment 

of the present invention; 

[0044] FIG. 10B illustrates a bottom vieW of a cross 
section of a vacuum relief valve in accordance With one 

embodiment of the present invention; 

[0045] FIG. 10C illustrates a side vieW of a cross-section 
of a vacuum relief valve in accordance With one embodi 

ment of the present invention; and 

[0046] FIG. 11 illustrates a perspective vieW of a minia 
ture chest tube drainage system in accordance With an 
alternative embodiment of the present invention. 

DETAILED DESCRIPTION 

[0047] The embodiment of the invention described herein 
may be used in connection With a human patient and in the 
conteXt of lung surgery. HoWever, it is contemplated that the 
present invention is not limited to humans or to lung-related 
surgeries, and may be advantageously applied to other 
animals in conteXts not limited to lung-related medical 
procedures. 
[0048] FIG. 1 illustrates a representation of a patient 
moving about and using a chest tube drainage system 102 in 
accordance With an embodiment of the present invention. 
The chest tube drainage system 102 is Worn about the body 
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of a patient 104, advantageously permitting the patient 104 
to Walk freely about While a chest tube 106 is actively vented 
by the drainage system 102. 

[0049] The chest tube 106 extends from inside the 
patient’s 104 body proximate to the site of a surgical 
operation (not shoWn) to connect to a drainage tube port 108 
of the drainage system 102. In the embodiment shoWn in 
FIG. 1, one or more batteries (not shoWn) provide poWer to 
the chest tube drainage system 102. 

[0050] A strap 110 about the shoulders and torso of the 
patient 104 holds the chest tube drainage system 102 in an 
operable position relative to the patient’s 104 body. The 
strap 110 may be adjustable to ?t patients of different siZes, 
may have padded and/or elastic areas for comfort, and may 
removably attach to the chest tube drainage system using 
any one of a number of clip-on type arrangements. In an 
alternative embodiment, the chest tube drainage system 102 
could attach to or be integrated With specially con?gured 
clothing such as, for example, ?tted into an appropriately 
siZed and shaped pocket (not shoWn). 
[0051] FIG. 2 illustrates a representation of a patient 104 
at rest using a chest tube drainage system in accordance With 
an embodiment of the present invention. The patient 104 
rests in a reclining position. The chest tube drainage system 
102 rests on a surface 202 While actively venting the chest 
tube 106. Advantageously, as the patient 104 is not actively 
moving about, poWer from a standard AC outlet 204 pro 
vides poWer for the drainage system 102 While recharging 
the batteries of the drainage system 102. 

[0052] Advantageously, the entire drainage system is 
made completely portable by combining a vacuum pump, a 
poWer source, a vacuum chamber, and a collection unit into 
a single compact unit. The portable but highly effective unit 
provides treatment advantages not previously possible. For 
eXample, upon recovery from anesthesia folloWing surgery, 
patients may immediately commence ambulatory therapy, 
arms free and Without assistance of others, and/or may even 
be discharged from the hospital With uninterrupted drainage 
therapy. 
[0053] The drainage system of the present invention also 
advantageously provides scalable drainage capacity. Fol 
loWing some surgical procedures, a patient may require 
more than one chest tube. Often, tWo or more chest tubes 
may need to be actively vented. In one eXample, a patient 
may have one or more air leaks requiring removal of over 
three (3) liters per minute of air. In accordance With the 
present invention, multiple chest tube drainage systems 102 
may be used to vent multiple chest tubes 106. In another 
embodiment, a single chest tube drainage system 102 
includes multiple drainage tube ports, those unused being 
sealed With, for eXample, a snug ?tting rubber cap. 

[0054] The drainage system of the present invention fur 
ther advantageously separates liquids and gases from vented 
?uid. As used herein, ?uid refers to any liquids and/or gases. 
The drainage system disperses gases into the atmosphere 
and collects vented liquids in a disposable collection reser 
voir. 

[0055] FIG. 3 illustrates a perspective vieW of a chest tube 
drainage system in accordance With one embodiment of the 
present invention. In one embodiment, the chest tube drain 
age system 102 includes three main components: a vacuum 
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chamber 302, a vacuum pump housing 308, and a collection 
reservoir 314. The vacuum chamber 302, the vacuum pump 
housing 308, and the collection reservoir 314 are removably 
connected to the chest tube drainage system 102. Each 
component of the drainage system 102 is generally dispos 
able, being made of plastic having a thickness approxi 
mately in the range of 0.01 to 0.25 inches. Of course, other 
Widths of plastic and other materials may be used Without 
departing from the spirit of the invention. 

[0056] The drainage tube port 108 connects the vacuum 
chamber 302 to the chest tube 106 (FIG. 1). A How meter 
306 is interposed betWeen the vacuum chamber 302 and the 
vacuum pump housing 308 to indicate the amount of air 
?oW. In the conteXt of a patient recovering from lung-related 
surgery, the How meter 306 advantageously indicates an 
amount of air leak from the patient’s lung(s). In a preferred 
embodiment, the How meter 306 is ?Xedly attached to the 
vacuum chamber 302. It Will be appreciated that the How 
meter could alternatively be removably attached or inte 
grally formed With the vacuum chamber 302, or could be 
con?gured as a separate component removably attachable to 
both the vacuum chamber 302 and the vacuum pump 
housing 308. 

[0057] The vacuum pump housing 308 contains a vacuum 
pump (not shoWn) and de?nes a space or housing 310 for 
one or more batteries, preferably con?gured in a battery 
pack (not shoWn). The battery pack provides DC poWer to a 
vacuum pump. Apotentiometer knob 312 is positioned on an 
outside surface of the vacuum pump housing 308 and is used 
to operate a potentiometer (not shoWn) to regulate the DC 
voltage applied from the battery pack to the vacuum pump. 

[0058] A collection reservoir 314 is positioned beloW and 
connected to the vacuum chamber 302. The collection 
reservoir 314 collects liquids, such as, for eXample, blood or 
lymph, vented through the patient’s chest tube 106 into the 
vacuum chamber 302. 

[0059] Generally, a vacuum created by the vacuum pump 
in the vacuum pump housing 308 creates a loW pressure 
condition inside the vacuum chamber 302. When there is gas 
or liquid in a surgical site Within the patient’s body at a 
pressure greater than the pressure in the vacuum chamber 
302, that gas or liquid migrates through the chest tube 106, 
through the drainage tube port 108, and into the vacuum 
chamber 302. Any liquid entering the vacuum chamber 302 
drains into the collection reservoir 314 or collects on a series 
of baffles 304 and eventually drains into the collection 
reservoir 314. Gas entering the vacuum chamber 302 ?oWs 
around the baffles 304, through the How meter 306, and into 
the atmosphere via the vacuum pump (not shoWn). The 
amount of vacuum created in the vacuum chamber 302 is 
controlled by the potentiometer knob 312. By rotating the 
potentiometer knob 312, the amount of vacuum created by 
the vacuum pump is changed, thereby changing the suction 
force present at the end of the chest tube 106 Within the 
patient’s body. The amount of air ?oW through the chest tube 
106 is indicated by the How meter 306 Which, in turn, is used 
to adjust the potentiometer. Generally, if the air How is high, 
the voltage is increased. As the air ?oW decreases, the 
voltage may be reduced. 

[0060] The present invention may be used by connecting 
the drainage tube port to a chest drainage tube folloWing 
surgery While a patient is still under general anesthesia. At 
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that time, the chest tube drainage system may be turned on 
by rotating the potentiometer sWitch. The practitioner may 
adjust the potentiometer until ?oW characteristics indicated 
by the How meter correspond favorably to an amount of air 
leak Which may persist for some time at a lung. FolloWing 
the effects of anesthesia, the practitioner may advanta 
geously initiate early ambulatory therapy Wherein the patient 
Walks With the portable chest tube drainage system actively 
venting the surgical site. 

[0061] The vacuum pump housing 308 Will noW be 
described With reference to FIGS. 4A-4E. The vacuum 
pump housing 308 de?nes generally a parallelepiped-shaped 
volume having six rectangular sides. Walls of the vacuum 
pump housing 308 are preferably made from a substantially 
rigid, lightWeight material, such as plastic, and have a 
thickness of approximately 0.05 inches. It Will be appreci 
ated that the present invention Will Work With vacuum pump 
housings of different shapes and/or made from plastic or 
other materials of varying thicknesses. 

[0062] A circular inlet 402 interrupts and is formed into a 
top Wall 403 of the vacuum pump housing 308. A gasket 404 
sealingly engages the edges of the circular inlet 402. The 
circular inlet 402 and the gasket 404 provide a connection 
from the vacuum pump housing 308 to the vacuum chamber 
302. 

[0063] A battery pack housing 310 is advantageously 
de?ned Within the vacuum pump housing 308. The battery 
pack housing 310 is partially de?ned by a front Wall 406 of 
the vacuum pump housing 308 and is accessible through a 
rectangular interruption formed into the top Wall 403. Three 
additional side Walls depending doWnWard from the edges of 
the rectangular interruption and perpendicular to the top Wall 
403 along With a loWer Wall 405 providing a ?oor, de?ne a 
parallelepiped-shaped volume of the battery pack housing 
310. The loWer Wall 405 joins the three additional Walls 
substantially at their loWer-most edges, and is attached to the 
front Wall 406 in a manner perpendicular thereto. The three 
additional Walls and loWer Wall de?ning the battery pack 
housing 310 are preferably formed from the same material 
as the Walls of the vacuum pump housing 308. The attach 
ments of the Walls are accomplished either by integral 
formation, or by solder or Weld points, or by cement or 
epoxy, or by other attachment mechanisms, as is appropriate 
for the material of the Walls. 

[0064] The battery pack housing 310, in a preferred 
embodiment, is of sufficient siZe to contain an arrangement 
of ten (10) double-A siZed batteries. It Will be appre 
ciated that the present invention Will Work With different 
con?gurations of batteries and With battery pack housings of 
different siZes, shapes, or materials, and the present inven 
tion is not limited to a battery pack housing formed into the 
vacuum pump housing 308. Nor is the present invention 
limited by the number, type or voltage of batteries, as those 
of ordinary skill Will appreciate that differing con?gurations 
may operate With differing poWer source characteristics. 

[0065] A shaft inlet 408 and a vent hole 409 interrupt and 
are formed into the front Wall 406 beloW the battery pack 
housing 310 and above a junction of the front Wall 406 and 
a loWer Wall 412 of the vacuum pump housing 308. The 
shaft inlet 408 permits a potentiometer shaft (not shoWn) to 
extend through the front Wall 406 to connect the potenti 
ometer knob 312 (FIG. 3) on the outer side of the front Wall 
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406 to a potentiometer (not shoWn) Within the vacuum pump 
housing 308. The vent hole 409 positioned above the shaft 
inlet 408 permits gases exhausted by the vacuum pump to 
exit the vacuum pump housing 308 into the atmosphere. 

[0066] The vacuum pump housing 308 further de?nes a 
vacuum pump space 410 Within the vacuum pump housing 
308. The vacuum pump space 410 may be of any siZe and 
shape Which accommodates a suf?cient vacuum pump (not 
shoWn). In a preferred embodiment, hoWever, the vacuum 
pump space 410 is approximately a three-dimensional 
L-shaped volume formed about the battery pack housing 
310. 

[0067] A collection reservoir attachment slot 414 (FIG. 
4E) runs partially around the perimeter of the bottom of the 
vacuum pump housing 308. In a preferred embodiment, the 
collection reservoir attachment slot 414 is formed along the 
bottom edges of the front Wall 406 and the adjoining side 
Walls. The bottom edges of those three Walls extend approxi 
mately one-quarter of an inch (%1‘‘) beloW the ?oor 412 of the 
vacuum pump housing 308. The slot 414 is de?ned by three 
short Walls 416, 418, 420 extending vertically from the ?oor 
412 to the respective bottom edges of the front Wall 406 and 
the adjoining side Walls of the vacuum pump housing. The 
three short Walls 416, 418, 420 are positioned parallel to 
respective bottom portions of the front Wall 406 and the 
adjoining side Walls, approximately one sixteenth of an inch 
(1/16“) aWay from those Walls. The collection reservoir 
attachment slot 414 advantageously receives a connecting 
ridge of a collection reservoir to permit simple manual 
connection and removal of a collection reservoir. 

[0068] Further details of the vacuum pump housing 308 
Will noW be described With reference to FIGS. 5A-5D. A 
vacuum pump 502 is contained Within the vacuum pump 
space 410. The vacuum pump 502 is secured to the loWer 
Wall 412 of the vacuum pump housing 308. In one embodi 
ment, the vacuum pump 502 is manufactured by Nitto Kohki 
Co., Ltd., of Tokyo, Japan under the model designation DPO 
140-X1-0001. The vacuum pump 502 may be operated by 
supplying it With a voltage ranging from about three (3) to 
about tWelve (12) volts DC. 

[0069] In one embodiment, the vacuum pump 502 gener 
ates a distinct vacuum poWer for each supplied voltage. A 
correlation betWeen supplied voltage and vacuum poWer 
advantageously permits regulating the suction force of the 
chest tube drainage system 102. 
[0070] For example, the vacuum pump 502 generates 
about 0.9 liters per minute of air ?oW at a Zero in?oW 
resistance When supplied With three (3) volts DC poWer, and 
generates about 3.9 liters per minute of air ?oW at a Zero 
in?oW resistance When supplied With tWelve (12) volts DC 
poWer. It Will be appreciated that this maximal air ?oW, 3.9 
liters per minute, is equivalent to around 22% of air leak of 
one breath of 900 ml at a rate of 20 breaths per minute. For 
reference purposes, it has been observed that a high minute 
ventilation such as 18 liters per minute (=900 ml*20 breaths) 
is generally seen only in a large male patient. If more than 
around 22% of inhaled air leaks out, it is dif?cult to maintain 
adequate ventilation for a patient, and a surgical intervention 
to close the leak in the lung may become necessary. As Will 
be appreciated, therefore, the poWer generated by the 
vacuum pump 502 is sufficient for usual clinical conditions. 

[0071] High vacuum pressure generated by extremely 
poWerful central vacuum lines of typical hospital facilities 
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generally cause lacerations When applied to lung tissue. In 
contrast, the vacuum pump 502 generates a suction pressure 
of approximately —400 torr (—544 cm H2O) at a Zero in?oW 
resistance and When supplied With 12 volts. Due to the 
comparatively small vacuum poWer of the vacuum pump 
502, an inadvertent laceration of the lung generally does not 
occur even if an in?oW port 108 is accidentally shut off, e. g., 
clogged With blood clots, and lung tissue is sucked against 
the chest tube. Thus, advantageously, the drainage system of 
the present invention is safe for use even by inexperienced 
personnel. Even When the drainage system of the present 
invention is used With patients having extremely friable lung 
tissue, such as patients suffering from emphysema, a 
vacuum relief valve (FIGS. 10A, 10B, 10C) acts as a double 
safety feature, and can, for example, maintain the vacuum 
pressure at a loWer, even safer threshold. 

[0072] The vacuum pump 502 may be removably attached 
to the vacuum pump housing 308. In one embodiment, the 
vacuum pump 502 is secured by four (4) screWs 504 
extending through holes in a base portion 506 of the vacuum 
pump 502 to threadingly engage the loWer Wall 412 of the 
vacuum pump housing 308. Of course, other methods of 
attachment such as nuts arranged outside the loWer Wall 412 
or countersunk into inWard cylindrical projections of the 
loWer Wall 412 may also be used. Alternatively, the vacuum 
pump 502 may be ?xedly attached to the loWer Wall 412 of 
the vacuum pump housing 308, such as. for example, 
through the use of solder points or Welds, or the use of 
cement or epoxy, as appropriate to form a permanent bond 
betWeen the respective materials of the vacuum pump 502 
and the vacuum pump housing 308. 

[0073] A vacuum inlet 508 on an upper end 510 of the 
vacuum pump 502 is connected to an end of vacuum tubing 
512. The gasket 404 sealingly engages the outer periphery of 
the vacuum tubing 512 at the point Where it extends through 
the inlet 402, Which in turn connects to the How meter 306. 

[0074] A vacuum outlet 514 discharges into the atmo 
sphere gases received through the vacuum inlet 508. The 
discharged gases ?oW around the exterior of the vacuum 
pump 502 and exit the vacuum pump housing 308 through 
the vent hole 409. 

[0075] The potentiometer knob 312 connects to the poten 
tiometer shaft 516, Which rotates to control a potentiometer 
518. The potentiometer 518 may be any of a number of 
knoWn potentiometers Which can regulate a supplied DC 
voltage of tWelve (12) volts to generate a range of voltages 
from about tWelve (12) volts doWn to about three (3) volts. 
Optionally, the potentiometer 312 includes an off position, 
creating a break in supplied voltage, and, in that position, the 
potentiometer 312 supplies no voltage and the vacuum pump 
502 provides no vacuum force. 

[0076] A potentiometer line 520 connects a ?rst terminal 
of a motor 522 of the vacuum pump 502 to a ?rst terminal 
of the potentiometer 518. A ?rst poWer line 524 connects a 
second terminal of the potentiometer to a ?rst terminal of a 
battery pack 526. A second poWer line 528 connects a 
second terminal of the battery pack 526 to a second terminal 
of the motor 522. 

[0077] The battery pack 526, preferably can provide 
tWelve (12) volts DC continuously over a period of about 
four hours, and can provide lesser voltages for even longer 
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periods of time. One such battery pack is manufactured by 
Sanyo of Tokyo, Japan and comprises multiple nickel 
cadmium batteries. 

[0078] The battery pack 526 is removable. As Will be 
appreciated by those of ordinary skill, the battery pack has 
tWo accessible terminals (not shoWn), one positive and one 
negative. The negative terminal connects negative posts of 
each of the batteries in the battery pack, and the positive 
terminal connects the positive posts of each of the batteries. 
Receiving terminals (not shoWn) Within the battery pack 
housing 310 are con?gured and arranged to touchingly 
engage the accessible terminals of the battery pack 526 
When the battery pack 526 is installed. 

[0079] When the poWer of a battery pack 526 is substan 
tially exhausted, it may be removed and another charged 
battery pack 526 may be installed in its place. Optionally, the 
present invention may have an internal recharging system 
(not shoWn). The recharging system includes a removable 
AC poWer cord (not shoWn). One end of the AC poWer cord 
may be connected to a jack (not shoWn) on the outside of the 
vacuum pump housing 308, the jack directing poWer to the 
internal recharging system, and another end of the AC poWer 
cord may be plugged into a standard electrical outlet, such 
as one supplying 110 volts AC. As Will be appreciated by 
those of ordinary skill, the internal recharging system trans 
forms the 110 volts AC supplied through the AC poWer cord, 
into voltage appropriate to recharge the nickel-cadmium 
batteries of a battery pack 526 installed in the battery pack 
housing 310. While the battery pack 526 is recharging, the 
internal recharging system routes tWelve (12) volts DC 
poWer to the receiving terminals in the battery pack housing 
310. In this manner, poWer may be supplied to the vacuum 
pump 502, and the chest tube drainage system 102 may be 
operated While an installed but exhausted battery pack 526 
recharges. In a further embodiment, the chest tube drainage 
system 102 may be operated With no battery pack 526 
installed in the battery pack housing 310, but With the AC 
poWer cord connected to the jack and plugged into an 
electrical outlet, the internal recharging system supplying 
approximately tWelve (12) volts DC to the receiving termi 
nals in the battery pack housing 310. It Will be appreciated 
that this mode of operation can be alternatively accom 
plished by an appropriate AC to DC converter. 

[0080] The vacuum chamber 302 and the How meter 
housing 626 Will noW be described in detail With reference 
to FIGS. 6A-6C. The vacuum chamber 302 comprises a top 
Wall 602, a bottom Wall 604, a front Wall 606, a rear Wall 
608, and side Walls 610, 612. Those Walls de?ne the 
parallelepiped-shaped outer shell of the vacuum chamber 
302. 

[0081] The drainage tube port 108 extends through a 
circular interruption in the top Wall 602. The drainage tube 
port 108 is approximately cylindrical in shape, With a central 
bore in ?uid contact With a space de?ned Within the vacuum 
chamber 302. The chest tube 106 seals around the outer 
surface of the cylindrical Wall of the drainage tube port 108. 

[0082] A curved drain Wall 614 is positioned Within the 
parallelepiped-shaped volume de?ned by the outer shell of 
the vacuum chamber 302. A top edge 616 of the drain Wall 
614 blends into the inner surface of the front Wall 606 at a 
point approximately midWay betWeen the upper and loWer 
edges of the front Wall 606. Curved side edges of the drain 
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Wall 614 blend into inner surfaces of the side Walls 610, 612 
of the vacuum chamber 302. A loWer edge 618 of the drain 
Wall 614 connects to the bottom Wall 604 of the vacuum 
chamber 302, such that the loWer edge 618 of the drain Wall 
614 is parallel to respective bottom edges of the front Wall 
606 and the rear Wall 608 of the vacuum chamber 302. The 
loWer edge 618 of the drain Wall 614 preferably attaches to 
the loWer Wall 604 of the vacuum chamber 302 at a point 
closer to the rear Wall 608 than to the front Wall 606. 

[0083] A ?rst baffle 620, a second baffle 622, and a third 
baffle 624 de?ne planar surfaces approximately parallel to 
planar surfaces de?ned by the front Wall 606 and the rear 
Wall 608 of the vacuum chamber 302. A top edge of the 
baffle 620 is attached to the inner surface of the top Wall 602 
of the vacuum chamber 302. That attachment occurs pref 
erably at a point closer to the rear Wall 608 than to the front 
Wall 606. The circular interruption in the top Wall 602 for the 
drainage tube port 108 is formed into the top Wall 602 at a 
position betWeen the rear Wall 608 and the ?rst baffle 620. 

[0084] Side edges of the ?rst baffle 620 are attached to the 
side Walls 610, 612. A bottom edge of the ?rst baffle 620 
extends preferably to a point just above, but not touching, 
the bottom Wall 604 of the vacuum chamber 302. 

[0085] Side edges of the second baffle 622 are attached to 
side Walls 610, 612. A top edge of the second baffle 622 is 
preferably positioned just beloW, but not touching the inner 
surface of the top Wall 602. A bottom edge of the second 
baffle 622 is preferably positioned just above, but not 
touching, the surface of the drain Wall 614. 

[0086] Side edges of the third baffle 624 are attached to the 
side Walls 610, 612 of the vacuum chamber 302. Atop edge 
of the third baffle 624 is preferably positioned beloW, but not 
touching, the inner surface of the top Wall 602 of the vacuum 
chamber 302. A bottom edge of the third baffle 624 is 
preferably positioned just above, but not touching, the drain 
Wall 614. 

[0087] The third baffle 624 de?nes a planar surface posi 
tioned approximately equidistant betWeen planar surfaces 
de?ned by the front Wall 606 and the second baffle 622. The 
second baffle 622 de?nes a planar surface positioned 
approximately equidistant betWeen the planar surfaces 
de?ned by the third baffle 624 and the ?rst baffle 620. The 
?rst baffle 620 de?nes a planar surface positioned approxi 
mately equidistant betWeen planar surfaces de?ned by the 
second baffle 622 and the rear Wall 608 of the vacuum 
chamber 302. 

[0088] In one embodiment of the present invention, the 
side Walls 610, 612 extend vertically beloW the bottom Wall 
604 approximately one-quarter of an inch (W‘) to de?ne 
collection reservoir attachment slots. Short Walls 615, 617 
extend doWnWard from the bottom Wall 604 to the respective 
bottom edges of the side Walls 610, 612. The short Walls 615, 
617 are parallel to the respective side Walls 610, 612 and are 
spaced approximately one-sixteenth of an inch (1/16“) there 
from to de?ne the collection reservoir attachment slots 611, 
613. The collection reservoir attachment slots advanta 
geously receive an attachment ridge of a collection reservoir 
314 to permit easy and convenient manual attachment of 
same to the vacuum chamber 302. 

[0089] Other means may be used to attach a collection 
reservoir to the vacuum chamber 302, such as, for example, 
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opposing hook and loop structures (e.g., Velcro®) respec 
tively located on the outer surface of the bottom 604 of the 
vacuum chamber 302 and the top surface of the collection 
reservoir 314 such that, When the collection reservoir is in 
operable relation With the vacuum chamber 302, the tWo 
hook and loop structures touchingly engage each other until 
a separating force disengages them. 

[0090] The How meter housing 626 is mounted on the 
vacuum chamber 302. In one embodiment of the present 
invention, a top Wall 628 of the How meter housing 626 
extends from the planar surface of the top Wall 602 of the 
vacuum chamber housing 302 in a direction toWard the front 
Wall 606 of the vacuum chamber housing 302. Abottom Wall 
630 of the How meter housing 626 de?nes a planar surface 
parallel to and coextensive With the top Wall 628 of the How 
meter housing 626. Side Walls 632, 634 de?ne planar 
surfaces parallel With and extending from the respective 
planar surfaces de?ned by the side Walls 610, 612 of the 
vacuum chamber 302. Top and bottom edges of the side 
Walls 632, 634 attach to respective top and bottom edges of 
the top Wall 628 and bottom Wall 630 of the How meter 
housing. 
[0091] A front Wall 636 of the How meter housing 626 
attaches from a front edge of the top Wall 628 to a front edge 
of the bottom Wall 630. Side edges of the front Wall 636 
connect to front edges of the side Walls 632, 634. Rear edges 
of the top Wall 628, the bottom Wall 630, and the side Walls 
632, 634 connect to an upper portion of the front Wall 606 
of the vacuum chamber 302. That upper portion de?nes a 
planar surface coextensive With and parallel to the planar 
surface de?ned by the front Wall 636 of the How meter 
housing 626. The upper portion of the front Wall 606, the top 
Wall 628, the bottom Wall 630, the side Walls 632, 634, and 
the front Wall 636 de?ne a parallelepiped-shaped volume 
Which contains the How meter 306. 

[0092] The front Wall 636 is advantageously at least 
partially transparent to permit the vieWing of the How meter 
therethrough. Also, the front Wall 636 is interrupted by a 
circular hole about Which is positioned, preferably on the 
inner surface of the front Wall 636, a vacuum relief valve 
637. 

[0093] The vacuum relief valve 637, shoWn in detail in 
FIGS. 10A-10C, includes a vacuum relief valve housing 
1004 With a vacuum relief disc 1002 disposed therein. A 
cylindrical sideWall of the vacuum relief valve housing 1004 
is interrupted by at least one, and preferably four, vacuum 
relief slots 1006 providing ?uid communication betWeen the 
space de?ned by the vacuum relief valve housing 1004 and 
the space de?ned by the How meter housing 626. Avacuum 
maintenance spring 1008 connects the vacuum relief disc 
1002 to the inside of the circular top surface of the vacuum 
relief valve housing 1004. Also disposed inside the vacuum 
relief valve housing is a vacuum seal ring 1010. The vacuum 
seal ring 1010 is sealingly attached around the circumfer 
ence of the hole in the front Wall 636 (FIG. 6). The vacuum 
seal ring 1010 has an outer diameter slightly smaller than the 
inner diameter of the vacuum relief valve housing 1004, and 
it has an inner diameter smaller than the outer diameter of 
the vacuum relief disc 1002. 

[0094] The vacuum maintenance spring 1008 is con?g 
ured to exert a force upon the vacuum relief disk 1002 to 
push it against the top surface of the vacuum seal ring 1010. 
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The force exerted by the vacuum relief spring 1008 upon the 
vacuum relief disc 1002 is suf?cient to cause the vacuum 
relief disc 1002 to sealingly engage the vacuum seal ring 
1010, thereby maintaining a vacuum in the ?oW meter 
housing 626 and, likewise, the vacuum chamber 302. When 
vacuum pressure inside the ?oW meter housing 626 reaches 
a predetermined level, the vacuum maintenance spring 1008 
compresses. The predetermined level is set at a level just 
beloW the level Where the vacuum force may damage bodily 
tissue When presented proximate to such tissue through an 
end of a chest tube. When the predetermined vacuum level 
is reached, the vacuum maintenance spring 1008 com 
presses, causing the vacuum relief disc 1002 to separate 
from the vacuum seal ring 1010. That separation creates a 
vacuum leak alloWing air outside the ?oW meter housing 
626 to enter the ?oW meter housing 626 via one or more of 
the vacuum relief slots 1006, Which, in turn, results in a 
decrease of the vacuum force to a safe level. When the 
vacuum decreases to an amount insuf?cient to compress the 
vacuum maintenance spring 1008, the vacuum relief disc 
1002 again seals around the vacuum seal ring 1010. Thus, 
the vacuum is advantageously maintained at an operable, but 
non-injurious level. 

[0095] The ?oW meter 306 Will noW be described in detail 
With reference to FIGS. 7A-7E. The ?oW meter 306 is 
positioned Within the ?oW meter housing 626, preferably 
adjacent to either side Wall 632 or 634 of the ?oW meter 
housing 626. The ?oW meter 306 includes a ?oW meter tube 
702, Which de?nes a cylindrical inner space Within Which a 
?oating ball 704 rests. The ?oating ball 704 moves freely 
Within the ?oW meter tube 702, but retaining members 716 
(FIG. 7E) located inside the ?oW meter tube 702 at the 
openings at each end prevent the ?oating ball 704 from 
escaping the ?oW meter tube 702. At all places along the 
length of the ?oW meter tube 702, the inner diameter of the 
?oW meter tube 702 is greater than the diameter of the 
?oating ball 704. Thus, the ?oating ball 704 may move 
freely Within the ?oW meter tube 702, and gas, such as 
ambient air, may ?oW betWeen the ?oW meter tube 702 and 
the ?oating ball 704. The diameter of the ?oating ball 704, 
the Weight of the ?oating ball 704, and the inner diameter of 
the ?oW meter tube 702 are all compatibly con?gured such 
that the ?oating ball 704 rests substantially near the bottom 
of the ?oW meter tube 704 When there is little or no leak 
from a patient’s lung(s), and such that the ?oating ball 704 
rests substantially near the top of the ?oW meter tube 704 
When a substantial leak exists in a patient’s lung(s). 

[0096] The ?oW meter 306 includes a 3-dimensional 
L-shaped structure 706 that de?nes a 3-dimensional, 
L-shaped air conduit. The L-shaped structure 706 comprises 
a vertical portion 708 and a horiZontal portion 710. An 
intake port 712 is formed Within a back Wall of the vertical 
portion 708. The intake port 712 is in ?uid contact With the 
3-dimensional, L-shaped air conduit Within the structure 
706. 

[0097] A circular inlet hole 714 is formed Within an upper 
surface of the horiZontal portion 710 of the ?oW meter 306. 
Abottom end of the ?oW meter tube 702 is attached around 
the edges of the circular inlet hole 714. Thus, the inner space 
of the ?oW meter tube 702 is in ?uid contact With the 
3-dimensional, L-shaped air conduit and the intake port 712, 
Which, in turn, is in ?uid contact With the space inside the 
vacuum chamber 302. 
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[0098] A bottom surface of the horiZontal portion 710 of 
the ?oW meter 306 is attached to the bottom Wall 630 of the 
?oW meter housing 626. A rear Wall of the vertical portion 
708 of the ?oW meter 306 is attached to an upper portion of 
the front Wall 606 of the vacuum chamber 302, such that an 
intake port 638 (FIG. 6B) formed into one side of the front 
Wall 606, is in ?uid contact With the intake port 712. 

[0099] Avacuum outlet tube 640 (FIGS. 6A, 7B, 7D) is 
attached to the bottom Wall 630 of the ?oW meter housing 
626 about a hole 641 formed proximate to the center of the 
surface area de?ned by the bottom Wall 630. The end of the 
vacuum outlet tube 640 furthest from the ?oW meter housing 
626 ?ts sealingly Within the tubing 512 (FIG. 5C), and the 
vacuum outlet tube engages the inner edges of the gasket 
404 (FIG. 4B) When positioned through the hole 402 to 
bring the ?oW meter and the vacuum chamber 302 into 
operable relation With the vacuum pump housing 308. The 
vacuum outlet tube 640 de?nes a cylindrical space Which is 
in ?uid contact With the space Within the ?oW meter housing 
626, Which, in turn, is in ?uid contact With the cylindrical 
space Within the ?oW meter tube 702. A one-Way umbrella 
valve 642 is positioned Within the vacuum outlet tube 640. 

[0100] The one-Way umbrella valve 642 is shoWn in detail 
in FIGS. 9A-9C. The oneWay umbrella valve 642 includes 
a shaft 902, a stopper portion 904 and a ?oating occluder 
portion 906. The stopper portion 904 is shaped approxi 
mately like an upside-doWn cone and comprises, at the base 
end, an upper mesh 908, porous to gas and liquid, and, at the 
tip end, a loWer, non-porous stop 910. The upper mesh 908 
is secured to the Walls of the cylindrical tube in Which the 
one-Way umbrella valve 642 is situated, and, thus, in this 
embodiment, the stopper portion 904 is ?xed relative to the 
cylindrical tube. At a point located a distance of approxi 
mately one-half the height of the stopper portion 904 cone, 
travelling upWard from its tip, the upper mesh 908 is joined 
to the non-porous stop 910 around its circumference. A 
travel hole 916 having a diameter slightly larger than the 
diameter of the shaft 902 runs through the stopper portion 
904 from top to bottom permitting the shaft 902 to slide 
therethrough. 
[0101] The ?oating occluder portion 906 is also shaped 
approximately like an upsidedoWn cone and con?gured such 
that its inner surface ?ts closely to the outer surface of the 
stopper portion 904. The ?oating occluder portion 906, 
comprises, at the base end, an upper, non-porous stop band 
912, and, at the tip end, a loWer mesh 914, Which is porous 
to gas and liquid. At a point located a distance of approxi 
mately one-half the height of the ?oating occluder portion 
904 cone, and travelling upWard from its tip, the non-porous 
stop band 912 is joined to the loWer mesh 914 around its 
circumference. 

[0102] At the tip end of the ?oating occluder portion 906, 
the loWer mesh 914 is connected to an approximately 
spherical stopper ball 907 Which is con?gured about and 
?xed to the shaft 902. Thus, the stopper ball 907, the shaft 
902, and the ?oating occluder portion 906 may travel 
together. Because the diameter of the stopper ball 907 is 
substantially less than that of the circular tube, liquids and 
gases pass freely by the stopper ball 907. 

[0103] Positioning spokes 909 are ?xed to and radiate 
inWard from the Walls of the cylindrical tube to a ring section 
in the middle of the spokes 909. A hole in the ring section 










