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Filtered Vacuum Belief Vent Valve

)

Cochnical Field
[00G1]  Embodimenis of the invention ars in the field of valves and, m particolar,

cardiopuluonary bvpass equipment.

Backeround

{00021 In open heart surgery. excess blood may drain indo the foff ventricle of the heart, in
the aortic root, or in the open chest cavity. Thus can lead 1o disterdion of the veniricle or aorta
which may lead to comphications during the procedure. Providing suction 1o these areas may
drain the blood from these arcas 1o provent these complications and provide clean,
unchstructed views for the prachifioner duning the procodures. However, providing oxcossive
suction, reverse blood flow back to these areas, or allowing excessive prossure to build in
these arcas also pose potential complications {o the procedure,

{00031 Vanous exirvacorporeal circuiis are uithized 1o allow for thod How, drainage, and to
relicve excessive pressure. One-way or check valves are often used to control the direction of
fluid flow and io provent roversg flow. Rehief valves are emploved fo roduce excessive

prossures and/or rehieve exeessive vacuum,

Buret Descrintion Of The Dirawings

{00041 Fearures and advamiages of crabodiments of the prosent mvention will become
apparent from the appended clauny, the following detailed description of one or more
gxample embodimernds, and the corresponding figures. Where considered appropniate,
reference iabels have been repeated among the figures to indicate corresponding or analogous
clements,

100051 Frgures 1{A) and 1{B) respectively depict varving angles of exploded views of an
embodiment of the mvention. Figare HO) depicts a cross-sectional view of the embodument.
Figures 1{D} and 1{E} depict varying angles of assembled views of the embodiment,

(00061 Figure 2 depicts a cross-sectional view of an embodiment.

{00671 Funwre 3 depicts a frontal view of an entbodiment,

{00081 Figure 4 depicts an oxploded view of an embodiment.



WO 2021/016450 PCT/US2020/043261

N2

Detailed Desenntion OF Hlustrative Embodiments

100091 Reforence will now be made 1o the drawings wherein like structures may be
provided with like suffic reference designations. In order to show the structures of vanous
crabodiments more clearly, the drawings incleded herein are diagrmnmatic represenfations of
structures. Thus, the actual appearance of the fabricated device, for example in a photo, may
appear different while still incorporating the claimed structures of the Hustrated
embodinents. Moreover, the drawings may only show the stractures nseful to undersiand the
itustrated crebodiments. Additional stractures known in the art may not have been meluded

ERNESN

1o maintam the clarity of the drawmgzs. “An embodiment”, “various erabodivents” and the
Like indicate embodiment(s} so described may mclude parvicular feanures, structures, or
characteristics, but not every embodiment necessarily includes the particular features
structures, or charactenstics. Some entbodiments may have some, all, or none of the features
descnbed for other embodiments, “First”, “second”, “third” and the ke describe a common
obiect and indicate different mstances of ke obyects are being referred to. Such adjectives do
not imply objects so described roust be ina givon sequence. either temporally, spatially, in
rapking, or in any other manner. “Connected” may indicate olements are in direct physical
contact with each other and “coupled” may indicate clements co-operate o7 interact with each
other. bt they roay or may not be in direct physical contact. Phrases such as “coraprising at

least one of A and B mchude situations with A, B.or A and B

{00101 Applicant defermined the above-mentioned valves offen contain several elements to
achieve the various functionality described. Applicant determined these valves may have
comphicated and unpecessary geometry which can canse flow path obstructions and lead to
nereased thrombosis and coagulation wn the blood circut which can lead 1o fsther
complications whch meludes occluding the valve, Applicant determined these valves may
be expensive and complox to prodece. Also, Applicant determined such vabves do not
provide protoction from exiemal contaminaies {o.g., from agrolization of hguid v a fluid
heater/cooler) whach may enter the blood through the varicus vacmon rehief vents, {(To
prevent oxeessive vacuom, the valves will open the vacoeurs relief verd io atmosphare to
abiow external air to be suctioned udo the circui {0 CDSUIC OXeessive vacunm does not

collapse the ventricle or aorta).
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{3011} Embodiments, however, address the drawbacks of the above-mentioned valves. An
embodinent provides a siraple, low cost design which incorporates necossary funciionality
for valves of this nature as well as protection from extemnal contaminates which may

otherwise be introduced into the blood stream during open heart surgery.

{00121 An embodiment includes a vacuum relief vent valve 1o be used m ventricular vent
lines, an aorte vent hine, auxibiary suction lines used in cardiovascular surgery, or other hnes
that 1terface the patierd. An crubodiment of a filtered vacuom relief valve i3 comprised of &
umdirectional duckbil valve, miet and outiet housing bodies, and filter reedia. The duckbill
valve portion has a radial Hange to cover vacuum vent openings in the inlet bodv and a
evimdrical sleeve which covers pressure relief vents in the outlet body, The vacwum selief
valve contams filier media to cover the external side of the vacuwum relief vent to flter the air

being wiroduced to the blood stroam through the vacuum vent valves,

{30131 Various features of an embodiment coniribute to solving the above problemeg as,

without limitation, the following: (1) the duckbill valve provides unidirectional flow {with
check valve), positive pressure relief, and vacuum reliot all n the wmigue single design, and
{23 the filter media provides filtration of external air and potential contamunates through the

vacuum relief vends.

{0014] An embodiment ases a .2 micron pore size for the filter media to provent and protect
against airboms bacteria that may exist in the oporating theater. However, other
embodments may mehude (1, 3., 5, 7 {or combination thereot) pore size. In an erabodiment
the duckbill s consirucied from a floxable, medical grade material {o.g., stheone} to allow for
proper functionality.

{00151 BEmbodiments are advantageous over conventional valves because, without Imitation,
of the following: {1} embodiments provide unidirectional flow {with check valve), positive
pressure relief] and vacuum rolief all in a single pioce duckbill valve design {or lmited pices
valve design), {2} simpler construstion for improved reliability and lower cost, and (3}
reduced thrombosis and coagulation of the blood as 2 result of simplicity.

[0016] While many of the vent valve embodiments inciude a filter, not alf embodiments

necossanly include a filter. While some eotbodirents include a monolithic duckbilt vahe

{where the relief valve portion of the valve and the umidirectional How portion of the valve
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are monclithic with cach othor), in other cmbodiments the two portions may not be

monolithic with each other. St other embodunents are not linuted 10 a duck valve.

{0017 Io some embodiments the valve 18 a standalone product. However, another
cmbodiment includes a kit. For example, the kit mchades a valve described herein already
attached to a vent line. This pre-coupling of the valve and line reliove some of the burden
hospitals bare when needing to couple {e.g., via cuiting) valves into existing lines. Other kits

may couple a valve 1o other lines not restricted to cardiac parfusion,

(00181 In an embodiment the filter portion of the valve does not contact fhnd (e g, blood)

5., duckbill valve) An embodiment docs, however, filter air that

Q00

that traverses the valve {c.

cones in oontact with blood.
{00191 A more detatled discassion of vanous embodiments now follows.

100201 A cardiopulmonary bypass citcuit 15 a comaplex network of disposable devices, tubing
and eguipment designed to handle the circulation and oxvegenaiion of blood during
cardiopulmonary brvpass surgery. Fluid management 1s criical 1o the cutcoms of the
procedures so several safety devices are tncorporated into the circwt 1o prevent retrograde
{backward) flow, manage pressures and ensure thad s being distnibuted where i needs o,
when it needs to. Several key components of the civcuit wnclude the cardioplegia delivery
system, aoriic cardioplegia catheters, surgical equupment used for the procedure {aortic
punches and retractotape) and a vanety of safety valves used throughout the circuit.
Embodiments described herein address safety valves, Such safety valves may be used m, for
example and withowt Hrottation, the following Imes of the circuil: aortic root suction line
{e.g., a cardioplegia aortic catheter with safely valve miegrated o vont boe), cardictonmy
suction line, left ventnaudar vent bine, a line coupling an artorial filter and bubble trap 1o an

arterial blood gas sensor, and the like.

100211 Applicant deteronined there 18 a visk for aivbome pathogen exposure to
immunocompromised panents 1o the operating room (OR). Ths is a divect resalt from, for
example, issues associated with heater-cooler devices used for various porposes in the OR
dunng cardiopulmonary bypass sorgery. Heater-cooler devices arg devices which use waler
reservolrs o store and beat or cool water 1o be pumped through the oxvgenator heat

exchanger, cardioplegia heat exchanger, and/or pationt blankets, If not maintained properly,
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microbes and bactena thrive in the water reservorirs. In some heater-cooler devices, the water
tanks are not properly sealed. When flowing, water 15 spiashed around inside the devics and
those bactena and microbes can become acrosclized. Cooling fans inside the heater-cooler
device can then blow the acrosolized bacteria throughout the OR (including ioto the stenile
field). This may ead to patient infoctions that in turn fead to complications, long-term care or

even death that is linked to the atrborme microbes distributed by heater-cooler devices,

00221 As aresolt, Applicant desigoed embodiments that address devices where aiv/patient
mterfaces might exist as a potential stte for mfection. ki some cases, the vacuum rehef
fimctionality of the safety valves provides a direct contact pomt where aiv is being sucked n
from the environment and altimately mixed with patient blood. Thas, {0 promote patient
satety an crobodiment meludes a safory valve with a mechanisie o provent aitbormne bacteria

from entering the blood volume through a filivation mechanism meorporated nto the valve,

{00231 Embodiments have several eritical functions during vse such as. for example and
without {unitation: prevent retrograde flow {e.g , via a duckbili valve}. provide vacuum refief
{e.g., when used on the ventricular vent line, the negative pressure can provent suction from
causing the ventricie to collapse on iself should the negative pressures rise to unsafe levels),
provide posttive prossure rehief (e g, i the tubmg 15 loaded 1n backwards 1o the roller pump
and turned on, the positive prossure relict will reliove that pressure before the duckbill is
compromised and retrograde flow 1s experience). provide an atr filtration mechaniam fo filie
out atrborme bacteria/pathogens present in the OR. FEotbodiments may be configured with 3

filter or without a filter and may improve porformance for flow and pressure drop.

{00241 Figures 1{A) and I{B) depict a valve that further comprises filier cover 101, filter
media 102, indet body 163, duckbill valve 164, cutlet body 1035, pressure relief vant 106,

vacuum relist vent 107,

{30257 Figure YO {with wndirectional flow 110 via duckbidl valve 104) shows a path 109
for pressure frov the output of the channel o be relieved (1o, positive prossure rehief).
Figure 1€A) shows an aperture 130 i the ouler housmg for the pressure relief and Figare
1{A} shows an aperture 106 i a wall {see pressure reliet vent 106 for presaure rehef
pathwavs 109, even though vent 106 i not seen in Figure H{C)) that 15 adjacent the duckbill
valve., Figure H{C}) shows a path 108 for pressure from the joput of the chanoel to be relieved

{i.c., vacuom velief pathway 108). For example, if a downstream peristaltic pump {wherein
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“downstream” i5 o the night of duckbifl valve in Figure 1{T}) were o create a negative

pressure in region 1172 the pressure could be alleviated via aiv traversing along path 108 and
across the duckbill valve to region 112, Figure 1A} shows an aperture {vacown rehef vent
107} v the housing to facilitate path 108, The aperture is covered by the filter mediam 102

and filier cover 101 of Figure 1A}

{00261 Figure H{{) includes a valve that comprises filter cover 101, filter media 102, mlet
body 103, duckbill valve 104, outlet bady 103, a pressure relief vent {not shown in Figure
1) due to the location where cross-section 15 taken but the vent is visible (e, vent 106 n
Figure HA}), and vacuum robief vert 107, Vent 106, ifthe cross-section of Figure H) were
changed by 2 small anmount, reay have an opening at the location of cwele 106 of Figwre HCY
The valve further meludes g valve channel that couples a valve mput 111 to a valve output
112, Pressure relief port 107 15 configured to rehieve negative pressure when pressure at the
valve output is less than prossure at the valve mput. Pressure relief port 106 i3 configured to
relicve positive pressure when prossore af the valve cutput is groateor than pressure at the
valve mput. Valve 104 includes a monclithic portion that simwitancously seals the chaonel,
pressure rehef port 107, and pressure relief port 106, Filter 102 covers the pressure relief port

107, Filter 102 does not cover pressure relief port 106,

{00271 The embodiment utihizes a one-way valve {o.g

&y

duckbill valve 104) included within
the channel. Valve 184 may melude a restliont material, such a sthicone. In an alternative
embodiment, the one~way valve racludes a wagon wheel valve such as the valdve of Figures 2
or 3. The vabe of Figure 2 includes sidowalls 217 that oxtond generally parailel to axas 213
such that they cover valve 206,

[002%] Returing to Figure 2{C), fiker mediom 1072 is betwesan pressure relief port 107 and

cover 1) cover 101 bomg included v an outermost surface of the valve,

{30297 Channel long axis 113 infersecis the valve ioput and the valve output. Inan
embodinent prossure rehief port 107 meludes a pressure relief port long axis {not shown} that
13 paraliel 1o the channel long axis 113 Io an embodiment axas 114 s orthogonal to channe
long axia 113 and the monolithic portion of valve 104 intersects axis 114 four times.
However, in other crabodiments the roonclithic portion of valve 104 intersects axis 114 at
least four times. Inan embodmment axis 114 intorsests the pressure relief port 106 {not shown

wn Figare 1))
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{00301 Duckbil valve 104 meludes two opposing flaps 115, 114 that are biased towards one
another in a resting state and that divectly conmtact one ancther in the resting state. The
schomatic of Figure HEY does not show the mnterface between the two flaps (due 1o abstract
high fevel natare of Figure H{{} whergin such an interface woold spread to form a vind

between the two tlaps when the valve ig in a non-resimg state/active state.

{00311 Figure 2 depicts a valve at g perspective that s more abstract and higher level than the
perspeative of Figure 1{C). The valve includes the spoke valve of Figure 3. Note the spoke
valve has a sidewall 217 that scals prossure relief vent 206 but not vacvum reliet vorg 207,
Figure 2 shows a path 209 for pressure from the outpat of the chamnel 1o be reheved (e
positive pressure relief) and a path 208 for pressore from the npet of the charmel to be

rehieved (Lo, vacuum rehef).

{00321 Figure 4 depicts a valve that comprises filier cover 401, filter media 402, 1nlet body
403, duckbill vabve {not shown but located approximataly at arca 404), duckbill valve 4047

{which serves as a pressure rehief vent), outict bady 405, and vaciun relief vent 407
[0033] Various examples are now addrossed.

{00341 Example 1. A valve comprising: a valve channel that couples a valve nput to a valve
ouiput; a one-way valve mehided within the chansel; g filter: a first prossure rehief port,
wheretn the first pressore rolief port is configurad to relieve negative pressurs when prossure
at the valve output 1s loss than pressure at the valve mputs a second prossure rehief por,

wherein the second pressure robiet port i3 configured to reheve positive pressure when
presmire at the valve ootput 18 greater than pressure at the valve wopwt; whoerem the one-way
valve includes a monaolithic portion that simultancously seals the channel, the first pressuw

wef port, and the sccond pressure reliof port; wherem the filier covers the first prossure

relicf port.

33

100351 As used herein, “monolithic” means “a single piece”. For example, 2 monolithic

portion of a valve may be formed from addiiive manufacturing {e.g., 3d printing), a mold,

two pieces foedly and permanently coupled to each other via a permanent joint {e.g., weld,

adhesive}, and the like.

{10361 Anocther version of Example T:A vabve comprising: a valve chanael that couples a

valve aput to a vaive output; a one-way valve included within the channel; a filtor; a first
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pressure relief port, wherero the first pressure relief port is configured to reliove pressorg
when pressure at the valve output is less than pressure at the valve input; a second pressure
relief port, wherein the sceond pressure rehef port 1 configured to veliove pressure when
pressure at the valve ootput 18 greater than pressure af the valve mput; wherein the one-way
valve includes a monolithic portion that simultancously seals the channel, the first pressuw
rehief port, and the second pressure rehief port; wheremn the filter covers the first prossure

relicf port.

100371 Such a valve mayv be iocluded as a stand-slone valve or mn a svstem of valves of which
the valve i3 just one valve of soveral valves that cooperate 1o regulate flow of a fluid {wherein

a “fhuid” as used herein mohudes both Hgoids and gases).

{00381 Another version of Example 1. A valve comprsing: 2 valve channel that couples a
valve mput to a valve cutput; a check valve included within the chanmel; a filter; a first
pressure rolief port, wheroto the first pressure relief port s configured to reliove negative
prossure when prossure at the valve output s less than pressuse at the valve input; g second
prossure relief port, wherein the second pressure reliet port is configured to veliove positive
pressure when pressure at the valve cutput is greater than pressure at the valve input; wherein
the cheek valve includes a monalithic portion that stmultancously seals the channel, the firgt
pressure veliof port, and the second prossure relief port; wherein the 8lter covers the first

pressare relief port.

100391 A chock valve, clack valve, non-return valve, refhux valve, retention valve or ong-way
valve is a valve that normally allows thad (quid or gas) to How through # 1w only one
direction. A check valve may be a two-port valve, meaning the valve has two openings o the

body, one for fluid to enter and the other for fluid to leave.

{00407 Anocther version of Example 1. A valve comprising: g valve channel that couples a
valve 1oput 1o a valve output; a valve incloded within the channoel; a filter; a fust pressure
relict port, whorein the first pressure relief port 1s configured to reliove negative prossure
when pressure at the valve cutput is less than pressure at the valve input; a scoond pressure
relief port, wherein the sceond pressure velief port 18 configured to relieve positive pressure
when prossure at the valve output is greater than prossure af the valve mput; wherein the

valve inchudes a monolithic portion that simultancously seals the channel, the first pressure
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relief port, and the second pressure refief port; wherein the filter covers the first pressure

relict port.

[0041] Example 2. The valve of example 1 wherein the one-way valve inchides a resilient

matoral
100421 Example 3. The valve of example 2 wherein the one-way valve is a dackbill valve.

{00431 Example 4. The valve of example 2 wherein the one-way valve is a wagon wheel

valve,

100447 Example 5. The valve of example 2 whersin the filier doos not cover the second

pressure reliof port.

{00451 Example 6. The valve of example 3 comprising a filter medinm and a cover, wherein:
the filter mediom s between the first pressure relief port and the cover; the cover is included

i an outermost surface of the valve,

[0046] Example 7. The valve of example 5 whereuy the channel inchudes a chammel long
axis that interseots the valve input and the valve ouiput; the fst pressure rehief port meludes
a first pressure velief port long axis that is paraliel to the channel long axis.

100471 Example 8. The valve of example 5 wheremn: the channel includes a chaonel long
axis that wtersects the valve input and the valve output; an addivional axis 15 orthogonal to the
chamnel long axis; the monelithic portion intersecis the addmonal aws four fimes,

F00481 Example 9 The valve of example 8 wherein the additional axis miersects the
second prossure relief pori.

100491 Example 10, The valve of example 5 wherein: the channel includes a channel long
axis that miersects the valve input and the valve output; an addivional axis 15 orthogonal to the
chamnel long axis; the monelithic portion intersecis the addmonal asde at least four times.
[0050] Example 11 The valve of example 3, wherein: the duckbill valve meludes two
opposing Haps; the two opposing flaps are biased towards ong another in a resting state; the
two opposing faps divectly contact one another 1o the weting staie.

(00511 Example 12, The valve of example 2 wherein the resthent material mchudes silicone,

{00527 Examples 13-20 are omitted.



WO 2021/016450 PCT/US2020/043261

i

{30537 Example 21 A valve comprising: a valve channel that couples a valve inpot to a
valve output, a ong-way valve included within the channel; a filter; a first pressure relief port,
wherein the first pressure relief port 1s configured to relieve nogative prossure when prossure
at the valve output is legs thao pressure at the valve inpot; 3 second pressure refief port,
wherem the second pressure rehief port is configured to reliove positive pressure when
pressure at the valve output is greater than pressure at the valve juput; wherem the one-way
valve is configured to simultaneously scal the channel, the first pressure rehief port, and the
second prossure relief port; wheren the filier is configured to filter air that passes through the

first pressure rebict port from outside the valve,
{00541 Thus, not all embodiments require the valve {0 be monohithic,

{00551 Another version of Example 21, A valve comprising: a valve channel that couples a
valve input 1o a valve output; a one-way vadve included within the chanuel; a filter; g fiest
pressure rolief port, wherern the first pressure relief port is configured to reliove pressore
when pressure af the valve output is less than pressure at the valve input; a second pressure
reliet pont, wheremn the scoond pressure rehef port 18 configured to relieve pressure when
pressure at the valve ootput 18 greater than pressare af the valve oput; wherain the one-way
valve is configured to sinuiltaneousty seal the channel. the first prossure rehief port, and the
second pressure relief port; wherein the filtor 18 contigured to fiber air that passes through the

first pressure relief port from ountside the valve.

{00361 Example 22, The valve of example 21 wherem the one-way valve includes a
resihent material,

i

FO037] Example 23 The valve of example 22 wherein the one-way valve is a duckbill
valve.

{30587 Example 24, The valve of exampie 22 wherein the one-way valve 1s a wagon wheel
valve,

[0059] Example 25 The valve of example 22 wherein the filter does not cover the second
pressure relief port.

{30601 Example 26, The valve of example 25 comprising a filter mediwm and a cover,
wherein: the filter medium is between the first pressure relief port and the cover; the cover is

included in an outermost surface of the valve.
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{30611 Example 27 The valve of example 25 wherein the channgl includes a channel long
axis that miersects the valve roput and the valve output; the first pressore reliot port includes

a fivst pressure rebief port long axis that 1s paralls] to the chansel long aws.

100621 Example 28, The valve of example 25 wherenn: the channel includes a channel long
axis that mtersects the valve input and the valve output; an additional axas 18 orthogonal 1o the

channel long axis; the ong-way valve infersects the additional axis four times.

100631 Hxample 29, The valve of example 28 wherom the addifional axis intorsects the

second pressure relief port.

100647 Example 30 The valve of example 25 wheremn: the channel includes a channel long
axis that mtersects the valve input and the valve oniput; an addifional axis 18 orthogonal 1o the

channel long axis; the ong-way valve infersects the additional axia at least four times.

100651 Example 31, The valve of example 23, wherein: the duckbili valve ncludes two
opposing fHaps: the two opposing Haps are biased towards one another in a resting state; the

two opposing flaps directly contact one another in the resting state,

{00661 Example 32, The valve of example 22 wherein the resilient matenial includes

silicone.

100671 Example 33, The valve of example 22 wherem the one-way valve includes a
monolithie porfion configured o stmultancously seal the channel, the frst pressure relief

port, and the second pressure relief port.

[O06R] Example 34 The valve of example 5 or 15 wherein: the first pressure robief port is
configared to be upsiream of the one-way valve; the second pressure relief port 13 configared

to be downstream of the ong-way valve

{00691 Example 35, The valve of example 5 or 13 wheremn the first pressure rehef port s
configured (o be between the valve wnput and the one-way valve: the second pressure rehef
port 1s configured to be botween the valve sutput and the one-way valve.

{0070] Example 36 The valve of example 5 or 15 whereine the Hret pressure reliof port is
sonfigured to floidly couple to the valve tput when {a}{(i} pressure at the valve output is less

than pregsure at the valve input, and (a¥{u) the one~way valve ig closed; the second pressurs
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relict port is configured to Huidly couple to the valve output when (b} pressure at the valve

cuiput 1 greater than pressure at the valve input, and (b)) the one~way valve 13 closed.

{00711 Example 37 The valve of example 5 or 15 wherein both of the first and second
pressure reliof ports dircctly contact the one-way valve when neither of the first or second

pressure reliof poris is reheving pressure,

{00721 Exarple 38, The valve of example 5 or 15 whereine the valve includes an outermost
surface; the outermaost surface inchides a third prossure relief port; the third pressure relief
port s configured 1o rebieve pressure when: {a) pressure at the valve output 18 greater than

pressure at the valve input, and (I} the ong-way valve is closed.

{00731 Example 39 The valve of example 38 wheremn: the third pressure relicfport s
configared to Huidly couple to relieve prossure when: {a} pressure at the valve oulputis

greater than pressure at the valve taput, and (&) the cng-way valve s closed

{00741 Example 40, The valve of example 1 or 21 comprising: a third pressure seliof port,

wherein the third pressure relief port 18 configured to reliove positive prossure when pressorg
at the valve output is greater than pressure at the valve mput, wherein the monolithic portion
sinubtaneousty seals the channel, the first pressure relief port, the second pressure rehief port,

and the thivd pressure relief port.

{00731 For oxample, note in Figure 1) path 106 15 shown to engage valve 104 at two

locations {see circles on Figure W) Embodiments may have ong instance of port 106, two

fustances of port 106, or more than two mstances of port 106,

{00761 BExample 40, The valve of example 1 or 21 compnsing: a third pressure rehef por,
wherein the third pressure rehef port 1s configured to relieve negative pressure shen presaure
at the valve output 18 foss than prossure at the valve imput; wherein the monolithie portion
simnuitanecously seals the channel, the first pressure reliot port, the second pressure relief port,

and the third pressure relief port,
{00771 Thus, embodiments may allow for more than once instance of port 167,

{00781 Example Ia. A valve comprising: a valve channel that couples avalve inpattoa
valve output; a one-way valve included within the chaneel; a filier; a first pressure relief port,

wherein the first pressure refief port s configured to relieve nesative pressure when pressure
\.}
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at the valve outpud 15 loss than prossure af the valve impud; a second pressurg rohief por,
wherein the second pressure reliet port 1s configured to relieve posttive pressure when
presare at the valve ooty i greater than pressure at the valve input; wherein the one-way
valve includes a monodithio portion that ssmultancously scals the channel, the fiest pressure
refief port, and the second pressure relief port; wheremn the filter covers the first pressure

rehef port.

{30797 Example 2Za. The valve of example 1a wheretn the one-way valve inciudes a resilignt

material.

{0080 Example 3a. The valve according to any of examples 1a-2a wherero the ong-way

valve 15 a duckbifl valve.

{00811 Example 4a. The valve according to any of examples 1a-2a wherein the one-way

valve is 3 wagon wheel valve

{00321 Example Sa. The valve according 1o anv of examples 1a-4a wherein the filter does not

cover the scoond prassure reiief port.

[O083] Example 6a. The valve according to any of examples 1a-5a comprising a filter
medium and a cover, wherein: the filter mediam 18 between the first pressure relief port and

the cover; the cover is mcluded 1o an outermost surface of the valve.

{00341 Example 7a. The valve according to any of examples 1a-6a wherein: the channel
nohides a charmel long axis that tdersects the valve mput and the valve ootput; the first
pressure reliof port includes a first pressure rehief port long axas that 1 paralle! 1o the channel

long axis,

{0851 Example 8. The valve according to any of examples 1a-6a wherein: the channel
mcludes a chanee! long axis that intersects the valve put and the valve culput; an additional
axis 1s orthogonal 1o the channel long axis; the monolithic portion infersects the addiional
axis four times.

[0086] Example Ya. The valve of example 8a wherein the additional axis infersects the

second prossure relief pori.

100871 Example 10a. The valve according to any of examples fa-5a wherein: the channel

inchides a chanpel long axis that intorsects the valve iput and the valve output; an additional
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axis i3 orthogounal to the channel long axis; the monelithic portion tatersects the additional

axis at least four imes.

[008%] Example 1ia. The valve of example 3a, wherein: the duckbili valve includes two
opposing flaps; the two opposing flaps are biased fowards one another in a resting state; the

two opposing flaps directly contact one another in the resting staie.

{00891 Example 12a The valve according to any of examples 2a-11a wherein the resiltent

material includes silicone,
{0091 Examples 13a-20a are omitted.

{0091] Example 2ia. A valve comprising: 8 valve channel that couples a valve mput to a
valve output; a ong-way valve included within the channel; a filter; a first prossure relief port,
wherein the first pressore relief port 5 condigurad to reliove nogative pressure when pressarg
at the valve output 1s loss than pressure at the valve mputs a second prossure rehiet por,
wherein the second pressure relief port 1s configured to relieve positive pressure when
presmre at the valve ootput 18 greater than pressure at the valve wopwt; whoerem the one-way
valve is configured to sinuiltaneousty seal the channel. the first prossure rehief port, and the
second pressure relief port; wherein the filtor 15 contigured to filer air that passes through the
first pressure relief port from ountside the valve.

100921 Thus, not all embodinments roguire the valve to be monchithic,

[0093] Example 22a. The valve of example 21a wherein the one-way valve includes a
rosiliont maternial.

{00941 Examaple 23a. The valve according to any of examples 21a-22a wherein the ong-way
valve 18 a duckbili valve.

{00951 Example 24a. The valve according to any of examples 218-22a wherein the one-way
valve i a wagon wheel valve.

{00961 BExample 254, The valve according 1o any of examples 21a-24a wherem the filter
does not cover the second pressure rehef port.

{00971 Example 26a. The valve according to any of examples 21a-253 comprismg a filter
medivm and a cover, wherein: the filter medium is between the Srst pressure rebief port and

the cover; the cover s mcluded in an outermost surface of the valve.
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{00981 Example 272 The valve according to any of example 21a-262 wherwein: the channcl
mcludes a channe! long axis that intersects the valve input and the valve output; the firgt
pressure rehef port includes a first pressure reliet port long axis that 1s pasallel to the channel

long axis,

{00991 Example 28a. The valve according 1o any of example 2 1a~36a wherein: the channel
wcludes a chanmel long axis that mtersects the valve input and the valve output; an additional
axis i3 orthogounal to the channel long axis; the one-way valve mterseots the additional axis

four times,

[01G0] Example 29a. The valve of example 283 whergin the additional axis ntersects the

second prossure relief port.

{01011 Example 30a. The valve according to any of example 2 1a-26a wherein: the channel
includes a channel long axis that mtersecis the valve inpuf and the valve cudput; an additional
axis is orthogonal to the channel long axis; the one~way valve micrsects the additional axis at

Isast four times.

101027 Example 3ia. The valve of example 23a, wherein: the duckbnll valve includes two
opposing flaps; the two opposing flaps are based towards one another w a resting state; the

twvo opposing flaps direetly contact one another 1 the resting state.

{01031 Example 322 The valve of example 22a wherein the resiiiont material includes

silicone.

101047 Example 33a. The valve according 1o any of examples Z1a-3%a wheren the onc-way
valve includes a monolithic portion contigured to simultancousty seal the channel, the first

pressure relief port, and the second pressure relief port.

{01031 Example b, A valve comprismg a valve channel that couples avalve mputioa
valve output; a ong-way valve inchided withun the channel; a filter; a first pressure relief post,
wherein the first presaure relicf port is configured to veliove negative pressure when pressure
at the valve output is legs thao prossure at the valve inpot; 3 second pressure refief port,
whorein the seeond pressure rehef port 1 configured 1o reliove positive pressure when
pressure at the valve outpot is greater than pressure at the valve mput; wheremn the one-way

valve includes a monolithic portion that simulianeousty seals the channel, the first pressure
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relief port, and the second pressure refief port; wherein the filter covers the first pressure

relict port.

101061 Example 2b. The valve of example 1h wherein the one-way valve includes a resihient

material

{01071 Example 3b. The valve according to any of examples 1h-2b wheremn the one-way

valve 18 a duckbil valve.

[0108] Example 4b. The valve according to any of examples 1b-2b wherein the one-way

valve i a wagon wheel valve.

{01091 BExample 5b. The valve according 1o any of examples Th-4b wheramn the filter does

not cover the second pressure rehef port.

{01107 Example 6k, The valve according to any of examples ib-4b comprising a filter
medium and a cover, wherein: the filier mediom is between the fivst pressure retiet port and

the cover: the cover 1s included in an cutermost surface of the valve.

{0111] Example 7b The valve according 1o any of examples Th-4b wheren: the channe
wcludes a chamnel long axis that mtersects the valve input and the valve output; the first
pressure rolief port nehedes a first pressare rebief port long axis that s paratiel to the chaoned

fong axis.

[0F12] Example 8a.  The valve according 1o any of examples 1h-4b wherem: the chanmel
mehudes a channel long axis that imtersects the valve mput and the valve ouvtput; an adduional
axis 13 onthogonal to the channel long axxas; the monolithic portion intersects the additional

axis four times.

{01137 Example 9b.  The valve of example 8b wherem the additional axis intersects the

second pressure relief port.

{0114] Example 10b. The valve according to any of examples tb-4b wherem: the channgl
ncludes a channel long axis that infersects the valve input and the valve output; an addibional
axis iy orthogonal to the channel long axia; the monoelithic portion ntersects the additional

axis at least four times.
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{01151 Example Fib, The valve of example 3b. wherein: the duckbilf valve mncludes two
opposing faps; the two opposmg Haps are biased towards ong another in 2 resting staie; the

two oppoesing Haps divecily contact one ancther in the resting state.

{01161 Example 12b. The valve according 1o any of examples 1b-4b wherein the resthient

material meludes sdhicone.
{3117} Examples 135-20b are omitted,

(01187 Example 21b. A valve comprising: a valve chamnet that couples a valve input to a
valve output, a one-way valve mcladed within the channel; a filter; a first preasure relief port,
wherem the first pressure relief port is configured to reliove negative prossure when progsure
ab the valve output s loss than pressure at the valve mput; a second prossure rehief port,
wherein the sccond pressure relief port 1s configured to reliove positive pressure when
pressurc at the valve output is greater than pressure at the valve inpot, wherein the one-way
valve is configured to stnultancously seal the chaneel, the first prossure rebief port, and the
second pressure relief porty wherein the filter is configared to filter air that passes through the

first presswre rebief port from owgside the valve.
F0119] Thus, not all embodimends require the valve 1o be moneohithic,

{01207 Example 22b. The valve of exampie 21b whergin the one-way valve mcludes a
resihiont material,

[0121] Example 23b. The valve according to any of examples 21b-22% wherein the ong-way
valve 15 a duckbill valve.

{11227 Example 24b. The valve according to any of examples 215-22b wherein the one-way
valve 18 & wagon whead valve.

{01231 Example 25b. The valve according to any of examples 21h-24b wherein the filier
does not cover the second pressure relief port.

{01241 Example 26k, The valve according 1o any of examples 21b-24b comprising a filter
medivm and a cover, wherein: the filter mediim 1s between the first pressure rebef port and
the cover, the cover is mcluded 10 an outermost surface of the valve.

(01257 Example 27b. The valve according t0 any of example 21h-24b wherom: the channe

mcludes a channel fong axig that miersects the valve mput and the valve output; the first
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pressure relief port nehedes a first pressare rebief port long axis that s paratiel to the chaoned

fong axis.

{01261 Example 28k, The valve according to any of example 21b-24b wheretn: the channel
mehudes a channel long axis that utersects the valve mput and the valve ouvtput; an additional
axis 13 onthogonal to the channel long axis; the one-way valve intersects the additional axis

four times.

{01271 Example 29b. The valve of example 28b wheremn the additional axis miorsects the

second pressure relief port.

{01281 Example 30b. The valve according to any of example 21b-24b whercin: the channel
ncludes a channel long axis that wversects the valve input and the valve output; an additional
axis i3 orthogonal to the channel long axia; the one-way valve tersects the additional axis at

feast four times.

{01297 Example 3th. The valve of example 23b, wherein: the duckbill valve meludes two
opposing Haps: the two opposing flaps are biased towards ong another in a resting state; the

two oppasing flaps directly contact ons another n the resting staie,

{01301 Example 32b. The valve of example 22b wherein the restlient material includes

silicone.

{01311 Example 33b. The valve according to any of examples 21h-24b whevremn the one-way
valve includes a monodithie portion contigored to simubtancously seal the channel, the first

pressure relief port, and the second pressure relief port.

{01321 The foregoing description of the embodiments of the imvention has been presented for
the purposes of Hlustration and desedption. It {5 vot tdended to be exbaustive or o imit the
mvention to the procise forms disclosed. This descoription and the claims followmng include
terms, such as teft, night, top, bottom, over, under, upper, lower, first, second, ete. that are
used for descriptive purposes only and are not (0 be construed as imiting. For example, tommg
designating relative vertical position refer to a situation where a side of a subsiraie is the
"top" surface of that sabsirate; the substrate may actually be i any onentation so that a "op”
side of a substrate may be lower than the "boltom” side n a standard terrestrial frame of

o

reference and st fall within the meaning of the term "op. " The embodiments of a deviee or

article descnibed herern can be manufactured, used, or shipped v a mumber of positions and
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orientations. Persons skilled in the relevand art can appreciate that many modifications and
variations are possible mn light of the above teaching. Persons skilled 1n the art wili recogmize
various eqrivalent combinations and substitutions for various components shown in the
Figures. It is therefore mtended that the scope of the invention be limited pot by this detailed

description, but rather by the clavms appended hereto
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What Is Claymed Is

i A valve comprising:

a valve channel that couples a valve input to a valve output,

a one~way valve included within the channel;

a filier;

a first pressure relief port, wherein the first pressure relief port is configured to reliove
negative prossure when pressure at the valve output is leoss than pressure at the valve mput;

a second prossure rehief port, wherein the second pressure relief port 13 configured to
reheve positive prossure when pressure at the valve output 1s greater than pressure at the
valve mput;

wherein the one-way valve s configured fo stmulianeousty seal the channel, the first
pressure rehef port, and the second pressuse relief post,

whoerein the filter 18 configured to filfor air that passes through the first pressure relief

port tronn outside the valve,

2. The valve of claim 1 wherein the one-way valve includes a restlient materal.

3. The valve of claim 2 wherein the one-wayv valve is a duckbill valve,

4, The valve of claim 2 wherein the ong-way valve is 3 wagon wheel valve,

5, The valve according to any of claims 1-4 wherein the filier does not cover the second

pressare relief port.

&. The valve according to any of clams i~4 comeprsing a filter medioe and a cover,
wherein:

the filter medium s between the first pressurve rehef port and the cover;

the fler medium 15 included i the filter;

the cover 1s meluded w an ouienmost surface of the valve,
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7. The valve according to any of clams -4 wheretne
the channel includes a channel long axis that imtorsects the valve input and the valve
output,

the first pressure relief port includes a first pressure reliof port long axis that is

paralie} to the channel long axis,

8. The valve according to any of clamms 1-4 wherein:

the chaoned mnchudes a channel long axis that intorsects the valve inpt and the valve
ouiput;

an additional axis is orthogonal (o the channel long axis;

the one~way valve intersects the additional axas af icast four timegs,

9 The valve of ¢lamm 8 wherein the additional axis itersects the second pressure rehief

port

1. The valve of claim according to any of claims 1-4 wherem the one-way valve includes
a monolithic portion configured 1o strmuliancously seal the channel, the frst pressure reliet

port, and the second pressure relief port.

11 A valve comprising:

a valve channel that couples a valve mput to a valve output;

a one-way valve incloded within the chasned;

a filter;

a first pressure relief port, wheremn the fivst pressure reliet port 15 configured to relieve
negative pressure when pressure al the valve output is less than pressure af the valve mput;

a second pressure relief port, wheroin the sccond pressure reliof port i configured (o
religve positive prossure when pressure at the valve ouiput 1s groater than prossure at the
valve input;

wharein the ong-way valve includes a monodithic portion that simndtaneousty sgals the
channel, the st pressure reliet port, and the second prossure rohief port;

wherein the filter covers the first pressure relief port.
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1Z. The valve of claim 11 wherein the one-way valve includes a resilient material,

i3 The valve of claim 12 wherein the one-way valve ia a duckbill valve.

14 The valve of clam 12 wheretn the one-way valve is a wagon wheel valve.

15, The valve according to any of claims T1-14 wherein the filter does not cover the
second progsure relief port,

18, The valve accordmg to any of clamms 11-14 comprising a filter medium and a cover,
wherein

the cov

17

output]

the flter medium 18 between the first pressure relief port and the cover:
the fiker medim 19 ncluded i the filter

er ia inchuded i an outermost surface of the valve.

The valve according to any of clams 11-14 wheroin

the channe! meludes a channel long axas that mtersects the valve input and the valbve

Sl

the frst prossure relief port tneludes a first pressure relief port fong axis that is

parallel 1o the channel long axis,

1%

output;

19

port.

24,

The valve according to any of elammg 11-14 wherein

the channei includes a channel long axis that imtorsects the valve input and the valve

an additional axis s orthogonal o the channel long axus;

the mounolithic porfion tidersects the additional axis at least fr times.

The valve of clanm 18 whersin the additional axis intersects the second pressurs rehief

The valve of claim 13, wherein:

the duckbnll valve mclades two opposing Haps,
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the two oppesing flaps are ased towards ong another in a resting siaio;

the two oppasimg flaps directly contact one ancthor i the rosting state.
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