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ABSTRACT

There is disclosed a manifold for connection to a waste collection vacuum device, the
manifold comprising: a body comprising a distal wall defining a vacuum port configured
to be removably coupled with the waste collection vacuum device, and a suction port
assembly in communication with the vacuum port to define a fluid path through the body,
wherein the suction port assembly defines a proximal end of the manifold and is
configured to be coupled with one or more suction tubes; and a filter element disposed
within the body and comprising a distal wall and at least one sidewall extending from the
distal wall to define a basket, wherein the basket comprises a distal section having a
cross-sectional area less than a cross-sectional area of a proximal section, wherein the
sidewall of each of the proximal section and the distal section of the basket defines

sidewall apertures configured to trap liquid, semi-solid, or solid waste within the fluid path.
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MANIFOLD FOR MEDICAL WASTE COLLECTION DEVICE

[0001] This is a divisional of Australian Patent Application No. 2024201462, the entire
contents of which are incorporated herein by reference.

[0002] The current invention is related to a device, in particular a manifold, to collect
waste, the preferred embodiments thereof providing manifolds for collecting biological
waste, including solid and/or semi-solid medical waste, during medical procedures.
[0003] Medical procedures, especially surgeries, generate biological and other waste.
The waste can constitute a mixture of solids, semi-solids, and liquids, all of which must
be collected in a manner that minimizes hazards, such as waste release into the
environment. A common way to extract the medical waste is to use a vacuum to draw the
waste away from the source. Accumulating the waste within a safe, hazard-preventing
manifold is necessary for proper disposal.

[0004] Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is solely for the purpose of providing
a context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
herein.

[0005] According to a first aspect of the present invention, there is provided a manifold
for connection to a waste collection vacuum device, said manifold comprising:

a body comprising a distal wall defining a vacuum port configured to be removably
coupled with the waste collection vacuum device, and a suction port assembly in
communication with said vacuum port to define a fluid path through said body, wherein
said suction port assembly defines a proximal end of said manifold and is configured to
be coupled with one or more suction tubes;

a filter element disposed within said body and configured to trap liquid, semi-solid,
or solid waste within said fluid path; and

at least one flow director disposed within said body and configured to redirect said

fluid path within said body.
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[0006] According to a second aspect of the present invention, there is provided a
manifold for connection to a waste collection vacuum device, said manifold comprising:

a body comprising a distal end having a vacuum port configured to interconnect
with the waste collection vacuum device, and a proximal end comprising a suction port
assembly configured to mate with a suction tube, the suction port assembly being in fluid
communication with the vacuum port and defining a fluid path through the body,

a filter element disposed within the body to capture waste along the fluid path; and

a flow director disposed within the body and configured to redirect flow through the
body.

[0007] Also disclosed herein is a manifold for connection to a waste collection vacuum
device, said manifold comprising:

a suction port assembly comprising a plurality of suction port tubes each
configured to be removably coupled with a suction tube;

a vacuum port in communication with said suction port assembly, wherein said
plurality of suction port tubes and said vacuum port define interconnected fluid
communication pathways without walls defining proximal and distal ends of said manifold;
and

tabs coupled to at least one of said interconnected fluid communication pathways
and configured to interface with keyed surfaces of the waste collection vacuum device so
as to facilitate positive location and mechanical fixation with the waste collection vacuum
device.

[0008] Also disclosed herein is a manifold for connection to a waste collection vacuum
device, said manifold comprising:

a body comprising a distal wall defining a vacuum port configured to be removably
coupled with the waste collection vacuum device, and a suction port assembly in
communication with said vacuum port to define a fluid path through said body, wherein
said suction port assembly defines a proximal end of said manifold and is configured to
be coupled with one or more suction tubes, and

a filter element disposed within said body and comprising a distal wall and at least

one sidewall extending from said distal wall to define a basket, wherein said basket
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comprises a distal section having a cross-sectional area less than a cross-sectional area
of a proximal section,

wherein said sidewall of each of said proximal section and said distal section of
said basket defines apertures configured to trap liquid, semi-solid, or solid waste within
said fluid path.
[0009] Disclosed herein is an interchangeable waste collection manifold for
connection to a vacuum device having a receiver for receiving the manifold, comprising
a manifold body removably engageable with the receiver of the vacuum device, the
manifold body having proximal and distal ends and defining an internal volume providing
an internal fluid path therebetween, and wherein the manifold body has an angular bend
disposed along the length thereof, such that the proximal end lies along a first longitudinal
axis and the distal end lies along a second longitudinal axis, and wherein the first and
second longitudinal axes are angularly offset; a suction port assembly providing at least
one suction port having a proximal end external to the manifold body and a distal end
extending internal to the manifold body, the at least one suction port providing an inlet
fluid path into the internal volume of the manifold body, wherein each of the at least one
suction ports are disposed within the proximal end of the manifold body such that all inlet
fluid paths into the manifold body are disposed along the first longitudinal axis; a vacuum
port disposed within the distal end of the manifold body, and providing at least one fluid
outlet from the internal volume of the manifold body, the vacuum port being configured to
engage a vacuum inlet integral with the receiver of the vacuum device; a filter element
secured within the internal volume of the manifold body such that the internal fluid path
between the proximal and distal ends passes therethrough; at least one orientation
feature disposed on the outer surface of the manifold body and configured such that when
the manifold body is engaged with the vacuum device, the orientation feature interlocks
the manifold body within the receiver of the vacuum device and fixes the orientation of
the manifold body relative to the vacuum device such that each of the at least one suction
ports is angled upward relative to the direction of gravity; and wherein the angular bend

offsets the second end of each of the at least one suction ports from the internal fluid path
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disposed along the second longitudinal axis of the manifold body to prevent reflux of a

liquid waste back through the suction port when interlocked within the vacuum device.

[0010]

The current invention relates to a manifold device that collects solid and semi-

solid medical waste when attached to a vacuum body, the device being used during

medical procedures that require collection of medical waste by means of suction.

[0011]

Many embodiments are directed to a manifold for connection to a waste

collection vacuum device, including:

[0012]
[0013]

60°.

a manifold body having proximal and distal ends and defining an internal volume
providing a fluid path therebetween, and wherein the manifold body has an angular
bend disposed along the length thereof, such that the proximal end lies along a
first longitudinal axis and the distal end lies along a second longitudinal axis, and
wherein the first and second longitudinal axes are angularly offset;
a suction port assembly disposed within the proximal end of the manifold body,
and providing at least one suction port providing a fluid path into the internal
volume of the manifold body;
a vacuum port disposed within the distal end of the manifold body, and providing
at least one fluid outlet from the internal volume of the manifold body, the vacuum
port being configured to receive a vacuum inlet integral with the vacuum device;
a filter element secured within the internal volume of the manifold body such that
the fluid path between the proximal and distal ends passes therethrough;
at least one orientation feature disposed on the outer surface of the manifold body
and configured to affix the manifold body within the vacuum device and fix the
orientation of the manifold body relative to the vacuum device; and
wherein the manifold body and at least one orientation feature are configured such
that when the manifold body is affixed within the vacuum device the at least one
suction port disposed in the proximal end of the manifold body is angled upward
relative to the direction of gravity.

In other embodiments the angular offset is greater than 25° and less than 90°.

In still other embodiments the angular bend is greater than 30° and less than
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[0014] In yet other embodiments the angular bend is about 45°.

[0015] In still yet other embodiments the angular bend offsets the suction port from
the fluid path disposed along the second longitudinal axis of the manifold body sufficiently
to prevent reflux of a liquid waste back through the suction port.

[0016] In still yet other embodiments the filter element is a basket disposed along the
second longitudinal axis and containing a plurality of apertures having at least a first
aperture dimension, the plurality of apertures forming a portion of the fluid path through
the manifold body. In many such embodiments the basket has at least one overflow relief
aperture having a second aperture dimension larger than the at least first aperture
dimension, the overflow-relief aperture being positioned adjacent to the top of the
manifold body when the manifold body is affixed within the vacuum device. In many other
such embodiments the basket has a plurality of apertures of at least two different aperture
dimensions, and wherein the apertures disposed proximally along the basket have a
larger aperture dimension than the apertures disposed distall along the basket. In still
many other such embodiments the basket has at least one protrusion disposed around
the circumference thereof configured to cooperatively engage with at least one
indentation disposed within an inner wail of the manifold body to affix the basket therein.
In yet many other such embodiments the at least one protrusion uniquely orients the
basket within the manifold body when coupled with the at least one cooperative
indentation,

[0017] In still yet other embodiments the proximal end of at least one suction port is
configured to mate with a suction tube.

[0018] In still yet other embodiments the suction port assembly comprises a plurality
of suction ports.

[0019] In still yet other embodiments the suction port assembly further comprises a
sealing element configured to provide a fluid seal between the suction port assembly and
the proximal end of the manifold body. In many such embodiments the sealing element
is an O ring.

[0020] In still yet other embodiments the suction port assembly further comprises at

least one mechanical lock configured to securely interconnect the suction port assembly
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with the proximal end of the manifold body.

[0021] In still yet other embodiments the suction port assembly comprises at least two
suction ports, and wherein the at least two suction ports have distal outlets that extend
within the internal volume of the manifold body, and wherein at least one suction port
distally extends further within the manifold body than at least one other suction port. In
many such embodiments the variation of distal extension of the at least two suction ports
are configured to reduce turbulence of a flow of fluid into the internal volume through the
suction ports.

[0022] In still yet other embodiments the suction port assembly is comprised of four
suction ports. In many such embodiments two suction ports are disposed as upper suction
ports and two suction ports are disposed as lower suction ports, such that the upper
suction ports are positioned above the lower suction ports relative to the direction of
gravity when the manifold body is affixed within the vacuum device. In many other such
embodiments the distal ends of the upper suction ports are longer than the distal ends of
the lower suction ports, and wherein the distance that the distal ends of the lower suction
ports extend within the internal volume is configured such that the distal ends are
disposed above the lowest portion of an overflow aperture disposed within the filter
element, such that reflux of waste up the outlets of the suction port tubes is prevented.
[0023] In still yet other embodiments the at least one suction port has a scalloped
opening at the distal end.

[0024] In still yet other embodiments he manifold further includes at least one cap
capable of fitting onto the proximal portion of the at least one suction port. In many such
embodiments the manifold includes a tether interconnecting the at least one cap to the
suction port assembly. In many other such embodiments the manifold includes at least
one support gusset that binds a sidewall of the at least one cap with the tether.

[0025] In still yet other embodiments the vacuum port comprises a resilient valve body
having an openable orifice disposed therein. In many such embodiments the orifice
comprises at least one slit that allows for insertion of the vacuum inlet. In many other such
embodiments the valve body comprises at least one wing disposed on the valve body

edge and configured to cooperatively engage the distal end of the manifold body. In still



27 Feb 2026

2026201546

28158892.1:DCC-27/02/2026

many other such embodiments the valve body has a dome-like shape that protrudes into
the manifold body. In yet many other such embodiments the valve body is configured
such that the vacuum inlet fits within the dome-shaped valve body forming a fluid seal
therewith.

[0026] In still yet other embodiments the vacuum port is offset from the axial center of
the distal end of the manifold body.

[0027] Additional embodiments and features are set forth in part in the description
that follows, and in part will become apparent to those skilled in the art upon examination
of the specification or may be learned by the practice of the disclosed subject matter. A
further understanding of the nature and advantages of the present disclosure may be
realized by reference to the remaining portions of the specification and the drawings,
which forms a part of this disclosure.

[0028] These and other features and advantages of the present invention will be
better understood by reference to the following detailed description when considered in
conjunction with the accompanying drawings, which are shown in schematic form,
wherein:

[0029] Figures 1A and 1B provide schematic perspective and side views of a waste
manifold in accordance with embodiments.

[0030] Figures 2A and 2B provide schematic perspective and side see-through views
of a waste manifold in accordance with embodiments.

[0031] Figure 3 provides schematic component views of a waste manifold in
accordance with embodiments.

[0032] Figures 4A to 4C provide schematic perspective views of a waste manifold
body in accordance with embodiments.

[0033] Figure 5 provides schematic front views of waste manifold cross-sections in
accordance with embodiments.

[0034] Figures 6A and 6B provide schematic cross-sectional views of a waste
manifold body in accordance with embodiments.

[0035] Figures 7A to 7C provide schematic cross-sectional views and side views of

flow paths within waste manifold bodies in accordance with embodiments.
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[0036] Figures 8A and 8B provide schematic side and front views of a waste manifold
filter in accordance with embodiments.

[0037] Figure 9 provides a schematic perspective view of a waste manifold filter in
accordance with embodiments.

[0038] Figures 10A and 10B provides schematic cross-sectional and partially
disassembled perspective views of a waste manifold filter in accordance with
embodiments.

[0039] Figure 11 provides a schematic rear partially-disassembled perspective view
of a waste manifold in accordance with embodiments.

[0040] Figures 12A to 12G provide schematic perspective, side and cross-sectional
views of vacuum port seals in accordance with embodiments.

[0041] Figures 13A to 13F provide schematic cross-section views of vacuum port
seals in accordance with embodiments.

[0042] Figure 14 provides a schematic side views of a vacuum port seal in accordance
with embodiments.

[0043] Figure 15 provides a schematic side views of a vacuum port seal in accordance
with embodiments.

[0044] Figure 16A to 16C provide schematic partially cross-sectional views of a waste
manifold suction port assembly in accordance with embodiments.

[0045] Figures 17A to 17E provide schematic perspective and partially cross-
sectional views of a waste manifold suction port assembly in accordance with
embodiments.

[0046] Figures 18A to 18D provide schematic partially cross-sectional views of a
waste manifold suction port assembly in accordance with embodiments.

[0047] Figure 19 provides schematic cross-sectional, top and side views of a floating
reflux valve in accordance with embodiments.

[0048] Figure 20 provides a schematic cross-sectional view of a suction port tube
valve in accordance with embodiments.

[0049] Figures 21 A to 21C provide schematic perspective views of suction port tube

caps in accordance with embodiments.
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[0050] Figures 22A and 22B provide schematic perspective and cross-section views
of weldable manifold casing halves in accordance with embodiments.

[0051] Turning to the drawings, medical waste collection manifolds that may connect
to a vacuum system to create suction, such that liquid, semi-solid, or solid biological or
medical waste may be collected are provided. In many embodiments, the manifold is
configured to collect hazardous waste in a manner to ensure proper containment.

[0052] In several embodiments, a waste collection manifold has a proximal end with
a suction port that could mate with a suction tube that could communicate with the site of
waste generation. In several more embodiments, a manifold has a distal end with a
vacuum port designed to mate with a different tube that could communicate to a vacuum.
In other embodiments, a manifold has a body to connect the suction port and vacuum
port. In other more specific embodiments, a manifold body is angled. Some embodiments
are directed to filter devices that may trap solid or semi-solid waste. In more particular
embodiments, a filter device is a basket. Some other embodiments are directed to a valve
body that could be used at a vacuum port. In addition, many embodiments are directed
to modular parts capable of forming a waste collection manifold. Likewise, some other
embodiments are directed to a method of assembly of a waste collection manifold.
[0053] In many embodiments, a manifold body has a tubular shape that extends from
the suction port to the vacuum port. In more particular embodiments, a manifold body
tube has a circular cross-sectional shape. In other particular embodiments, manifold body
tube has an ovular cross-sectional shape. Some embodiments are directed to the
manifold body having an internal fluid flow chamber configured to allow a filter basket to
be securely situated therein . In some other embodiments, internal shape of the fluid flow
chamber within a manifold body is configured to improve vacuum flow. In many such
embodiments internal structures are provided to direct and control the fluid flow within the
manifold body. In various such embodiments the internal structures may redirect the fluid
flow in one or more directions between the suction port and the vacuum port.

[0054] Many other embodiments are directed to a filter basket configured to be
situated within a manifold body. In more embodiments, a filter basket is provided with a

protrusion configured to cooperatively engage a feature within the manifold body to orient
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the basket in a particular position within the manifold body. In even more embodiments,
a filter basket has apertures to allow flow of air or liquid through the basket. In even other
embodiments, a filter basket has apertures of various sizes disposed along the length
thereof. In some other embodiments, a filter disc can be situated within a manifold body.
[0055] In some embodiments, a valve body at the distal end of the manifold is dome-
shaped. In other embodiments, a valve body has a slit that may allow vacuum flow and
prohibit solid waste. In other embodiments, a valve body has at least one wing on a
portion of an edge that could help secure the valve body in a manifold. In various other
embodiments the valve body includes a mechanical portion configured to open or close
a fluid pathway between the external vacuum source and the internal volume of the
manifold body.

[0056] In other embodiments, a suction port at the proximal end of the manifold has
at least one elongated port tube that extends from manifold to mate with a suction tube.
In more embodiments, a suction port has four elongated ports. Some more embodiments
are directed to at least one port tube that extends into the vacuum manifold body. In some
alternative embodiments, a flapper valve is positioned on the distal end of a port tube. In
other alternative bodies, a flapper prevents back-flow of waste. Even other embodiments
are directed to an O-ring that can help form a seal at the suction port. Even more
embodiments are directed to at least one hook that could secure the connection of a
suction port with a manifold body. Still more embodiments are directed to valves
configured to open and close fluid pathways between the internal volume of the manifold
body and the suction tubes.

[0057] In even other embodiments, a suction port tube comprises a cap to close the
proximal end thereof. In some other embodiments, the cover is tethered to the manifold.
In some more embodiments, the tether has a wide based at the point of connection with
the cover that could help prevent the cap from breaking off the tether. Even some more
embodiments are directed to a nub that could strengthen the attachment of the cover to
the tether.

[0058] In even more embodiments, the vacuum body may be assembled with at least

one outer casing that can form the outer cover. In some more embodiments, an outer

10
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casing could be lined with a tongue that extrudes outward. In some other embodiments,
an outer casing could be lined with a groove that intrudes inward. In even some other
embodiments, the tongue of an outer casing can integrate into the groove of another outer
casing. In even some more embodiments, the tongue of an outer casing and the groove
of another outer casing can weld together.

[0059] Although a number of medical waste collection manifolds have been
developed, these devices may not adequately address several complications that could
arise. Previously described manifolds may have problems of leakage. Leakage could
occur at the point of waste entry into the manifold or at the point where the vacuum system
is connected to the manifold. Alternatively, leakage may occur at sites of manufacture. In
addition, the flow of suction could be hampered in previously described manifolds, which
could require a hasty exchange of the manifold while in the midst of a medical procedure.
These complications could endanger a patient or personnel involved in the medical
procedure, such as by release of the medical waste into the environment.

[0060] Accordingly, a need exists for an improved biological waste collection system
with improved manifestations such that the safety of patients and personnel are better
ensured. As such, several embodiments incorporate a medical and/or biological waste
collection manifold that may limit the hazards associated with the waste. More
embodiments may specifically limit leakage from the waste collection manifold.

[0061] Although the figures and following discussion will provide a detailed description
of a number of exemplary embodiments of the waste collection manifold, it should be
understood that any number of designs can be used to achieve the basic goals of the
device. In addition, it should be understood that the figures are merely schematic, and
that the relative dimensions of the various elements and their relative spacings are merely
exemplary and could be varied by one of ordinary skill in the art while remaining within
the bounds of this disclosure.

[0062] Various embodiments of the waste collection manifold are shown in Figures 1
to 22, all of which provide a device that may incorporate into a manifold that could collect
solid or semi-solid waste arising from a medical procedure.

[0063] Figures 1A and 1B depict embodiments of a manifold for medical waste

11
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collection. As shown, in many embodiments the manifold has a proximal end (101) that
may receive medical or biological waste via suction tubes that could mate with a suction
port assembly (103) disposed thereon. In addition, a manifold may have a distal end (105)
having a vacuum port (108) configured to interconnect with a vacuum device when
engaged therewith. Between the two ends, a manifold may have an encased body (107)
forming a fluid path there between, which encased body may be configured to trap liquid,
semi-solid, or solid waste therein. Although certain numbers and configurations of suction
ports and vacuum ports are depicted, it should be understood that any number and
configuration of such ports may be provided in accordance with embodiments. Likewise,
although many embodiments comprise an encased body (107) wherein the distal and
proximal ends thereof are disposed along angularly offset axes, as shown in Figure 1 , it
should be understood that any number of encased body configuration are contemplated
herein.

[0064] Figure 2 depicts a different embodiment of a manifold for medical waste
collection in which the body (201) is encased in a transparent material, allowing for the
visualization of its inner contents. In such embodiments, a manifold may have a suction
port assembly (203) attached to the proximal end (205) thereof, capable of coupling with
suction tubes. In addition, a manifold may have a vacuum port (207) disposed within the
distal end (209) thereof, capable of connecting to a vacuum. Within a manifold body along
the fluid path formed thereby between proximal and distal ends thereof, a filter element
(211) may be disposed to capture waste. Again, although certain numbers and
configurations of suction ports and vacuum ports are depicted, it should be understood
that any number and configuration of such ports may be provided in accordance with
embodiments. Similarly, although a single filter element (211) is shown being disposed
therein, it should be understood that any number and configuration of filters may be used
capable of separated desired products from the waste flowing therethrough. Likewise,
although many embodiments comprise an encased body (201) wherein the distal and
proximal ends thereof are disposed along angularly offset axes, as shown in Figure 2, it
should be understood that any number of encased body configuration are contemplated

herein.

12
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[0065] An embodiment of an unassembled waste collection manifold in accordance
with many embodiments is depicted in Figure 3. In various embodiments a manifold could
comprise a plurality of separate modular parts capable of being assembled together. In
accordance with embodiments a manifold could be comprised of a left outer casing (301)
and a right outer casing (303) that could be conjoined to form an enclosed body. In
addition, a manifold could include a filter element (305) that may be disposed within the
enclosed body formed by the left and right outer casings. In such embodiments a suction
port assembly (307) comprising one or more suction ports (308) may be attach at the
proximal end opening (309) of the assembled enclosed manifold body. In such
embodiments a seal (310), such as, for example, an O-ring seal or the like, may be
provided between the suction port assembly and the proximal end opening of the
assembled manifold body to ensure a fluid tight seal therebetween. Similarly, a valve port
(311) may be insert into the distal end opening (312) of a manifold body to form an
openable fluid port therein. Again, although certain numbers and configurations of suction
ports and vacuum ports are depicted, it should be understood that any number and
configuration of such ports may be provided in accordance with embodiments. Similarly,
although a single basket filter (205) is shown being disposed therein, it should be
understood that any number and configuration of filters may be used capable of separated
desired products from the waste flowing therethrough. Likewise, although many
embodiments comprise an encased body (formed of casing halves 301 and 303) wherein
the distal and proximal ends thereof are disposed along angularly offset axes, as shown
in Figure 3, it should be understood that any number of encased body configuration are
contemplated herein.

[0066] Figures 4A to 4C depict an embodiment of an outer casing of the manifold
body (401). In many embodiments, when assembled, a left outer casing (403) can mate
with a right outer casing (404 ) to form a body defining an internal volume that is configured
to provide an enclosed fluid path between proximal (405) and distal (406) ends thereof.
As depicted, a manifold body could be configured such that a least a portion (407) of the
body adjacent the proximal end thereof has an axis (408) that is angularly offset from the

axis (409) of the distal end of the manifold body, such that, in many embodiments, fluid

13
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flow exiting through the vacuum port disposed in the distal end thereof exits along an axis
different from the axis through which said fluid entered the manifold body in the proximal
end thereof. In some embodiments, a manifold body (401) has a substantially circular
cross-section (411). In other embodiments, the distal portion (413) of a manifold body
(401) can have a shorter circumference than the proximal portion (415). In some other
embodiments, a manifold body may have protrusions (417) that may enable a manifold
to engage and lock into a vacuum device (not shown). In such embodiments, the
protrusions may be configured such that the manifold may only be oriented in specific
configurations with relation to the vacuum device. In many such embodiments the
external key features may be configured such that the proximal end axis is angled upward
relative to the direction of gravity when the distal end axis is perpendicular to the direction
of gravity and the manifold body is in the upright position (e.g., when the manifold is
attached to the vacuum device for operation).

[0067] As shown in Figure 4C, the relative angle of axis (408) and axis (409) of the
manifold body may be offset (419) from about 25 to less than 90°. Any suitable angle
within this range may be utilized so long as axis (408) is offset sufficiently from axis (409)
to prevent backflow (i.e. , reflux) of biota out of the proximal end of the manifold body. For
example, in many embodiments the angular offset (419) is sufficient such that any suction
port disposed in the proximal end of the manifold body is positioned sufficiently above the
fluid level within the manifold body to prevent backflow of biota out of the manifold body.
In addition, in many embodiments the angular offset (419) is sufficiently less than 90°
such that the inlet of biota fluid into the manifold body does not impact against the internal
wall of the manifold body at an angle normal to the internal wall. Accordingly, in many
embodiments the angular offset between the axes is from 25 to less than 90°, in other
embodiments the angular offset is from 30 to 60°, and in still other embodiments the
angular offset is around 45°.

[0068] Although a specific configuration of angled ends and variable circumferences
are shown, it should be understood that the manifold body may take any number of
configurations such that the manifold may be engaged between suction tubes and

associated vacuum device. For example, as shown in Figure 5, in many embodiments a
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manifold body may have a non-circular cross-section. Indeed, as shown, any arbitrary
cross-section may be provided in such manifold bodies so long as the distal end (501) of
the manifold body has a cross-sectional dimension (503) sized to cooperatively engage
with and rotate in relation to an inlet of the vacuum device such that the vacuum port
(505) disposed therein may be interconnected with the vacuum source. Moreover, as
shown in the dashed lines (507), in many embodiments the cross-section of the manifold
body may change along the length thereof (e.g., increasing or decreasing in size) so long
as a sufficient portion of the distal end is dimensioned to allow the vacuum port to
cooperatively engage the inlet of the vacuum device. Accordingly, the manifold body can
exist in several morphologies along its longitudinal axis, the only requirements of the body
being that the vacuum port be configured to cooperatively engage the vacuum inlet (e.g.,
suction tube) of the vacuum device, that the manifold body have sufficient internal volume
to collect solid biota, and that the manifold body be able to incorporate any keyed features
that need to interface with the existing vacuum device to ensure a mechanical lock.

[0069] Figure 6 depicts embodiments of outer casing sides configured to
cooperatively join to form a manifold body. A first outer casing (601) or a second outer
casing (603) can have a proximal end (605) and distal end (607) with a body formation
(609) in between. A manifold body in formation (609) can have a bend (611) disposed
along the length thereof to alter the angle of the axis between the proximal end (605) and
distal end (607) such that fluid traversing the manifold body along the fluid path formed
by the formation exits the distal end of the manifold body through the vacuum port outlet
(610) along an axis that is angularly rotated relative to the axis of entry to the manifold
body defined by the proximal end (605) of the body. As previously described, a filter
element (not shown) may be mounted within a manifold body along the fluid path formed
thereby. In many embodiments the outer casings may include at least one indentation
(613) formed within the inner wall of the cases that would be configured to cooperatively
engage mating protrusions disposed within the outer wall of the filter element. In many
such embodiments the mating of the indentations and the cooperative protrusions affix
the filter element in place when the filter element is disposed between the first and second

outer casings are cooperatively joined. As further shown, the size and/or spacing of the
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indentations may be varied (614) to correspond with similarly varied protrusions disposed
in the filter element such that the cooperative engagement of the casing indentations with
the filter element protrusions uniquely orient the filter element in relation to the manifold
body. In addition, a manifold body formation (609) can have a depression (612) disposed
on the lower portion of the casing. A depression (612) in the manifold body can allow for
a filter element to situate such that the lip of the basket locates within the depression
(613) formation. Furthermore, a depression (612) in the manifold body can also allow for
a portion of the inner wall of the filter element to be flush, or near-flush, with the inner wall
of the lower portion of the casing such that the flow of waste material therein is not
occluded by the lip of the filter element.

[0070] Although many embodiments show a fluid path that flows in a direct line
through a manifold body from proximal to distal ends, it should be understood that the
internal cavity of the manifold body may be configured or have elements disposed therein
to create any desired fluid path. For example, as shown in FIG. 7A, in embodiments the
fluid path may be direct (701), or incorporate internal features, such as fins or internal
passages to provide any number of non-linear fluid path configurations, including, for
example, a helical flow path (703) or a serpentine flow path (705), among others, without
altering the fundamental structure of the manifold. Alternatively, in some embodiments,
as shown in FIG. 7B, the suction port tubes (706) may be extended into the manifold body
(707), or the walls of the manifold body may include flow-directors (708) such as wings,
foils, baffles, or channels. These extended suction tubes and/or flow-directors may be
configured to redirect the flow to improve flow from the suction port tubes through the
manifold body, into the filter, and through the vacuum port (710) out of the manifold body.
In other instances, the extended suction tubes and/or flow-directors may be configured to
prevent the accumulation of fluid and debris within the manifold body and/or filter by
helping to wash the manifold body and filter walls to improve flow. In yet more instances,
the extended suction tubes and/or flow directors may be configured to impede flow to
intentionally accumulate material in preferential aspects of the manifold body and filter.
[0071] Although the above embodiments all show manifold bodies having proximal

and distal inlets and outlets, in fluid communication with each other through a manifold
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body, it should be understood that any configuration may be provided that allows for biota
to flow between a suction port inlet and a vacuum outlet port. As shown in Figure 7C,
many embodiments of manifolds (707) eliminate opposing ends and enables fluid
communication between four suction ports (712) and one vacuum port (714). In such
embodiments, tabs (716) may be disposed and configured as required to interface with
the keyed surfaces of the vacuum device for positive location and appropriate mechanical
fixation therewith. In these embodiments there is no "manifold body" as all the suction
port tubes and vacuum port mate at desired location along the length thereof. Likewise,
there are no ends, only interconnected fluid communication pathways. Although the
embodiment shown contains straight pathways that deviate from their individual axes and
merge, it should be understood that the fluid communication pathways could be more
complex, convoluted, and/or tortuous. A tortuous pathway could be a preferred
embodiment if, for example, the fluid communication pathway is used to mix or
homogenize the material passing through the pathway. Similarly, if maximal surface area
contactis desired (i.e. , - a catalytic surface), a tortuous pathway could ensure that laminar
flow is discouraged to enhance flow within the boundary layer. A spiral flow path could be
desirable if a large length to diameter ratio is required to achieve the desired flow profile.
It is conceivable that, in such embodiments, the suction and vacuum ports could be
connected by a series of valves (not shown) to control flow between the various flow-
paths within the manifold. Another embodiment of this exhaust manifold contemplates
placing struts or webs of material (718) between the various flow pathways to increase
the overall device mechanical strength (e.g., - add webs of material between suction ports
to increase the torsional strength of the device which improves twisting the device to
mount it to existing equipment). The webs or struts of material may also be configured to
enhance the function of the orienting/seating tabs (716).

[0072] Figure 8 depicts an embodiment having a basket filter element (801) having a
plurality of fluid apertures (802) disposed in the walls thereof, the basket filter element
being configured to be secured within the assembled manifold body (803). In many such
embodiments, the proximal end of a basket can have at least one protrusion (805) near

the basket lip (806). The protrusions (805) could be configured to cooperatively engage
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indentations that may be located within the inner wall of an outer casing (807). As such,
each mating protrusion and respective indentation would have a complimentary size such
that they could cooperatively couple and secure the basket filter within the manifold body.
Some protrusions and their respective coupling indentations may have different sizes
such that a basket can only be situated within the body in a limited number of orientations.
In one embodiment, a large protrusion (808) and respective coupling indentation are
disposed on the basket filet and manifold body, respectively. In another embodiment, a
basket filter (801) is configured to be secured and oriented within a manifold body (803)
such that an aperture (809) having a larger opening is disposed adjacent to the top portion
of the body such that it serves as fluid overflow relief in the event that fluid flow through
the other apertures of the basket filter element become occluded.

[0073] An embodiment of a basket filter (901) defining and internal volume is depicted
in Figure 9. In many embodiments, a basket filter (901) may include proximal (902) and
distal (903) ends configured such that the proximal end has a large fluid opening and at
least one protrusion (904) disposed around the circumference thereof and configure to
cooperatively couple with indentations on a manifold body to secure the basket filter
therein. A basket filter may include a plurality of apertures disposed along the length of
the body thereof. In many embodiments the plurality of apertures may be located on the
distal wall (906) and/or the sidewall (907) of the basket filter body. In some embodiments,
the apertures may be formed with different opening sizes. For example, in many
embodiments distal-wall apertures (909) may be formed that have smaller openings than
sidewall apertures (911). In other embodiments, the most proximal sidewall aperture(s)
(913) may have larger openings than distal sidewall apertures (911). In even other
embodiments, when smaller aperture(s) are clogged, larger apertures may allow for
continued vacuum flow by providing non-occludable overflow fluid paths. Embodiments
of the basket (901) may also have a cross-sectional circumference that varies along the
length thereof (e.g., in some embodiments the distal cross-section circumference is
shorter than the most-proximal cross-sectional circumference).

[0074] Although basket filter elements have been described thus far, it will be
understood that alternative filter element configurations may be incorporated into the
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manifold design in accordance with embodiments. For example, in various embodiments
the basket filter may be replaced by a cone filter (not shown). The use of a cone filter
enables off-the-shelf filter material (paper, wire or plastic mesh, porous films, etc.) to be
folded into a cone and placed within the manifold body. Such an embodiment requires no
tooling and will be easy to re-process and/or change filter design on demand. In still other
alternative embodiments, as depicted in Figure 10, at least one aperture-containing filter
disk element (1001) may be used in place of, or in conjunction with, a basket. In many
such embodiments, an aperture-containing filter disk element may contain apertures of
different sizes. In some embodiments, smaller apertures are located on the lower portion
(1003) of a disk and larger apertures are located on the upper portion (1005) of a disk
filter (relative to fluid flow). In various such embodiments, larger apertures may allow for
continued vacuum flow if smaller apertures become clogged by providing overflow fluid
flow. Embodiments are also directed to an aperture-containing disk filter element (1001)
that may fit into the manifold via a groove (1007) or cooperative protrusions, such that at
least a portion of an edge of a disk filter cooperatively engages the manifold body to
secure said disk in relation thereto.

[0075]  Although specific arrangements of filter elements, apertures and securing
elements have been set forth above, it should be understood that many variations may
be made to such filter elements without departing from the scope of embodiments. In
many embodiments the number, size and disposition of apertures within a filter element
may be varied. Likewise, although the filter elements have been shown having protrusions
that fit within indentations in the manifold body, it will be understood that the such
elements may be disposed in an opposite arrangement such that the protrusions are
located on the manifold body and indentations are disposed on the filter element without
departing from the scope of embodiments.

[0076] Figure 11 depicts another embodiment in which a valve body (1101) can
integrate into a vacuum port outlet (1102) disposed in the distal end of a manifold to
provide an openable entry through which a vacuum element (such as a suction tube) from
a vacuum device may be engaged. In many embodiments the resilient valve body

comprises a membrane (1103) formed of a resilient material configured span the valve
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port (1101), and which may have an orifice (not shown) disposed therein. The location of
a vacuum port (1102) and valve body (1101) may be offset from the axial center (e.g.
lower portion (1104) of the manifold body within a distal wall (1105). In some
embodiments, a distal wall (1105) is thick enough (1107) such that a valve body (1101)
can firmly integrate within the distal wall. In other embodiments, a valve body (1101) has
at least one wing (1109) on its edge configured to cooperatively engage a hollow section
of the distal wall (1105) to help securely integrate the valve body. In even other
embodiments, a valve body (1101) has a groove (1111) such that a protruded edge of the
vacuum port outlet can help securely integrate the valve body.

[0077] Although a single resilient valve body configuration is shown in Figure 11, it
should be understood that such a resilient valve body comprising a resilient membrane
configured to occlude the vacuum port outlet, might be used in association with the
manifold. Exemplary embodiments of resilient valve bodies are depicted in Figures 12A
to 12G. In some embodiments, a valve body has at least one wing (1201) on a portion of
its edge configured to be secured within the distal wall of the manifold body (as described
in Figure 11). In other embodiments, a valve body does not have a wing, but incorporates
a circumferential groove (1202) configured to engaged the annular opening of the vacuum
port outlet (as described in Figure 11). A valve body may have a domelike shape (1203)
protruding inward. As such, a vacuum element, such as suction tube or equivalent, may
be able to fit within a cavity (1205) within a dome-like shape (1203) to form a tight seal.
In embodiments, a valve body may have an orifice (e.g., one or more slits) (1207) that
allows for vacuum flow, but prevents solid or semi-solid particulate to pass. It would be
understood, that alternative perforations within a valve body could be used that may allow
for vacuum flow and prevent solid or semi-solid particulate to pass.

[0078] For example, various embodiments, as shown in Figure 12F may take a
duckbill configuration. Regardless of the form taken by such a resilient valve body, the
fluid communication pathway at the vacuum outlet port in each case is sealed by a
resilient member (e.g., a membrane as shown and described in Figures 12A to 12E
above, or a barrel resilient valve body (1213) as shown in Figure 12F). In any of these

configuration, as shown in Figure 12F, upon insertion of the vacuum inlet (1215) into the
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resilient valve body and progressive insertion into the resilient valve body, the valve body
is deformed (as shown in Figure 12G). This deformation opens a fluid communications
pathway (1217) between the vacuum inlet and the interior of the manifold body. For
example, in the embodiment shown in Figures 12F and 12G a duckbill barrel (1213) with
a narrow section (1219) containing a wall with a slit (1221) is provided. In the absence of
a vacuum inlet, the wall slit (like a duck bill valve) is closed to prevent fluid communication
therethrough. In the presence of a vacuum inlet, the vacuum inlet displaces the wall
outward (1223). The mechanism pictured shows the vacuum inlet acting as an internal
mandrel to push the walls of the resilient valve body outward thereby opening a fluid
communication pathway. Many alternative embodiments using such a barrel
configuration may be provided. For example, the barrel may comprise multiple slits along
the length of the barrel where insertion of the vacuum inlet compresses the barrel axially
causing the walls to buckle outwards thereby opening at least one fluid communicating
pathway. In this embodiment, the vacuum inlet does not necessarily insert into the barrel
or over the barrel, and the only contacting surface may be the very tip of the vacuum inlet.
[0079] Regardless of the specific design of such resilient valve bodies, the natural
resiliency of the valve body material closes the fluid communications pathway when the
vacuum inlet is removed or no axial load is being applied. For example, a valve body
could be alternatively shaped like an umbrella or a needle and still be capable of
necessary function. In many such embodiments the resilient valve body may be formed
of a resilient polymeric material (e.g., rubber) having a durometer shore hardness value
of from 30 to 50 such that the valve body allows for the repeated deformation of the
resilient valve body while engaged with the vacuum inlet (such as a suction tube) of the
vacuum device while still being sufficiently resilient to maintain a fluid seal once removed
from vacuum device. In one embodiment, the resilient valve body could contain a
mechanical wiper feature (like an O-ring) that wipes the external surface of the vacuum
inlet clean upon removal.

[0080] Although embodiments of valve bodies incorporating resilient membranes or
other mechanisms have been described, it will be understood that valve bodies provided

to openably occlude the valve port outlet may be used. Figures 13 to 15 provide a number
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of alternative valve body embodiments. As shown in Figs. 13A to 13F, in various
embodiments a mechanical element configured to move distally when engaged with a
vacuum inlet element, such as a suction tube, (1301) of a vacuum device may be used.
In such an embodiment the insertion of the vacuum device element (such as a suction
tube) into the vacuum port outlet (1302) forces the valve body to move inward thereby
opening a fluid path between the interior (1303) of the manifold body (1304). As shown in
the Figures, these valve bodies may take a number of forms, including for example, a
rotatable element (1305) as shown in Figure 13A, a spring-loaded element (1306) as
shown in Figures 13B and 13C, a pivotable element (1307) as shown in Figure 13D, a
receptacle flange (1308) as shown in Figure 13E, or a needle element (1309) as shown
in Figure 13F.

[0081] More specifically, as shown in Figure 13E many embodiments incorporate a
receptacle valve body (1308) that forms a fluid-tight seal with the vacuum port
outlet (1302) and interfaces with the inside or outside of the vacuum inlet element of the
vacuum device (1301 ) (e.g. suction tube). In various embodiments a receptacle flange
relies on a spring force (not shown) to maintain a closed position before the vacuum inlet
is inserted. In the closed position (as shown in the upper portion of Figure 13E, there is
no fluid communication between the inside of the manifold (1303) and the vacuum inlet
(1301). Upon insertion of the vacuum inlet, the receptacle flange is displaced inwardly (as
shown in the lower portion of Figure 13E) thereby creating a fluid communication pathway
(1311). Although in the embodiment shown, the fluid pathway is formed by a single outlet
aperture (1313) that enables fluid communication between the vacuum inlet (1301), the
receptacle and valve body (1308), and the interior of the manifold (1303), it should be
understood that any number or configuration of such outlet apertures may be
contemplated in accordance with embodiments. In various embodiments the outlet
aperture could be, for example, a slit, circular hole, or large window that allows controlled
flow of material through the valve and into the suction tube. Alternatively, a plurality of
outlet apertures could be used to achieve various outcomes like control of flow rates,
increase or decrease resistance to flow, or to intentionally clog with debris if particles

exceed a predetermined size or shape. The outlet apertures could be used to strain or
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sieve aspirated materials like a plurality of small circular outlet apertures.

[0082] For example, as shown in Figures 13A to 13C, a number of different
mechanical valve bodies and outlet aperture configurations may be provided. For
example, in these embodiments the fluid communication pathway (1311) is perpendicular
to the axis of the valve body mechanism. In these sliding configurations, the natural state
of the sliding element of the valve body (1305) and (1306) is to prevent a fluid
communication pathway from the interior (1303) of the manifold to the vacuum inlet (1301)
(see Figures 13A and 13B). Insertion of the vacuum inlet (e.g., suction tube) forces a
valve body to slide away from its closed position and expose a fluid communication
pathway (1311) through a lateral outlet aperture (1313) (as shown in Figure 13C). The
sliding motion may be further accommodated by a rotating motion, such as, for example,
from a gentle thread or lead-screw (1315) as shown in Figure 13A.

[0083] Moreover, as shown in Figure 13A, in such embodiments the vacuum outlet
may be raised above the lower wall (1316) of the manifold body (1304). In such
embodiments, the position of the valve body in relation to the manifold body would prevent
backflow conditions in an open but unpowered state by raising the vacuum port outlet
(1302) to the vacuum inlet (e.g., suction tube) relative to the bottom of the manifold body
as defined by gravity when the system is in the open position. This may be beneficial for
an open valve in the unpowered state (i.e., where no active suction was being applied
through the vacuum inlet) as the manifold body would be prevented from draining into the
unpowered vacuum inlet prior to application of a suction force.

[0084] Alternatively, instead of a sliding component, as shown in Figure 13D, the
valve body may take the form of a hinged component (1307), with one portion (1317)
being configured (such as in a spherical form) to seal against the inner wall (1319) of the
manifold to reduce leaking of biota from the manifold, and another portion (1321) being
mounted to the manifold body (1304). In such embodiments, upon insertion of the vacuum
inlet (1301), which pushes the sealing portion of the hinged valve body component (1307)
away from the inner wall of the manifold body, the hinge pivots or flexes (as shown in the
lower portion of Figure 13D), thus allowing the sealing component to move and allow biota

to be passed through the vacuum inlet. Likewise, when the vacuum inlet is removed, the
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hinged component closes back to its original position thus closing off the vacuum port
outlet (1302) to the vacuum inlet.

[0085] In still other embodiments, the fluid communication pathway (1311) from the
vacuum inlet (1301) to the vacuum port outlet (1302) is controlled by a needle valve body
element (1309) where a tapered surface (the needle element) is seated against the
opening of the vacuum port outlet to prevent fluid flow from the interior of the manifold
body (1303). Displacement (e.g., axial or rotational) of the tapered surface (1309)
gradually opens a fluid communication pathway (1311) between the tapered surface
(1309) and the outlet (1302). In one embodiment, the tapered surface (1309) terminates
with a flange (1323) of material at its distal end. This flange is configured to engage with
the tip (1325) of the vacuum inlet in such a way that insertion of the vacuum inlet causes
displacement of the flange and attached tapered surface to create an opening between
the valve body and the surface of the vacuum port outlet. Removal of the vacuum inlet
enables the tapered surface to re-seat against the outlet opening. In many such
embodiments the amount of taper of the valve body (1309) may be controlled to determine
the amount of displacement required to provide a fluid pathway between the manifold
body and vacuum inlet. In many embodiments, the tapered surface is a cone and the
opening is circular. As in many pervious embodiments, a spring attached to the tapered
valve body may be provided to ensure the natural state of the needle valve body is to be
seated within the vacuum port outlet. In such embodiments, insertion of the vacuum inlet
overcomes the spring resistance to open the valve body and create a fluid
communications pathway through the entire device (e.g., from the suction port, through
the manifold body, through the needle valve body, and out through the vacuum inlet).
[0086] Regardless of the specific design of such a mechanical valve body, it will also
be understood that in many embodiments the removal of the vacuum inlet (1301)
therefrom results in the closure of the fluid pathway. For example, as described many
embodiments incorporate a spring element, in such embodiments, on removal of the tube,
the spring force presses the valve body to re-seat on the vacuum port outlet thereby
reforming a fluid-tight seal. The valve body and/or vacuum port outlet may contain a sharp

cutting edge that enhances valve seating and/or enables cutting of tissue fragments that
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prevent the valve from closing completely. The valve spring strength may be selected to
enable valve closing despite accumulated debris from the tissue/fluid aspiration through
the vacuum port outlet. Alternatively, the spring strength may be chosen to prevent the
valve from crushing tissue contained within an outlet aperture thereby preserving this
tissue for later use. A further alternative embodiment contemplates a one-way valve that
maintains a closed system prior to application of the vacuum inlet, but that prevents the
valve from re-closing after the vacuum inlet (e.g., suction tube) is removed (i.e., - the valve
body does not re-seat after one use). Another embodiment contemplates that the valve
bodies may be supplied in an open condition and that irreversibly seat to form a fluid-tight
seal after a single use to prevent reprocessing of the manifold.

[0087] Regardless of the specific design of the valve body and its mode of operation,
as shown in Figures 14 and 15, in all embodiments a seating portion (1401) must be
provided such that the vacuum inlet (1403) is aligned with the valve body (1405) housed
within the manifold body (1407). This seating portion can be of various forms and
functions. The purpose of such a seating portion is to maintain contact between the valve
body and vacuum inlet as the vacuum device removes biota through the manifold body.
The valve can maintain a point contact, tapered (as shown in Figure 14) and/or a line to
line contact, non-tapered (as shown in Figure 15), with the vacuum inlet. The tapered
design (as shown) creates a seating portion (1401) around the vacuum inlet (1403) of a
specific diameter towards the distal end (1409) of the manifold body (1407) but reduces
it's specified diameter as it moves towards the proximal end (1411) of the manifold body.
The non-tapered design maintains the specified diameter of its seating portion (1501)
throughout the length of the seating portion contacting the vacuum inlet (1503).

[0088] Regardless of the specific design of the seating portion, embodiments may be
provided where the valve body interfaces with the inside of the vacuum inlet ensuring that
the outside of the suction tube is never exposed to human waste, thereby alleviating the
concern where a contaminated vacuum inlet surface interfaces with tissues being
collected for future processing or re-implantation (e.g., - if bone fragment tissues
accumulated in the manifold body are to be used in a subsequent bone graft procedure,

contamination from the unclean/non-sterile vacuum inlet is a route for communication of
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disease).

[0089] Figure 16A depicts an embodiment of the proximal end of a waste collection
manifold (1601) that may include a suction port assembly (1603). In some embodiments,
a suction port assembly (1603) can attach to the proximal end of a manifold (1601) and
be fluidly sealed therewith. Embodiments of a suction port assembly (1603) may have at
least one suction port (1611) that provides a fluid pathway through the body of the suction
port assembly from outside the waste collection manifold body to inside (1613) the
proximal end thereof. Embodiments of a suction port (1611) have at least a portion (1615)
configured to mate with a patient suction tube (not shown) that would be inserted as
appropriate within a patient to collect biota. Although a specific arrangement of suction
ports has been shown, it should be understood that any number and arrangement of
suction ports may be incorporated into the suction port assembly as necessary to allow
for biota to flow from a patient into the manifold body.

[0090] Although the suction port assembly may be integrally formed with the manifold
body, in many embodiments, as shown in Figures 16A to 16C, a suction port assembly
(1603) may be provided that is a separate element from the manifold body (1601). In such
embodiments the suction port assembly may incorporate a sealing element (1605), such
as, for example, an O-ring seal, capable of forming a fluid tight seal between the suction
port assembly and the proximal end of a manifold body (1601). In various embodiments,
as shown in detail in Figures 16B and 16C, the sealing element (1605) is held between
upper (1606), lower (1607), inner (1608) and outer (1609) surfaces disposed between the
manifold body (1601) and suction port assembly (1603) such that the sealing element
(e.g., O-ring, among other) (1605) is securely held in a sealing arrangement there
between. In some such embodiments, a suction port assembly (1603) may also
incorporate at least one mechanical lock (1617) (e.g., a latch, press-fit, etc.) to securely
interconnect the suction port assembly with a waste collection manifold body (1601). In
other such embodiments, the internal surface of the proximal end of a manifold (1601)
may include features, such as, for example, grooved intrusions (1609) to cooperatively
interact with the mechanical lock (1607) to allow it to engage the waste collection manifold

body. In some such embodiments the groove intrusions (1619) comprise an angled
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element (1621) that encourages the inward movement of the mechanical lock during
insertion of the suction port assembly into the waste manifold. The lock mechanism, in
accordance with embodiments, may be unidirectional, such that once engaged with the
manifold body the suction port assembly cannot be removed from the manifold body.
[0091] Suction port assemblies in accordance with certain embodiments are depicted
in Figures 17A to 17E. As shown, in many embodiments a suction port assembly (1701)
will have at least one suction port tube (1703) and may have four, or more, suction ports.
The number of suction ports may vary depending on application and necessity, for
example, an embodiment showing a suction port assembly comprising a single suction
port tube is shown in Figure 17D. In many embodiments, a suction port assembly (1701)
will have a body portion (1705) configured to span the opening of the waste manifold to
form the proximal wall of a manifold body. In some embodiments, a suction port tube
(1703) may begin on a proximal side (1707) of the suction port assembly body (1705)
that, when assembled with the waste manifold, is disposed exterior to the waste manifold,
and extends through the suction port assembly body into the distal side (1709), that when
assembled with the waste manifold, is disposed interior to the waste manifold.
Embodiments of a suction port assembly (1703) may have mechanical locking
mechanisms, such as, for example, hooks (1713) that may help secure the suction port
assembly to the waste manifold. Other embodiments of a suction port assembly (1703)
may incorporate a fluid sealing mechanism such as a groove (1715) into which an O-ring
can be situated to provide a fluid tight seal between the suction port assembly and the
waste manifold.

[0092] The proximal portion (1717) of a suction port (1703) may be configured to
interconnect with a patient suction tube. In some embodiments, a suction port (1703) will
have at least one cap (1718) capable of fitting onto a portion of the proximal portion of a
suction port tube (1703). In some particular embodiments, a tether (1719) is attached
between a cap (1718) and a suction port assembly (1701).

[0093] The distal portion (1720) of a suction port tube (1703) may have a variety of
lengths and configurations. In some embodiments, as shown in Figures 17A to 17C, the

suction ports tube may extend into the interior of the manifold body to direct flow. The
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internally-extended suction port tubes may be configured to optimize flow or prevent
accumulated debris from blocking flow. The internally-extended suction port tubes can
also enable the collection of particulates in one region of the basket filter to preserve
filtration of fluids in other regions of the filter using other ports. In some embodiments, as
shown in Figures 17A to 17E the extent to which the distal ends (1720) of the suction port
tubes (1703) extend within the manifold body (1722) may vary such that the inflow of biota
from a patient does not occur at the same point within the manifold body, thus reducing
turbulent flow. In some such embodiments, as is shown in Figure 17E, the length of the
distal ends of the suction port tubes may depend on their position relative to manifold
body when the manifold body is disposed within and oriented relative to the cooperative
vacuum device. In particular, in many embodiments the suction ports may be grouped
between upper suction ports (1724) and lower suction ports (1726), wherein the upper
suction ports are positioned above the lower suction ports (relative to the direction of
gravity) when the manifold body is in the upright position (e.g., when the manifold is
attached to the vacuum device for operation). In such embodiments the distal ends of the
upper suction ports are longer than the distal ends of the lower suction ports, wherein the
length of the distal ends of the lower suction ports are configured such that the outlet of
such ports (1728) into the manifold body are disposed above the fluid level within the
manifold body such that backflow of biota up the outlets of the suction ports is prevented.
Regardless of the specific design and configuration of the suction ports, in many
embodiments the distal ends of the suction port tubes are configured to have a scalloped
opening (1730), where such scalloped openings may enhance fluid flow and may prevent
turbulence within the manifold body.

[0094] In alternative embodiments, as shown in Figures 18A to 18D, a suction port
assembly (1801 ) may incorporate one or more reflux valves (1803) disposed adjacent to
the outlets (1805) at the distal end of the at least one suction port tube (1809). As shown,
a reflux valve (1803) may take any suitable form (such as for example, a resilient flapper
valve or mechanical device) that incorporates a sealing portion (1811) configured to seal
the distal end outlet of the suction port tube. A seal between a reflux valve and suction

port tube may be configured to prevent backflow of waste or particulate matter back
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through the suction port tube. In particular, in many embodiments the reflux valve is pre-
disposed to maintain a seal with the suction port tube to eliminate biota entering or exiting
the manifold body in a static state. In some embodiments, a reflux valve (1803) may be
made of a flexible material {e.g., rubber or silicone) that allows it to bend backward when
biota is urged through the manifold by the operation of suction from the vacuum device.
It should be understood that the specific design of such reflux valves may take many
suitable forms and configurations. In many embodiments, as shown in Figure 18B and
18C, the sealing portions (1811) of the reflux valve (1803) may be interconnected through
an outer ring (1813) that engages within the suction port assembly or between the suction
port assembly and manifold body (e.g., at the interface between the manifold body (1815)
and suction port assembly (1801)).

[0095] Although the sealing portions of the reflux valve may take any suitable form
such that a fluid seal may be made between the outlet of a suction port tube and the
interior of the manifold body, in many embodiments, the sealing portions may be
configured to have a spherical geometry (e.g., a domed aspect) on the side of the sealing
portion that engages the outlet of the suction port tube, as shown in Figure 18D.
Regardless of the design of the sealing portion (1811), the sealing portion is allowed to
pivot or flex relative to the outlet (1805), such that when suction is applied through a
vacuum inlet while penetrating the manifold body, the sealing portions pivot relative to the
outlet and allow biota to pass through the suction port tubes and through the manifold
body.

[0096] Although specific embodiments of a reflux valve are provided in Figure 18 in
which sealing portions are securely engaged relative to the outlets of the suction port
tubes via a support ring, it should be understood that many other configurations may be
contemplated to provide similar backflow protection. In many configurations, as shown in
Figure 19, the reflux valve (1901) including sealing portions (1903) may float freely within
a specified space (1905) of the manifold body (1907). In many such embodiments, when
suction is applied, the reflux valve moves away from the suction port outlets (1909),
allowing biota to pass from the suction port tubes (1911) through the manifold body and

out through a vacuum outlet port (not shown). When suction ceases, the floating reflux
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valve (1901) assumes a position that causes the sealing portions (e.g., spherical or
domed) to interface with the suction port tubes such that no residual biota existing in the
manifold body can pass through the suction port tubes.

[0097] Although reflux valves for the prevention of backflow have been described,
other mechanisms may be provided to prevent backflow. In many embodiments, as
shown in Figure 20, the proximal end (2001) of each possible suction port tube of the
suction port assembly may take the form of a valve. In many such embodiments the
proximal end incorporates a reciprocating valve body (2005) comprising a cylindrical tube
(2007) that is rotatable relative to the longitudinal axis of the proximal end of the suction
port tube and that is configured to be cooperative with a patient suction tube (not shown).
Within the rotatable cylindrical tube resides at least one hollow tube (2009) disposed
coaxial with the longitudinal axis of the rotatable cylindrical tube such that then the
cylindrical tube is rotated such that the hollow tube is not aligned with the longitudinal axis
of the suction port tube, no substance can flow through the suction port tube. When the
cylindrical tube is rotated such that the hollow tube aligns with the longitudinal axis of the
suction port tube, then biota can pass through the suction port tube and into the manifold
body. In addition, when the rotating cylindrical tube is not aligned, it may operate to reduce
the ability of biota trapped within the manifold body to exit the suction port tube.

[0098] Although embodiments of caps to be used in association with the proximal
ends (e.g., inlets) of the suction port tubes, it should be understood that these caps may
incorporate a variety of features. As shown in Figures 21A to 21C, many embodiments of
a cap (2101) capable of fitting onto the proximal end of a port tube may be fixed with a
tether (2103). In some embodiments, a tether (2103) will have a base (2105) at the point
of connection (2107) wider than the width of the remainder of the length of the tether. In
other embodiments, a connection (2107) between a cap (2101) and a tether (2103) may
be strengthened with one or more support gussets (2109) that bind a sidewall of the cap
with the tether. In various such embodiments the caps may include identifiers (e.g.,
numbers) (2111) such that the associated suction port tubes may be distinguished one
from the other when multiple suction port tubes are provided.

[0099] Embodiments are also directed to waste manifolds and methods of forming
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waste manifolds via a welding process. Exemplary embodiments of such waste-manifold
assemblies are provided in Figures 22A and 22B. A basket having protrusions at the
proximal end can be incorporated within a manifold body. In some such embodiments, a
manifold body may be formed by welding together a first side outer casing (2203) with a
second side outer casing (2205). Embodiments are directed to a first side outer casing
(2203) having a tongue (2207) that extends along at least a portion of the first side edge
(2209), and a second side outer casing (2205) that may have a cooperative groove (2211)
that extends along a congruous portion of the second side edge (2213) such that a first
side tongue (2207) can situate cooperatively in a second side groove (2211). Although in
the pictured embodiments, the tongue (2207) is positioned on the left side of the manifold
body and the groove (2211) on the right side, it should be understood that these
configurations may be reversed, or the split between the two sides. A first side outer
casing (2203) and a second side outer casing (2205) may leave a proximal opening
(2214) capable of receiving a suction port assembly (not shown) and a circumferential
groove (2215) adjacent the proximal opening capable of receiving a sealing element (e.g.,
O-ring). In addition, or in the alternative, the halves of an outer casing may leave a distal
opening (2217) capable of receiving a valve body (not shown). Indentations (2219)
disposed on the interior walls of one or both the first side outer casing (2203) and/or a
second side outer casing (2205) may be configured to cooperatively engage protrusions
(2221) on a filter element (2223) that may be situate within the interior of the manifold
body. Although a filter basket is shown in Figure 22A, in alternative embodiments, a disc
or another device capable of capturing solid or semisolid waste may be situated within
the manifold body. In many embodiments of such weld joints, as shown in Figure 22B,
the tongue (2207) is configured such that when engaged within the groove (2211) at least
a portion thereof (e.g., edge) (2225) bites into the body of the groove containing outer
casing (2205) to thus ensure a fluid tight seal is formed therebetween.

[0100] Although specific embodiments have been described it should be understood
that other features may be included with the waste manifold herein described. In many
embodiments, an RFID (radio frequency identification device) or Bluetooth device may

be incorporated into the manifold. In such embodiments the RFID/Bluetooth device can
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serve as a functional modifier of the manifold status (open vs. closed in the presence of
an RFID/Bluetooth signal). Another function of the RFID/Bluetooth feature is to program
vacuum settings for the procedure and/or device being inserted. Also, the RFID/Bluetooth
feature can prevent unauthorized devices from being used with the vacuum device. In
various embodiments, the vacuum port valve may be actively controlled by an
RFID/Bluetooth device such that the vacuum port valve is open in proximity to the
RFID/Bluetooth signal generator and the vacuum port valve is closed when no or
insufficient signal is sensed. In an alternative embodiment, the vacuum port valve
contains a magnetic component that may be configured to be attracted to the vacuum
inlet of the vacuum device to enable vacuum port valve sealing and/or closure. In yet
another alternative embodiment, the magnetic component in the vacuum port valve may
be repelled by the vacuum inlet to enable valve opening.

[00101] This description of the invention has been presented for the purposes of
illustration and description. It is not intended to be exhaustive or to limit the invention to
the precise form described, and many modifications and variations are possible in light of
the teaching above. The embodiments were chosen and described in order to best
explain the principles of the invention and its practical applications. This description will
enable others skilled in the art to best utilize and practice the invention in various
embodiments and with various modifications as are suited to a particular use. The scope
of the invention is defined by the following claims.

[00102] While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example only,
and not by way of limitation. It will be apparent to a person skilled in the relevant art that
various changes in form and detail can be made therein without departing from the spirit
and scope of the invention. Thus, the present invention should not be limited by any of
the above described exemplary embodiments.

[00103] The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be taken as an

acknowledgment or admission or any form of suggestion that that prior publication (or
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information derived from it) or known matter forms part of the common general knowledge
in the field of endeavor to which this specification relates.

[00104] Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers

or steps.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A manifold for connection to a waste collection vacuum device, the manifold
comprising:

a suction port assembly comprising a plurality of suction port tubes each
configured to be removably coupled with a suction tube;

a vacuum port in communication with the suction port assembly, wherein the
plurality of suction port tubes and the vacuum port define interconnected fluid
communication pathways without walls defining proximal and distal ends of the manifold;
and

tabs coupled to at least one of the interconnected fluid communication pathways
and configured to interface with keyed surfaces of the waste collection vacuum device so
as to facilitate positive location and mechanical fixation with the waste collection vacuum

device.

2. The manifold of claim 1, wherein each of the plurality of suction port tubes
defines a straight pathway that deviates from respective axes and merge towards the

vacuum port.

3. The manifold of claim 1, further comprising a web of material extending
between two or more of the plurality of suction port tubes and configured to be a strut to

increase torsional strength of the manifold.

4. The manifold of claim 3, wherein the web of material is configured to
facilitate interfacing of the tabs with the keyed surfaces of the waste collection vacuum

device.
5. The manifold of claim 3, wherein the plurality of suction port tubes is four

suction port tubes, and wherein the web of material is two webs of material with each of

the two webs of material coupled to opposing pairs of the four suction port tubes.
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6. The manifold of claim 1, wherein each of the plurality of suction port tubes

defines a tortuous pathway.

7. The manifold of claim 6, wherein each of the plurality of suction port tubes
comprises a catalytic surface, wherein the tortuous pathways are configured to facilitate

laminar flow for contact between a fluid path and the catalytic surface.

8. The manifold of claim 1, wherein each of the plurality of suction port tubes

defines a spiral pathway.

9. The manifold of claim 8, wherein each of the plurality of suction port tubes
has a length greater than a diameter with a ratio of the length to the diameter being

configured to achieve a desired flow profile through the spiral pathway.

10.  The manifold of claim 1, further comprising a series of valves positioned
within the interconnected fluid communication pathways and configured to control flow
within the manifold.

11. A manifold for connection to a waste collection vacuum device, the manifold
comprising:

a suction port assembly comprising a plurality of suction port tubes each
configured to be removably coupled with a suction tube;

a single vacuum port in communication with the suction port assembly, wherein
the plurality of suction port tubes and the single vacuum port are mated at a location along
a length of the manifold; and

tabs coupled to at least one of the plurality of suction port tubes and configured to
interface with keyed surfaces of the waste collection vacuum device so as to facilitate

positive location and mechanical fixation with the waste collection vacuum device.
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12.  The manifold of claim 11, wherein each of the plurality of suction port tubes
defines a straight pathway that deviates from respective axes and merge with one another

near the single vacuum port.

13.  The manifold of claim 11, further comprising a web of material extending
between two or more of the plurality of suction port tubes and configured to be a strut to

increase torsional strength of the manifold.

14. The manifold of claim 11, wherein each of the plurality of suction port tubes

defines a tortuous pathway.

15.  The manifold of claim 14, wherein each of the plurality of suction port tubes
comprises a catalytic surface, wherein the tortuous pathways are configured to facilitate

laminar flow for contact between a fluid path and the catalytic surface.

16.  The manifold of claim 11, wherein each of the plurality of suction port tubes
defines a spiral pathway.

17.  The manifold of claim 16, wherein each of the plurality of suction port tubes
has a length greater than a diameter with a ratio of the length to the diameter being

configured to achieve a desired flow profile through the spiral pathway.

18. The manifold of claim 11, further comprising a series of valves positioned

within the plurality of suction port tubes and configured to control flow within the manifold.

19. A manifold for connection to a waste collection vacuum device, the manifold
comprising:

a suction port assembly comprising a plurality of suction port tubes each
configured to be removably coupled with a suction tube;

a single vacuum port in communication with the suction port assembly;
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a web of material extending between two or more of the plurality of suction port
tubes and configured to be a strut to increase torsional strength of the manifold; and

tabs coupled to at least one of the plurality of suction port tubes and configured to
interface with keyed surfaces of the waste collection vacuum device so as to facilitate

positive location and mechanical fixation with the waste collection vacuum device.
20. The manifold of claim 19, wherein the plurality of suction port tubes is four

suction port tubes, and wherein the web of material is two webs of material with each of

the two webs of material coupled to opposing pairs of the four suction port tubes.
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