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(57) Abrégée/Abstract:
Featured Is a pressure control regulator including a housing, a sealing member disposed within the housing, a flexible member and

a blasing mechanism. The housing includes at least one inlet aperture and at least one outlet aperture, each inlet aperture being
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(57) Abrege(suite)/Abstract(continued):

fluidly coupled to a first pressure source and each outlet aperture being fluidly coupled to a second pressure source, the first ana
second pressure sources being at different pressures. The flexible member extends between the sealing member outside surface
and the housing inner surface so as to form a pressure boundary therebetween and to divide the housing interior into first and
second compartments. The blasing mechanism, being responsive to pressure within the second compartment, acts on the sealing
member so the sealing member Is In one of an open position, when the second compartment Is greater than a predetermined
pressure value, or a closed position, when the second compartment pressure Is at or below the predetermined pressure value. A
portion of the housing In fluild communication with the second pressure source, also includes a mechanism to restrict fluid flow to or
from the second compartment such that the second compartment pressure changes when fluid flow In either direction occurs for a
time more than a predetermined period of time and remains effectively unchanged when such fluid flow time Is less than the

predetermined period of time. In a more particular embodiment, the second pressure source Is a suction source and the regulator
IS a suction pressure regulator.
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en (57) Abstract: Featured is a pressure control regulator including a housing, a sealing member disposed within the housing, a tlexible
member and a biasing mechanism. The housing includes at least one inlet aperture and at least one outlet aperture, each inlet aperture
being fluidly coupled to a first pressure source and each outlet aperture being fluidly coupled to a second pressure source, the first
¢ and second pressure sources being at different pressures. The flexible member extends between the sealing member outside surface
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compartments. The biasing mechanism, being responsive to pressure within the second compartment, acts on the sealing member so
the sealing member is in one of an open position, when the second compartment is greater than a predetermined pressure value, or
a closed position, when the second compartment pressure is at or below the predetermined pressure value. A portion of the housing
in fluid communication with the second pressure source, also includes a mechanism to restrict fluid flow to or from the second
compartment such that the second compartment pressure changes when fluid flow in either direction occurs for a time more than a
predetermined period of time and remains effectively unchanged when such fluid flow time is less than the predetermined period

of time. In a more particular embod:i
regulator.

ent, the second pressure source is a suction source and the regulator is a suction pressure
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ROLLING SEAL SUCTION PRESSURE REGULATOR, APPARATUS AND SYSTEM
FOR DRAINING A BODY CAVITY AND METHODS RELATED THERETO

FIELD OF INVENTION

The present invention relates to drainage devices and systems and more particularly to

suction drainage systems and devices for removing gases and/or liquids from medical

patients, such as from the pleural cavity, by means of a pressure differential.

BACKGROUND OF THE INVENTION

For many years, the standard apparatus for performing the evacuation of the pleural
cavity was a drainage system known as the "3-bottle set-up" which includes a collection
bottle, a water seal bottle and a suction control bottle. A cétheter runs from the patient's
pleural cavity to the collection bottle, and the suction bottle is connected by a tube to a
suction source. The three bottles are connected 1n series by various tubes to apply suction to
the pleural cavity to withdraw fluid and air and thereafter discharge the same into the
collection bottle. Gases entering the collection bottle bubble through water in the water seal
bottle. The water in the water seal bottle also usually prevents the back flow of air into the
chest cavity.

The suction pressure (vacuum) and pressure differentials must be precisely maintained
with the "3-bottle set-up" because of the dangerous conditions that could result if unduly high
or low pressure differentials should occur. Complications such as pneumothorax may result
from the loss of the water seal in the water seal bottle if suction were temporarily
disconnected, and undue build-ups of positive pressure could cause tension pneumothorax
and possible mediastinal shift. To accomplish this precise control, however, results in
Increased maintenance and monitoring. For example, evaporation in the suction control
chamber or bottle results 1n suction pressure variations which must be corrected by the
addition of more water by a nurse, doctor or other-authorized medical personnel.

The 3-bottle set-up lost favor with the introduction of an underwater seal drainage
system sold under the name "PLEUR-EVAC"® in 1966 by Deknatel Inc. U.S. Patent (USP)
Nos. 3,363,626; 3,363,627; 3,559,647, 3,683,913, 3,782,497; 4,258,824; and Reissue 29,877
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are directed to various aspects of the PLEUR-EVAC® system which over the
years has provided improvements that eliminated various shortcomings of the 3-
bottle set-up. These improvements have included the elimination of variations In
the 3-bottle set-up that existed between different manufacturers, hospitals and
hospital laboratories. A more detailed description of the need for and the proper

use of chest drainage devices Is presented in the Deknatel Inc. PLEUR-EVAC®
publication entitled "Physiology of the Chest and Thoracic Catheters; Chest
Drainage Systems No.1 of a series from Deknatel" (1985). Among the features

of the PLEUR-EVAC® system which provide its improved performance is a
single, pre-formed, self-contained unit that embodies the 3-bottle techniques.

These PLEUR-EVAC® systems are sometimes referred to as wet or wet-wet
chest drainage systems because they employ a fluid such as water both for
suction control (i. e., a water manometer) and to establish the patient seal.

Despite the advantages of the PLEUR-EVAC® drainage system over the
3-bottle set-up and the general acceptance of this device in the medical
community, improving the convenience and performance capabilities of chest
drainage systems continues. One such improvement involved replacing the
water filled manometer used for suction control with a dry or waterless suction
control regulator, such as that described in U.S. Pat. Nos. 5,026,358; 5,300,050;
4,784,642 and 5,807,358. In these systems the dry suction control regulator
Includes a mechanism, such as a spring-loaded valve, to control the suction
pressure and a water filled chamber is interposed between the suction source
and the collection chamber, thereby forming the patient seal.

In these drainage devices or systems, the suction pressure actually being
applied, however, could cause rapid modulation of the spring-loaded valve as a
consequence of the suction pressure differentials or changes that occur during
normal operation. For example, such suction pressure differentials can result
from the cyclical pressure variations occurring in the suction source (e.g.,
suction pump). Such rapid modulation of the valve can cause the device or
system to emanate a humming sound or other noise that would make the device
or system unsuitable as a practical matter for the intended use (e.g. in a
hospital). In order to reduce or attenuate this modulation, and thus also reduce
or attenuate the unwanted sound, the
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drainage devices or systems are configured with a means or mechanism to dampen the rapid

modulation of the valve.

In one exemplary case, such as that described in USP Nos. 5,026,358 and 4,784,642,
attenuation of the rapid modulation of the valve in the suction control regulator 1s
accomplished by means of a dashpot. The dashpot includes a plug that 1s interconnected to
the plate valve member and which rides within a well. In the described embodiment, the plug
is made from graphite and the well is formed of a glass annulus, which together provide non-

binding surfaces so as to avoid the sticking of the component parts.

In order for the dashpot to function in the intended manner it 1s necessary for the plug
and well to be manufactured with a high tolerance of perpendicularity. As a practical matter,
this means that the plug and the member including the well must be manufactured to rather
precise tolerances on the order of millionths of an inch. In addition, it 1s not uncommon for
the plug and the member including the well to be further sorted and segregated so as to
establish pairs of parts that can be used to make an acceptable dashpot, thereby minimizing

wastage. Consequently, the dashpot and the components thereof are labor intensive and

expensive to make.

Another type of drainage device, such as that described 1n U.S. Patent Nos. 4,738,671;
4,715,856, 4,544,370; and 4,747,844, includes a modulation valve to control the suction tlow,
and correspondingly the suction pressure being developed, and a one way valve that forms
the seal between the suction source and the collection chamber (e.g. the patient seal). These
units are complex and involve a large number of parts.

It thus would be desirable to provide a waterless suction pressure regulator that
includes a suction pressure control device that controls or regulates the suction pressure being
applied to the waterless suction regulator. It would be particularly desirable to provide a
suction pressure regulating device that would attenuate or control changes 1n suction pressure
that could lead to rapid modulation while allowing the suction pressure regulator to be
responsive to physiological induced suction pressure changes as well as long term suction
source pressure changes. Such a suction pressure regulating device, and drainge devices and

systems utilizing such a pressure regulating device preferably would be simple in
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construction and less costly than prior art devices and the methods related thereto

would not require highly skilled users to utilize the device.
SUMMARY OF THE INVENTION

According to the present invention, there is provided a suction pressure
regulator system for use in combination with a drainage device, the combination
comprising:

a collection chamber for collecting fluids from a body cavity, the collection
chamber including an inlet for fluid communication with the body cavity;

a pressure regulation chamber having a suction pressure regulator that
regulates the degree of vacuum imposed in the collection chamber, the suction
pressure regulator including a housing having at least one inlet aperture and at
least one outlet aperture, where each of the at least one inlet aperture is in fluid
communication with a gas source and each of the at least one outlet aperture is in
fluid communication with a suction source;

’ a sealing member moveably disposed within the housing:

a flexible member extending between the sealing member and the housing,
wherein the flexible member forms a pressure boundary therebetween so as to
divide an interior of the housing into first and second cOmpartments; and

a biasing mechanism that is responsive to pressure within the housing
second compartment and acts on the sealing member so the sealing member is in
one of an open position, when the pressure within the housing second
compartment is greater than a predetermined suction pressure vaer, or a closed
position, when the pressure therein is at or below the predetermined suction
pressure value, the suction pressure regulator is used in combination with a
drainage device having a collection chamber interconnected to a body cavity and in

which a degree of vacuum is developed within the drainage device by the suction
source.

Preferably, the drainage of liquid, blood, and/or gas from the body cavity

is accomplished by establishing a pressure differential between the device and
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the body cavity to be drained and maintaining or controlling this pressure
differential at a desired value by means of the suction pressure regulato\r. Also
featured is a pressure control regulator for use in combination with a medical
device. Further featured are methods related to such a differential pressure
control device and/or devices, apparatuses or systems using such differential
pressure control device. Various aspects or features of the suction pressure
regulator of the present invention, as well as the drainage devices using such a
suction pressure regulator, provide a number of benefits as compared to prior
art devices.

Preferably, in a first aspect, the suction pressure regulator according to
the present invention included a housing having at least one inlet aperture and
at least one outlet aperture, a flexible member, a sealing member disposed with
the housing and a biasing mechanism. Each of the at least one inlet aperture is
in fluid communication with a pressurized gas source such as the atmosphere
and the each of the at least one outlet aperture is in fluid communication with a
suction source.

Preferably, the flexible member extends between an outside surface of
the sealing member and an inner surface of the housing so as to form a
pressure boundary between the sealing member and the housing and so as o
divide the interior of the housing into a first and a second compartment.

Preferably, the biasing mechanism acts on the sealing member so as to
selectively urge a portion of the sealing member against the housing inner
surface proximal and about the at least one inlet aperture to form a seal
between the at least one inlet aperture and the at least one outlet aperture,
when the pressure in the housing second compartment is at or below a
predetermined pressure value. Also, when the pressure in the second
compartment is above a predetermined pressure value, the biasing mechanism
is configured so as to allow the sealing member to move away from the housing
inner surface so as to put each of the at least one inlet aperture in fluid
communication with each of the at least one outlet aperture, whereby the

pressurized gas source Is put into fluid communication with the suction source.

5
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Preferably, additionally, a portion of the housing that is in fluid
communication with the second compartment and the suction source includes a
flow regulating mechanism that restricts or controls the flow of fluid to and from
the second compartment, so as to effectively control changes in pressure within
the second compartment. In this way, only fluid flow to or from the second
compartment that occurs for more than a given period of time can cause a
change in the pressure within the second compartment. Whilst fluid flow to or
from the second compartment that occurs for less than the given period or
amount of time does not effectively change the pressure within the second
compartment.

In preferable embodiments, the flow regulating mechanism includes a
porous plug, an orifice, a tortuous flow path or other means known to those
skilled in the art for restricting flow, one end of which is positioned so as to be in
fluid communication with the second compartment and the other end of which Is
positioned so as to communicate with the suction pressure source. [n a more
specific embodiment, the housing includes a through aperture positioned so as
to be in fluid communication with the second compartment and the flow
regulating mechanism comprises a porous plug that is disposed within the
through aperture. The porosity of the plug is set or established so as to control
the fluid flow to/from the second compartment.

Preferably, in a second aspect, the biasing mechanism of the suction
pressure regulator comprises a means for tensioning the sealing member closed
when the pressure developed In the housing second compartment is at or below
the predetermined pressure value and otherwise opening the sealing member
so as to fluidly couple the pressurized gas source (e. g. ambient or atmosphere)
with the suction source. Preferably, the tensioning means comprises a spring
under tension and coupled at one end to the sealing member and at its other
end to a support member, so as to maintain the sealing member in a closed
sealing relationship with the at least one inlet aperture in accordance with the

predetermined pressure value.

Preferably, also provided is means for adjusting the spring tension in
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predetermined preset discrete steps so as to provide one of a predetermined
pressure value. Preferably, the adjusting means comprises a worm gear
disposed on at least a portion of the support member; pinion gear being

rotatably supported and cooperatively engaging the worm gear; dial coupled to

- the pinion gear and having a plurality of predetermined preset grooves along its

periphery; detent member resiliently disposed against the periphery and
configured and dimensioned for seating within one of the grooves and such that
upon rotating the dial, the detent member rides along the periphery until seating
within one of the next grooves.

Preferably, the biasing mechanism according to a second aspect of the
present invention further comprises means for variably calibrating the tension of
the spring while the detent member is seated within one of the predetermined
preset grooves of the dial so that the spring tension can be selectively varied
without any rotation of the dial. In one preferred embodiment, the tension
calibration means comprises a rotatable collar, the other end of the support
member being secured to the collar for rotation therewith so that upon rotation of
the collar together with the support member, the tension of the spring can be
selectively varied while the dial is stationary. At least a portion of the dial is
disposed so that the dial can be rotated externally by a user. The dial has
graduations thereon to indicate the suction pressure imposed in the collection
chamber while the detent member is seated in one of the grooves.

Preferably, alternatively, the biasing mechanism comprises a spring that
is disposed so as to be between a lower surface of the sealing member and a
lower inside surface of the housing. In this way, the spring urges the sealing
member against the housing inner surface when the pressure in the housing
second compartment 1s at or below the desired pressure value. When the
pressure within the housing second compartment is greater than the desired
value, the spring force is overcome causing the spring to compress and thereby
allowing the sealing member to move away from the housing inner surface. The
spring is preferably pre-compressed to a value corresponding to the pre-

determined pressure value.
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Preferably, in a third aspect, there is featured a pressure control regulator
that includes a housing, a sealing member moveably disposed within the
housing, a flexible member and a biasing mechanism. The housing includes at
least one inlet aperture and at least one outlet aperture, where each of the at
least one inlet aperture is in fluid communication with a first pressure source and
each of the at least one outlet aperture is in fluid communication with a second
pressure source, the first pressure source being at a different pressure from the
second pressure source.

Preferably, the flexible member extends between an outside surface of
the sealing member and an inner surface of the housing so as to form a
pressure boundary therebetween and to divide an interior of the housing into
first and second compartments. The biasing mechanism is responsive to
pressure within the housing second compartment and acts on the sealing
member so the sealing member is in one of an open position, when the pressure
within the housing second compartment is greater than a predetermined
pressure value, or a closed position, when the pressure therein is at or below
the predetermined pressure value. In other words the biasing mechanism Is
responsive to the differential pressure between the housing first and second
compartments.

In preferable embodiments, the biasing mechanism is arranged so that in
the closed position a sealing portion of the sealing member is urged against the
housing inner surface so as to form a seal between each of the at least one inlet
aperture and each of the at least one outlet aperture. Further, the biasing
mechanism is arranged so that in the open position the sealing member Is
moved away from the chamber inner surface whereby each of the at least one
inlet aperture is put into fluid communication with each of the at least one outlet
aperture.

Preferably, also, a portion of the housing that is in fluid communication
with the second pressure source, includes a mechanism to restrict the flow of
fluid to or from the housing second compartment. This flow restricting

mechanism restricts fluid flow such that the pressure within the housing second

8
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' compartment is changed when the fluid flow in either direction occurs for a time

more than a predetermined period of time and remains effectively or essentially
unchanged when the flow of fluid in either direction is for a time less than the
predetermined period of time. [n this way, the sealing member is not responsive
to fluid flow changes that are nor for more than a predetermined period of time.

Reference also should be made to the foregoing discussion for the
suction pressure regulator for other aspects, arrangements or configurations of
the above identified features of the pressure control regulator that correspond
thereto.

Preferably, in a fourth aspect, there is featured a drainage device
according to the present invention for draining gases and/or liquids from a body
cavity including at least two chambers, a suction pressure regulation chamber
and a collection chamber that are fluidly interconnected. The collection chamber
includes a port that is in fluid communication with the area or region to be
drained.

Preferably, the pressure regulation chamber is fluidly coupled to a source
of pressurized gas, such as the atmosphere, and fluidly coupled to a suction
source. The pressure regulation chamber also includes a suction pressure
requlator device as described above that selectively adjusts the negative
pressure or degree of vacuum being developed within the collection chamber
and maintains the negative pressure or degree of vacuum being applied at or
about a selected value.

Preferably, more specifically the at least one inlet aperture of the suction
pressure regulator is fluidly coupled to the pressurized gas source, the at least
one outlet aperture, along with the housing portion in fluild communication with
the second compartment, is fluidly coupled to the suction source. The biasing
mechanism urges a portion of the sealing member against the housing inner
sUrface proximal and about th.e at least one Inlet aperture to form a seal
between the at least one inlet aperture and the at least one outlet aperture,
when the pressure in the housing second compartment is at or below a

predetermined suction pressure value. Also, when the pressure in the second

9
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compartment is above or greater than the predetermined suction pressure value
(I. e., more negative), the biasing mechanism is configured so as to allow the
sealing member to move away from the housing inner surface so as to put each
of the at least one inlet aperture in fluid communication with each of the at least
one outlet aperture. Whereby the pressurized gas source or the atmosphere is
put into fluild communication with the suction source so as to maintain the
negative pressure being developed within the collection chamber at the desired
value.

Preferably, in a fifth aspect, the drainage device according to the present
invention includes a patient seal, being interposed between the pressure
regulation chamber and the collection chamber, and a venting or flow path
arrangement that is interposed between the collection chamber and the patient
seal. The flow path is arranged to prevent fluids accumulating in the collection
chamber from being communicated upstream to other parts of the drainage
device in the event that the device falls onto its front side or its backside.

In preferable embodiments, the venting arrangement includes an
intermediate chamber positioned proximate the backside of the drainage device
and at least two flow passages. One flow passage fluidly couples the
intermediate chamber and the collection chamber and another flow passage
fluidly couples the intermediate chamber to the flow path going to the patient
seal. In a preferred embodiment, two spaced flow passages fluidly couple the
intermediate chambers and the collection chamber. These flow passages are
also arranged so each is in a front-to-back type of relationship or to be
essentially perpendicular to the front surface of the device.

Preferably, in a sixth aspect, the patient seal of the drainage device of the
present invention is configured so as to be either a wet or a dry patient seal.
When configured as a wet patient seal, the drainage device further includes a
third chamber, one end of which being fluidly coupled to the pressure regulation
chamber and another end of which being fluidly coupled to the collection
chamber. The third chamber is configured so as to include a sufficient quantity

Of fluid and to provide an adequate fluid level so that a fluid seal is formed and

9a
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maintained at least when the suction pressure being developed in the collection
chamber is at or below the desired value.

Preferably, when configured as a dry patient seal, the drainage device
further includes a one-way valve such as a high precision flapper type check
valve. Such a valve preferably is configured so as to open at relatively low
differential pressures and functions independent of any fluid collected In the

collection chamber. In a particular embodiment, the check valve opens at a
pressure differential of about 0.5 cm of H20.

Other aspects and embodiments of the invention are discussed below.
10 BRIEF DESCRIPTION OF THE DRAWING

For a fuller understanding of the nature and desired objects of the present
iInvention, reference is made to the following detailed description taken in
conjunction with the accompanying drawing figures wherein like reference

characters denote corresponding parts throughout the several views and
wherein:

9b
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FIG. 1 1s an axonometric schematic view of one drainage device according to the

present invention;

FIG. 2 1s a cross-sectional front view of the drainage device of FIG. 1 showing a

rolling seal suction pressure regulator according to the present invention with the front panel

removed for clanty;

FIG. 3A 1s a partial cross-sectional front view of the drainage device of FIG. 2 with

major portions thereof removed for clarity;
FIG. 3B 1s a partial cross-sectional view of the drainage device of FIG. 2 with the
rolling seal suction pressure regulator shown 1n cross-section;

FIG. 4A 1s a cross-sectional view of the rolling seal suction pressure regulator when 1n

the closed position;

FIG. 4B 1s a cross-sectional view of a rolling seal suction regulator when 1n the open
position;

FIG. 5 1s an exploded view of the rolling seal suction pressure regulator of FIGS. 2-4;

FIG. 6 1s a partial cross-sectional front view of a drainage device with major portions
thereof removed showing 1n cross-section a rolling seal suction pressure regulator according

to an alternate embodiment of the present invention,;

FIG. 7 1s a cross-sectional front view of another drainage device according to the

present invention with the front panel thereof removed for clanty;

FIG. 8 1s an elevation view taken along line 8-8 of FIG. 2 with the front panel on the

body portion;

FIG. 9 1s an elevation view of the back of the device with the intermediate chamber

cover removed for clarity; and

FIG. 10 1s a cross-sectional elevation view of the intermediate chamber, taken along

section line 10-10 of FIG. 9, with the chamber cover on but the angled members excluded for

clarity.

DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring now to the various figures of the drawing wherein like reference characters

refer to like parts, there 1s shown 1in FIGS. 1-2 a drainage device 10 that can be used to drain
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gases and liquids from the body cavity of a medical patient (not shown). In one

arrangement, the drainage device is hung from a support, such as the side rail 2
of a hospital bed, by means of two hangers 200 rotatably attached to the sides
18 of the device housing 12. The drainage device housing 12 also is formed so
the device 10 can be self-supporting or self-standing, however, it is within the
scope of the present invention for the device housing to be configured with a
floor stand (e. 9., see FIG. 7) to further improve the device's overturning
moment. For further details of the construction, materials and operational
characteristics of the drainage device 10, excluding the rolling seal suction
pressure regulator 300 of the present invention, reference should be made to
U.S. patent No. 5,989,234.

In use, the drain line 6 from the patient is connected to the patient port 26
of the device housing 12 and the patient's thoracic catheter. Also, the suction
line 4 is interconnected to the source of negative pressure, the suction source,
and to the suction port 24. The suction and patient ports 24,26 are located in the
device housing 12 so the suction port is in fluid communication with the suction
pressure regulation chamber 46 of the device 10 and so the patient port 26 is in
fluid communication with the collection chamber 50.

The device housing 12 is a unitary housing formed from two portions, a
rear or body portion 14a and a front panel 14b. The body portion 14a is molded
preferably using a light colored opaque plastic material and is constructed with a
number of walls, posts and other like structures which generally extend to the
front panel 14b so as to define a plurality of chambers, ribs, compartments and
support elements. The front panel 14b is formed from a transparent sheet of
plastic material having a substantially uniform thickness.

As illustrated more clearly in FIG. 1, a graphic mask is typically printed on
the front panel 14b and includes a plurality of windows, status indicators, and
calibration or measuring indicia, as well as other information provided for the
user. Alternatively, a label or mask may be applied using any of a number of
techniques known to those skilled in the art. Among the so-called windows

defined by the mask, are a suction status window 38, an air leak meter window
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40 and a negative pressure indicator window 42 that are aligned over the

corresponding chamber or compartment of the device 10. Also provided are a

plurality of
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windows 44a-c, where a window is aligned with each compartment 116a-c of the collection
chamber 50.

In addition to defining windows, the mask also includes opaque regions that cover
large regions of the front panel. Preferably selected areas of the opaque regions include the
indicia provided for calibration or measuring activities. For example, indicia representative

of the desired suction pressure to be applied are provided proximate the dry suction control

knob 36.

The walls, ribs and partitions internal to the device housing 12, as indicated above, are
arranged so as to define three internal chambers; a suction pressure regulation chamber 406, an
air leak meter chamber 48 and a collection chamber 50. As shown in FIG. 2 and also 1n
FIGS. 3A,B, the suction pressure regulation chamber 46 includes a number of walls and
partitions that define a first compartment 56 and a second compartment 58. The upper end of
the first compartment 56 has an opening 22 which communicates with the atmosphere and the
second compartment 58 is fluidly coupled to the suction port 24.

Referring now also to FIGS. 4A,B and 5, there are shown cross-sectional views and
an exploded view respectively of a rolling seal suction pressure regulator 300 according to a
first aspect of the present invention. The rolling seal suction pressure regulator 300 1s
configured or arranged to control or modulate the suction pressure that 1s being applied within
the rolling seal suction pressure regulator and the suction pressure or degree of vacuum being
developed within the drainage device 10. FIG. 4A is illustrative of a rolling seal suction
pressure regulator 300 in the closed position and FIG. 4B 1s illustrative of a rolling seal
suction pressure regulator in the open position.

The rolling seal suction pressure regulator 300 includes a top cap 320, a flexible
member 330, a poppet 340, a bottom cap 350 and a plug 360. When assembled, the top cap
320, the flexible member 330, the poppet 340 and the bottom cap 350 cooperate so as to
subdivide the interior volume of the rolling seal suction pressure regulator into a first or upper
interior chamber 312 and a second or lower interior chamber 314.

In an exemplary embodiment, the top cap 320 and bottom cap 350 are generally

cylindrically shaped members, however, it is within the scope of the present invention for the

top and bottom caps to have any geometric shape.
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The rolling seal pressure regulator 300 is disposed in the second
compartment 58 of the drainage device 10 and is fluidly interconnected to the
first compartment 56. The rolling seal suction pressure regulator 300 also is
secured within the second compartment 58 such that the poppet 340 or valve
within the rolling seal suction pressure regulator 300 is biased into a closed
position by means of a coil spring 66 attached to an end 344 (e. g., hooked end)
of the poppet. The coil spring 66 also is secured to one end of a rod 68 whose
other end is positioned within a rotatable joint annular collar 70 or coupling that
IS secured to the housing top 16. The annular collar 70 also includes a key way
ridge that is received within a groove along the upper end of the rod 68. In this
way, the rod 68 can be rotated together with the collar 70 and simultaneously
advanced upwardly or downwardly so as to change the tension in the coil spring
66 that provides the amount of force for seating or sealingly engaging the
seating ends 342 of the poppet 340 against the inner seating surface 328 of the
top cap 320.

Such tension also corresponds to the amount of suction to be imposed in
the collection chamber 50 of the drainage device 10 and likewise in the patient's
pleural cavity. As provided in more detail in U.S. patent Nos. 4,784 462 and
5,707,734 selective tensioning of the coil spring 66 provides a mechanism by
which the drainage device 10 can be configured so a plurality of predetermined,
preset suction pressure values are selectable by the user. More particularly, by
rotating the dry suction control knob 36 to one of the indicia representative of a
desired suction pressure causes the tension in the coil spring 66 and the seating
forces developed thereby to be adjusted so the desired suction pressure or
degree of vacuum is imposed in the collection chamber.

When the suction pressure or degree of vacuum within the drainage
device exceeds the selected or desired suction pressure value, the seating
forces developed by the coil spring 66 are overcome and the poppet 340 is
moved such that the rolling seal suction pressure regulator 300 is put into the
open position or configuratiori. For further specific details as to the construction
and/or operation of the spring biasing means hereinabove described reference
should be made to U.S. Pat. Nos. 4,715,855; 4,889,531; 4,784 ,462; 5,707,734;
5,026,358; 5,300,050; and 5,507,734.
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The top cap 320 is configured so as to have an input aperture 322, a plurality of output
apertures 324, an end connector 326, and an inner seating surface 328. The mput aperture
322 is disposed in an end of the top cap 320 and communicates with a portion of the upper
interior chamber 312 and the first compartment 56. Although a single aperture 1s 1llustrated,
it is within the scope of the present invention for the top cap 320 to be configured or arranged
so as to provide a plurality, more specifically a multiplicity, of input apertures, the number
and size of each being set or established so as to provide a predetermined and desired tlow
arca. Because the input aperture(s) 322 is in fluid communication with the first compartment
56, the input aperture(s) also is fluidly coupled via the opening 22 with the atmosphere.

The plurality of output apertures 324 are arranged about the circumference of the side
of the top cap 320 proximate the top cap end and so each output aperture communicates with
another portion of the upper interior chamber 312. Each of the plurality ot output apertures
324 also are fluidly coupled to the second compartment 58 and thus to the suction source.
The number and size of output apertures 324 are set or established so as to provide another
predetermined and desired tlow area.

The bottom cap 350 includes an end connector 352 and an input port 354 1n which 1s
sealingly disposed the plug 360. The end connector 352 1s generally configured so as to have
a shape or arrangement that complements the top cap end connector 326. In an illustrative
embodiment, the bottom cap end connector 352 includes a notched end in which 1s received
the top cap end connector 326. It is within the scope of the present invention, however, for
the top and bottom cap end connector 326,352 to be configured with any end connection
detail known to those skilled in the art by which the top and bottom caps 320,350 can be
secured together in combination with the flexible member distal end portion 332 so as to form
an integral structure and a pressure boundary.

The flexible member 330 includes a distal end portion 332, a skiart portion 334 and a
flexible portion 336 that interconnects the end portion and the skirt portion. The flexible
member skirt portion 334 is configured so as to be generally complementary of the shape of a
portion of the outer surface of the poppet 340. Additionally, the inner diameter or cross-
section of the flexible member skirt portion 334 1s generally established so the skirt portion

remains in mechanical and sealing engagement with the poppet outer surface during normal
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motion of the poppet as hereinafter described responsive to changes in suction pressure in the
lower interior chamber 314. In a more specific example, a press fit 1s established between
this portion of the outer surface of the poppet 340 and the skirt portion 334. It also 1s within
the scope of the present invention for the skirt portion 334 to be mechanically secured to the
outer surface of the poppet 340 using any of a number of techniques known to those skilled in
the art such as securing by means of adhesives, vibration welding or RF welding.

The flexible member distal end portion 332 1s configured and has a sufficient
flexibility so that 1t will conform to the shape and configuration of the assembled top cap and
bottom cap end connectors 326,352. Preferably, the distal end portion 332 also 1s configured
so that the distal end portion in combination with the flexible portion 336 allows the poppet
340 to move freely with respect to the top and bottom caps 320,350 and without imposing a
force that acts on the moving poppet.

In an illustrative embodiment, the distal end portion 332 1s in the form of a flexible
cylindrical member that 1s folded around the top cap end connector 326 so as to be 1n a
generally “U” shape as more clearly shown in FIGS. 4A,B. The bottom cap end connector
352 1s then mated to the top cap end connector 326 so as to sealingly and mechanically trap
the distal end portion 332 of the flexible member 330 therebetween. It also 1s within the
scope of the present invention for that part of the distal end portion 332 that is folded back
upon the on the outside surface of the top cap 320 to be relocated so as to be folded upon the
outside surface of the bottom cap 350 so the distal end portion 332 1s 1n a “S” shape form.

Preferably, the diameter of the cylindrically shaped distal end portion 1s set or
established so that it 1s smaller than the outside diameter of either the top cap 320 or the
bottom cap 350. In this way, the flexibility of the distal end portion 332 mechanically and
elastically secures the distal end portion about the outside surface of the top or bottom caps

320, 352 as 1llustrated in FIGS. 4A,B.
In this way, the flexible member 330 by means of its sealing engagement with the

poppet 340 and the top and bottom caps 320,350 subdivides the interior volume of the rolling

seal suction pressure regulator 300 so as to define the upper interior chamber 312 and the

lower interior chamber 314. As shown in FIGS. 4A,B, the upper interior chamber 312 can be

turther divided by means of the poppet 340 depending upon the operable position of the
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rolling seal suction pressure regulator 300 so as to effectively 1solate the top cap input

aperture(s) 322 from the top cap output apertures 324.

When the rolling seal suction pressure regulator 300 1s in the closed position, as
illustrated in FIG. 4A, the seating ends 342 of the poppet 340 are put into sealing engagement
with the inner seating surface 328 of the top cap 320. This generally corresponds to the case
where the suction pressure applied within the collection chamber 50 is at or below (1.e., less
negative) the desired suction pressure. In this arrangement, the upper interior chamber 312 1s
further subdivided by the poppet 340 so the top cap input aperture(s) 322 is 1solated fluidly
from each of the top cap output apertures 324.

Conversely, when the rolling seal suction pressure regulator 300 1s put 1n the open
position, as illustrated in FIG. 4B, the seating ends 342 of the poppet 340 move away from
the inner seating surface 328 of the top cap 320. This generally corresponds to the case
where the suction pressure being imposed is greater than the desired suction pressure (1.€.,
pressure is more negative). Concurrently, the flexible portion 336 automatically reconfigures
itself (e.g., rolls) responsive to this motion of the poppet 340 so as to maintain the pressure
boundary between the upper and lower interior chambers 312,314.

The flexible portion 366 rolls or reconfigures itself without imposing a force or drag
on the motion of the poppet 340 while maintaining the integnty of the pressure boundary
described above. More particularly, the flexible portion 366 rolls or re-configures itself
essentially without imposing a changing force, that 1s without imposing a force that would
change as a function of the position and/ or direction of motion of the poppet 340 as the
poppet moves with respect to the inner seating surface 328. In other words, the tlexible
portion 366 allows the poppet to move with respect to the top cap seating surface 328 without
frictional losses or without imposing a spring rate. In this way, motion of the poppet 340 1s

not dampened by the flexible member 340.

When the rolling seal suction pressure regulator 300 1s put into the open position the
upper interior chamber 312 1s no longer subdivided and the top cap input aperture 322 1s
fluidly coupled with each of the top cap output apertures 324. Thus, atmospheric air 1s
admitted into the second compartment 58 via the fluidly coupled top cap mput and output

apertures 322,324 so as to reduce the suction pressure or degree of vacuum being developed
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within the drainage device 10 and more specifically the collection chamber 50 thereof. As
indicated above, the selectively pre-tensioned coil spring 66 provides a means by which the
poppet 340 is placed into sealing engagement with the top cap inner seating surface 328 or
moved away therefrom when the actual suction pressure exceeds the selected or desired
suction pressure.

The plug 360 is sealingly disposed in the bottom cap input port 354 so a first end 362
of the plug is in fluid communication with the lower interior chamber 314 and a second end
364 of the plug is fluidly coupled to the suction port 24 and collection chamber 50 for the
drainage device 10. In an illustrative embodiment, the plug second end 364 is configured
with a shoulder that engages and rests against an end surface of the bottom cap input port
354. In this way, a user can easily determine that the plug as been properly inserted and such
a configuration also provides additional assurances that the plug 360 1s not drawn 1nto the
lower interior chamber 314.

In a preferred embodiment, the plug 360 is made of a porous material whose porosity
is established so as to modulate or control the suction pressure changes being developed 1n
the lower interior chamber 314, as well as to impede flow to or from the lower interior
chamber, responsive to suction pressure changes developed within the drainage device 10.
More particularly, the plug material has a porosity such that certain types of suction pressure
changes (hereinafter “first type of suction pressure changes”) occurring within the drainage
device do not result in a change 1n the suction pressure in the lower interior chamber 314
while other types of suction pressure changes (hereinafter “second type of suction pressure

changes”) cause a change in the suction pressure developed within the lower interior

chamber.

In this way, only the second type of suction pressure changes are those which oppose
the seating forces developed by the pre-tensioned coil spring 66. If the second type of suction

pressure changes overcome the seating forces developed by the coil spring, then the poppet
340 1s opened so air can be admitted through the rolling seal suction pressure regulator 300 to

the second compartment 58 as illustrated schematically in FIG. 2 and FIG. 4B and described

above.
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The first type of suction pressure changes, however, do not impose a force that can
oppose the seating forces because they do not cause a change 1n the suction pressure 1n the
lower interior chamber 314. As a result, the rolling seal suction pressure regulator 300 does
not change its operable position responsive to first type of suction pressure changes. In other
words if the suction pressure regulator 300 1s 1n the closed position 1t remains 1n the closed
position and if it 1s in the open position then the poppet 340 remains in the open position, but
the poppet 1s not modulated or stroked by the suction pressure changes.

Thus, the material comprising the plug 360 effectively isolates or filters out certain
types of drainage device suction pressure changes, namely the first type of suction pressure
changes, while allowing the suction pressure changes of the second type to act on the poppet
340. As provided above, if the suction pressure changes of the second type exceed a desired
value, then the poppet 340 1s moved responsive to this change so atmospheric air 1s
communicated to the second compartment 58 so as to reduce the suction pressure being
developed within the device and collection chamber thereof.

In a more specific embodiment, the porosity of the material comprising the plug 360
1s established to impede flow to or from the lower interior chamber 314, and thus impede
suction pressure changes therein that would result from high frequency suction pressure
changes within the drainage device 10 (1.e., the second type of suction pressure changes). In
the present invention high frequency shall be understood to mean suction pressure changes
that would occur with a frequency greater than that of naturally occurring physiological
changes and environmental changes. In an exemplary 1llustrative embodiment, high
frequency includes suction pressure changes having a frequency of about 60Hz or more and
more specifically a frequency of about 40Hz or more. The characteristics of the plug
material, however, are such that low frequency suction pressure changes within the drainage
device (1.e., first type of suction pressure changes), including those resulting from
physiological changes of the patient, can cause flow 1nto or out of the lower interior chamber
314 and thus lead to a suction pressure change to be developed therein.

The characteristics of the plug 360 are such as to make it act as a mechanical low pass
filter so as to cutoff suction pressure changes that would otherwise cause an unfiltered poppet

340 to move rapidly or vibrate, for example to move rapidly between the open and closed
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positions. This configuration thus advantageously dampens the high frequency vibratory
motion that could lead to unwanted noise from the drainage device while providing a
drainage device that can compensate or accommodate a response to suction pressure changes
to normal clinical events. Thus, the plug material advantageously allows a fairly constant
suction pressure or degree of vacuum to be maintained in the suction side of the drainage
device while avoiding rapid cycling of the poppet 340. Additionally, rapid cycling of the
poppet 340 or valve member of the rolling seal suction pressure regulator can be attenuated or
eliminated without the need of a dampening device such as a dashpot that directly dampens
the motion of the valve member as is required in prior art suction pressure regulators referred

to above.

In an exemplary embodiment, the plug 360 is made from thermoplastics such as
polyethylene, more particularly, a high density polyethylene porous plastic material
manufactured by Porex Technologies Corp. In more specific embodiments, the average pore
sizes of a plug 360 made from such a high density polyethylene porous plastic material are 1n
the range of from about 40 to about 80 microns and in a more particular embodiment has an
average pore size of about 60 microns. It is within the scope of the present invention for the
plug 360 to be constructed from any of a number of available porous materials known to
those skilled in the art such as metals and ceramics. For such other materials the porosity 1s
such as to attain the effect on flow impediment as described herein.

It is also within the scope of the present invention for the plug 360 to comprise other
means for impeding the flow to and from the lower interior chamber 314. In one case a plug
according to an alternative embodiment comprises a solid material such as plastic, metal,
artificially or naturally occurring gemstones or ceramics in which a hole of a predetermined
diameter is drilled therethrough for example by means of a laser. For example, a sapphire
that is laser drilled sometimes referred to as a jeweled orifice. In such cases one end of the
through hole is in fluid communication with the second compartment 58 and the other end of
the through hole communicates with the lower interior chamber 314. The diameter of the
through hole is set or established so as to effect an impediment to flow as herein described.

Alternatively, the mechanism for impeding flow can comprise a tortuous flow path

such as for example a coiled tubular member of a given length and inner diameter one end of
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which communicates with the second compartment 58 and the other end communicates with
the lower interior chamber 314. In this case, the length and inner diameter are set or
established so as to effect the flow impediment as described herein. The foregoing is not an
exhaustive listing or description of every means known for impeding flow and thus it 1s
within the scope of the present invention to adapt the above described rolling seal suction
pressure regulator to utilize any such other means for effecting a flow impediment and thus
regulation and control over the pressure being developed in the lower interior chamber 314.
This includes, for example, configuring or arranging a portion of the bottom cap 350 that 1s 1n
fluid communication with the lower interior chamber 314 to include a means or mechanism
for impeding flow to or from the lower interior chamber.

There is shown in FIG. 6, a partial cross-sectional front view of a drainage device
similar to that shown in FIG. 2 with major portions thereof removed for clarity and including
a rolling seal suction pressure regulator 300a according to an alternate embodiment. For this
embodiment, the poppet 340 is biased into the closed position by means of a spring 370 that
is disposed within the lower interior chamber 314 and between a lower surface of the poppet
340 and a portion of the interior surface of the bottom cap 350. The spring 370, preferably, 1s
pre-compressed to a value corresponding to the predetermined pressure value. Thus, when
the suction pressure being developed within the lower interior chamber 314 1s at or below
(i.e., less negative suction pressure) the desired suction pressure, the spring 370 causes the
poppet seating ends 342 to sealingly engage the top cap inner seating surfaces 328.

Conversely, when the suction pressure developed within the lower interior chamber
314 is greater (i.e., more negative) than the desired suction pressure, the spring forces are
overcome and the spring 370 is compressed, thus allowing the poppet seating ends 342 to be
moved away from the interior seating surface 328. As a result the rolling seal suction
pressure regulator 300a is put into the open position or condition. As to the other components
comprising the rolling seal suction pressure regulator 300a of the alternate embodiment,
reference shall be made to the above discussion regarding FIGS. 4-5 for the corresponding
components.

In the foregoing, there is described a rolling seal suction pressure regulator 300,300a

according to the present invention used in connection with a drainage device that has a
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waterless suction pressure regulation means and a dry or waterless patient seal
such as the PLEUR-EVAC Sahara S-1100 series made by Genzyeme Surgical
Products and including those systems and/or devices described and disclosed in
U.S. Patent Nos. 4,738,671; 4,715,856; 4,554,370; and 4,747,844 and
5,989,234. It is within the scope of the present invention, for either embodiment
of the rolling seal suction pressure regulator 300,300a of the present invention to
be used in connection with any of a number of systems or devices known to
those skilled In the art that employ a waterless suction pressure regulation
means. This includes a device and system such as the PLEUR-EVAC A-6000
series Adult/Pediatric Chest Drainage and Autotransfusion Systems made by
Genzyeme Surgical Products and including those systems and/or devices
described and disclosed in U.S. patent Nos. 4,695,060; 4,105,031; 4,784,642;
4,756,501; 4,443,220; 4,955,873; 4,955,374, and 4,889,531.

Referring now to FIG. 7, there is shown a cross-sectional front view of
another drainage device 10c according to the present invention that includes a
coliection chamber 50c, a seal chamber 48c, and a suction pressure regulation
chamber 46 that includes a rolling seal suction pressure regulator 300.
Reference should be made to the forgoing discussion for FIGS. 1-5 for details
and operational characteristics of the rolling seal suction pressure requlator 300,
the suction pressure regulation chamber 46 and the collection chamber 50c¢. The
drainage device 10c also more particularly includes a floor stand 380 that is
rotatably secured to the main body of the device so the device is self-supporting
when put on a flat surface such as a floor.

The seal chamber 48c, as with the above described drainage device 10,

Includes an air leak/flow meter 88. The air leak/flow meter 88 is located in an
enlarged cavity at the lower end of the seal chamber 48c to measure the amount
of gas or air passing through the collection chamber 50c to the suction source
as well as providing an indication of air leaks between the body cavity and the
meter. The seal chamber 48c also is configured so as to include a sufficient
quantity of a fluid and to provide an adequate fluid level so the seal chamber 48¢
also constitutes a patient seal. More specific reference should be made to U.S.
patent No. 4,784,642 for further details
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as to such a seal chamber. As such, with this drainage device 10c, the seal chamber 48c 1s
provided to prevent the passage of atmospheric air into the collection chamber 50c.

In the foregoing, the pressure regulator of either embodiment 1s described with the
preferred use of controlling the suction pressure being developed within a drainage device. It
is within the scope of the present invention, however, for such a pressure regulator to be
utilized to control the pressure of a gas being developed within an apparatus, device or system
(e.g., piping system) including positive as well as negative pressures. In such an application,
the at least one inlet aperture 322 is fluidly coupled to a first gas source at a first pressure and

the at least one outlet aperture 324 and the plug 360 are fluidly coupled to a second gas

source at a second pressure. As with the regulator embodiments described hereinabove, when
the pressure developed within the lower interior chamber 314 is in the desired range of
values, for example is less negative, then the sealing member 1s maintained in the closed
position and if the developed pressure is not within the desired range of values (e.g., more
negative) then the sealing member is moved to the open position so the second and first gas
sources are fluidly coupled so as to maintain the pressure at or about the desired value.

In addition to the rolling seal suction pressure regulator 300, 300a, either of the
drainage devices 10, 10c described herein also can be configured so as to include a unique
ventpath arrangement according to another aspect of the present invention. Such a ventpath
arrangement is advantageous in that it is particularly configured so as to provide protection
from device cross-contamination when the drainage device 1s inadvertently knocked over and
lying on its front or back surface.

For purposes of illustration, this unique ventpath arrangement shall be described with
reference to the drainage device as shown in FIG. 2 and also with reference to FIGS. 8-10.
The drainage device 10 preferably includes a vent path arrangement that fluidly couples the
air leak meter chamber 48 and correspondingly the suction pressure regulation chamber 46 to
the collection chamber 50 in a manner that provides protection from cross-contamination
when the drainage device is either on its back surface 17 or on the front panel 14b.
Preferably, the vent path arrangement includes an intermediate chamber 100 and three

passages 102,103,104 that are fluidly coupled thereto. As shown in FIG. 10 the intermediate
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chamber 100 is sealed with a cover member 101 to prevent the influx of air into the collection
chamber 50.

One passage, the first passage 102 fluidly couples the air leak meter chamber 48 with
the intermediate chamber 100 and the second and third passages 103,104 fluidly couple the
intermediate chamber and the collection chamber 50. These three passages 102,103,104 are
arranged so the passages generally extend in a front to back relationship and 1n a more
specific example, are arranged so as to be essentially perpendicular to the surface or plane of
the front panel 14b.

As shown in FIG. 2 and FIG. 9, the three sides for each of these three passages
102,103,104 extend and are sealed to the front panel 14b and the fourth side 110a,110b,110c,
respectively of the first, second and third passages are stepped walls spaced from the tront
panel 14b, so as to form a through opening 112a,112b,112¢ for each passage. The openings
112b,112c¢ in the second and third passages 103,104 create a flow path for the gases flowing
out of the collection chamber 50 to the suction source via the intermediate chamber 100. The

primary vent pathway from the collection chamber 50 1s the third passage 104 and the

secondary vent pathway 1s the second passage 103.

During normal operating conditions, the level of fluid 1n the collection chamber 50
lies well below the openings 112b,112c¢ in the second and third passages 103,104. However,
if the drainage device 10 is inadvertently knocked onto its back surface 17, then the level of
the liquid in the collection chamber will re-adjust. As such, the fourth sides 110b,110c of the
second and third passages 103,104 also are spaced a preset distance from the front panel 14b

so the level of the liquid in the collection chamber 50 should lie below the openings

112b,112c when the device 1s on its back surface.

If the drainage device 10 is inadvertently knocked onto the front panel 14b, the liquid
level in the collection chamber also will re-adjust but the openings 112b,112¢ 1n the second
and third passages 103,104 could be submerged below the liquid level. As such, a liquid
level will rise within the second and third passages 103,104 as the level re-adjusts within the
collection chamber 50. The liquid level within the second and third passages 103,104 will
continue to rise until the liquid from the passages spills over into the intermediate chamber

100 or until the level becomes stabilized in the collection chamber 50. As 1llustrated in FIGS.
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9-10, the intermediate chamber 100 includes a stepped opening 106 so an overflow condition
does not immediately result in cross-contamination or cross communication with the first
passage 102 and the chamber 48 fluidly connected thereto.

Although FIGS. 8-10 illustrate the two flat surfaces on either side of the partitions 107
as being spaced differently from the cover member 101, this is not a limitation. In an
alternate embodiment, the two flat surfaces are equally spaced from the cover member 101
and a stepped wall or partition is provided to establish the intermediate chamber stepped
opening 106, e.g., see the stepped partition 114 in the collection chamber 50. It is also within
the scope of the instant invention for the two flat surfaces to be equally spaced from the cover
member 101 and there be no stepped opening therebetween, but rather just an opening. In
this case, the lengths of the second passage 103 and the third passage 104 are selected so the
liquid rising in these passages when the device 10 is on its front panel 14b does not spill over
into the intermediate chamber 100. ‘

When the drainage device 10 is uprighted, any liquid in the third passage 104, flows
into the intermediate chamber 100 and then this liquid, any liquid in the intermediate chamber
and any liquid in the second passage 103 flows back into the collection chamber 50 via the
second passage. The intermediate chamber also includes two angled members 108a,108b that
direct the liquid flowing in the intermediate chamber 100 to the second passage 103 and away
from the first passage 102. For example, one of the angled members, member 108a, 1s angled

so the liquid exiting the third passage 104, impinges on the angled member and 1s directed

outwardly away from the first passage 102.

As indicated above, three sides of the first passage 102 extend and are sealed to the
front panel 14b and the fourth side 110a is spaced therefrom to create an opening 112a or
flow path for the gases passing through the collection chamber 50. The first passage fourth
side 110a also is spaced from the front panel so the fluid, if any, 1n the air leak meter chamber
48 is not communicated to the collection chamber 50 if the drainage device 10 inadvertently
falls on its back surface 17. In addition, the small arm of the air leakage chamber 48 1s
configured so as to retain the fluid volume therein. As with the second and third passages
103,104, the opening 112a formed in the end of the first passage 102 could be submerged

below the fluid level if the device 10 falls onto its face panel 14b. However, the volume of
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the small arm in conjunction with the volume of the first passage 102 is established so the
fluid volume used for leak detection and monitoring does not spill over and mix with the
fluids 1n the collection chamber 50.

The drainage device also includes a high negativity relief valve 30, an automatic high
negative pressure relief valve 34, a resealable grommet 32, a positive pressure relietf valve 28,
a float member 76, a negative pressure indicator 80 and an air flow meter 88. The high
negativity relief valve 30 is disposed in the housing top 16 and is in fluid communication with
the collection chamber 50. The high negativity relief valve 30 includes a button actuated
valve which, when depressed, allows filtered air to enter the collection chamber 50. The
automatic relief valve 34 is located in the air leak meter chamber 48 and 1s arranged so 1t 1s
fluidly coupled to atmosphere through the back 17 of the housing 12. The automatic reliet
valve 34 also is configured to limit the negative pressure to a predetermined value and to
allow filtered air to enter the air leak chamber 48 when actuated.

The resealable grommet 32 is disposed in the housing top 16 and is provided so a user
can inject the required volume of a liquid into the air leak meter chamber 32. The positive
pressure relief valve 28 also is disposed in the housing top 16 and opens with increased
positive pressure in the suction pressure regulation chamber 46. The suction pressure
regulation chamber 46 also includes a visual indication to confirm the establishment of a

suction pressure condition in the collection chamber. Preferably, the visual indication 1s

supplied by the float member 76 that is slidably disposed 1n a portion of the second
compartment 58.

The negative pressure indicator 80 is located in another compartment provided 1n the
drainage device 10 and is fluidly coupled to the intermediate chamber by means of an
aperture 79. Thus, the negative pressure indicator 80 1s responsive to the pressure conditions
in the collection chamber. In this way, the indicator 80 can provide an indication that there 1s
a negative pressure condition within the collection chamber 50 that 1s visible to the user in the
negative pressure indicator window 42.

As shown in FIG. 2, a plate member having an aperture therein for receiving one end
of a one-way valve 84, extends between two plate members. The plate member 1n

conjunction with the one-way valve 84 defines a pressure boundary between the suction
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pressure regulation chamber 46 and the air leak meter chamber 48 and
correspondingly the collection chamber 50. Accordingly, and in an alternate
embodiment, a drainage device 10 can be configured with only a suction
pressure regulation chamber 46 and a collection chamber 50.

The air leak meter or air flow meter 88 is located in an enlarged cavity
provided at the lower end of the air leak meter chamber 48. The air flow meter
88 measures the amount of gas or air passing through the collection chamber
50 to the vacuum pump or vacuum source. In normal operational conditions, the
air flow meter 88 provides an indication of the amount of air or gas being
evacuated from the body cavity, e. g., pleural cavity, of the patient. The air flow
meter 88 also provides an indication of the presence of an air leak somewhere
between the body cavity and the flow meter that could be hazardous to a
patient's condition if left uncorrected.

For further details regarding the vent path arrangement, the high
negativity relief valve 30, automatic high negative pressure relief valve 34,
resealable grommet 32, positive pressure relief valve 28, float member 76,
negative pressure indicator 80, the air flow meter 88, and components and
embodiments thereof, reference shall be made to U.S. patent No. 5,989,234.

The collection chamber 50 includes two partitions 114,115 that define
three compartments 116a-c. The first compartment 116a communicates with the
drain line port 26 and receives the gas and liquid discharges from the drain line
6. Each partition 114,115 includes an aperture 118 so the gaseous discharges
are communicated via the first, second and third passages 102,103,104 to the
suction source. Each aperture 118 also provides a mechanism for directing the
liquids onto the next compartment after the upstream compartment has become
filled. Each aperture 118 also is stepped or spaced a preset distance from the
front panel 14b as a mechanism for limiting the flow of liquids between
compartments 116a, 116b, 116¢ when the drainage device 10 is on its back
surface 17.

Although a preferred embodiment of the invention has been described
using specific terms, such description is for illustrative purposes only, and it is to
be understood that changes and variations may be made without departing from
the spirit or scope of the following claims.
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WHAT IS CLAIMED |S:

1. A suction pressure regulator system for use in combination with a drainage
device (10), the combination comprising:

a collection chamber (50) for collecting fluids from a body cavity, the
collection chamber including an inlet (26) for fluid communication with the body
cavity;

a pressure regulation chamber (46) having a suction pressure regulator
(300) that regulates the degree of vacuum imposed in the collection chamber, the
suction pressure regulator (300) including a housing (320, 350) having at least one
inlet aperture (322) and at least one outlet aperture (324), where each of the at
least one inlet aperture is in fluid communication with a gas source and each of the
at least one outlet aperture is in fluid communication with a suction source;

a sealing member (340) moveably disposed within the housing;

a flexible member (330) extending between the sealing member and the
housing, wherein the flexible member forms a pressure boundary therebetween so
as to divide an interior of the housing into first and second compartments (312,
314);and

a biasing mechanism (66, 370) that is responsive to pressure within the
housing second compartment and acts on the sealing member so the sealing
member is in one of an open poSition, when the pressure within the housing second
compartment is greater than a predetermined suction pressure value, or a closed
position, when the pressure therein is at or below the predetermined suction
pressure value, the suction pressure regulator (300) is used in combination with a
drainage device (10) having a collection chamber (50) interconnected to a body
cavity and in which a degree of vacuum is developed within the drainage device by
the suction source.
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2. The combination according to claim 1, wherein the housing, further includes
a top member (320) and a bottom member (350), a portion of each of the top and

bottom members being arranged to form a connection therebetween.

3. The combination according to 2, wherein a distal end portion (332) of the
flexible member is configured so as to be securely and sealingly disposed is the

connection between the housing top and bottom members.

4. The combination according to claim 1, wherein the flexible member (330) Is

configured so it does not impose a significant force on the sealing member (340) as

the sealing member moves in response to the biasing mechanism (66, 370).

5. The combination according to claim 1, wherein the flexible member (330) is
configured so that the motion of the sealing member (340) in response to

movement of the biasing mechanism (66, 370) is substantially frictionless.

6. The combination according to claim 1, wherein the biasing mechanism Is a
spring (370) that pushes against the moveable member (340) so as to urge the

moveable member into sealing engagement with the chamber inner surface (328).

/.  The combination according to claim 6, wherein the spring (370) is
precompressed to a value corresponding to the predetermined suction pressure

value.

8. The combination according to claim 1, wherein the biasing mechanism is a
spring (66) connected to the sealing member (340) and being pre-tensioned to a

value corresponding to the desired suction pressure value.

9. The combination according to claim 1, wherein the biasing mechanism
further includes a spring (66) and a tension adjusting mechanism (36, 70) that
tensions the spring to a desired tension value and wherein the desired tension

value corresponds to one of a plurality of suction pressure values imposed on the

collection chamber (50).
28
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10. The combination according to claim 1, wherein the biasing (66, 370)
mechanism is arranged so that is the closed position a sealing portion (342) of the
sealing member (340) is urged against the housing inner surface (328) so as to
form a seal between each of the at least one inlet aperture (322) and each of the at

least one outlet aperture (324).

11. The combination according to claim 1 wherein the biasing mechanism is

arranged so that in the open position the sealing portion (342) is moved away from
the chamber inner surface (328) whereby each of the at least one inlet aperture

(322) is put into fluid communication with each of the at least one outlet aperture
(324).

12.  The combination according to claim 1, wherein:
the suction pressure regulator chamber (46) is integral with the drainage
device (10);

at least a portidn of the housing (320, 350) of the suction pressure regulator

- (300) is in fluid communication with the suction source and includes a mechanism

to restrict flow of fluid through the housing second compartment (314) such that the
pressure within the housing second compartment is changed when the flow of fluid
in either direction occurs for a time more than a predetermined period of time and
remains effectively unchanged when the flow of fluid in either direction is for a time
loss than the predetermined period of time; and

the flow restricting mechanism (360) is configured so the pressure in the

housing second compartment (314) varies is response to physiological induced
changes to the degree of vacuum within the drainage device.

13.  The combination according to claim 1, wherein:

a portion Qf the housing (320, 350) of the suction pressure regulator (300) is
in fluild communication with the suction source, includes a mechanism to restrict
flow of fluid to or from the housing second compartment such that the pressure
within the housing second compartment (314) is changed when the flow of fluid in
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either direction occurs for a time more than a predetermined period of time and
remains effectively unchanged when the flow of fluid is either direction is for a time

less than the predetermined period of time; and

the flow restricting mechanism (360) is configured so the pressure in the
pressure regulation chamber (46) varies in response to physiological induced
changes to the degree of vacuum within the collection chamber (50) of the drainage

device.

14. The combination according to claim 13, wherein the flow restricting

-~ mechanism (360) comprises one of a porous material, an orifice and a tortuous flow

path.

15. The combination according to claim 14, wherein the one of porous material,
orifice and tortuous flow path are respectively configured so that the predetermined

period of time is set so as to attenuate pressure changes in the pressure regulation

- chamber (46) that otherwise could cause rapid modulation of the sealing member

(340).

16. The combination according to claim 14, wherein the porous material is made

from a polyethylene having an average pore size selected so the predetermined
period of time is established so as to obtain the desired effect on reducing flow to or

from the pressure regulation chamber (46).

17. The combination according to claim 13, wherein the flow restricting

mechanism includes a plug member that is disposed Iin the suction pressure

regulator (300), the plug member (360) being configured to restrict flow the
pressure regulation chamber (46) such that the pressure within the pressure

regulation chamber (46) is changed when the flow of fluid in either direction
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occurs for a time more than the predetermined period of time and remains
effectively unchanged when the flow of fluid in either direction is for a time less

than the predetermined period of time.

18.  The combination according to claim 1, wherein the pressure regulation
chamber regulates the degree of vacuum imposed in the collection chamber and
the pressure regulating chamber (46) includes a first compartment (56) having
an inlet (22) for communicating with the ambient air and a second compartment
(58) being in fluid communication with the collection chamber and having an

inlet (24) for coupling to a suction source.

19.  The combination according to claim 1, further comprising a seal chamber
(48c) including a liquid therein to prevent the passage of ambient air into the
collection chamber and being disposed between the pressure regulation
chamber (46) and the collection chamber (50) so the pressure regulation
chamber (46) is fluidly coupled to the seal chamber and the collection chamber

IS fluidly coupled to the seal chamber.

20.  The combination according to claim 1, further comprising an air leak
meter chamber (48) including a liquid therein to provide a visual indication of the
passage of fluid from the collection chamber and being disposed between the

pressure regulation chamber (46) and the collection chamber (50).

21.  The combination according to claim 1, further comprising an one-way
valve (84) disposed within the drainage device (10) so the pressure regulation
chamber (46) and the collection chamber (50) are in selective fluid
communication with each other by means of the one-way valve, where is one
position the one-way valve isolates the pressure regqulation chamber and the
collection chamber from each other so gas does not flow to the collection
chamber and where, in another position, the one-way valve puts the pressure

regulation chamber and the collection chamber in fluid communication with each
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other so suction pressure from the pressure regulation chamber is applied to the

collection chamber to thereby cause the drainage of fluids from a body cavity.

22. The combination according to claim 1, further comprising a vent pathway
that fluidly couples the pressure regulation chamber and the collection chamber;

wherein the vent pathway includes an intermediate chamber (100) and at
least first and second passages (102, 103, 104), each passage being Iin fluid
communication with the interior of the intermediate chamber;

wherein an opening is provided in the first passage (102), distal from the
intermediate chamber, to fluidly couple the first passage and the pressure
regulation chamber, wherein an opening is provided in the second passage
(103), distal from the intermediate chamber, to qu'idly couple the second
passage and the collection chamber; and

wherein the first passage and the second passage are arranged so the
first and second passages traverse between the respective passage opening

and the intermediate chamber in a generally front to back direction.

23. The apparatus for draining bodily fluid according to claim 22, wherein the
first passage and the second passage are arranged so an axis of the fast
passage and an axis of the second passage are each at an angle with respect to

a front surface of the apparatus.
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