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HYPOBARIC CHAMBER TREATMENT
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of U.S.
patent application Ser. No. 11/132,549, filed on May 19,
2005, which claims the benefit of U.S. provisional application
No. 60/573,653, filed on May 21, 2004. Both applications are
hereby incorporated in their entirety by reference herein.

BACKGROUND OF THE INVENTION

[0002] The present invention generally relates to adminis-
tration of reduced pressure to objects or portions of objects
that require the application of reduced pressure as a part of
treatment of such objects or portions of objects. For example,
in some embodiments, the present invention comprises an
improved apparatus and method for treating wounds and
other infirmities and conditions on a portion of a patient’s
body by applying reduced pressure to the portion of the body
for which treatment is desired. In this context, the terms
“wound,” “infirmity,” “condition” and “body” are to be inter-
preted broadly, to include any body part of a patient that may
be treated using reduced pressure. As another example, in
other embodiments, the present invention comprises an
improved apparatus and method for reduced pressure treat-
ment related to industrial-type processes, such as degassing
materials and insect control.

[0003] The treatment of open or chronic wounds that are
too large to spontaneously close or otherwise fail to heal by
means of applying reduced pressure to the site of the wound
is well known in the art. Examples of such treatment systems
are disclosed in U.S. patent application Ser. No. 10/652,100
(filed on Aug. 28, 2003), Ser. No. 11/026,733 (filed on Dec.
30, 2004), Ser. No. 11/064,813 (filed on Feb. 24, 2005), Ser.
No. 11/095,859 (filed by the present inventor with others on
Mar. 31, 2005) Ser. No. 11/098,265 (filed on Apr. 4, 2005),
and Ser. No. 11/098,203 (filed on Apr. 4, 2005), which were
filed by the present inventor with the U.S. Patent and Trade-
mark Office. The disclosures ofthese U.S. patent applications
are incorporated herein by reference.

[0004] Reduced pressure wound treatment systems cur-
rently known in the art commonly involve placing a cover that
is impermeable to liquids over the wound, using various
means to seal the cover to the tissue of the patient surrounding
the wound, and connecting a source of reduced pressure (such
as a vacuum pump) to the cover in a manner so that an area of
reduced pressure is created under the cover in the area of the
wound. There are, however, certain instances where it is
advantageous to have a wound treatment system that covers
the entire portion of the body of the patient in the area of the
wound, rather than merely the surface of the body immedi-
ately surrounding the wound. For example, certain types of
burns that are treatable by reduced pressure may require
treating a relatively large area of the patient’s body with
reduced pressure. In these cases, a device that covers the
entire portion of the body to be treated would be advanta-
geous. In addition, it is possible to treat and alleviate certain
other infirmities using reduced pressure. Such infirmities may
include lymphedema, venous insufficiency and stasis, and
varicose veins. In the case of lymphedema, the patient suffers
from an abnormal interstitial accumulation of tissue fluid.
The mechanism for this accumulation is impairment of nor-
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mal fluid uptake by the lymphatic vessels or excessive pro-
duction of'tissue fluid, which is caused by venous obstruction
that increases capillary blood pressure. Common causes of
lymphedema include neoplastic obstruction of lymphatic
flow, postoperative interference with lymphatic flow, infec-
tious blockade of lymphatics, and radiation damage to lym-
phatics. In the case of venous insufficiency and stasis, blood
circulation through the venous system is inadequate. This
condition may be caused by congestion or by failure of the
valves that regulate the flow of blood in the veins to operate
normally. In the case of varicose veins, the veins become
enlarged and dilated, which may lead to venous insufficiency
and stasis. It is well known in the art that application of
pressure to the portions of the body of the patient affected by
these infirmities may provide relief from some of the symp-
toms of the infirmities. A device that is capable of enclosing
and providing reduced pressure treatment to an entire portion
of a patient’s body affected by such infirmities would be
advantageous because it would be capable of providing this
required application of pressure.

[0005] There are devices extant in the art that may provide
this reduced pressure treatment to the entire portion of a
patient’s body. An example of this type of device is disclosed
in U.S. patent application Ser. No. 11/075,020, entitled
“Enclosure-Based Reduced Pressure Treatment System,”
which was filed by the present inventor (among others) with
the U.S. Patent and Trademark Office on Mar. 8, 2005. The
disclosure of this U.S. patent application is also incorporated
herein by reference. Such devices, however, are positioned
immediately adjacent to the tissue of the patient. In some
cases, this may cause irritation of the skin or other tissue of the
patient. In other cases, this may cause pain or discomfort for
the patient. Other devices may provide reduced pressure
treatment to the entire portion of a patient’s body without
contacting tissue in the area of the patient to be treated, but the
devices may be heavy due to the nature of their construction.
In addition, such devices may be large and unwieldy, so that
they occupy a substantial amount of space when not in use.
This may result in the devices taking up excessive amounts of
storage space. In both cases, these characteristics may also
prevent the devices from being portable. In yet other cases,
the devices may be used in circumstances where it is not
necessary to avoid contact with patient tissue, but the devices
may become contaminated by exudate aspirated from the
wound while in use.

[0006] Therefore, there is a need for a reduced pressure
treatment system capable of enclosing the entire portion of a
patient’s body to be treated for a wound or other infirmity in
a manner so that the system does not contact certain portions
of the body of the patient. This includes the case of distal
extremities, such as fingers and toes. There is also a need for
such system to evenly distribute pressure on the surface of the
portion of the body to be treated in certain instances. There is
also a need for a reduced pressure treatment system that is
lightweight. In addition, there is a need for a reduced pressure
treatment system that is collapsible, so that it may be col-
lapsed when not in use, requiring less storage space. Further,
there is a need for a reduced pressure treatment system
enclosing a portion of the body that provides for efficient
removal of any fluid aspirated from the portion of the body
being treated. There is also a need for a reduced pressure
treatment system that is relatively inexpensive, while meeting
the needs described above. Finally, there is a need for a
reduced pressure treatment system that meets all or some of
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the needs described above, but where the system may be used
in reduced pressure applications other than medical treat-
ment.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to a reduced pres-
sure treatment appliance and methods that satisfy the needs
described above. As described in greater detail below, they
have many advantages over existing reduced pressure treat-
ment apparatus and methods when used for their intended
purpose, as well as novel features that result in a new reduced
pressure treatment appliance and methods that are not antici-
pated, rendered obvious, suggested, or even implied by any of
the prior art apparatus or methods, either alone or in any
combination thereof

[0008] In accordance with the present invention, an appli-
ance is provided for treating a portion of a body by applying
reduced pressure (i.e., pressure that is below ambient atmo-
spheric pressure) to the portion of the body to be treated in a
controlled manner for a selected time period in a manner that
overcomes the disadvantages of currently existing apparatus.
For example, the application of reduced pressure to a wound
provides such benefits as faster healing, increased formation
of granulation tissue, closure of chronic open wounds, reduc-
tion of bacterial density within wounds, inhibition of burn
penetration, and enhancement of flap and graft attachment.
Wounds that have exhibited positive response to treatment by
the application of negative pressure include infected open
wounds, decubitus ulcers, dehisced incisions, partial thick-
ness burns, and various lesions to which flaps or grafts have
been attached. In addition, applying reduced pressure to por-
tions of the body affected by lymphedema, venous insuffi-
ciency and stasis, varicose veins, and other conditions pro-
vides benefits such as increasing the circulation of lymph
through the lymphatic system, increasing the circulation of
blood through the venous system, faster healing of such con-
ditions, and relief from the symptoms of such conditions.
Further, the appliance may also be used in other types of
applications requiring the administration of reduced pressure
to an object or a portion of an object.

[0009] In a first version of the present invention, an appli-
ance for administering reduced pressure treatment to an
object or a portion of an object is comprised of a flexible
chamber having an opening, a collapsible frame, sealing
means (which are described in more detail below) to seal the
opening, and reduced pressure supply means (which are also
described in more detail below). The flexible chamber is
generally sized to enclose the object or the portion of the
object to be treated and adapted to maintain reduced pressure
within the volume of the flexible chamber. The collapsible
frame supports the flexible chamber away from the object or
the portion of the object to be treated while the appliance is in
use. The sealing means (which are described in more detail
below) seal the opening so that reduced pressure may be
maintained within the volume of the flexible chamber. The
reduced pressure supply means operably connect the flexible
chamber to a reduced pressure supply source that provides a
supply of reduced pressure to the flexible chamber, so that the
volume within the flexible chamber is supplied with reduced
pressure by the reduced pressure supply source.

[0010] In this first version of the present invention, the
flexible chamber and the collapsible frame may be collapsed
to a smaller size when the appliance is not in use. In some
embodiments of this first version of the invention, the col-

Oct. 27,2011

lapsible frame is further comprised of at least one inflatable
member, wherein the at least one inflatable member is inflated
with a pressurized fluid when the appliance is in use and may
be deflated when the appliance is not in use. In these embodi-
ments, the appliance is further comprised of a pressurized
fluid supply source and pressurized fluid supply means to
operably connect the collapsible frame to the pressurized
fluid supply source, so that the at least one inflatable member
is supplied with the pressurized fluid by the pressurized-fiuid
supply source. In some embodiments, the collapsible frame is
comprised of at least two inflatable members and the at least
two inflatable members are operably connected together so
that the pressurized fluid may flow between them. In other
embodiments, the collapsible frame is comprised of a plural-
ity of rigid or semi-rigid frame members and frame member
connecting means to connect the plurality of rigid or semi-
rigid frame members together, so that the plurality of rigid or
semi-rigid frame members may be collapsed when the appli-
ance is not in use. In yet other embodiments, the flexible
chamber is comprised of a flexible or semi-flexible polymer
material.

[0011] In some embodiments of this first version of the
present invention, the appliance administers reduced pressure
treatment to a portion of a body and is comprised of a treat-
ment device, a pressurized fluid system, and a vacuum sys-
tem. In these embodiments, the treatment device is further
comprised of a flexible chamber having an opening, a col-
lapsible frame, and sealing means (described in more detail
below) to seal the opening so that reduced pressure may be
maintained within the volume of the flexible chamber. The
flexible chamber is generally sized to enclose the portion of
the body to be treated and adapted to maintain reduced pres-
sure within the volume of the flexible chamber. The collaps-
ible frame is comprised of at least one inflatable member,
wherein the at least one inflatable member is inflated with a
pressurized fluid when the appliance is in use and may be
deflated when the appliance is not in use. In these embodi-
ments, the collapsible frame supports the flexible chamber
away from the portion of the body to be treated while the
appliance is in use and the flexible chamber and the collaps-
ible frame may be collapsed to a smaller size when the appli-
ance is not in use. The pressurized fluid system is comprised
of a pressurized fluid supply source and pressurized fluid
supply means to operably connect the collapsible frame to the
pressurized fluid supply source, so that the at least one inflat-
able member of the collapsible frame is supplied with pres-
surized fluid by the pressurized fluid supply source. The
vacuum system is comprised of a reduced pressure supply
source and reduced pressure supply means to operably con-
nect the flexible chamber to the reduced pressure supply
source, so that the reduced pressure supply source provides a
supply of reduced pressure to the volume within the flexible
chamber. In some embodiments, the pressurized fluid is com-
pressed air and the pressurized fluid supply source is an air
compressor. In other embodiments, the sealing means is com-
prised of a flexible sleeve. In yet other embodiments, the
reduced pressure supply source may be comprised of a
vacuum pump and the reduced pressure supply means may be
comprised of flexible tubing. In yet other embodiments, the
vacuum source may be further comprised of a suction bulb
system, which is described in more detail below. In some
embodiments, the reduced pressure within the volume of the
flexible chamber in the area of the portion of the body to be
treated is in the range from approximately 20 mm of Hg
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below atmospheric pressure to approximately 125 mm of Hg
below atmospheric pressure. In other embodiments, the
reduced pressure may be applied in a cyclic nature, the cyclic
nature providing alternating time periods of application of
reduced pressure and without application of reduced pres-
sure. In still other embodiments, the treatment device further
comprises a treatment port operably attached to the flexible
chamber. The treatment port permits fluids and other instru-
mentalities to be introduced into the volume within the flex-
ible chamber. In further embodiments, the treatment device
further comprises a forced entry treatment system operably
connected to the flexible chamber for introducing ancillary
fluids into the volume within the flexible chamber.

[0012] In other embodiments of this first version of the
invention, the appliance administers reduced pressure treat-
ment to a portion of a body and is comprised of a treatment
device, which is also comprised of flexible chamber and
collapsible frame substantially the same as described above.
The appliance also comprises a vacuum system, which is
substantially the same as described above, and a drainage
system, which is described in more detail below. The drainage
system is operably disposed between the flexible chamber
and the portion of the body to be treated. In some of these
embodiments, the drainage system further comprises an over-
lay, which is sized to be placed over and enclose a part of the
portion of the body to be treated, and overlay sealing means to
operably seal the overlay to the body. In some of these
embodiments, the overlay is comprised of a semi-permeable
material, so that reduced pressure may be maintained in the
volume under the overlay at said part of the body. In other
embodiments, the drainage system further comprises drain-
ing means extending from the volume under the overlay at
said part of the body to an area outside the volume of the
flexible chamber so that exudate aspirated from said part of
the body may be drained from said part of the body to such
outside area. In some of these embodiments, the area outside
the volume of the flexible chamber is the reduced pressure
supply source, so that the draining means is in fluid commu-
nication with the reduced pressure supply source and reduced
pressure is supplied by the draining means to the volume
under the overlay at said part of the body. In other embodi-
ments, the draining means is further comprised of a collection
system that is operably positioned between the overlay and
the reduced pressure supply source. The collection system
comprises a container to receive and hold fluid aspirated from
said part of the body. The collection system may also further
comprise pressure halting means to halt the application of
reduced pressure to the volume under the overlay at said part
of the body when the fluid in the container exceeds a prede-
termined amount. The drainage system may also further com-
prise wound packing means disposed between the overlay
and said part of the body.

[0013] In other embodiments of this first version of the
present invention, the appliance administers reduced pressure
treatment to a portion of a body and is comprised of a treat-
ment device and a vacuum system. In these embodiments, the
treatment device is further comprised of a flexible chamber
having an opening, a collapsible frame, and sealing means
(described in more detail below) to seal the opening so that
reduced pressure may be maintained within the volume of the
flexible chamber. The flexible chamber is generally sized to
enclose the portion of the body to be treated and adapted to
maintain reduced pressure within the volume of the flexible
chamber. The collapsible frame, however, is comprised of a
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plurality of rigid or semi-rigid frame members and frame
member connecting means to connect the plurality of rigid or
semi-rigid frame members together. The collapsible frame
supports the flexible chamber away from the portion of the
body to be treated while the appliance is in use and the flexible
chamber and the collapsible frame may be collapsed to a
smaller size when the appliance is not in use. The vacuum
system and other features, characteristics and operation of
this appliance is substantially the same as described above.

[0014] The present invention also includes a method of
administering reduced pressure treatment to an object or a
portion of an object using the embodiments of the first version
of'the invention described above. Generally, the method com-
prises the steps of: (1) providing an appliance for administer-
ing reduced pressure to the object or portion of the object, as
described above; (2) positioning the appliance for use, so that
the flexible chamber and collapsible frame are in an extended
state; (3) positioning the object or portion of the object to be
treated relative to the appliance so that the object or portion of
the object to be treated is positioned within the volume of the
flexible chamber; (4) sealing the opening of the flexible
chamber using the sealing means, so that reduced pressure
may be maintained in the volume within the flexible chamber;
(5) operably connecting the flexible chamber with the
reduced pressure supply source using the reduced pressure
supply means so that reduced pressure is supplied to the
volume within the flexible chamber; and (6) maintaining the
reduced pressure in the volume within the flexible chamber
until the object or portion of the object being treated has
progressed toward a selected stage of treatment. In other
embodiments, the method further comprises the steps of
removing the object or portion of the object to be treated from
the appliance after the selected stage of treatment has been
reached and collapsing the appliance. Where the collapsible
frame is further comprised of at least one inflatable member,
the step of positioning the appliance for use, so that the
flexible chamber and collapsible frame are in an extended
state, is further comprised of inflating the at least one inflat-
able member with the pressurized fluid using the pressurized
fluid supply source and pressurized fluid supply means.
Where the collapsible frame is further comprised of a plural-
ity of rigid or semi-rigid frame members and frame member
connecting means to connect the plurality of rigid or semi-
rigid frame members together, the step of positioning the
appliance for use, so that the flexible chamber and collapsible
frame are in an extended state, is further comprised of the step
of extending the plurality of rigid or semi-rigid frame mem-
bers.

[0015] In a second version of the present invention, an
appliance for administering reduced pressure treatment to a
distal extremital portion of a body, such as a finger or toe, is
comprised of a rigid or semi-rigid chamber having an open-
ing, sealing means (described in more detail below) to seal the
opening so that reduced pressure may be maintained within
the volume of the rigid or semi-rigid chamber, and reduced
pressure supply means. The rigid or semi-rigid chamber is
generally sized to enclose the distal extremital portion of the
body and adapted to maintain reduced pressure within the
volume of the rigid or semi-rigid chamber. The reduced pres-
sure supply means operably connects the rigid or semi-rigid
chamber to a reduced pressure supply source that provides a
supply of reduced pressure to the rigid or semi-rigid chamber,
so that the volume within the rigid or semi-rigid chamber is
supplied with reduced pressure by the reduced pressure sup-
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ply source. In some of these embodiments, the sealing means
may be comprised of a flexible sleeve. In other embodiments,
the appliance may further comprise an ancillary treatment
system operably attached to the rigid or semi-rigid chamber.
The ancillary treatment system permits fluids and other
instrumentalities and treatment means to be introduced into
the volume within the rigid or semi-rigid chamber. The appli-
ance may also be further comprised of the reduced pressure
supply source, which may be comprised of a vacuum pump or
a suction bulb system, which is described in more detail
below.

[0016] In athird version of the present invention, the appli-
ance administers reduced pressure treatment to a portion of a
body and comprises a chamber, a semi-permeable liner, seal-
ing means (which are described in more detail below), and
reduced pressure supply means (which are also described in
more detail below). The chamber has an opening, is sized to
enclose the portion of the body to be treated, is adapted to
maintain reduced pressure within the volume thereof, and is
supported away from the portion of the body to be treated
when the appliance is in use. The semi-permeable liner is
disposed between the chamber and the portion of the body
positioned within the chamber. The sealing means is used to
seal the opening and to seal the semi-permeable liner to the
body, so that reduced pressure may be maintained within the
volume of the chamber and the volume of the semi-permeable
liner. The reduced pressure supply means operably connects
the chamber to a reduced pressure supply source that provides
a supply of reduced pressure to the chamber, so that the
volume within the chamber is supplied with reduced pressure
by the reduced pressure supply source. In some embodi-
ments, the chamber is comprised of a rigid or semi-rigid
material. In other embodiments, the chamber is comprised of
a flexible chamber and a collapsible frame, as described
above. In other embodiments, the appliance further com-
prises a drainage system operably disposed between the semi-
permeable liner and the portion of the body to be treated. In
yet other embodiments, the sealing means are comprised of a
flexible sleeve that extends from the portion of the chamber
approximately adjacent to the opening to a portion of the
semi-permeable liner.

[0017] In other embodiments of this third version of the
present invention, the appliance is comprised of a treatment
device and a vacuum system. The treatment device is further
comprised of a chamber having an opening, sealing means
(described in more detail below) to seal the opening so that
reduced pressure may be maintained within the volume of the
chamber, a semi-permeable liner, and liner sealing means
(also described in more detail below). The chamber is gener-
ally sized to enclose the portion of the body to be treated and
is supported away from the portion of the body to be treated
when the appliance is in use. The semi-permeable liner is
operably disposed between the chamber and the portion of the
body positioned within the chamber. The liner sealing means
is used to seal the semi-permeable liner to the chamber and
around a portion of the body so that reduced pressure may be
maintained in the volume within the chamber and the volume
within the semi-permeable liner. The vacuum system has
substantially the same structure, features, characteristics and
operation as the embodiments of the vacuum systems
described above. In other embodiments, the treatment device
may also comprise a treatment port operably attached to the
chamber or a forced entry treatment system operably con-
nected to the chamber.
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[0018] Initsvarious versions and embodiments, the present
invention therefore meets the needs discussed above in the
Background section. For example, the appliance of the
present invention represents a reduced pressure treatment
system capable of enclosing the entire portion of a patient’s
body to be treated for a wound or other infirmity in a manner
so that the system does not contact certain portions of the
body of the patient. This is also true in the case of distal
extremities, such as fingers and toes. The appliance also pro-
vides for evenly distributed pressure on the surface of the
portion of the body to be treated in certain instances. The
appliance may also be constructed of lightweight materials.
In some embodiments, the appliance is also collapsible, so
that it may be collapsed when not in use, requiring less stor-
age space. The appliance also has features that separately
enclose a portion of the body, providing for efficient removal
of any fluid aspirated from the portion of the body being
treated. The appliance should also be relatively inexpensive to
produce, while meeting the needs described above. Finally, in
various embodiments, the appliance meets all or some of the
needs described above and may be used in reduced pressure
applications other than medical treatment.

[0019] There has thus been outlined, rather broadly, the
more primary features of the present invention. There are
additional features that are also included in the various
embodiments of the invention that are described hereinafter
and that form the subject matter of the claims appended
hereto. In this respect, it is to be understood that the invention
is not limited in its application to the details of construction
and to the arrangements of the components set forth in the
following description or illustrated in the following drawings.
This invention may be embodied in the form illustrated in the
accompanying drawings, but the drawings are illustrative
only and changes may be made in the specific construction
illustrated and described within the scope of the appended
claims. The invention is capable of other embodiments and of
being practiced and carried out in various ways. Also, it is to
be understood that the phraseology and terminology
employed herein are for the purpose of the description and
should not be regarded as limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The foregoing summary, as well as the following
detailed description of the preferred embodiments of the
present invention, will be better understood when read in
conjunction with the appended drawings, in which:

[0021] FIG. 1 is a view of an embodiment of an appliance
comprising the present invention, in which an embodiment of
a treatment device, shown in partially broken-away perspec-
tive view, encloses the lower arm portion of a patient, and in
which embodiments of a vacuum system, a pressurized fluid
system, and a forced entry treatment system, depicted gener-
ally and shown partially in schematic elevation view, provide
reduced pressure, pressurized fluid, and various treatment
means, respectively, to the treatment device;

[0022] FIG. 2 is an enlarged view of an embodiment of the
collection system of the vacuum system illustrated in FIG. 1.
[0023] FIG. 3 is a view of an appliance comprising the
present invention, in which an embodiment of a treatment
device, shown in perspective view, encloses the lower arm
portion of a patient, and in which an embodiment of a vacuum
system, depicted generally and shown partially in schematic
elevation view, provides reduced pressure to the treatment
device;
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[0024] FIG. 4 is a perspective view of the collapsible frame
portion of the embodiment of the treatment device illustrated
in FIG. 2, without the flexible chamber covering the collaps-
ible frame portion;

[0025] FIG. 5 is an enlarged elevation view of a joint com-
prising the embodiment of the collapsible frame portion illus-
trated in FIG. 4;

[0026] FIG. 6 is a perspective view of the flexible chamber
portion of the embodiment of the treatment device illustrated
in FIG. 3, without the collapsible frame portion;

[0027] FIG. 7 is a view of an embodiment of an appliance
comprising the present invention, in which an embodiment of
a treatment device, shown in perspective view, encloses a
portion of the finger of a patient, and in which embodiments
of a vacuum system and an ancillary treatment system,
depicted generally and shown partially in schematic elevation
view, provide reduced pressure and various treatment means,
respectively, to the treatment device;

[0028] FIG. 8is a perspective view of an embodiment of a
suction bulb system that may be used as a source of reduced
pressure or fluid collection or both, and a supplemental
vacuum system, depicted generally and shown in schematic
elevation view; and

[0029] FIG. 9 is a view of an embodiment of an appliance
comprising the present invention, in which an embodiment of
a treatment device, shown in partially broken-away perspec-
tive view, encloses the lower leg portion of a patient, and in
which embodiments of a vacuum system and a forced entry
treatment system, depicted generally and shown in schematic
elevation view, provide reduced pressure and various treat-
ment means, respectively, to the treatment device.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0030] In accordance with the present invention, an appli-
ance and methods for using the appliance are provided for
administering reduced pressure to all or a portion of an object.
The description of the present invention set forth herein is
directed primarily toward use of the appliance and methods
for treatment of wounds and other infirmities and conditions
ona portion of a patient’s body. In these cases, an appliance is
provided for treating a portion of the body of a patient by
applying reduced pressure (i.e., pressure that is below ambi-
ent atmospheric pressure) to the portion of the body to be
treated in a controlled manner for a selected time period in a
manner that overcomes the disadvantages of currently exist-
ing apparatus. It is to be noted, however, that the appliance
and methods may be used to provide reduced pressure treat-
ment for other objects and purposes. For example, in some
embodiments, the present invention may be used for reduced
pressure treatment related to industrial-type processes, such
as degassing materials and insect control. Such uses are
encompassed within the scope of the present invention to the
extent they are included within the scope of the appended
claims.

[0031] Anembodiment of an appliance 10 of a first version
of the invention is illustrated in FIG. 1. In this embodiment,
the appliance 10 is generally comprised of a treatment device
20, a vacuum system (illustrated schematically in part and
generally designated 30), a pressurized fluid system (illus-
trated schematically in part and generally designated 40), a
drainage system 50, and a forced entry treatment system
(illustrated schematically in part and generally designated
60). The treatment device 20 is generally comprised of a
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flexible chamber 21 and a collapsible frame 22, which is
generally comprised of a plurality of inflatable members 22a,
22b that are interconnected in a manner so that fluid may flow
between them. The flexible chamber 21 has an opening 23 at
one end, which is sealed using sealing means that are
described in more detail below. In the illustrated embodiment,
the lower arm portion 12 of a patient extends through the
opening 23 so that the lower arm portion 12 may be treated
with reduced pressure by the appliance 10. The vacuum sys-
tem 30, which is described in more detail below, is generally
comprised of a reduced pressure supply source, generally
designated 31, and reduced pressure supply means 32 that
operably connect the reduced pressure supply source 31 to the
flexible chamber 21 so that reduced pressure is supplied to the
volume within the flexible chamber 21 at the portion of the
body 12 to be treated, as described in more detail below. The
reduced pressure supply source may also provide a supply of
reduced pressure to the drainage system 50, as described in
more detail below. The pressurized fluid system 40, which is
described in more detail below, is generally comprised of a
pressurized fluid supply source, generally designated 41, and
pressurized fluid supply means 42 that operably connect the
pressurized fluid supply source 41 to the collapsible frame 22
so that pressurized fluid is supplied to the inflatable members
22a,22b comprising the collapsible frame 22, as described in
more detail below. The forced entry treatment system 60 is
used to provide various treatments to the portion of the body
12 within the volume of the flexible chamber 21, as described
in more detail below. The drainage system 50 may generally
be used to remove exudate aspirated from the portion of the
body 12 to be treated, as described in more detail below.

[0032] Inthe embodiment of the appliance 10 illustrated in
FIG. 1, the treatment device 20 is comprised of the flexible
chamber 21 and the collapsible frame 22. The flexible cham-
ber 21 may be of almost any size, and is generally sized to
enclose the object or the portion of the object (the lower arm
portion 12 in FIG. 1) to be treated. In addition, the flexible
chamber 21 may be of almost any shape. Thus, even though
the flexible chamber 21 of the appliance 10 of FIG. 1 is
generally cylindrical, the flexible chamber 21 may be of other
shapes in other embodiments of the present invention. For
example, the flexible chamber 21 may also be cubical, spheri-
cal, spheroidal, hexahedral, polyhedral, or have arcuate or
linear shaped portions, or may be comprised of any combi-
nation of any such shapes, in other embodiments. The pre-
ferred size and shape of the flexible chamber 21 is thus depen-
dent upon the size and shape of the object or portion of the
object to be treated, the magnitude of reduced pressure to be
maintained within the volume of the flexible chamber 21, the
nature of the reduced pressure treatment desired, and the
preference of the user of the appliance 10. The flexible cham-
ber 21 is also adapted to maintain reduced pressure within its
interior volume. Thus, the flexible chamber 21 may be con-
structed of almost any flexible or semi-flexible, opaque or
transparent, fluid-impermeable material that is currently
known in the art or that may be developed in the art in the
future, as long as the flexible chamber 21 is able to generally
maintain its shape while reduced pressure is present in the
interior volume of the flexible chamber 21 and the flexible
chamber 21 is supported by the collapsible frame 22. For
example, the flexible chamber 21 may be constructed of rub-
ber (including neoprene), silicone, polyurethane, other plas-
tics, or other flexible or semi-flexible polymers (such as that
sold under the trademark KRATON) or combinations of any
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such materials. In cases where the treatment device 20 is used
in medical applications, the material comprising the flexible
chamber 21 is typically also of medical grade, so that it is
suitable for purposes of wound treatment (e.g., can be steril-
ized and does not absorb significant amounts of fluids, such as
wound exudate). Preferably, the flexible chamber 21 is com-
prised of silicone or a silicone blend. It is to be noted that in
various embodiments, the flexible chamber 21 may be con-
structed in whole or in part of gas-permeable materials,
allowing limited amounts of air to penetrate the flexible
chamber 21 so that the portion 12 of the body within the
flexible chamber 21 can “breathe.” In some embodiments, all
portions of the flexible chamber 21 may be constructed of one
type of material, such as silicone, while in other embodiments
different portions of the flexible chamber 21 may be con-
structed of different materials, such as where one portion is
constructed of rubber and another portion is constructed of
silicone. This may be the case where it is desired that some
portions of the flexible chamber 21 have greater strength and
other portions of the flexible chamber 21 have greater flex-
ibility. Likewise, some portions of the flexible chamber 21
may be comprised of a transparent material (to provide a
viewing “window”) and some portions of the flexible cham-
ber 21 may be comprised of an opaque material. In addition,
the thickness of the material comprising the flexible chamber
21 must be great enough so that the flexible chamber 21 is
generally able to retain its shape when reduced pressure is
present within its interior volume, while allowing the flexible
chamber 21 to collapse when it is not in use. By “collapse,” it
is generally meant that the flexible chamber 21 may be gen-
erally flattened and folded, such as may be the case when it is
necessary or desirable to store the flexible chamber 21 when
it is not in use. It is also to be noted that in various embodi-
ments, the thickness of various portions of the flexible cham-
ber 21 may vary. This may also be the case where it is desired
that some portions of the flexible chamber 21 have greater
strength and other portions of the flexible chamber 21 have
greater flexibility. The preferred thickness of the flexible
chamber 21 is generally dependent upon the material of
which the flexible chamber 21 is constructed, the size and
shape ofthe flexible chamber 21, the level of reduced pressure
anticipated within the volume of the flexible chamber 21, and
the nature of the reduced pressure treatment desired.

[0033] In the illustrated embodiment, the flexible chamber
21 of the appliance 10 has an opening 23 at one end thereof
that is approximately circular in shape. The opening 23 may
be of almost any size or shape, as long as it does not interfere
with the operation of the flexible chamber 21 and permits the
object or portion of the object to be treated (the lower arm
portion 12 in FIG. 1) to be positioned within the volume of the
flexible chamber 21. In cases where only a portion of the
object is to be treated in the flexible chamber 21, the opening
23 is generally of a size and shape to permit the sealing means
to seal around the portion of the object that is approximately
adjacent to the object. For example, as illustrated in FIG. 1,
the opening 23 is sized and shaped to fit snugly against the
portion of the lower arm 13 that is approximately adjacent to
the opening 23. In this embodiment, the sealing means is
comprised of a flexible sleeve 24 that is somewhat conical in
shape, having an approximately cylindrical end portion 24a
that is positioned approximately adjacent to the portion 13 of
the arm disposed within the cylindrical end portion 24a. The
flexible sleeve 24 may generally be comprised of flexible
materials similar to those used to construct the flexible cham-
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ber 21. Although it is not necessary that the flexible sleeve 24
be comprised of the same material as the flexible chamber 21,
it is preferred that such be the case. To assist in positioning the
lower arm portions within the flexible chamber 21 and the
cylindrical end portion 24a, the flexible sleeve 24 also has a
gas-tight zipper 24b. Such gas-tight zippers 245 are well
known in the relevant art. Other means for accomplishing the
same purpose, which may be used with other embodiments of
the present invention, comprise overlapping folds or flaps in
the cylindrical end portion 24a (which may be held in place
by hook and loop fasteners (such as VELCRO), other clamps
or fasteners, or the reduced pressure within the flexible cham-
ber 21), stretchable material that allows the opening 23 to be
stretched to a greater diameter and then return to its original
shape, or any combination of the same. It is to be noted that
the flexible sleeve 24 may also be oriented in a direction
different from that illustrated in FIG. 1. For example, the
flexible sleeve 24 may extend into the flexible chamber 21,
rather than away from the interior of the flexible chamber 21.
In yet other embodiments where only a portion of an object is
to be treated, the sealing means may be comprised of a means
other than a flexible sleeve 24. For example, the opening 23
may be within the plane ofthe end 21a of' the flexible chamber
21, and the perimeter of the opening 23 may have an inflatable
cuff similar to that for the inflatable members 22a, 225 com-
prising the collapsible frame 22. In these embodiments, the
portion of the object to be treated is positioned through the
opening 23 into the interior volume of the flexible chamber
21. The inflatable cuff of this type of sealing means is then
inflated using pressurized fluid from the pressurized fluid
system 40 (or some other source, such as abellows) until it fits
snugly against the portion ofthe object (such as the lower arm
portion 13 in FIG. 1) approximately adjacent to the inflatable
member so that a gas-tight seal is made at that location. An
example of this type of means and seal is disclosed in U.S.
Pat. No. 5,425,742, the disclosure of which is incorporated
herein by reference. In embodiments in which the entire
object is placed within the interior volume of the flexible
chamber 21 for treatment, the opening 23 is generally of a size
and shape that allows the object to be placed into and removed
from the flexible chamber 21. In these embodiments, the
sealing means is generally used to seal the opening 23 closed
in amanner that does not involve a seal against a portion of the
object. For example, as illustrated and described in more
detail below in connection with FIG. 6, the sealing means
may be a chamber end cap portion 121c¢ that is removably
attached to a chamber body portion 1215 in a manner so that
the entire opening is sealed closed. In other embodiments
where the object is placed entirely within the flexible chamber
21, the sealing means may also be any type of entry means
that may be sealed in a gas-tight manner. Examples include
caps, hatches, portals, and doors having seals similar to those
disclosed in U.S. patent application Ser. No. 11/098,203,
which was filed by the present inventor with the U.S. Patent
and Trademark Office on Apr. 4, 2005, the disclosure of which
is hereby incorporated by reference.

[0034] Inthe embodiment of the appliance 10 illustrated in
FIG. 1, the collapsible frame 22 is comprised of generally
circumferential inflatable members 22a and generally longi-
tudinal inflatable members 22b. The circumferential inflat-
able members 22a generally extend around the exterior cir-
cumferential surface of the cylindrically-shaped flexible
chamber 21. The longitudinal inflatable members 2256 are
generally disposed on the exterior surface along the longitu-
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dinal axis of the cylindrically-shaped flexible chamber 21.
The circumferential inflatable members 22a and the longitu-
dinal inflatable members 224 are in fluid communication with
one another at the points where they intersect, so that fluid is
permitted to flow between them. In the illustrated embodi-
ment, the circumferential inflatable members 22a and the
longitudinal inflatable members 225 are attached to the flex-
ible chamber 21. The collapsible frame 22 is connected to the
pressurized fluid system 40, which provides pressurized fluid
to the collapsible frame 22, as described in more detail below.
When the collapsible frame 22 is inflated with pressurized
fluid, the collapsible frame 22 becomes rigid, so that it can
support the flexible chamber 21 away from the object or the
portion of the object to be treated (the lower arm portion 12 in
FIG. 1) while the appliance 10 is in use. In other embodi-
ments, the inflatable members 22a, 2256 of the collapsible
frame 22 may have almost any combination of shapes, orien-
tations, configurations and sizes, as long as the inflatable
members 22a, 225 are capable of supporting the flexible
chamber 21 away from the object or portion of the object to be
treated (the lower arm portion 12 in FIG. 1) while the appli-
ance 10 is in use. For example, the collapsible frame 22 may
consist of inflatable members 22a, 225 that are positioned
around the circumference of the flexible chamber 21, but are
also displaced somewhat along the longitudinal axis of the
flexible chamber 21 in different directions so that they cross,
giving rise to a series of “X-shaped” patterns. In addition, the
shape of the inflatable members 22a, 225 themselves may
vary. Thus, instead of having the approximately semicircular
cross-section illustrated in FIG. 1, the inflatable members
22a, 22b may have a different shape or combination of
shapes. For example, the inflatable members 22a, 225 (or any
of them) may have an approximately circular, elliptical,
square, rectangular, triangular, polygonal or other arcuate or
liner cross-sectional shape or a cross-section having any com-
bination of such shapes. Further, the size of each of the
inflatable members 22a, 225 relative to each other and to the
flexible chamber 21 may also vary. For example, the circum-
ferential inflatable members 224 may have an interior cross-
sectional radius of Y2 inch and the longitudinal inflatable
members 225 may have an interior cross-sectional radius of
one inch. The collapsible frame 22 is designed to collapse in
a manner similar to the flexible chamber 21, as described in
more detail above. In order to collapse, the collapsible frame
22 of the illustrated embodiment is constructed of flexible or
semi-flexible materials, which may be similar to those used to
construct the flexible chamber 21. Although the flexible
chamber 21 and the collapsible frame 22 need not be con-
structed of the same material, the flexible chamber 21 and the
collapsible frame 22 are preferably constructed of the same
material, as illustrated in FIG. 1. In addition, the material used
to construct the inflatable members 224, 2254 has a thickness
great enough to contain the pressurized fluid at a pressure
adequate to support the flexible chamber 21 away from the
portion 12 of the body to be treated while the appliance 10 is
in use, but is thin enough to generally flatten and fold when
the appliance 10 is not in use. The preferred material and
thickness for the inflatable members 22a, 225 is generally
dependent upon the size and shape of the flexible chamber 21,
the size and shape of the inflatable members 22a, 225, the
pressure of the pressurized fluid used to inflate the inflatable
members 22a, 22b, and the level of reduced pressure in the
volume of the flexible chamber 21. As illustrated in FIG. 1,
the collapsible frame 22 may be positioned on the outer
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surface of the flexible chamber 21. In yet other embodiments,
the collapsible frame 22 may be embedded within the wall of
the flexible chamber 21. In still other embodiments, the col-
lapsible frame 22 may be positioned inside the flexible cham-
ber 21. In all such embodiments, the collapsible frame 22 may
be permanently or removably attached to the flexible chamber
21 using any suitable means. Examples of such means include
hook and loop fasteners (such as VELCRO), welding, fusing,
adhesives, adhesive tapes, glues, epoxies, clamps, clasps, and
other fasteners and combinations of such means. In other
cases, the collapsible frame 22 and the flexible chamber 21
may be fabricated as a single piece. In embodiments where
the collapsible frame 22 is positioned inside the volume of the
flexible chamber 21, the collapsible frame 22 may not be
permanently or removably attached to the flexible chamber
21, but may instead merely rest upon the surface of the flex-
ible chamber 21. In other embodiments of this first version of
the invention, as illustrated and described below in connec-
tion with FIG. 3 through FIG. 6, the collapsible frame 122
may utilize a plurality of rigid or semi-rigid frame members
122a, 1225, 122¢, rather than inflatable members 22a, 225.

[0035] In some embodiments of this first version of the
present invention, as illustrated in FIG. 1, the treatment
device 20 further comprises a vacuum port 25. The vacuum
port 25 is adapted to be of a size and shape so that the reduced
pressure supply means 32 may be operably connected to the
flexible chamber 21 by means of the vacuum port 25. When
the vacuum port 25 is operably connected to the reduced
pressure supply means 32, reduced pressure may be supplied
to the volume within the flexible chamber 21. Although the
vacuum port 25 is positioned at a location approximately at
the top of one end of the flexible chamber 21 (as viewed
during use) in the embodiment illustrated in FIG. 1, the
vacuum port 25 may be located at other locations on the
flexible chamber 21 in other embodiments, as long as the
vacuum port 25 does not adversely affect the ability of the
opening 23 of the flexible chamber 21 to make an operable
seal with the portion 13 of the body adjacent to the opening
23, as described in more detail above, or otherwise adversely
affect the operation of the flexible chamber 21. For example,
the vacuum port 25 may be located near the bottom of the
flexible chamber 21 (as viewed during use) so that any fluids
accumulating in the flexible chamber 32 may be extracted
through the reduced pressure supply means 32. Although the
vacuum port 25 may be constructed of a material different
from the material comprising the flexible chamber 21 in vari-
ous embodiments of the invention, the vacuum port 25 is
preferably constructed from the same material comprising the
flexible chamber 21. In the embodiment of the treatment
device 20 illustrated in FIG. 1, the vacuum port 25 is generally
cylindrical in shape and is further comprised of an approxi-
mately cylindrical channel 254 that extends from the top of
the vacuum port 25 to the bottom of the vacuum port 25. The
vacuum port 25 of this embodiment is thus able to receive a
vacuum system 30 or reduced pressure supply means 32,
which are described in more detail below, adapted to be
connected to this shape of vacuum port 25 and channel 254. In
other embodiments of this first version of the invention, the
vacuum port 25 or the channel 25a, or both, may have differ-
ent shapes and configurations as may be desired to adapt and
connect the vacuum port 25 and the channel 254 to the
vacuum system 30 or reduced pressure supply means 32,
which are described in more detail below. In some of the
embodiments comprising a vacuum port 25, the treatment
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device 20 may be further comprised of flow control means
(not illustrated) that are operably connected to the vacuum
port 25. The flow control means permit fluids to flow from the
volume within the flexible chamber 21 through the vacuum
port 25 to a volume (such as the reduced pressure supply
means 32) outside the flexible chamber 21, but not in the
opposite direction. In some of these embodiments, the flow
control means may be a one-way valve that is located within
the channel 25¢ in the vacuum port 25. Such valves are well
known in the relevant art. In other embodiments of this first
version of the present invention, a means of connecting the
flexible chamber 21 to the reduced pressure supply means 32
(described in more detail below) may be located on the flex-
ible chamber 21 in lieu of or in conjunction with the vacuum
port 25. For example, in some embodiments, the vacuum port
25 may be combined with a variable descending diameter
adapter (commonly referred to as a “Christmas tree” adapter).

[0036] Inthe embodiment of the first version of the present
invention illustrated in FIG. 1, the reduced pressure supply
source 31 of the vacuum system 30, which produces a source
of reduced pressure or suction that is supplied to the flexible
chamber 21, is comprised of a vacuum pump 33, a control
device 34, and a filter 35. Although the preferred means of
producing the reduced pressure or suction is a vacuum pump
33 in this embodiment, in other embodiments of this first
version of the invention other means may be used, such as an
outlet port of a centralized hospital vacuum system or a suc-
tion bulb system, which is described in more detail below. In
the illustrated embodiment, predetermined amounts of suc-
tion or reduced pressure are produced by the vacuum pump
33. The vacuum pump 33 is preferably controlled by a control
device 34, such as a switch or a timer that may be set to
provide cyclic on/off operation of the vacuum pump 33
according to user-selected intervals. Alternatively, the
vacuum pump 33 may be operated continuously without the
use of a cyclical timer. In addition, in some embodiments the
control device 34 may provide for separate control of the level
of reduced pressure applied to the volume within the flexible
chamber 21 at the portion 12 of the body to be treated and the
flow rate of any fluid that may be extracted from the volume
within the flexible chamber 21. In these embodiments, rela-
tively low levels of reduced pressure may be maintained at the
portion 12 of the body to be treated within the treatment
device 20, while still providing for the removal of a relatively
large volume of exudate from the portion 12 of the body to be
treated. A filter 35, such as a micropore filter, is preferably
attached to the inlet of the vacuum pump 33 to prevent poten-
tially pathogenic microbes or aerosols from contaminating,
and then being vented to atmosphere by, the vacuum pump 33.
Inother embodiments, the filter 35 may also be a hydrophobic
filter that prevents any exudate from contaminating, and then
being vented to atmosphere by, the vacuum pump 33. It is to
be noted that in other embodiments of the invention, the
reduced pressure supply source 31 may not have a filter 35 or
a control 34 or any combination of the same.

[0037] In other embodiments of this first version of the
invention, the reduced pressure supply source 31 of the
vacuum system 30, may be comprised of a small, portable
vacuum pump 33. In some of these embodiments, a filter 35 or
a power source (not illustrated), or both, may also be con-
tained within the housing for the portable vacuum pump 33.
In these embodiments, the portable vacuum pump 33 is pref-
erably controlled by a control device 34 that is also located
within the housing for the portable vacuum pump 33, which
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may provide substantially the same functions as the control
device 34 described above. Except for its smaller size, the
portable vacuum pump 33 may operate in substantially the
same manner as the vacuum pump 33 described above. Also,
in these embodiments, the filter 35 may have the same struc-
ture, features, characteristics and operation, and provide sub-
stantially the same functions, as the filter 35 described above.
In some of these embodiments, the filter 35 may be rigidly
connected to the portable vacuum pump 33. The power source
may be any source of energy currently known in the relevant
art or that may be developed in the relevant art in the future
that may be used to power the portable vacuum pump 33. For
example, in some embodiments, the power source may be a
fuel cell, battery or a standard wall electrical outlet.

[0038] Inthe embodiment of the first version of the inven-
tion illustrated in FIG. 1, the reduced pressure supply means
32 of the vacuum system 30, which are used to connect the
reduced pressure supply source 31 to the flexible chamber 21
so that reduced pressure is supplied to the volume within the
flexible chamber 21 at the portion 12 of the body to be treated
is comprised of at least one tubing member 32. In this
embodiment, the at least one tubing member 32 is sufficiently
flexible to permit movement of the at least one tubing member
32, but is sufficiently rigid to resist constriction when reduced
pressure is supplied to the flexible chamber 21 or when the
location of the portion 12 of the body to be treated is such that
the patient must sit or lie upon the at least one tubing member
32 or the treatment device 20 must rest upon the at least one
tubing member 32. In the embodiment illustrated in FIG. 1,
the at least one tubing member 32 is connected to the flexible
chamber 21 by inserting one end of the at least one tubing
member 32 into the channel 254 ofthe vacuum port 25. In this
embodiment, the at least one tubing member 32 is held in
place in the channel 254 by means of an adhesive. It is to be
noted that in other embodiments of this first version of the
invention, the at least one tubing member 32 may be con-
nected to the vacuum port 25 using any suitable means cur-
rently known in the art or developed in the art in the future.
Examples include variable descending diameter adapters
(commonly referred to as “Christmas tree” adapters), luer
lock fittings and adapters, clamps, and combinations of such
means. Alternatively, the vacuum port 25 and the at least one
tubing member 32 may be fabricated as a single piece. Similar
means may be used to connect the other end of the at least one
tubing member 32 to the vacuum pump 33 or other reduced
pressure supply source 31 providing the reduced pressure.

[0039] Inthe embodimentillustrated in FIG. 1, the reduced
pressure supply means 32 further comprise a fluid collection
system, generally designated 36, that is interconnected
between the suction pump 33 and the flexible chamber 21 to
remove and collect any exudate that may be aspirated from
the portion 12 of the body to be treated and collected within
the flexible chamber 21. The reduced pressure in the flexible
chamber 21 may function to actively draw fluid or exudate
from the portion 12 of the body to be treated. It may be
advantageous in some circumstances to locate the vacuum
port 25 near the bottom of the flexible chamber 21 (as viewed
while the flexible chamber 21 is in use) in order to drain this
exudate so that it does not collect and fill the flexible chamber
21. In such cases, collection of exudate in a fluid collection
system 36 intermediate the vacuum pump 33 and the flexible
chamber 21 is desirable to prevent clogging of the vacuum
pump 33. In the illustrated embodiment, the fluid collection
system 36 is comprised of a fluid-impermeable collection



US 2011/0264063 Al

container 37 and a shutoff mechanism 38, which are
described in more detail below in connection with FIG. 2. The
container 37 may be of any size and shape capable of inter-
cepting and retaining a predetermined amount of exudate.
Many examples of such containers are available in the rel-
evantart. Referring to FIG. 2, which is an enlarged elevational
cross-sectional view of the preferred embodiment of the con-
tainer 37, the container 37 includes a first port 37« at the top
opening of the container 37 for sealed connection to tubing
member 32a, where the other end of the tubing member 32a
is connected to the flexible chamber 21. The first port 37a
enables suction to be applied to the flexible chamber 21
through the tubing 32a and also enables exudate from the
portion 12 of the body enclosed by the flexible chamber 21 to
be drained into the container 37. The container 37 provides a
means for containing and temporarily storing the collected
exudate. A second port 375 is also provided on the top of the
container 37 to enable the application of suction from the
vacuum pump 33. The second port 375 of the collection
system 36 is connected to the vacuum pump 33 by tubing
member 32b6. The collection system 36 is sealed generally
gas-tight to enable the vacuum pump 33 to supply suction to
the flexible chamber 21 through the collection system 36.

[0040] The embodiment of the collection system 36 illus-
trated in FIG. 2 also includes a shutoff mechanism 38 for
halting or inhibiting the supply of reduced pressure to the
flexible chamber 21 in the event that the exudate aspirated
from the portion 12 of the body to be treated exceeds a
predetermined quantity. Interrupting the application of suc-
tion to the flexible chamber 21 may be desirable in some
circumstances to prevent exsanguination in the unlikely event
ablood 10 vessel ruptures within the portion 12 of the body to
be treated during treatment. If, for example, a blood vessel
ruptures within such portion 12, a shut-off mechanism would
be useful to prevent the vacuum system 30 from aspirating
any significant quantity of blood from the patient. In the
preferred embodiment of the shutoff mechanism 38, as illus-
trated in FIG. 2, the shutoff mechanism 38 is a float valve
assembly in the form of a ball 384 which is held and sus-
pended within a cage 385 positioned below a valve seat 38¢
disposed within the opening at the top of the container below
the second port 375 that will float upon the exudate and will
be lifted against the valve seat 38¢ as the container 37 fills
with exudate. When the ball 384 is firmly seated against the
valve seat 38¢, the float valve blocks the second port 376 and
thereby shuts off the source of suction from the reduced
pressure supply source 31. In other embodiments of the col-
lection system 36, other types of mechanisms may also be
employed to detect the liquid level within the container 37 in
order to arrest operation of the vacuum system 30. In addition,
in various embodiments of this first version of the invention,
the shutoff mechanism 38 may be comprised of any means
that enables the vacuum system 30 to halt the supply of
reduced pressure to the flexible chamber 21 at any time that
the volume of exudate from the portion 12 of the body to be
treated exceeds a predetermined amount. Such means may
include mechanical switches, electrical switches operably
connected to the vacuum system controller 34, optical, ther-
mal or weight sensors operably connected to the vacuum
system controller 34, and any other means that are currently
known in the relevant art or that may be developed in the art
in the future. Such means may be located in the container 37
or in the flexible chamber 21 in various embodiments.
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[0041] In some embodiments of this first version of the
present invention, as illustrated in FIG. 1, the treatment
device 20 further comprises a pressurized fluid port 26. The
pressurized fluid port 26 is adapted to be of a size and shape
so that the pressurized fluid supply means 42 may be operably
connected to the collapsible frame 22 by means of the pres-
surized fluid port 26. When the pressurized fluid port 26 is
operably connected to the pressurized fluid supply means 42,
pressurized fluid may be supplied to the volume within the
inflatable members 22a, 22b of the collapsible frame 22.
Although the pressurized fluid port 26 is positioned at a
location approximately at the top of the circumferential
inflatable member 224 at one end of the collapsible frame 22
in the embodiment illustrated in FIG. 1, the pressurized fluid
port 26 may be located at other locations on the collapsible
frame 22 in other embodiments, as long as the pressurized
fluid port 26 does not adversely affect the operation of the
collapsible frame 22. In addition, there may be multiple pres-
surized fluid ports 26, which may be located at multiple
locations on the collapsible frame 22. Although the pressur-
ized fluid port 26 may be constructed of a material different
from the material comprising the collapsible frame 22 in
various embodiments of the invention, the pressurized fluid
port 26 is preferably constructed from the same material
comprising the collapsible frame 22. In the various embodi-
ments of the first version of the invention that utilize an
inflatable collapsible frame 22, such as is illustrated in

[0042] FIG. 1, the pressurized fluid port 26 and the pres-
surized fluid supply means 42 may generally have substan-
tially the same structure, features, characteristics, and opera-
tion as the various embodiments of the vacuum port 25 and
reduced pressure supply means 32, respectively, illustrated
and described above in connection with FIG. 1, as long as the
pressurized fluid port 26 and the pressurized fluid supply
means 42 are adapted to cooperate in the supply of pressur-
ized fluid from the pressurized fluid supply source 41 to the
collapsible frame 22. In some of the embodiments comprising
a pressurized fluid port 26, the treatment device 20 may be
further comprised of flow control means that are operably
connected to the pressurized fluid port 26. The flow control
means regulate the flow of pressurized fluids to and from the
collapsible frame 22 through the pressurized fluid port 26. In
some of these embodiments, the flow control means may be a
valve that is incorporated as a part of the pressurized fluid port
26 or the pressurized fluid supply means 42. Such valves are
well known in the relevant art. In other embodiments of this
first version of the present invention, a means of connecting
the collapsible frame 22 to the pressurized fluid supply means
42 (described in more detail below) may be located on the
collapsible frame 22 in lieu of or in conjunction with the
pressurized fluid port 26. For example, in some embodiments,
the pressurized fluid port 26 may be combined with a variable
descending diameter adapter (commonly referred to as a
“Christmas tree” adapter).

[0043] Inthe embodiment of the first version of the present
invention illustrated in FIG. 1, the pressurized fluid supply
source 41 of the pressurized fluid system 40, which produces
a source of pressurized air that is supplied to the collapsible
frame 22, is comprised of an air compressor 43, a control
device 44, and a filter 45. Although the preferred pressurized
fluid is compressed air and the preferred means of producing
the compressed air is an air compressor 43 in this embodi-
ment, in other embodiments of this first version of the inven-
tion other pressurized liquids and gases, such as carbon diox-
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ide or water, may be used instead. In addition, other
pressurized fluid supply means may be used instead. For
example, it may be possible to use containers of compressed
fluid (such as tanks and cartridges containing compressed air
or carbon dioxide), pumps (such as may be used to pressur-
ized water), an outlet port of a centralized hospital com-
pressed gas system, or a bellows-type system. In the illus-
trated embodiment, predetermined amounts of pressurized
fluid are produced by the air compressor 43. The air compres-
sor 43 is preferably controlled by a control device 44, such as
a switch or a timer that may be set to provide cyclic on/off
operation of the air compressor 43 according to user-selected
intervals. Alternatively, the air compressor 43 may be oper-
ated continuously without the use of a cyclical timer. In addi-
tion, in some embodiments the control device 44 may provide
for separate control of the level of pressurized fluid applied to
the volume within the inflatable members 22a, 2256 of the
collapsible frame 22. For example, the control device 44 may
also be operably connected to a pressure sensor located on or
within the collapsible frame 22, so that the control device 44
halts operation of the air compressor 43 when the pressure
within the collapsible frame 22 reaches a predetermined level
and turns the air compressor 43 on when the pressure within
the collapsible frame 22 falls below a predetermined level. A
filter 45, such as a micropore filter, is preferably attached to
the outlet of the air compressor 43 to prevent contaminants
from being transferred from the air compressor 43 to the
interior volume of the collapsible frame 22. In other embodi-
ments, the filter 45 may also be a hydrophobic filter that
prevents any moisture from being transferred from the air
compressor 43 to the interior volume of the collapsible frame
22. It is to be noted that in other embodiments of the inven-
tion, the pressurized fluid supply source 41 may not have a
filter 45 or a control 44 or any combination of the same. In
other embodiments of this first version of the invention, the
pressurized fluid supply source 41 of the pressurized fluid
system 40 may be comprised of a small, portable air com-
pressor 43 or container of compressed fluid, which may also
contain a filter 45 or a control device 44 or both within the
same housing for the air compressor 43 or container. Except
for its smaller size, the portable air compressor 43, and the
filter 45 and controller 44, if any, may operate in substantially
the same manner as the air compressor 43, filter 45, and
controller 44, respectively, described above. The air compres-
sor 43 may also comprise a power source, such as a fuel cell,
battery or a standard wall electrical outlet. In other embodi-
ments, the air compressor 43 and the vacuum pump 33 may
operate as an integrated unit contained in a single enclosure.
In some of these embodiments, the air compressor 43 and the
vacuum pump 33 may be driven by the same mechanical
source (such as an electric motor).

[0044] In the embodiment of the first version of the inven-
tion illustrated in FIG. 1, the pressurized fluid supply means
42 of the pressurized fluid system 40, which are used to
connect the pressurized fluid supply source 41 to the collaps-
ible frame 22 so that pressurized fluid is supplied to the
volume within the inflatable members 22a, 225 of the col-
lapsible frame 22 is comprised of at least one tubing member
42. In this embodiment, the at least one tubing member 42 is
sufficiently flexible to permit movement of the at least one
tubing member 42, but is sufficiently rigid to resist expansion
when pressurized fluid is supplied to the collapsible frame 22
and is sufficiently rigid to resist constriction when the loca-
tion of the portion 12 of the body to be treated is such that the
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patient must sit or lie upon the at least one tubing member 42
or the treatment device 20 must rest upon the at least one
tubing member 42. In the embodiment illustrated in FIG. 1,
the at least one tubing member 42 is connected to the collaps-
ible frame 22 by inserting one end of the at least one tubing
member 42 into a channel 264 in the pressurized fluid port 26.
In this embodiment, the at least one tubing member 42 is held
in place in the channel 26a by means of an adhesive. Itisto be
noted that in other embodiments of this first version of the
invention, the at least one tubing member 42 may be con-
nected to the pressurized fluid port 26 using any suitable
means currently known in the relevant art or developed in the
relevant art in the future. Examples include variable descend-
ing diameter adapters (commonly referred to as “Christmas
tree” adapters), luer lock fittings and adapters, clamps, and
combinations of such means. Alternatively, the pressurized
fluid port 26 and the at least one tubing member 42 may be
fabricated as a single piece. Similar means or other means,
which are currently known in the relevant art or may be
developed in the relevant art in the future, may be used to
connect the other end of the at least one tubing member 42 to
the air compressor 43 or other reduced pressure supply source
41 providing the reduced pressure.

[0045] Inthe embodiment of the first version of the present
invention illustrated in FIG. 1, the appliance 10 is also com-
prised of a drainage system 50. In the illustrated embodiment,
the drainage system 50 is further comprised of an overlay 51,
wound packing means 52, and draining means 53. The over-
lay 51, which is described in more detail below, may gener-
ally be used to cover a wound 14 and collect any exudate
aspirated from the wound 14. This may be desirable to pre-
vent contamination of the flexible chamber 21 in cases where
the portion of the body to be treated 12 has a wound 14 that is
expected to aspirate significant quantities of exudate during
the treatment process. The wound packing means 52, which is
also described in more detail below, may be placed into or
over the wound 14 to assist in healing of the wound 14. The
draining means 53, which are also described in more detail
below, may be used to remove exudate aspirated by the wound
14 from the overlay 51 and the treatment device 20. It is to be
noted that the drainage system 50 need not be used in every
embodiment of the present invention. Itis also to be noted that
in some embodiments, only the overlay 51 and draining
means 53 may be used, while in other embodiments only the
overlay 51 and wound packing means 52 may be used. In still
other embodiments, only the wound packing means 52 and
draining means 53 may be utilized.

[0046] The overlay 51, which is constructed of a semi-
permeable or impermeable material, is generally adapted to
be of a size and shape to cover the wound 14. Overlays 51 that
may be used for this purpose are well known in the art.
Examples of such overlays are generally disclosed in U.S.
patent application Ser. No. 10/652,100 (filed on Aug. 28,
2003), Ser. No. 11/026,733 (filed on Dec. 30, 2004), Ser. No.
11/064,813 (filed on Feb. 24, 2005), Ser. No. 11/095,859
(filed by the present inventor with others on Mar. 31, 2005)
Ser. No. 11/098,265 (filed on Apr. 4, 2005), and Ser. No.
11/098,203 (filed on Apr. 4, 2005), which were filed by the
present inventor with the U.S. Patent and Trademark Office.
The disclosures of these U.S. patent applications are incor-
porated herein by reference. The overlay 51 may be com-
prised of rigid, semi-rigid, or flexible materials or combina-
tions of such materials. Where the overlay 51 is constructed of
a semi-permeable material, the reduced pressure within the
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flexible chamber 21 is also applied to the wound 14 under the
overlay 51, but exudate aspirated from the wound 14 is gen-
erally not able to pass through the overlay 51 to the interior
volume of the flexible chamber 21. Where the overlay 51 is
constructed of a fluid (liquid and gas) impermeable material,
the reduced pressure within the flexible chamber 21 is not
generally applied to the wound 14 under the overlay 51, and
exudate aspirated from the wound 14 is generally not able to
pass through the overlay 51 to the interior volume of the
flexible chamber 21. In such cases, it may be possible to
provide reduced pressure treatment to some parts of the por-
tion 12 of the body within the volume of the flexible chamber
21, but not others, such as the wound 14 covered by a rigid,
fluid-impermeable overlay 51. The overlay 51 may be remov-
ably attached to the tissue of the patient surrounding the
wound 14 using any suitable means currently known in the
relevant art or that may be developed in the relevant art in the
future, such as adhesives, adhesive tapes, reduced pressure,
means disclosed in any of the U.S. patent applications refer-
enced above in this paragraph, or other means or combina-
tions of any such means. It is to be noted that the overlay 51
may be used in other embodiments of the present invention
with or without drainage means 53 or wound packing means
52.

[0047] In some embodiments of this first version of the
invention, the drainage system 50 further comprises tissue
protection means (not illustrated) to protect and strengthen
the surface tissue surrounding the wound 14 that is adjacent to
the overlay 51. The tissue protection means protects such
tissue by preventing abrasion and maceration of the tissue.
Preferably, the tissue protection means is a hydrocolloid
material, such as COLOPAST Hydrocolloid 2655, anhydrous
lanoline, or any combination of such hydrocolloid materials.
More preferably, the tissue protection means is COLOPAST
Hydrocolloid 2655. The tissue protection means may be
applied to the body tissue to be protected, or it may be applied
to the surface of the overlay 51 that is to be in contact with the
body tissue, or both, prior to placing the overlay 51 over the
wound 14. It is to be noted that application of the tissue
protection means to the body tissue that is adjacent to the
overlay 51 surrounding the wound 14 may only entail appli-
cation of the tissue protection means to the parts of the body
tissue adjacent to the overlay 51 that require such protection.

[0048] In the embodiment of the first version of the inven-
tion illustrated in FIG. 1, the drainage system 50 is further
comprised of wound packing means 52, which is placed in the
area of the wound 14 under the overlay 51. In this embodi-
ment, the overlay 51 may be used to hold the wound packing
means 52 in place. It is to be noted that the wound packing
means 52 may be used with other embodiments of the present
invention with or without drainage means 53 or an overlay 51.
In the illustrated embodiment, the overlay 51 is placed over
the wound 14 and the wound packing means 52 when the
overlay 51 is positioned on the surface of the body at the site
ofthe wound 14. In some embodiments of this first version of
the invention, the wound packing means 52 may be placed
within the wound 14 to prevent overgrowth of the tissue in the
area of the wound 14. For example, and preferably in these
cases, the wound packing means 52 may be comprised of
absorbent dressings, antiseptic dressings, nonadherent dress-
ings, water dressings, or combinations of such dressings.
More preferably, the wound packing means 52 may be com-
prised of gauze or cotton or any combination of gauze and
cotton. In still other embodiments of this first version of the
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invention, the wound packing means 52 may be comprised of
an absorbable matrix adapted to encourage growth of the
tissue in the area of the wound 14 into the matrix. In these
embodiments, the absorbable matrix (as wound packing
means 52) is constructed of an absorbable material that is
absorbed into the epithelial and subcutaneous tissue in the
wound 14 as the wound 14 heals. The matrix (as wound
packing means 52) may vary in thickness and rigidity, and it
may be desirable to use a spongy absorbable material for the
patient’s comfort. The matrix (as wound packing means 52)
may also be perforated and constructed in a sponge-type or
foam-type structure to enhance fluid flow and to reduce the
weight of the matrix. Because of the absorbable nature of the
absorbable matrix (as wound packing means 52), the matrix
should require less frequent changing than other dressing
types during the treatment process. In other circumstances,
the matrix (as wound packing means 52) may not need to be
changed at all during the treatment process. In some embodi-
ments of this first version of the invention, the absorbable
matrix (as wound packing means 52) may be comprised of
collagens or other absorbable materials or combinations of all
such materials. U.S. patent application Ser. No. 10/652,100,
which was filed by the present inventor with the U.S. Patent
and Trademark Office on Aug. 28, 2003, and is hereby incor-
porated by reference, also discloses various embodiments of
an absorbable matrix that may be utilized with various
embodiments ofthis first version of the present invention. Itis
to be noted that wound packing means 52 may also be utilized
in other versions of the invention.

[0049] Inthe embodiment of the first version of the inven-
tion illustrated in FIG. 1, the drainage system 50 of the appli-
ance 10 is also comprised of draining means 53. In this
embodiment, the draining means 53 are further comprised of
a bottom drain portion 53¢ extending into the area of the
wound 14 under the overlay 51 from a top drain portion 535
positioned outside the volume under the overlay 51 at the area
of'the wound 14. In the illustrated embodiment, the top drain
portion 534 is operably connected to the reduced pressure
supply source 31 so that the draining means 53 are in fluid
communication with the reduced pressure supply source 31
and reduced pressure is supplied to the volume under the
overlay 51 in the area of the wound 14 by the draining means
53. Itis to be noted that the reduced pressure supply source 31
may include another filter 35', which may have substantially
the same structure, features, characteristics and operation as
filter 35. In this embodiment, valves 54a, 54b are operably
positioned in the top drain portion 535 to regulate flow of
reduced pressure and exudate within the drainage system 50.
In addition, a collection system 56 is operably positioned
within the drainage system 50. In various embodiments, the
collection system 56 may have substantially the same struc-
ture, features, characteristics and operation as various
embodiments of the collection system 36 that is part of the
vacuum system 30. It is to be noted, however, that the collec-
tion system 56 need not be present in all embodiments of the
present invention. Thus, when valve 54aq is closed and valve
54b is open, any exudate aspirated from the wound 14 is
collected by the draining means 53 from the volume under the
overlay 51 and flows into the collection system 56. In embodi-
ments without a collection system 56, the exudate may flow to
any other receptacle or means for disposing of the exudate. In
these cases, there is no source providing reduced pressure to
the volume under the overlay 51 at the site of the wound 14.
When valve 54q is open and valve 545 is closed, any exudate
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aspirated from the wound 14 is also collected by the draining
means 53 from the volume under the overlay 51 and flows into
the collection system 56. In this case, however, reduced pres-
sure is supplied by the reduced pressure supply source 31
through the draining means 53 to the volume under the over-
lay 51 at the site of the wound 14. This reduced pressure may
act to draw exudate aspirated from the wound 14 into the
draining means 53 (and thus into the collection system 56). It
is to be noted that in other embodiments the drainage system
50 may not have any valves 54a, 545, so that the draining
means 53 is connected directly to the reduced pressure supply
source 31. In yet other embodiments, the draining means 53
may not be connected to the reduced pressure supply source
31 at all, so that exudate collected from the volume under the
overlay 51 may flow directly to a receptacle (such as the
collection system 56) or other means for disposing of the
exudate. In the latter cases, there is no source providing
reduced pressure to the volume under the overlay 51 at the site
of the wound 14.

[0050] In the illustrated embodiment, the top drain portion
53b passes through and is attached to a drainage port 27
located on the flexible chamber 21. The drainage port 27 may
generally have substantially the same structure, features,
characteristics and operation as the vacuum port 25 described
above. In addition, the drainage port 27 may be positioned on
the flexible chamber 21 in substantially the same manner as
the vacuum port 25, as described above. In this embodiment,
the top drain portion 535 may be comprised of two portions,
where one portion is attached to the opening of the drainage
port 27 that is inside the flexible chamber 21 and the other
portion is attached to the opening of the drainage port 27 that
is outside the flexible chamber 21. In some embodiments, the
top drain portion 5356 may be permanently or removably
attached to the interior surface of the opening of the drainage
port 27 using any suitable means, such as an adhesive, or by
the top drain portion 535 having a shape adapted so that all or
aportion of it fits tightly against all or a portion of the interior
surface of the opening in the drainage port 27. The suction
drain system disclosed in U.S. patent application Ser. No.
11/026,733, entitled “Improved Reduced Pressure Wound
Treatment Appliance,” which was filed by the present inven-
tor with the U.S. Patent and Trademark Office on Dec. 30,
2004, may also be used in conjunction with the present inven-
tion. The disclosure of this U.S. patent application is incor-
porated herein by reference. In yet other embodiments, the
top drain portion 535 may pass through the opening 23 in the
flexible chamber 21 in a manner so that the sealing means (the
flexible sleeve 24) provides a gas-tight seal with the top drain
portion 535 as well as the portion 13 of the body adjacent to
the flexible sleeve 24. In yet other embodiments, the drainage
port 27 may be comprised of a different connecting means,
such as a variable descending diameter adapter (commonly
referred to as a “Christmas tree” adapter), clamp, fastening
collar, luer lock fitting and adapter, or other fastener or com-
bination thereof In yet other embodiments, the top drain
portion 535 may be fused or welded to the drainage port 27 or
another portion of the flexible chamber 21. In still other
embodiments, the top drain portion 535 may be fabricated as
a part of the flexible chamber 21. In each case, the top drain
portion 535 may pass through the flexible chamber 21 at any
point that is convenient, as long as the operation of the treat-
ment device 20 is not adversely affected.

[0051] In the embodiment illustrated in FIG. 1, the top
drain portion 535 and the bottom drain portion 53a of the
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draining means 53 are comprised of polymer tubing that is
flexible enough to allow the tubing to easily bend, but rigid
enough to prevent the tubing from collapsing during use. In
other embodiments, portions of the top drain portion 536 and
the bottom drain portion 53a of the draining means 53 may be
comprised of other materials, such as flexible or semi-rigid
polymers, plastics, rubber, silicone, or combinations of such
materials. In yet other embodiments, the draining means 53
may have different cross-sectional shapes, such as elliptical,
square, rectangular, pentagonal, hexagonal, or other shapes.
In still other embodiments, the bottom drain portion 53a of
the draining means 53 may be further comprised of wound
suction means (not illustrated) that may be used to remove
debris, exudate and other matter from the wound 14. For
example, the wound suction means may be comprised of a
distal end portion (not illustrated) of the tubing comprising
the bottom drain portion 53¢ having a plurality of perfora-
tions in the surface of the distal end portion. The suction drain
system disclosed in U.S. patent application Ser. No. 11/026,
733, entitled “Improved Reduced Pressure Wound Treatment
Appliance,” which was filed by the present inventor with the
U.S. Patent and Trademark Office on Dec. 30, 2004, discloses
examples of this type of wound suction means. The disclosure
of this U.S. patent application is incorporated herein by ref-
erence. In the illustrated embodiment, the bottom drain por-
tion 53a of the draining means 53 extends into the interior
volume of the wound packing means 52. In this embodiment,
the wound packing means 52 and the draining means 53 may
be fabricated by snaking the distal end portion of the bottom
drain portion 53a of the draining means 53 through an internal
passageway in the wound packing means 52, such as by
pulling the distal end portion of the draining means 53
through the passageway using forceps. Alternatively, the
wound packing means 52 and the draining means 53 may be
manufactured as a single piece in sterile conditions and then
be stored in an aseptic package until ready for use. In other
embodiments, the distal end portion of the draining means 53
may be placed adjacent or close to the wound packing means
52 in the area of the wound 14. The preferred means of
placement of the draining means 53 relative to the wound
packing means 52 is dependent upon the type of wound 14,
the type of wound packing means 52, and the type of treat-
ment desired.

[0052] In the embodiment of the present invention illus-
trated in FIG. 1, the treatment device 20 is further comprised
of'a treatment port 28. The treatment port 28 allows for access
to the volume within the flexible chamber 21 for purposes of
attending to the object or portion of the object (the portion 12
of'the lower arm in FIG. 1) within the volume of the flexible
chamber 21. For example, the treatment port 28 may be used
to provide treatment to the lower arm portion 12 by injecting
medical gases, as well as treatment devices and related elec-
trical, hydraulic and other supply lines into the volume of the
flexible chamber 21. The treatment port 28 may be of almost
any size and shape, as long as it does not adversely interfere
with the operation of the appliance 10. Thus, in some embodi-
ments, the treatment port 28 may have substantially the same
structure, features, characteristics and operation as the
vacuum port 25, the pressurized fluid port 26, or the drainage
port 27 described in more detail above, or any other type of
gas-tight port currently known in the relevant art or developed
in the relevant art in the future. In such embodiments, supply
lines may be used in connection with the treatment port 28 in
substantially the same manner that the reduced pressure sup-
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ply means 32 is used with the vacuum port 25, the pressurized
fluid supply means 42 is used with the pressurized fluid port
26, or the draining means 53 is used with the drainage port 27,
or any combination thereof In other embodiments, the treat-
ment port 28 may be larger, as illustrated in FIG. 1. In addi-
tion, the treatment port 28 may be located at almost any
position on the flexible chamber 21, as long as it does not
adversely interfere with the operation of the appliance 10.
Further, the treatment port 28 may have almost any structure
that allows it to remain gas-tight while the appliance 10 is in
use. For example, as illustrated in FIG. 1, the treatment port
28 is comprised of a port body 28a that is attached to the
flexible chamber 21 and a port cap 2856, which is removably
attached to the port body 28a. Any means suitable to produce
a gas-tight seal may be used to removably attach the port cap
28b to the port body 28a. For example, an o-ring/groove seal
may be used. Other suitable means are disclosed in U.S.
patent application Ser. No. 11/098,203, which was filed by the
present inventor with the U.S. Patent and Trademark Office
on Apr. 4, 2005, the disclosure of which is hereby incorpo-
rated by reference. In yet other embodiments, the treatment
port 28 may be relatively large, as illustrated in FIG. 1, and
have additional ports similar to the vacuum port 25, the pres-
surized fluid port 26, or the drainage port 27, other types of
ports, or any combination thereof positioned on the port body
28a, the port cap 284, or both. It is to be noted that in various
embodiments of the present invention, there may be more
than one treatment port 28 or no treatment port 28. In addi-
tion, where there is more than one treatment port 28, the
treatment ports 28 may vary in size and structure. The treat-
ment port 28 may be constructed of any suitable rigid, semi-
rigid or flexible material or combinations of such materials.
For example, the treatment port 28 may be constructed in
whole or in part of metals, ceramics, glasses, silicone, rubber
(including neoprene), polycarbonate, polyvinyl chloride,
polyurethane, or other polymers or combinations of any such
materials.

[0053] In the embodiment of the present invention illus-
trated in FIG. 1, the treatment device 20 is further comprised
of a forced entry treatment system 60. In the illustrated
embodiment, the forced entry treatment system 60 is further
comprised of a forced entry supply source, illustrated sche-
matically and generally designated 61, forced entry supply
means 62, and venting means 63. The forced entry treatment
system 60 generally provides for introducing ancillary fluids
into the volume within the flexible chamber 21. For example,
air or other gas that is heated or cooled may be introduced by
the forced entry treatment system 60 into the volume within
the flexible chamber 21 in order to raise or lower, respectively,
the temperature of the object or portion of the object to be
treated (the lower arm portion 12 in FIG. 1). As another
example, ionized gases and dyes may be introduced by the
forced entry treatment system 60 into the volume within the
flexible chamber 21. Thus, the forced entry supply source 61
may be comprised of any type of equipment that is related to
providing the forced entry treatment. For example, the forced
air supply source 61 may be comprised of equipment to heat
or cool (or both) gases or liquids or both and cause such gases
or liquids to flow from the forced entry supply source 61
through the forced entry supply means 62 to the flexible
chamber 21. Equipment of this type, such as heat exchangers,
boilers and heating elements, refrigeration coils, and blowers
and pumps are well known in the relevant art. The forced
entry supply means 62 may be comprised of any suitable
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means currently known in the relevant art or the may be
developed in the relevant art in the future. For example, the
forced entry supply means 62 may be comprised of one or
more tubing members similar to those used for the reduced
pressure supply means 32, the pressurized fluid supply means
42, or the draining means 53, as described above. As another
example, the forced entry supply means 62 may be comprised
of ducts, which are constructed from any suitable material,
such as metals, woods, plastics, or other polymers or combi-
nations of any such materials. The forced entry supply means
62 is connected to the flexible chamber 21 by means of a
forced entry port 29, which may be of almost any size and
shape, as long as it does not adversely interfere with the
operation of the appliance 10. Thus, in some embodiments,
the forced entry port 29 may have substantially the same
structure, features, characteristics and operation as the
vacuum port 25, the pressurized fluid port 26, or the drainage
port 27 described in more detail above, or any other type of
gas-tight port currently known in the relevant art or developed
in the relevant art in the future. In such embodiments, forced
entry supply means 62 may be used in connection with the
forced entry port 29 in substantially the same manner that the
reduced pressure supply means 32 is used with the vacuum
port 25, the pressurized fluid supply means 42 is used with the
pressurized fluid port 26, or the draining means 53 is used
with the drainage port 27, or any combination thereof. In
other embodiments, the forced entry port 29 may be larger. In
addition, the forced entry port 29 may be located at almost any
position on the flexible chamber 21, as long as it does not
adversely interfere with the operation of the appliance 10.
Further, the forced entry port 29 may have almost any struc-
ture that allows it to remain gas-tight while the appliance 10
is in use. It is to be noted that in various embodiments of the
present invention, there may be more than one forced entry
port 29 or no forced entry port 29. In addition, where there is
more than one forced entry port 29, the forced entry ports 29
may vary in size and structure. The venting means 63 may
generally be used to vent fluids that are introduced into the
interior volume of the flexible chamber 21 by the forced entry
supply source 61 and forced entry supply means 62. In the
illustrated embodiment, the venting means 63 is further com-
prised of a vent member 63a and a valve 635, which regulates
the flow of fluid from the interior volume of the flexible
chamber 21 through the vent member 63a. The venting means
63 may discharge fluid to the ambient atmosphere or to a
suitable receptacle or return the fluid to the forced entry
supply source 61 for processing, recycle or some other pur-
pose. It is to be noted that in some embodiments, the appli-
ance 10 may not include a forced entry treatment system 60 or
may have more than one forced entry treatment system 60. In
other embodiments, the forced entry treatment system 60 may
not include any venting means 63 or may have more than one
venting means 63.

[0054] The present invention also includes a method of
administering reduced pressure treatment to an object or a
portion of an object using various embodiments of the first
version of the present invention, as described above and illus-
trated in connection with FIG. 1 and FIG. 2. Generally, the
method comprises the following steps. First, an appliance 10
for administering reduced pressure to the object or portion of
the object (the lower arm portion 12 in FIG. 1) is provided.
Second, the appliance 10 is positioned for use, so that the
flexible chamber 21 and collapsible frame 22 are in an
extended state. For example, where the collapsible frame 22
is further comprised of at least one inflatable member 22a,
22b, and the appliance 10 is further comprised of a pressur-
ized fluid supply source 41 and pressurized fluid supply
means 42 to operably connect the at least one inflatable mem-
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ber 22a, 2254 to the pressurized fluid supply source 41, the at
least one inflatable member 224, 225 is inflated to the desired
pressure with pressurized fluid using the pressurized fluid
supply source 41 and pressurized fluid supply means 42.
Third, the object or portion of the object to be treated (the
lower arm portion 12 in FIG. 1) is positioned relative to the
appliance 10 so that the object or portion of the object to be
treated (the lower arm portion 12 in FIG. 1) is positioned
within the volume of the flexible chamber 21. In the embodi-
ment illustrated in FIG. 1, the lower arm portion 12 is inserted
through the opening 23 into the interior volume of the flexible
chamber 21. Fourth, the opening 23 of the flexible chamber
21 is sealed using the sealing means (the flexible sleeve 24 in
FIG. 1), so that reduced pressure may be maintained in the
volume within the flexible chamber 21. Fifth, the flexible
chamber 21 is operably connected with the reduced pressure
supply source 31 using the reduced pressure supply means 32
so that reduced pressure is supplied to the volume within the
flexible chamber 21. It is to be noted that the fifth step may be
also performed before either the second, third or fourth step
described above. In the preferred embodiments of this first
version of the invention involving medical treatment, the
reduced pressure maintained in the volume within the flexible
chamber 21 at the portion 12 of the body to be treated is in the
range from approximately 20 mm of Hg below atmospheric
pressure to approximately 125 mm of Hg below atmospheric
pressure. In yet other embodiments, the reduced pressure is
applied to the flexible chamber 21 in a cyclic nature, the cyclic
nature providing alternating time periods of application of
reduced pressure and non-application of reduced pressure.
Sixth, the reduced pressure is maintained in the volume
within the flexible chamber 21 until the object or portion of
the object being treated (the lower arm portion 12 in FIG. 1)
has progressed toward a selected stage of treatment. Seventh,
the object or portion of the object to be treated (the lower arm
portion 12 in FIG. 1) is removed from the appliance 10 after
the selected stage of treatment has been reached and the
reduced pressure within the volume of the flexible chamber
21 has been released. Eighth, the appliance 10 is placed in its
collapsed state. In the embodiment illustrated in FIG. 1, this
involves the deflation of the at least one inflatable member
22a, 226 and folding the collapsible frame 22 and the flexible
chamber 21. In embodiments comprising a drainage system
50, the method also includes the step of positioning the
wound packing means 52 (if any) in the wound 14, position-
ing the draining means 53 (if any) in or over the wound 14 (or
in the wound packing means 52), positioning the overlay 51
over the wound 14 (and wound packing means 52 and drain-
ing means 53, if any), and connecting the draining means 53
to the reduced pressure supply source 31 and the collection
system 56, if desired. In embodiments comprising a forced
entry treatment system 60, the method also includes the step
of positioning the forced 25 entry supply source 61 in prox-
imity to the treatment device 20, connecting the forced entry
supply means 62 to the forced entry supply source 61 and the
flexible chamber 21, and operating the forced entry treatment
system 60 until the desired force entry treatment is com-
pleted.

[0055] Another embodiment of the first version of the
present invention is illustrated in FIG. 3 through FIG. 6. In
this embodiment, the treatment device 120 is also comprised
of'a flexible chamber 121 and a collapsible frame 122, but the
collapsible frame 122 is comprised of a plurality of rigid or
semi-rigid frame members 1224, 1225, 122¢ and frame mem-
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ber connecting means, which are described in more detail
below. The frame member connecting means are used to
connect the plurality of rigid or semi-rigid frame members
122a, 1225, 122¢ together in a manner so that the plurality of
rigid or semi-rigid frame members 122a, 1225, 122¢ may be
extended when the appliance 110 is in use and collapsed when
the appliance 110 is not in use. In the illustrated embodiment,
the flexible chamber 121 is constructed of a transparent mate-
rial so that the collapsible frame 122 may be viewed from
outside the flexible chamber 121. Also in the illustrated
embodiment, the flexible chamber 121 and the sealing means
124 may have substantially the same structure, features, char-
acteristics and operation as the various embodiments of the
flexible chamber 21 and the sealing means 124, respectively,
described above and illustrated in connection with FIG. 1. In
this embodiment, however, the flexible chamber 121 is gen-
erally comprised of a chamber body portion 1215, a flexible
sleeve 124 (as sealing means) having an opening 123 that is
positioned at one end 1214 of the chamber body portion 1215,
and a chamber end cap portion 121c¢ that is removably
attached to the other end of the chamber body portion 1215.
Generally, the chamber end cap portion 121 ¢ is removed from
the chamber body portion 1215 so that the collapsible frame
122 may be inserted into the chamber body portion 1215.
After the collapsible frame 122 is inserted into the chamber
body portion 1215, the chamber end cap portion 121c is
attached to the chamber body portion 1215 by end cap attach-
ment means. The end cap attachment means may be any
suitable means that permits the chamber end cap portion 121¢
to be detached from the chamber body portion 1215 and to be
re-attached in a manner that provides a hermetic seal between
the chamber end cap portion 121¢ and the chamber body
portion 1215, so that reduced pressure may be maintained
within the volume of the flexible chamber 121 while the
appliance 110 is in use. For example, the end cap attachment
means may include gas-tight zippers, hook and loop fasten-
ers, or other fasteners or combinations of such fasteners.

[0056] In the embodiment of the present invention illus-
trated in FIG. 3 through FIG. 6, the collapsible frame 122 is
generally comprised of a plurality of rigid or semi-rigid frame
members 1225 that extend longitudinally, rigid or semi-rigid
frame members 122a that are approximately circular in shape
and positioned at the ends of the collapsible frame 122, arigid
or semi-rigid frame member 122¢ that supports the chamber
end cap portion 121¢, and frame member connecting means,
which are described in more detail below. In the illustrated
embodiment, the plurality of rigid or semi-rigid frame mem-
bers 122a, 122b, 122¢ are comprised of rigid or semi-rigid
materials, so that they are generally capable of maintaining
their shape and supporting the flexible chamber 121 away
from the object or portion of the object to be treated (the lower
arm portion 112 in FIG. 3) while reduced pressure is present
within the volume inside the flexible chamber 121. Examples
of'such materials include wood, metal, ceramics, plastics and
other rigid or semi-rigid polymers (such as polyvinyl chloride
and polycarbonate) and combinations of such materials. The
frame member connecting means may be comprised of any
means suitable for connecting the rigid or semi-rigid frame
members 122a, 1225, 122¢ together in a manner that allows
the rigid or semi-rigid frame members 122a, 1225, 122¢ to
pivot, rotate or otherwise move in a manner that permits the
rigid or semi-rigid frame members 122a, 1225, 122¢ to col-
lapse and to extend when desired. For example, as illustrated
in FIG. 5, the frame member connecting means may be com-
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prised of a rivet 1224 that is used to join the ends of the rigid
or semi-rigid frame members 1225 together. The frame mem-
ber connecting means may also include additional features to
enable the rigid or semi-rigid frame members 122a, 1225,
122¢ to retain the extended position when desired. For
example, as illustrated in FIG. 5, the rigid or semi-rigid frame
members 1225 are also comprised of a tab portion 122e, a
raised portion 122f; and an indented portion 122g. In this
embodiment, the tab portion 122e rests against the surface of
the adjoining rigid or semi-rigid frame member 1226 when
the rigid or semi-rigid frame members 12256 are fully
extended. In addition, the raised portion 122f, which is posi-
tioned in the indented portion 122¢g when the rigid or semi-
rigid frame members 12254 are fully extended, acts to hold the
collapsible frame 122 in place in the extended position. It is to
be noted that the frame member connecting means may com-
prise other means in other embodiments of the present inven-
tion. For example, the frame member connecting means may
include pins, nut/bolt combinations, dowels, screws, hinges,
or other connectors or combinations of such means.

[0057] In the embodiment of the collapsible frame 122
illustrated in F1G. 3 through FIG. 6, the collapsible frame 122
is approximately cylindrical in shape when it is fully
extended, as illustrated in FIG. 3. When the collapsible frame
122 is not in use and sufficient force is exerted on the various
rigid or semi-rigid frame members 122a, 1225, 122¢ com-
prising the collapsible frame 122, the collapsible frame 122
collapses inan “accordion” fashion, as illustrated in FIG. 4, in
which the collapsible frame 122 is shown in a partially col-
lapsed state. It is to be noted that the collapsible frame 122
may be of almost any shape and size necessary to adapt to the
shape of the flexible chamber 121. In addition, it is to be noted
that the plurality of rigid or semi-rigid frame members 122a,
122b, 122¢ comprising the collapsible frame 122 may be
arranged in many different structural patterns and have many
different ways in which to collapse and extend. Further, the
frame member connecting means may include many different
means of connecting the rigid or semi-rigid frame members
122a, 1225, 122¢ comprising the collapsible frame 122. All
such sizes, shapes, structural patterns, means of collapse and
extension, and connecting means are encompassed by the
present invention, as set forth in the appended claims. It is also
to be noted that all of the features of the appliance 10
described above and illustrated in connection with FIG. 1
may also be utilized with the appliance 110 illustrated in FIG.
3 through FIG. 6. For example, the appliance 110 generally
comprises a vacuum system 130 having a reduced pressure
supply source 131 and reduced pressure supply means 132,
which may have substantially the same structure, features,
characteristics and operation as the various embodiments of
the vacuum system 30 of appliance 10. Finally, it is to be
noted that in operation of the appliance 110, the step of
positioning the appliance 110 for use further comprises the
steps of extending the rigid or semi-rigid frame members
122a, 1225, 122¢ comprising the collapsible frame 122 to
their extended state.

[0058] An embodiment of a second version of the present
invention is illustrated in FIG. 7. In this embodiment, an
appliance 210 is disclosed that is generally comprised of a
treatment device 220, a vacuum system 230, and an ancillary
treatment system 260. The treatment device 220 is further
comprised of a chamber 221 having an opening 223 at one
end, which is sealed using sealing means that are described in
more detail below. In the illustrated embodiment, the finger
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212 of a patient extends through the opening 223 so that the
finger 212 may be treated with reduced pressure by the appli-
ance 210. The vacuum system 230 is generally comprised of
a reduced pressure supply source, illustrated schematically
and generally designated 231, and reduced pressure supply
means 232 that operably connect the reduced pressure supply
source 231 to the chamber 221 so that reduced pressure is
supplied to the volume within the chamber 221 at the portion
of'the body (finger 212) to be treated. In the various embodi-
ments of this second version of the present invention, the
vacuum system 230 may have substantially the same struc-
ture, features, characteristics and operation as the embodi-
ments of the vacuum system 30 described above and illus-
trated in connection with FIG. 1. In other embodiments, the
vacuum system 230 may be comprised of a suction bulb
system, which is illustrated in FIG. 8 and described in more
detail below. The ancillary treatment system 260 is generally
comprised of a treatment supply source, illustrated schemati-
cally and generally designated 261, and treatment supply
means 262 that operably connect the treatment supply source
261 to the chamber 221 so that various treatments may be
supplied to the volume within the chamber 221 at the portion
of'the body (finger 212) to be treated. In the various embodi-
ments of this second version of the present invention, the
ancillary treatment system 260 may have substantially the
same structure, features, characteristics and operation as the
embodiments of the treatment port 28 or the forced entry
treatment system 60, or both, described above and illustrated
in connection with FIG. 1. It is to be noted that in some
embodiments there may be more than one ancillary treatment
system 260 or more than one treatment supply means 262,
and in other embodiments there may not be any treatment
system 260. The chamber 221 is generally adapted to be of a
size and shape to fit over and enclose all or a portion of a distal
extremity (i.e., finger or toe) of a patient. The chamber 221 is
also generally constructed of a rigid or semi-rigid material
that is rigid enough to generally support the chamber 221
away from the portion of the distal extremity (finger 212) to
be treated by the appliance 210, although there may be some
contact between such portion 212 and the interior surface of
the chamber 221. For example, the chamber 221 may be
constructed of woods, metals, glasses, ceramics, plastics, or
other rigid or semi-rigid polymers (such as polyvinyl chloride
or polycarbonate) or combinations of such materials.
Although the opening 223 of the chamber 221 in the illus-
trated embodiment is approximately circular in shape, the
opening 223 may be of almost any size or shape, as long as it
does not interfere with the operation of the chamber 221 and
permits the distal extremity (the finger 212 in FIG. 7) to be
treated to be positioned within the volume of the chamber
221. In the illustrated embodiment, the sealing means 224 is
comprised of a flexible sleeve 224 that has substantially the
same structure, features, characteristics and operation as the
embodiments of the flexible sleeve 24 described above and
illustrated in connection with FIG. 1. In other embodiments,
the sealing means 224 may be comprised of substantially the
same structure, features, characteristics and operation as any
of'the embodiments of the sealing means 24 described above
and illustrated in connection with FIG. 1, to the extent that
such sealing means 24 applies to treatment of only a portion
of an object. In addition, the sealing means 224 may be
comprised of the shape of the opening 223 being approxi-
mately the same size and shape as the portion of the body that
is adjacent to the opening 223, wherein the chamber 221 is
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held against such adjacent portion of the body using an adhe-
sive, adhesive tape, lubricating material (such as lanoline), or
the reduced pressure within the chamber 221.

[0059] An embodiment of a suction bulb system that may
be used with embodiments of the present invention is illus-
trated in FIG. 8. In this embodiment, the vacuum system 230
is generally comprised of a suction bulb 271 having an inlet
port 272 and an outlet port 273, a bulb connection tubing
member 274, an exhaust tubing member 275, an exhaust
control valve 276, a filter 277, and a supplemental vacuum
system (illustrated schematically and generally designated
230aq). In this embodiment, the suction bulb 271 is a hollow
sphere that may be used to produce a supply of reduced
pressure for use with the treatment device 220. In addition,
the suction bulb 271 may also be used to receive and store
fluid aspirated from the distal extremity 212. The inlet port
272 of the suction bulb 271 is connected to one end of the bulb
connection tubing member 274, which is also the reduced
pressure supply means 232 in this embodiment. The connec-
tion tubing member 274 is connected to the chamber 221 by
a port 225 in a manner so that the interior volume of the
suction bulb 271 is in fluid communication with the volume
within the chamber 221. In this embodiment, the bulb con-
nection tubing member 274 is sufficiently flexible to permit
movement of the bulb connection tubing member 274, but is
sufficiently rigid to resist constriction when reduced pressure
is supplied to the chamber 221. The outlet port 273 of the
suction bulb 271 is connected to the exhaust tubing member
275. In this embodiment, the exhaust tubing member 275 is
sufficiently flexible to permit movement of the exhaust tubing
member 275, but is sufficiently rigid to resist constriction
when reduced pressure is supplied to the chamber 221. The
inlet port 272 of the suction bulb 271 may be connected to the
bulb connection tubing member 274 and the outlet port 273 of
the suction bulb 271 may be connected to the exhaust tubing
member 275 using any suitable means, such as by welding,
fusing, adhesives, clamps, or any combination of such means.
In addition, in some embodiments, which are the preferred
embodiments, the suction bulb 271, the bulb connection tub-
ing member 274, and the exhaust tubing member 275 may be
fabricated as a single piece. In the illustrated embodiment, the
exhaust control valve 276 and the filter 277 are operably
connected to the exhaust tubing member 275. In this embodi-
ment, the exhaust control valve 276 is used to regulate the
flow of fluids (gases and liquids) to and from the suction bulb
271 and the supplemental vacuum system 230qa. In embodi-
ments of the invention that do not have a supplemental
vacuum system 230a, the exhaust control valve 276 regulates
flow of fluids to and from the suction bulb 271 and the outside
atmosphere. Generally, the exhaust control valve 276 allows
fluids to flow out of the suction bulb 271 through the outlet
port 273, but not to flow in the reverse direction unless per-
mitted by the user of the appliance 210. Any type of flow
control valve may be used as the exhaust control valve 276, as
long as the valve 276 is capable of operating in the anticipated
environment involving reduced pressure and exudate. Such
valves are well known in the relevant art, such as sprung and
unsprung flapper-type valves and disc-type valves, operating
in conjunction with or without ball, gate and other similar
types of valves. In this embodiment, the filter 277 is operably
attached to the exhaust tubing member 275 between the outlet
port 273 of the suction bulb 271 and the exhaust control valve
276. The filter 277 prevents potentially pathogenic microbes
or aerosols from contaminating the exhaust control valve 276

Oct. 27,2011

(and supplemental vacuum system 230qa), and then being
vented to atmosphere. The filter 277 may be any suitable type
of filter, such as a micropore filter. In other embodiments, the
filter 277 may also be a hydrophobic filter that prevents any
exudate from the portion of the distal extremity (finger 212)
from contaminating the exhaust control valve 276 (and the
supplemental vacuum system 230a) and then being vented to
atmosphere. In still other embodiments, the filter 277 may
perform both functions. It is to be noted, however, that the
outlet port 273, the exhaust control valve 276, the filter 277, or
any combination of the exhaust control valve 276 and the
filter 277, need not be utilized in connection with the vacuum
system 230 in other embodiments of the invention.

[0060] In some embodiments of the present invention that
do not utilize a supplemental vacuum system 230a, the suc-
tion bulb 271 may be used to produce a supply of reduced
pressure in the following manner. First, the user of the appli-
ance 210 appropriately seals all of the component parts of the
appliance 210 in the manner described herein. For example,
the chamber 221 is placed over and encloses the portion 212
of'the body to be treated, and the opening 223 of the chamber
221 is sealed using the sealing means 224. The user then
opens the exhaust control valve 276 and applies force to the
outside surface of the suction bulb 271, deforming it in a
manner that causes its interior volume to be reduced. When
the suction bulb 271 is deformed, the gas in the interior
volume is expelled to atmosphere through the outlet port 273,
the exhaust tubing member 275, the filter 277, and the exhaust
control valve 276. The user then closes the exhaust control
valve 276 and releases the force on the suction bulb 271. The
suction bulb 271 then expands, drawing fluid (liquid and gas)
from the volume within the treatment device 220 into the
suction bulb 271 through the bulb connection tubing member
274 and causing the pressure in such volume to decrease. To
release the reduced pressure, the user of the appliance 210
may open the exhaust control valve 276, allowing atmo-
spheric air into the interior volume of the suction bulb 271.
The level of reduced pressure may also be regulated by
momentarily opening the exhaust control valve 276.

[0061] The suction bulb 271 may be constructed of almost
any suitable fluid impermeable flexible or semi-rigid material
that can be readily deformed by application of pressure to the
outside surface of the suction bulb 271 by users of the appli-
ance 270 and still return to its original shape upon release of
the pressure. For example, the suction bulb 271 may be con-
structed of rubber, neoprene, silicone, or other flexible or
semi-rigid polymers, or any combination of all such materi-
als. In addition, the suction bulb 271 may be of almost any
shape, such as cubical, ellipsoidal, or polygonal. The suction
bulb 271 may also be of varying size depending upon the
anticipated use of the suction bulb 271, the size of the treat-
ment device 220, use of a supplemental vacuum system 230a,
the level of reduced pressure desired, and the preference of
the user of the appliance 210. In the embodiment of the
invention illustrated in FI1G. 8, the supplemental vacuum sys-
tem 230q is connected to the exhaust tubing member 275 and
is used to provide a supplemental supply of reduced pressure
to the suction bulb 271 and treatment device 220. In this
embodiment, the supplemental vacuum system 230a may
have substantially the same structure, features, characteristics
and operation of the various embodiments of the vacuum
system 30 of the first version of the invention described above
and illustrated in connection with FIG. 1. It is to be noted,
however, that the supplemental vacuum system 230a need not
be used in connection with the vacuum system 230 in other
embodiments of the invention.
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[0062] The present invention also includes a method of
administering reduced pressure treatment to a distal extrem-
ity using various embodiments of the second version of the
present invention, as described above and illustrated in con-
nection with FIG. 7. Generally, the method comprises the
following steps. First, an appliance 210 for administering
reduced pressure to the distal extremity (the finger 212 in
FIG. 7) is provided. Second, the appliance 210 is placed over
the portion of the distal extremity to be treated (the finger 212
in FIG. 5), so that the chamber 221 encloses the portion of the
finger 212 to be treated. Third, the opening 223 of the cham-
ber 221 is sealed using the sealing means (the flexible sleeve
224 in FIG. 7), so that reduced pressure may be maintained in
the volume within the chamber 221. Fourth, the chamber 221
is operably connected with the reduced pressure supply
source 231 using the reduced pressure supply means 232 so
that reduced pressure is supplied to the volume within the
chamber 221. It is to be noted that the fourth step may be also
performed before either the second or third step described
above. In the preferred embodiments ofthis second version of
the invention, the reduced pressure maintained in the volume
within the chamber 221 at the portion of the distal extremity
to be treated (the finger 212 in FIG. 7) is in the range from
approximately 20 mm of Hg below atmospheric pressure to
approximately 125 mm of Hg below atmospheric pressure. In
yet other embodiments, the reduced pressure is applied to the
chamber 221 in a cyclic nature, the cyclic nature providing
alternating time periods of application of reduced pressure
and non-application of reduced pressure. Fifth, the reduced
pressure is maintained in the volume within the chamber 221
until the portion of the distal extremity being treated (the
finger 212 in FIG. 7) has progressed toward a selected stage of
treatment. In embodiments comprising an ancillary treatment
system 260, the method also includes the step of positioning
the treatment supply source 261 in proximity to the treatment
device 220, connecting the treatment supply means 262 to the
treatment supply source 261 and the chamber 221, and oper-
ating the ancillary treatment system 260 until the desired
treatment is completed.

[0063] An embodiment of a third version of the present
invention is illustrated in FIG. 9. In this embodiment, the
present invention includes an appliance 310 that is generally
comprised of a treatment device 320, a vacuum system 330, a
drainage system 350, and a forced entry treatment system
360. In this embodiment, the treatment device 320 is further
comprised of a chamber 321 having an opening 323, sealing
means (a flexible sleeve 324 in FIG. 7) to seal the opening 323
so that reduced pressure may be maintained in the volume
within the chamber 321, and a liner 380. In the illustrated
embodiment, the liner 380 is positioned over the portion of
the body 312 to be treated, which extends through the opening
323 so that the portion 312 may be treated with reduced
pressure by the appliance 310. The vacuum system 330 is
generally comprised of a reduced pressure supply source,
illustrated schematically and generally designated 331, and
reduced pressure supply means 332 that operably connect the
reduced pressure supply source 331 to the chamber 321 so
that reduced pressure is supplied to the volume within the
chamber 321 at the portion of the body 312 to be treated. In
the various embodiments of this third version of the present
invention, the vacuum system 330 may have substantially the
same structure, features, characteristics and operation as the
embodiments of the vacuum system 30 described above and
illustrated in connection with FIG. 1. The forced entry treat-
ment system 360 is generally comprised of a forced entry
supply source, illustrated schematically and generally desig-
nated 361, and forced entry supply means 362 that operably
connect the forced entry supply source 361 to the chamber
321 so that various treatments may be supplied to the volume
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within the chamber 321 at the portion of the body 312 to be
treated. In the various embodiments of this third version of the
present invention, the forced entry treatment system 360 may
have substantially the same structure, features, characteristics
and operation as the embodiments of the forced entry treat-
ment system 60 described above and illustrated in connection
with FIG. 1. It is to be noted that in some embodiments there
may be more than one forced entry treatment system 360 and
in other embodiments there may not be any forced entry
treatment system 360. The drainage system 350 may be gen-
erally comprised of combinations of an overlay 351, wound
packing means 352, draining means 353, valves 354, and
collection system 356. In the various embodiments of this
third version of the present invention, the drainage system
350 may have substantially the same structure, features, char-
acteristics and operation as the embodiments of the drainage
system 50 described above and illustrated in connection with
FIG. 1. It is to be noted that in some embodiments there may
be more than one drainage system 350 and in other embodi-
ments there may not be any drainage system 350. In yet other
embodiments, the drainage system 350 may contain all of the
components of the illustrated drainage system 350, while in
still other embodiments the drainage system 350 may contain
only some of the components.

[0064] In some embodiments of this third version of the
present invention, the chamber 321 may have substantially
the same structure, features, characteristics and operation as
the embodiments of the flexible chamber 21 and its support-
ing collapsible frame 22 described above and illustrated in
connection with FIG. 1. In other embodiments, the chamber
321 may have a different structure, shape or size. For
example, the chamber 321 may be comprised of a rigid or
semi-rigid material and may have a rectangular cross-sec-
tional shape. In addition, the sealing means 324 utilized in the
various embodiments of this third version of the present
invention may generally be comprised of any of the sealing
means 24 described above and illustrated in connection with
FIG. 1. The liner 380 is generally adapted to be of a size and
shape to cover the portion 312 of the body to be treated, as
well as an additional portion 313 of the body that extents to at
least the sealing portion 324a of the flexible sleeve 324. Thus,
in this version of the invention, the sealing means (the flexible
sleeve 324) may be sealed against the liner 380 rather than the
portion 313 of the body adjacent to the sealing portion 324a of
the flexible sleeve 324. This seal may provide for permanent
attachment, or for removable attachment, and seal of the liner
380 to the flexible sleeve 324. The portion 313 of the body that
is approximately adjacent to the sealing portion of the liner
380a is also sealed in a manner so that reduced pressure may
be maintained in the volume within the chamber 321. Such
sealing means may be comprised of any suitable means, such
as adhesives, adhesive tapes, the reduced pressure within the
chamber 321, or other means or combinations of such means.
The liner 380 is generally comprised of a material that is
impermeable or semi-permeable with respect to fluids (lig-
uids and gases). Where semi-permeable materials are used,
the reduced pressure within the chamber 321 is also applied to
the portion of the body 312 enclosed by the liner 380, but any
exudate aspirated from such portion 312 of the body is gen-
erally not able to pass through the liner 380 to the interior
volume of the chamber 321. For example, the liner 380 may
be constructed of polyurethane or other semi-permeable
polymers (such as that sold by the 3M Corporation under the
trademark IOBAN), or combinations of such materials. This
enables the application of reduced pressure to the portion 312
of'the body to be treated, without contamination of the cham-
ber 321 by any exudate aspirated from the portion 312 of the
body to be treated. It is to be noted that the liner 380 may be
used in other embodiments of this third version of the present
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invention with or without an overlay 351, draining means
353, or wound packing means 352. The method of using the
embodiments of this third version of the invention is substan-
tially similar to the method used to operate the embodiments
of the first version of the present invention described above
and illustrated in connection with FIG. 1, except that this
version includes the steps of placing the portion 312 of the
body to be treated into the liner 380, sealing the liner 380 to
the portion 313 of the body adjacent to the sealing portion
380aq of the liner 380, and where necessary, sealing the flex-
ible sleeve 324 to the liner 380.

What is claimed is:

1. An appliance for administering reduced pressure treat-
ment to a digit of a distal extremital portion of a body, the
appliance comprising:

a rigid or semi-rigid chamber extending between an open-
ing at a proximal end and a substantially closed distal
end, the chamber having a substantially cylindrical
shape with a circular cross-section along its length,
wherein the rigid or semi-rigid chamber is sized to
enclose at least aportion of a digit of the distal extremital
portion of the body and adapted to maintain reduced
pressure within the volume of the rigid or semi-rigid
chamber;

a sealing mechanism at the proximal end of the chamber,
the sealing mechanism comprising a flexible sleeve con-
figured to receive at least a portion of the digit there-
through to seal the opening so that reduced pressure may
be maintained within the volume of the rigid or semi-
rigid chamber; and

a reduced pressure supply mechanism that operably con-
nects the rigid or semi-rigid chamber to a reduced pres-
sure supply source via a port on the chamber, the reduced
pressure supply source configured to provide a supply of
reduced pressure to the rigid or semi-rigid chamber so
that the volume within the rigid or semi-rigid chamber is
supplied with reduced pressure by the reduced pressure
supply source and wound exudate is removed from the
chamber.

2. The appliance of claim 1, wherein the appliance further
comprises an ancillary treatment system operably attached to
the rigid or semi-rigid chamber, the ancillary treatment sys-
tem configured to introduce fluids into the volume within the
rigid or semi-rigid chamber.

3. The appliance of claim 2, wherein the ancillary treatment
system is configured to introduce air or gas into the chamber.

4. The appliance of claim 3, wherein the air or gas is heated
or cooled in an amount sufficient to raise or lower the tem-
perature of the digit of the distal extremital portion of the
body.

5. The appliance of claim 1, wherein the reduced pressure
supply source is a vacuum pump.

6. The appliance of claim 1, wherein the reduced pressure
supply source is a suction bulb system.

7. The appliance of claim 1, wherein the digit of the distal
extremital portion is a human finger.

8. The appliance of claim 1, wherein the digit of the distal
extremital portion is a human toe.

9. The appliance of claim 1, further comprising a fluid
impermeable or semi-permeable liner operably disposed
between the chamber and the portion of the body positioned
within the chamber.
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10. The appliance of claim 9, further comprising a sealing
mechanism to seal the fluid impermeable or semi-permeable
liner and the portion of the body positioned within the cham-
ber so that reduced pressure may be maintained within the
volume of the chamber and the volume of the liner.

11. The appliance of claim 1, wherein the flexible sleeve is
conical or frustoconical in shape.

12. The appliance of claim 1, wherein the flexible sleeve
comprises a stretchable material.

13. A method of administering reduced pressure treatment
to a digit of a distal extremital portion of a body, the method
comprising:

positioning the digit to be treated within an appliance, the

appliance comprising:

a rigid or semi-rigid chamber having an opening,
wherein the chamber is sized to at least partially
enclose the digit to be treated, configured to support
the chamber away from the digit to be treated while
the appliance is in use, and adapted to maintain
reduced pressure within the volume of the chamber; a
sealing mechanism to seal the opening so that reduced
pressure may be maintained within the volume of the
chamber; and a reduced pressure supply mechanism
to operably connect the chamber to a reduced pressure
supply source that provides a supply of reduced pres-
sure to the chamber, so that the volume within the
chamber is supplied with reduced pressure by the
reduced pressure supply source;

sealing the opening of the chamber about the digit using the

sealing mechanism, so that reduced pressure may be

maintained in the volume within the chamber;

operably connecting the chamber with the reduced pres-
sure supply source using the reduced pressure supply
mechanism so that reduced pressure is supplied to the
volume within the chamber;

evacuating wound exudate from the chamber using the

reduced pressure supply source; and

maintaining the reduced pressure in the volume within the

chamber until the digit being treated has progressed

toward a selected stage of treatment.

14. The method of claim 13, further comprising collecting
wound exudate in a container disposed between the chamber
and the reduced pressure supply source.

15. The method of claim 13, further comprising the step of
applying ancillary treatment to the digit, the ancillary treat-
ment comprising a system configured to introduce fluids into
the volume of the chamber.

16. The method of claim 15, wherein the ancillary treat-
ment comprises introducing air or gas into the volume of the
chamber.

17. The method of claim 16, further comprising the step of
heating or cooling the air or gas introduced into the volume of
the chamber.

18. The method of claim 13, further comprising the step of
removing the digit from the appliance after the selected stage
of treatment has been reached.
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