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Filtered Vacuum Relief Vent Valve 

Technical Field 

[0001] Embodiments of the invention are in the field of valves and, in particular, 

cardiopulmonary bypass equipment.  

Background 

10002] In open heart surgery, excess blood may drain into the left ventricle of the heart, in 

the aortic root, or in the open chest cavity. Tis can lead to distention of the ventricle or aorta 

which may lead to ompications during the procedure. Providing suction to these areas may 

drain the blood from these areas to prevent these complications and provide clean, 

unobstructed views forth practitioner during the procedures.However,providingexcessive 

suction, .reverse blood flow back to these aras, orallowing excessive pressure to build in 

these areas also pose potential complications to the procedure.  

[0003 Various extracorporeal circuits are utilized to allow for fluid flow, drainage, and to 

relieve excessive pressure. One-way or check valves are often used to control the direction of 

fluid flow and to prevent reverse flow. Relief valves are employed to reduce excessive 

pressuresand/or relieve excessive vacuum 

Thiefhescrition Of Te rawing 

[00041 Features and advantages of embodiments of the present invention xill become 

apparent from ithe appended claims, the following detailed description of one or more 

example embodiments, and the corresponding figures. Where considered appropriate, 

reference labels have been repeated among the figures to indicate corresponding or analogous 

elements, 

[0005] Figures 1(A) and 1(B) respectively depict varying angles ofexploded views ofan 

embodimentof the invention Figure I(C) depicts a cross-sectional view of the embodiment.  

Figures l(D) and (E) depict varying angles of assembled views of the embodiment.  

[0006] Figure2depictsacross-sectionalviewofanembodiment, 

[00071 Fiure3depicts fron viewofanembodiment.  

10008] Figure 4 depicts an exploded view of an embodiment.
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IXed Desciption Ofllustrativ Embodiments 

[00]Reference will now bemadeto te drawings wherein like strueturesnma be 

provided with like suffix reference designatios. In order to show the structures of vai0us 

embodinents more clearly, the drawings included herein are diagrammatic representations of 

structure Thus, the actual appearance of the fabricated device, for exampleina photo, may 

appear different while still incorporating the claimed structures of the illustrated 

embodiments. Moreover, the drawinusmav only show the structures useful to understand the 

illustrated embodiments. Additional structures known in the art may not have been included 

to maintain the clarity of the drawings. "An embodiment", "various embodiments" and the 

like indicate embodiment(s) so described may include particular features, structures, or 

characteristics, but not every ernbodimnt necessarily includes the particular features, 

structures, or characteristics. Someembodiments may havesomeall,ornoneofthetures 

described forother embodiments. First, "second", "third" and the like describe a common 

object and indicate different instances of like objects ae beingrierred to. Such adjectives do 

not imply objects so described must be in a given sequence, either temporallyspatially, in 

rakingor in another r."Connected" maxy indicate elements are in direct physical 

contact with each other and "coupled" may indicate elements co-operateor interact with each 

other but they may or may not be in direct physical contact. Phrases such as "comprising at 

least one of A and B" include situations with A, B or A and B.  

[10] Applicant determined the above-mentioned valves often contain several elements to 

achieve the various functionality described. Applicant deermined these wves-mas have 

complicated and unnecessary geometry which can cause flow path obstructions and leadto 

increased thrombosis and coagulation in the blood circuit which can lead to father 

complications which includes occluding the valve. Applicant determined these valves may 

be expensive andcomplex to produce. Also, Applicantdeterminedsuch valvesdo not 

provide protection from external contaminates (e.g., from aeroliz.ation of liquid, in a fluid 

heater/cooler) which may enter the blood through the vanous vacuum relief vents. (To 

prevent excessive vacuum, the valves will open the vacuum relief vent to atmosphere to 

allow externalair to be suctioned into the circuit to ensure excessive vacuum does not 

collapse the ventricle or aorta).
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10011] Embodiments, however, address the drawbacks of the above-mentioned valves. An 

embodiment provides a simple, low cost design which incorporates necessary functionality 

for valves of this nature as well as protection from extenial contaminates which may 

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

[00121 An embodiment icludes a vacuum relief vent valve to be used in ventricular vent 

lines, an aoruc vent line, aulihary suction lines used in cardiovascularsureryor other lines 

that interface the patient. An embodiment of a filtered vacuum relief valve is comprised of a 

unidirectional duckbill valve, Mlet and outlet housing bodies, and fiter media. 'The duckbill 

valve portion has a radial flange to cover vacuum vent openings in the inlet body and a 

cyliindrical sleeve which covers pressure relief vents in the outlet body. The vacuum relief 

valve contains filter media to cover the extenaside of the vacuum relief vent to filter the air 

being introduced to the blood stream through the vacuum vent valves.  

10013] Various features of anembodiment contribute to solving the above problems as.  

without limitation, the following:() theduckbivalveprovidesunidirectionalflow(with 

check valve), positive pressure relief, and vacuum relief all in the unique single design, and 

(2) the filter media provides filtration of extemal air and potential contaminates through the 

vacuumrelief vents.  

[0014] An embodiment uses a .2 micron pore size for the filter media to prevent and protect 

against airbome bacteria that may exist in the operating theater. However .other 

embodiments may include .1,3.5 .7 (or combination thereof) porsize In anembodiment 

the duckbill is constructed from a flexible, medical grade material (e.g .silicone) to allow for 

proper functionality.  

[0015] Embodiments are advantageous over conventional valves because, withoutlimitation, 

of the following: (1) embodiments provide unidirectional flow (with check valve),positive 

pressure relief, and vacuum relief all in a single piece duckbill valve design (or limited piece 

valve design), (2) simpler construction for improved reliabilityandlowercostad(3) 

reduced thrombosis and coagulation of the blood as a result of simplicity.  

[0016] While many of the vent valve embodiments include a filter, not all embodiments 

necessarilyinclude afilter.uWhile some embodimentsinclude a monolithic duckbill valve 

(where the relief'valve portion of the valve and the unidirectional flow portion of the valve
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are monolithic with each other), in other embodiments the two portions may not be 

monolithic with each other. Still other embodiments are not limited to duck valve.  

[0017] In some embodiments the valve is a standalone product. However, another 

embodimentincludes a kit. Forexample, the kit includes avalvedescribedhereinalready 

attached to a vent line. This pre-coupling of the valve and line relieve some ofthe burden 

hospitals bare when needing to couple (e.g. via cutting) valves intoexisting lines. Other kits 

may couple a valve to other lines not restricted to cardiac perfusion.  

[0018] In an embodimentthe filter portion of the valve does not contact fluid (e.gblood) 

that traverses thevalve (e.g., duckbii valve). An embodiment does, however, filter air that 

comes in contact with blood.  

[0019] A more detailed discussion of various embodimenrits now follows.  

[0020] A cardiopulmonary bypass circuit is a complex network of disposable devices, tubing 

and equiprnnt designed to handle the circulation and oxyCenation of blood during 

cardiopulmonary bypass surgeryFluid management is critical to the outcome of the 

procedures several safetydevicesare incorporated into the circuit to prevent retrograde 

(backward) flowmanage pressures and. ensure fluid is being distributedwhere it needs to, 

when it needs to. Several key components of the circuit include the cardioplegia delivery 

system, aortic cardioplegia catheters, surgical equipment used for the procedure (aortic 

punches and. retractotape) and variety of safety valves used throughout the circuit.  

Embodiments described herein address safety valves. Such safety valves may be used in, for 

example and without limitation, the following lines of the circuit: aortic root suction line 

(e0g., a cardioplegia aortic catheter withsafet1yeintegrated into vent line), cardiotomy 

suction line, left ventricular vent line, a line coupling an arterial filterand bubble trap to an 

arterial blood gassensor, and the like.  

[0021] Applicant determined there is a Eisk for airbome pathogen exposure to 

immunocompromised patients in the operating room (OR), Thsis a direct result from, for 

example, issues associated withheatercooler devices used for various purposes in the OR 

during cardiopulmonary bypass surgery. Heater-cooler devices are devices which use water 

reservoirs to store and heat or cool water to b pumped through the oxygenator heat 

exchanger, cardioplegia heat exchanger, and/or patient blankets. If not maintained properly,
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microbes and bacteria thrive in the water reservoirs, In some heater-cooler devices, the water 

tanks are not properly sealed. When flowing, water is splashed around inside the device and 

those bacteria and microbes can become aerosolized. Cooling fans inside the heater-cooler 

device can then blow the aerosolized bacteria throughout the OR (includinginto the sterile 

field). This may lead to patient infections that in turn lead to complications, long-term care or 

even death that is linked to the airborne microbes distributed by heater-cooler devices.  

10022] As a result, Applicant designed embodiments that address devices where air/patient 

interfaces might exists a potential site for infection.i n some cases, the vacuum relief 

functionality of the safety valves provides a direct contact point where air is beingsuckedin 

frorn the environment and ultimately mixed with patient blood. Thus, to promote patient 

safety an embodimentincludes a safety valve with a mechanism to prevent airborne bacteria 

from entering the blood volume through a filtration mechanism incorporated into the valve 

[0023] Embodiments have several critical functions during use suchaas for example and 

without limitation: prevent retrograde flow (eg, viaa duckbil alve)provide vacuum relief 

(e-.g. when used on the ventricular vent line, the neatlve pressure can prevent suction from 

causing the ventricle to collapse on itself should the native pressures rise to unsafe levels), 

provide positive pressure relief (eg., if the tubing is loaded in backwards in the rollerpump 

and tuned on, the positive pressure relief will relieve that pressure before the duckbill is 

compromised and retrograde flow is experience) provide an air filtration mechanism to filter 

out airborne bacterialpathogens present in the OR. Embodiments may be configured with a 

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

[0024] Figures 1(A) and 1(B) depict a valve that further comprises filter cover 101, filter 

media 102, inlet body 103, duckbill valve 104, outlet body 105., pressure relief vent 106, 

vacuum relief vent 107.  

10025] Figure 1(C) (width unidirectional flow 110 via duckbill vave 104) shows a path 109 

for pressure from the output of the channel to k relieved (i.e., positive pressure relief).  

Figure 1(A) shows an aperture 130 inthe outer housing for the pressure relief and Figure 

1(A) shows an aperture 106 in a wall (see pressure relief vent 106 for pressure relief 

pathways 109, even though vent 106 is not seen in Figure 1(C)) that is adjacent the duckbil 

valve. Figure1(C) shows a path 108 for pressure from the input of the channel to be relieved 

(i.e.,vacuum relief pathway 108). For example, if a downstream peristaltic pump (wherein
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downstreamr" is to the right of duckbill valvein Figure 1(C)) were to create a negative 

pressure in region 112 the pressure could be alleviated via air traversing along path 108 and 

across the duckbill valve to region 112. Figure 1(A) shows an aperture (vacuum relief vent 

107) in the housing to facilitate path 108. The aperture is covered by the filter medium 102 

and filter cover 101 of Figure 1(A), 

[0026] Fiure 1(C) includes a valve that comprises filter cover 101, filter media 102, inlet 

bod 103, duckbill valve 104, outlet body 105, a pressure relief vent (not shownin Figure 

1(C) due to the location where cross-section is taken but the vent is visible (ie., vent 106) in 

Figure 1(A)),and vacuum relief vent 107. Vent 06, if the cross-section of Figure 1(C) were 

changed by a small amount, may have an openoig at the location of circle 106 of Figure1(C).  

The valve fitherincludes a valve channel that couples a valve input I toa valve output 

112. Pressure relief port 107 is configured to relieve negative pressure when pressure at the 

valve output is less than pressure at the valve input. Pressure relief port 106 is configured to 

relieve positive pressIre when pressure at the valve output is greater than pressure at the 

lve input.Valve 10 includes a monolithic portion that simultaneously seals the channel, 

pressure relief porta 107 aid pressure relief port 106, Filter 102 covers the pressure relief port 

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

[00271 The embodiment utilizes a one-way valve (eg., duckbill valve 104) included withn 

the channel. Valve 104 may include a resilient material, such a silicone. In an alternative 

embodiment, the one-wav valve includes axwagon wheel valve such as the valveof Figures 2 

or 3 Thevalve of Figure 2 includes sidewalks 217 that extend generally parallel to axis 213 

such that they cover valve 206.  

[0028] Returning to Figure 2(C), filter medium 102 is between pressure relief port 107 and 

cover 101, cover 101 being included in an outermost surface of the valve.  

10029] Channel long axis 113 intersects the valve input and the valveoutput. In an 

embodiment pressure rele'f port 107 includes a pressure relief port long axis (not shown) that 

is parallel to the channel long axis 113. In an embodiment axis114 is orthogonal to hannel 

long axis 113 and the monolithic portion of valve 104 intersects axis 114 four times.  

However, in other embodiments the monolithic portion of valve 104 intersects axis 114 at 

least fourbtmes. In an embodiment axis 114 intersects the pressure reliefport 106(not shown 

in Figure 1(C)).
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10030] Duckbill valve 104 includes two opposing flaps 115, 116 that are biased towards one 

another in a resting state and that directly contact oneanotrinthertinstate.The 

schematic of Figure 1(C) does not show the interface between the two flaps (due to abstract 

high levnature of Figure 1(C)) wheren such an interface would spread to form a void 

between the two flaps when the valve is in a non-resting state/activestate 

[031] Figure 2 depicts a valve at a perspective that is more abstract and higher level than the 

respective of Figure 1(C). The valve includes the spoke valve of Figure 3. Note the spoke 

valve as a sidewal217 tseals pressure relief vent 206 but not vacuumei vent207.  

Figure 2shows a path 209 for pressure from the output of the channel to be releved (i.e 

positive pressure relief) and a path 208 for pressure from the input of the channel to be 

relieved (i.e. vacuum relief).  

10032] Figure 4 depicts a valve that comprises filter cover 401, filter media 402, inlet body 

403, duckbill valve (not shown but located approximately at area 404), duckbill valve 404' 

(which serves as a pressure relief vent),outlet body 405, and vacuum relief vent407, 

[0033] Various examples are now addressed.  

[0034] Example 1. A valve comprismg: a valve channel that couples a valve Input to a valve 

output; a onevay valve included within the channel; a filter; a first pressure relief port, 

wherein the first pressure relief port is configured to relieve negative pressurehen pressure 

at the valve output is less thanpressure atthevalve input; asecond pressure relief port, 

wherein the second pressure relief port is configured to relieve positive pressure When 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve includes a monolithic portion that simultaneously seals the channel, the first pressure 

relief port, and the second pressure relief port; wherein the filter covers the first pressure 

relief port.  

[0035] As used herein, "monolithic" means a singl piece". For example, a monolithic 

portionof a valve may be formed from additive manufacturing (e.g. 3dprinting), a mold, 

two pieces fixedly and permanently coupled to each other via apermanentjoint (e.gweld, 

adhesive), and the like.  

10036] Another version of ExampleI Avalve comprising valve channel that couples a 

valve input to a valve output; a one-way valve included within the channel; a filter; a first
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pressure relief port.,wherein the first pressure relief port is configured to relieve pressure 

when pressure at the valve output is less than pressure at the valve input; a second pressure 

relief port, wherein the second pressure relief port is configured to relieve pressure when 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve includes monolithic portion that simuitaneousiv seals the channel, the first pressure 

relief port, and the second pressure relief port; wherein the filter covers the first pressure 

relief port.  

[00371]Sucha valve may be includedas a stand-alone valve or in a system of valves ofwhich 

the valve is just one valve of several valves that cooperate to regulate flow ofa fluid (wherein 

a "fluid" as used herein includes both liquids and gases).  

[00381 Another version of Example I. A valve comprising: a valve channel that couples a 

valve input to a valve output; a check valve included within the channel; a filter; a first 

pressure relief port.,wherein the first pressure relief port is configured to relieve negative 

pressure when pressure at thevalve output is less than pressure at the valve input; a second 

pressure relief port, wherein the second pressure relief port is configured to relieve positive 

pressure when pressure at the valve output is graterthan pressure at the valvieinput; wherein 

the check valve includes a monolithic portion that simultaneously seals the channel, the first 

pressure reliefport, and the second pressure relief port; wherein the filtercovers the first 

pressure relief port 

[00391 A chck valve, clack valve, non-return valve, reflux valve, retention valve oroneway 

valve is a valve that normally allows fluid (liquid or gas) to flow through it in only one 

direction. A check valve may be a two-port valve, meaning the valve has two openings in the 

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

100401 Another version of ExampleI 1 A valve comprising: a valve channel that couples a 

valve input to a valve output; a valve included within the channe;filter; a first pressure 

reliefport, wherein the first pressure reliefport is configured to relieve negative pressure 

whenpressure at the valve output is less than pressure at the valve input; a second pressure 

relief'port, wherein the second pressure reliefport is configured to relieve positive pressure 

when pressure at the valve output is greater than pressure at the valve input; wherein the 

valve includes a. monolithic portion that simultaneously seals the channel, the first pressure
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relief port, and the second pressure relief port; hereinthe flter coers the first pressure 

relief port.  

[0041] Example 2. The valve of exampleI wherein the one-way valve includes a resilient 

material 

10042] Example 3. The valve of example 2 wherein the one-way valve is a duckbill valve.  

[003] Exampl- 4.The valve of example 2 whrein the on-way valve is a wagon whIel 

valve, 

[0044] Example 5. The valve ofexample 2 wherein the filter does not coverthe second 

pressure relief port.  

10045] Example 6.The valve of example 5 comprising a filter medium and a cover.wherein: 

the filter medium is between the first pressure relief port and the cover; the cover isk incuded 

in an outermost surface of thevalve 

[0046] Example 7. The valve of example 5 wherein: the channel includes a channellong 

axis that intersects the valve input and the valve output; the first pressure relief portincludes 

a first pressure relief port long axisthat is parallel to the channel long axis.  

10017Example 8. 'le valve of example 5 wherein: the channel includes a channel! long 

axis that intersects the valve input and the valve output; an additional axis is orthogonal to the 

channel long axis; the monolithic portion intersects the additional axisfour times, 

[0048] Example 9. The valve of example 8 wherein the additional axis intersects the 

second pressure relief port.  

[0019] Example 10. The valve of example 5 wherein: the channel includes a channel long 

axis that intersects the valve input and the valve output; an additional axis is orthogonal to the 

channel long axis; the monolithic portion intersects the additional axis at least four times.  

[0050] Example iI. The valve of example 3 whereinthe duckbil valve includestwo 

opposing flaps; the two opposing flaps are biased towards one another in a resting state; the 

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

[0051] Example 12. The valve of example 2 wherein the resilient material includes silicone.  

[0052] Examples 13-20 are omitted.
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10053] Example 21. A valve comprising: avalvchannel that couplesa valve input to a 

valve output; a one-vay valve included within the channel; a filter; a first pressure relief port, 

wherein the first pressure relief ports configured to relieve negative pressure when pressure 

at the valve outputis less than pressure at the valve input; a second pressure relief port, 

wherein the second pressure relief port is configured to relieve positive pressure when 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve is configured to sinultaneously seal the channel, the first pressure relief port, and the 

second pressure relief port; wherein the filteris configured to filter air that passes through the 

first pressure relief port from outside the valve.  

[0054] Thus, not all embodiments require the valve to be monolithic.  

[00551 Another version of Example 21. A valve comprising: a valve channel that couples a 

valve input to a valve output; a one-way valve included within the channel; a filter; a first 

pressure relief port whereinthe first pressure relief port is configured to relieve pressure 

when pressure at the valve output is less than pressure at the valve input; a second pressure 

relief port, wherein the second pressure relief port is configured to relieve pressure when 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve is configured to simultaneously seal the channel, the first pressure relief port, and the 

second pressure relief port; wherein the filter is configured to filter air that passes through the 

first pressure relief port from outside the valve.  

[0056] Example 22. The valve of example 21 wherein the one-way valve includes a 

resilient material.  

[0057] Example23 heveofexmple 22wherein the one-way valve isa duckbill 

valve.  

10058] Example 24. The valve of example 22 wherein the one-way valve is wagon wheel 

valve.  

[0059] Example 25. The valve of example 22 wherein the filter does not cover thesecond 

pressure relief port.  

[0060] Example 26. The valve of example 25 comprising a filter medium and a cover, 

wherein: the filter medium is between the first pressure relief port and the cover; the coveris 

included inatn outermost surface of the valve.
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10061] Exanple27. The valve of example 25 wherein: the channel includes a channel long 

axis that intersects thevalve inputandthe valveoutput;thefirst pressure relief port includes 

a first pressure relief port long axis that is parallel to the channel long axis.  

[0062] Example 28& The valve example 25wrein:the channel includes a channel long 

axis that intersectsthe valve input and the valve output an additional axis is orthogonal to the 

channel long axis; the one-way valve intersects the additional axis four times.  

[00631 Example 29. The valve of example 28 wherein the additional axis intersects the 

second pressure relief port.  

[0064] Example 30 The valve of example 25wherein:the channel includes channel long 

axis that intersectsthe valve input and the valve output; an additional axis is orthogonal to the 

channel long axis; the one-way valve intersects the additional axis at least four tunes.  

[0065] Example 31. The valve of example 23, wherein: the duckbill valve includes two 

opposing flaps; the two opposing flaps are biased towards one another ina resting state; the 

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

[00661 Exanple 32. The valve of example 22 wherein the resilient material includes 

Silicone.  

[0067] Example 33. The valve of example 22 vhereintheone-a valve includes a 

monolithic portion configured to simultaneously seal the channel, the first pressure relief 

port, and the second pressure relief port.  

[00681 Example 34. The valve of example 5 or 15 wherein: the first pressure relief port is 

configured to be upstream of the oneway valve; the second pressure relief port is configured 

to be downstream of the one-wavalve.  

[0069] Example 35. The valve of exampIe 5 or 15 wherein: the first pressure relief port is 

configured to be between the valve inputand the one-way valve; the second pressure relief 

port is configured to be between the valve output and die onenvay valve.  

10070] Example 36. The valve of example 5 or 15 wherein: the first pressure relief port is 

configured to uidlcouple to the valve input when (a)(i) pressure at die valve output is less 

than pressure at the valve input, ad (a)(ii) theonevayvalve is closed; the second prsure
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relief port is configured to fluidly couple to the valve output when (b)(i) pressure at the valve 

output is greater than pressure at the valve input, and (b)(ii) the one-way valve is closed.  

[0071i Example 37. The valve of example 5 or 15 wherein both of the first and second 

pressure relief ports directly contact the one-way valve when neither of the first or second 

pressure relief ports is relieving pressure.  

10072] Exanmple 38. The valve of exarnple 5 or 15 wherein: the valve includes an outermost 

surface; the outermost surface includes a third pressure relf port; the third pressure relief 

port is configured to relieve pressure when: (a) pressureat the valve output is greater than 

pressure at the valve input, and (b) the one-way valve is closed.  

[00731 Example 39. The valve of example 38 wherein: the third pressure relief port is 

configured to fluidly couple to relieve pressure when: (a) pressure at the valve output is 

greater than pressure at the valve input, and (b) the one-way valve is closed.  

[0074] Example 40. The valve of example 1 or21 comprising: a third pressure relief port, 

wherein the third pressure relief port is configured to relieve positive pressure when pressure 

at the valve output is greater than pressure at the valve input wherein the monolithic portion 

imuitaneouslysealsthe channel, the first pressure relief port, the second pressure reliefport, 

and the third pressure relief port.  

[0075] For example,note in Figure 1(C) path 109 is shown to engage valve 104 at two 

locations (see circles on Figure1(C)). Embodiments may have one instance of port 106, two 

instances of port 106. or more than two instances of port 106.  

[00761 Example 40, The valve of example I or 21 comprising: a third pressure relief port, 

wherein the third pressure relief port is configured to relieve negative pressure when pressure 

at the valve output is less than pressure at the valve input; wherein the monolithic portion 

simultaneousyseals the channel, the first pressure relief port, the second pressure relief port, 

and the third pressure relief port.  

[0077] Thus, embodiments may alowfor more than once instance of port 107.  

[0078] Example a. A valve comprising: a valve channel that couples a valve input to a 

valve output; a one-way valve included within the channel; a filter; a first pressure relief port, 

wherein the first pressure relef port Iis configured to relieve negative pressure when pressure
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at the valve output is less than pressure at the valve input; a second pressure relief port, 

wherein the second pressure relief port isconfigured to relieve positive pressure when 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve includes a monolithic portion that simuietanously seals the channel, the first pressure 

relief port, and the second pressurereief port; wherein the filter covers the first pressure 

relief port 

10079] Example 2a. The valve of example Ia whereinthe oneway valve includes a resilient 

inaterial.  

[0080] Example 3a. The valve according to any of examples Ia-2a whereinthe onevway 

valve is a duckbil vave, 

[0081] Example 4a. The valve according to any of examples la-2a herein the one way 

valve is a wagon wheel valve.  

[0082] Example Sa, The valve according to any of examples la-4a whereinthe filter does not 

cover the second pressure relief port.  

[0083] Example 6a. The valve according to any of examples la-Sa comprising a filter 

medium and a coverwherein: the filter medium is between the first pressure relief port and 

the cover; the cover is included in an outerost surface ofthe valve.  

[0084] Example 7a, The valve according to any of examples la-6a wherein: the channel 

includes a channel long axis that intersects the valve input and the valve output; the first 

pressun relief port includes a first pressure relief port long axis that is parallel to the channel 

long axis.  

10085] Example 8a. The valve according to any of examples la-6a wherein: the channel 

inchides a channel long axis that intersects the valve input and the valve output; an additional 

axis is orthononal to the channel long axis; the monolithic portion intersects the additional 

axis four times.  

[0086] Example 9a. The valye of exampen a wherein the additional axis intersects the 

second pressure relief port.  

[0087] Example 10&a The valve according to any of examples la-6a wherein: the chanel 

includes a channel long axis that intersects the valve input and the valve output; an additional
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axis is Oithogonal to the channel long axis: the monolithic portion intersects the additional 

ais at least four times.  

[0088 Example IIa. The valve of example 3a, wherein: the duckbiivalve includes to 

opposing flaps; the two opposing flaps are biased towards oneanother in a resting state; the 

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

[0089] Example 12a. The valve according to any of examples 2a-1Ia wherein the resilient 

material includes silicone.  

[0090] Examples 13a-20a are omitted.  

[009]1 Example 21a. A valve comprising: a valve channel that couples valve inputtoa 

valve output; a one way valve included within the channel; a filter; a first pressure relief port, 

wherein the first pressure reief polt is configured to relieve negative pressurewhen pressure 

at the valve output isesthanprssureatthevalve input; a second pressure relief port, 

wherein the second pressure rclif port is configured to relieve positive pressurewhen 

pressure at the valve output is greater than pressure at the valve input; wherein the one-way 

valve is configured to simultaneously seal the channel, the first pressure relief port, and the 

second pressure relief port; wherein the filter is configured to filter air that passes through the 

first pressure reliefpot from outside the valve.  

[0092] Thus, not all em bodiments require the va-ve to be monolithic.  

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

resilient marial, 

I04] Example 23a. The valve according to any of examples 21a-22a wherein the one way 

valve is a duckbiiivalve.  

[0095] Example 24a, The valve according to any of examples 2a-22a wherein the one-way 

valve is a wagon wheel valve.  

[0096] Example 25a. The valve according to any of examp;s 21a-24a wherein the filter 

does not cover the second pressure relief port.  

[07] Example26a The valveaccording to any ofexiples 21a5a co uprising a filter 

medium and a cover, wherein:the filter medium is between the first pressure relief portand 

the cover; the cover is included in an outermost surface of the valve,
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10098] Example 27a. The valve according to any of mple 21a-26a wherein: thre channel 

includes a channel lone axis that intersects the valve .input and the valve output; the first 

pressure relief port includes a first pressure relief port long axis that is parallel to the channel 

long ax'is.  

[0099] Example 28a. The valve according to any of example 2a-2i6a wherin: the channel 

includes a channel lone axis that intersects the valve input and the valve output; an addiional 

axisis orthogonal to the channel long axis: the one-way valve intersects the additional axis 

four times.  

[0100] Example 29a. The valve of example 28a wherein the additional axis intersects the 

second pressurereief port.  

1011 Example 30a. The valve according to any of example 2a-26a wherein: the channel 

includes a channel lone axis that intersects the valve input and the valve output; an additional 

axisis ihoonalto the channel lon axis; theon-wayvalveintersectstheadditionalaxisat 

least four times.  

[0102] Example a. The valve ofex pe23a wherein:the duckbill valve includes two 

opposing flaps; the two opposing flaps are biased towards oneanother in a resting state; the 

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

[0103] Example 32a The valve of example 22awhrein the resilient material includes 

silicone.  

[0104] Example 3a.The valve. according to any of examples 2a32 whereinth one-way 

valve includes a monolithic portion configured to simultaneously seal the channel, the first 

pressure relief port, and the second pressure relief port.  

[0105] Examplel b. A valve comprising: a valve channel that couples a valve input toa 

valve output; a one-way valve included withinthe channel; a filter; a first pressure relief port., 

wherein the first pressure relief ports configured to relieve negative pressurewhenpressure 

at the valve outputis less than pressure at the valve input; a second pressure relief port, 

wherein the second pressure relief port is configured to releve positive pressure when 

pressure at the valve output is greater than pressure at the vahe input; wherein the onenvay 

valve includes a monolithic portion that simultaneously seals the channel, the first pressure
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relief port, and the second pressure relief port hereinthe filter covers the first pressure 

reliefport.  

[0106 Example 2b. The valve of example lbwherein theone-way valve includes a resilient 

material 

10107] Example 3bW The valve according to any of examples ib-2b wherein the onev-wa 

valve is a duckbiiivalve.  

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

valve is a wagon wheel valve.  

[0109] Example 5b The valve according to any of examples Ib-4b wherein the filter does 

not cover the second pressure relief port.  

[0110] Example 6b. The valve according to any of examples Ib-4b comprising a filter 

medium and a cover, wherein: the filter medium is between the first pressure relief port and 

the 'over; the cover is included in an outermost surface of the valve.  

[01II] Example 7b. The valve according toany of examples ib-4b wherein: the channel 

includes a channel lon axis that intersects the valve inputand the valve output; the first 

pressure reliefport includes a first pressure relief port long axis that is parallel to the channel 

long axis.  

[0112] Example 8a, The valve according to any of examples ib-4b wherein: the channel 

includes a channel long axis that intersects the valve input and the valve output; an additional 

axis is orthogonal to the Channel long axis; the monolithic portion intersects the additional 

axis four times.  

[0113] Example 9b. The valve of example 8b vherein the additional axis intersects the 

second pressure relief port.  

[0114] Example 10b. The valve according to any of examples b-4b wherein: the channel 

includes channel long axis that intersects the valve input and the valve output; an additional 

axis is orthogonal to the channel long axis; the monolithic portion intersects the additional 

axis at least four times.
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10115] Example 1lb. The valve of example 3b herein:the duckbill valve includes two 

opposing flaps; the two opposing flaps are biased towards one another in a resting state the 

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

[0116] Example 12b. The valve according toany of examples lb-lb wheren the resilent 

material includes silicone.  

10117] Examples 13b-20b are omitted.  

[0118] Example 2lb. A valve comprising: a valve channel that couples a valve input to a 

valve output; a one-way valve included within the channel; a filter; a first pressure relief port, 

wherin the first pressure reliefport is configured to relieve negative pressure when pressure 

at he valve output is less than pressure at the valve input: a second pressure reliefport, 

wherein the second pressure relief port is configured to relieve positive pressure when 

pressure at the valve output is greater than pressure at the valve input; herein thone-way 

valve is configured to simultaneously seal the channel, the first pressure riefport, and the 

second pressure relief pot; wherein the filter is configured to filter air that passes through the 

first pressure reliefport from outside the valve.  

[01191 Thus, not all embodiments require the valve to be monolithic.  

10120] Example 22b. The valve of example 21b wherein the one-way valve includes a 

resilient material.  

[01211 Example 23b. The valve according to any of examples 21b-22b wherein the one-way 

valve is a duckbill valve 

10122] Example 24b. The valve according to any of examples 2 b-22b wherein the one-way 

valve is a wagon wheel valve.  

[0123] Example 25b. The valve according to any of examples 21b-24b wherein the filter 

does not cover the second pressure relief port.  

[01241 Example 26b. The valve according toany of examples 21b-24b comprising a filter 

medium and a cover, wherein: the filter medium is between the first pressure reliefpor and 

the cover; the cover is included in an outermost surface of the valve.  

[0125] Example 27b. The valve according to any of example 21b-24b wherein: the channel 

includes a channel long axis that intersects the valve input and the valve output; the first
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pressure relief port includes a first pressure relief port long axis that is parallel to the channel 

long axis.  

[0126] Example 28b. The valve according to any of example 21b-24b wherein:the channel 

includes a channel long axis that intersects the valve input and the valve output; an additional 

axis is orthogonal to thdi Channel long axis; the one-way valve intersects the additional axis 

four times.  

[0127] Example 29b. The valve of example 28b wherein the additionalxis intersects the 

second pressure relief port.  

[0128] Example 30b. The valve according toany of example 21b-24b herein:the channel 

includes channel long axis that intersects the valve input and the valve output; an additional 

axis is orthogonal to the channel long axis; the onewayvalve intersects the additional axis at 

least four times.  

[0129] Example 3lb. The valve of example 23b, wherein: the duckbill valve includes two 

opposing flaps; the two opposing flaps are biased towards one another ina resting state; the 

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

[0130] Example 325 The valve of example 22b wherein the resilient material includes 

silicon.  

[0131] Example 33b. The valve according to any of examples 21b-24b wherein theone-way 

valve includes a monolithic portion configured to simultaneously seal the channel, the first 

pressure reliefport, and the second pressure reliefport, 

10132] The foregoing description of the embodiments of the invention has been presented for 

the purposes of illustrationand description. It is not intended to be exhaustive or to limit the 

invention to the precise forms disclosed.'This description and the claims following include 

tenms,suchas left, right, top, bottomoverunder, upper, lower, first, second, etcthatare 

used for descriptive purposes onlyand are not to be construed as limiting. For example, teims 

designating relative vertical position refer to a situation where a side of a substrate is the 

"top" surface of thatsubstrate; the substrate may actually be inany orientation so that a "top" 

side of a substrate may be lower than the "bottom" side in a standard terrestrial frame of 

reference and still fall within the meaning of the temn "top." The embodiments of a device or 

articledescribed herein can be manufactured, used, or shipped in a number of positions and
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orientations. Persons skilled in the relevant art can appreciate that many modifications and 

variations are possible in light of the above teaching. Persons skilled lin the art will reconmze 

various equivalent combinations and substitutions for various components shown in the 

Figures. It is theretre intended that the scope of the invention belimited not by this detailed 

description, but rather bv the claims appended hereto.
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What is Caimed s: 

1 1. A valve comprising: 

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

3 a one-way valve included within the channel: 

4 a filter; 

5 a first pressure relief port, wherein the first pressure relief port is configured to relieve 

6 naive pressure when pressure at the valve output Isless than pressure at the valve input 

7 asccond pressurereliefport, wherein the second pressure relief portisconfigured to 

8 recve positive pressure when pressure at the valve output is greater than pressure at the 

9 valve input; 

10 wvherein the one-way valve is configured to simultaneously seal the channel, the first 

II pressure relief port, and the second pressure relief port; 

12 wherein the filter is configured to filter air that passes through the first pressure relief 

13 port from outside the valve, 

1 2. The valve of claim I wherein the one-way valve includes a resilient material.  

1 3. 'The valve of claim 2 wherein the one-way valve .is a duckbill valve.  

1 4. The valve of claim 2 wherein the one-way valve is a wagon wheel vah'e.  

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

2 pressure relief port.  

1 6. 'The valve according to any of claims 1~4 comprising a filter medium and a cover, 

2 wherein: 

the filter medium is between the first pressure relief port and tih cover; 

4 the filte medium is included in the filter; 

'5 the cover is included in an outermost surface of the valve.
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1 7. Thevalve according to any of claims 1-4 wherein: 

2 the channel includes a channel long axis that intersectsthe valve input and the valve 

output; 

4 the first pressure relief pot includes a first pressure relief port long axis that is 

5 parallel to the cIannel long axis, 

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

2 the channel includes a channel long axis that intersects the valve input and the valve 

3 output; 

4 an additional axsis orthogonal to the channel long axis 

5 the one-vav valve intersects the additional axis at least fourtimes.  

1 9. The valve of claim 8 wherein the additional as intersects the second pressure relief 

2 port.  

1 10. The valve of claim according to any of claims 1-4 wherein the one-way valve includes 

2 monolithic portion configured to simultaneously seal the channel, the first pressure relief 

3 port, and the second pressure relief port.  

S 11, A valve comprising: 

2 a valve channel that couples a valve input to a valve output; 

3 a one-wayvvalve included ithinthe channel; 

a filter: 

5 a first pressure relief port, wherein the first pressure relief port is configured to relieve 

6 negative pressure when pressure at the valve output is less than pressure at the valve input 

7 a second pressure relief port, wherein the second pressure relief port is configured to 

8 relieve positive pressure When pressure at the valve output is greater than pressure at the 

9 valve input; 

10 whereinthe one-wayvalve includes a monolithic portion that simultaneously seals the 

11 channel, thefirst pressure relief port, and the second pressure relief port 

12 wherein the filter covers the first pressure relief port.
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1 12. The valve of claim I Iwherein the one-way valve includes a resilient material.  

1 13. The valve of claim 12wherein the onexvay valve is a duckbill valve.  

1 14, Thevalve of claim 12 wherein theone-way valveisa wagon wheel valve.  

1 15. The valve according to any of claims I1-14 wherein the filter does not cover the 

second pressure relief port.  

1 16. The valve according oany of claims 11-14 comprising a filter medium and a cover, 

2 wherein: 

3 the filter medium is between the first pressure. relief port and the cover; 

4 the filter medium is included in the filter; 

5 the cover is included in an outermost surface of the valve, 

1 17. The valve according to ain of claims 11-14 wherein: 

2 thechannel includes a channel long axis that intersects the valve input and the valve 

3 output; 

4 the first pressure rlief port includes a first pressure relief port long axis that is 

5 parallel tothe channel long axis, 

1 18. The valve according to any of claims 11-14\wherein: 

2 the channel includes a channel long axis that intersects the valve input and the valve 

3 output; 

4 an additional axis isorthogonal to the channel longaxis: 

5 the monolithic portion intersects the additional axis at least tour times.  

1 19. The valve of claim 18 wherein the additional axis intersects the second pressurerelief 

2 port.  

1 20. The valve of claim 13, herein: 

2 the duckbill valve includes two opposing flaps;
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3 the to opposing flaps are biased towards one another in a resting state; 

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