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26 figured to vent gases. A shroud extends from the elongate body and sur
rounds one or more of the plurality of tapered openings. The exhalation 

port is arranged to removably connect in-line with a circuit for delivering 
gases to a patient.  

102 

01 

r 4 

F~ ~~a oGaesoWz 

0I



WO 2017/014647 A1lllll|||1ll|||1lllllllllllll||||||| I|| II| |||||||||||||||||||||||||||I||||||| |I|| 1| I| 
DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, 
GT, HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 
KP, KR, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, DK, EE, ES, Fl, FR, GB, GR, HR, HU, IE, IS, IT, LT, 
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, 
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, 
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).  
VN, ZA, ZM, ZW. Published: 

(84) Designated States (unless otherwise indicated, for every - with international search report (Art. 21(3)) 
kind of regional protection available): ARIPO (BW, GH,



WO 2017/014647 PCT/NZ2016/050101 

EXHALATION PORT 

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS 

[0001] Any and all applications for which a foreign or domestic priority claim is 

identified in the Application Data Sheet as filed with the present application are hereby 

incorporated by reference under 37 CFR 1.57.  

BACKGROUND 

Field of the Invention 

[0002] The present disclosure generally relates to exhalation ports for respiratory 

interfaces. More particularly, the present disclosure relates to exhalation ports used in 

single-limb, noninvasive ventilation systems.  

Description of the Related Art 

[0003] Noninvasive ventilation (NIV) is the delivery of respiratory support 

without using an invasive artificial airway such as an endotracheal tube. Noninvasive positive 

pressure ventilation can be implemented using a mechanical ventilator connected by tubing to 

a mask that directs airflow into the patient's nose or the nose and mouth. Head straps are used 

to secure the mask to the patient. Use of single-limb, positive-pressure ventilation delivered 

through a mask is a recognized method for providing noninvasive respiratory support to 

patients, and is an integral tool in the management of both acute and acute on chronic 

respiratory failure.  

[0004] An exhalation port is used to evacuate a patient's exhaled gasses from a 

single-limb, NIV breathing circuit when a non-vented mask is used. During exhalation, the 

patient's exhaled gases flow out of the exhalation port located in-line with the breathing 

circuit at the connection between the mask and the air flow conduit. In use, the exhaled gases 

are pushed through the port by the incoming gases at therapeutic pressure rates sufficient to 

keep rebreathing of carbon dioxide (C0 2) at acceptable levels. Improvements to exhalation 

ports are desired to reduce draft from the exhalation port, to reduce noise of exhaled gas 

exiting the exhalation port, and to provide the ability to filter the exhaled gas.  
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SUMMARY 

[0005] According to a first aspect of the disclosure, there is provided an 

exhalation port device for use with a single-limb noninvasive ventilation apparatus which 

conveys gases along a gases pathway and delivered to a patient via a mask, where the 

exhalation port device comprises an elongate body that is hollow and defines a lumen to carry 

a flow of gases; a plurality of openings arranged on a portion of the elongate body, the 

openings configured to vent gases through the openings; a shroud extending from the 

elongate body, the shroud surrounding one or more of the plurality of openings; wherein 

the plurality of openings are tapered; and wherein the exhalation port is arranged to 

removably connect in-line with a circuit for delivering gases to a patient.  

[0006] In some embodiments the shroud extends outward from the elongate body.  

[0007] In some embodiments the shroud extends outward from the elongate body 

in a substantially annular form.  

[0008] In some embodiments the shroud extends outward from the elongate body 

approximately normal to the elongate body.  

[0009] In some embodiments the shroud extends outward from the elongate body 

at an angle of between approximately 30 degrees and approximately 45 degrees.  

[0010] In some embodiments the shroud extends outward from the elongate body 

at an angle of between approximately 120 degrees and approximately 135 degrees.  

[0011] In some embodiments the shroud has a wall which extends outward from 

the elongate body and an internal portion of the wall is tapered inwardly, the taper extending 

from a portion of the shroud adjacent the elongate body to an outside surface of the shroud, 

the taper being at an angle between approximately 1 degree and approximately 8 degrees.  

[0012] In some embodiments the shroud has an outside surface, and the outside 

surface has a 22 mm taper configured to removably connect with a filter.  

[0013] In some embodiments the shroud has an outside surface, and the outside 

surface has a 15 mm taper configured to removably connect with a filter.  

[0014] In some embodiments the shroud has an outside surface, and the outside 

surface of the shroud has a plurality of notches.  
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[0015] In some embodiments the plurality of notches are spaced equally around 

the outside surface of the shroud.  

[0016] In some embodiments each of the plurality of notches comprises a notch 

dimension and a spacing dimension.  

[0017] In some embodiments each of the plurality of notches comprises a notch 

dimension that is substantially equal to the spacing dimension.  

[0018] In some embodiments each of the plurality of notches comprises a notch 

dimension that is substantially greater than the spacing dimension.  

[0019] In some embodiments the shroud has an outside surface, and the outside 

surface of the shroud is substantially planar.  

[0020] In some embodiments the shroud is offset and extends at an angle to the 

elongate body.  

[0021] In some embodiments the shroud is hingedly attached to the elongate 

body.  

[0022] In some embodiments the shroud is removable from the elongate body.  

[0023] In some embodiments the elongate body further comprises a first end, 

wherein the first end of the elongate body comprises a 22 mm male taper and a 15 mm female 

taper nested within the 22 mm male taper.  

[0024] In some embodiments the shroud has a wall and the wall has a plurality of 

slots.  

[0025] In some embodiments the plurality of slots are substantially oval.  

[0026] In some embodiments the plurality of slots are substantially circular.  

[0027] In some embodiments the shroud has an outer wall and the outer wall has 

alternating recessed strips and ridges around a circumference of the outer wall.  

[0028] In some embodiments the shroud has an outer wall and an outer surface, 

the outer wall having alternating recessed strips and ridges around a circumference of the 

outer wall, the outer surface having a plurality of notches, and the recessed strips and the 

notches are aligned.  

[0029] In some embodiments the exhalation port includes a filter connector 

adaptor configured to connect the shroud with alternating recessed strips and ridges to filter.  
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[0030] In some embodiments the shroud has a free portion that is substantially 

annular and wherein the substantially annular free portion of the shroud comprises at least 

one slot.  

[0031] In some embodiments the plurality of slots are substantially radially 

positioned on the wall of the shroud.  

[0032] In some embodiments the plurality of slots are substantially axially 

positioned on the wall of the shroud.  

[0033] In some embodiments each of the plurality of openings is tapered such that 

it is widest on an external surface of the opening.  

[0034] In some embodiments each of the plurality of openings has a diameter at 

an internal surface of the opening, a radius at an external surface of the opening, and a depth.  

[0035] In some embodiments for each of the plurality of openings the diameter at 

an internal surface of the opening is between approximately 0.4 mm and approximately 1 

mm.  

[0036] In some embodiments for each of the plurality of openings the radius at an 

external surface of the opening is between approximately 0.4 mm and approximately 1.0 mm.  

[0037] In some embodiments for each of the plurality of openings the depth is at 

least two times the diameter at an internal surface of the opening.  

[0038] In some embodiments each of the plurality of openings has a center, and 

wherein the exhalation port further comprises a pitch distance for each of the plurality of 

openings, the pitch distance being a distance between the center of a first opening and the 

center of those of the plurality of openings that are adjacent to the first opening.  

[0039] In some embodiments each of the plurality of openings has a diameter, and 

the pitch distance for each of the plurality of openings is at least four times the diameter.  

[0040] In some embodiments the diameter is between approximately 0.4 mm and 

approximately 1 mm.  

[0041] In some embodiments the plurality of openings are arranged in an offset 

pattern within the shroud.  

[0042] In some embodiments the offset pattern is such that each opening is offset 

from each other opening.  
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[0043] In some embodiments one of the plurality of openings is a central opening 

and a remainder of the plurality of openings are arranged in a circular pattern within the 

shroud such that the remainder of the plurality of openings extend in at least one circular 

arrangement around the central opening.  

[0044] In some embodiments the plurality of openings are arranged in a square 

pattern such that each opening is aligned with an adjacent opening.  

[0045] In some embodiments the plurality of openings comprises between 15 and 

37 openings arranged in a square pattern such that each opening is aligned with an adjacent 

opening.  

[0046] In some embodiments the plurality of openings comprises 21 openings 

arranged in a square pattern such that each opening is aligned with an adjacent opening.  

[0047] In some embodiments the exhalation port includes a removably attachable 

filter that can be removably attached to the shroud.  

[0048] In some embodiments the removably attachable filter is a sintered plastic 

filter.  

[0049] In some embodiments the exhalation port includes a filter that is 

permanently attachable to the plurality of openings.  

[0050] In some embodiments the exhalation port includes a filter that is 

permanently attachable to the shroud.  

[0051] In some embodiments the exhalation port includes a filter that is a cap that 

is removably placeable in the shroud.  

[0052] In some embodiments the exhalation port includes a filter that is a disk 

made of sintered plastic that is removably placeable in the shroud.  

[0053] In some embodiments the exhalation port includes a filter that is a diffuser 

that is removably placeable in the shroud.  

[0054] In some embodiments the exhalation port includes a filter that is integrated 

around the plurality of openings onto the elongate body, and wherein the filter also includes a 

hole defining a gases passageway.  

[0055] In some embodiments the exhalation port includes a filter that is a 

membrane disk that is positioned within two parts.  
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[0056] In some embodiments the exhalation port includes a pressure port 

extending outward from the elongate body, the pressure port configured to couple with a 

pressure sampling line that connects to a noninvasive ventilator.  

[0057] According to a another aspect of the disclosure, there is provided a 

noninvasive ventilation mask system for use with a single-limb noninvasive ventilation 

apparatus which conveys gases along a gases pathway and delivered to a patient via a 

noninvasive ventilation mask, where the noninvasive ventilation mask system comprises: 

a cushion module having a rigid body and a soft seal attached to the rigid body; 

a rigid frame having at least two headgear connectors; 

a swiveling elbow connectable to the cushion module or to the rigid frame; and 

an exhalation port removably connectable to the elbow.  

[0058] Preferably the soft seal comprises a rolling hinge portion at the nasal 

bridge.  

[0059] Preferably the noninvasive ventilation mask system includes a headgear 

arrangement comprising a pair of upper strap portions, each upper strap portion positioned on 

opposing sides of a patient's head, a crown strap extending between the two upper strap 

portions, the crown strap extending across a crown of the patient's head.  

[0060] Preferably the exhalation port further comprises: 

an elongate body, said elongate body defining a lumen to carry a flow of gases; 

a plurality of holes arranged on a portion of the elongate body, the holes configured to 

vent gases; 

a shroud extending from the elongate body, the shroud surrounding one or more of the 

plurality of holes; 

wherein the plurality of holes are tapered; and 

wherein the exhalation port is arranged to removably connect to the swiveling elbow 

and to a circuit for delivering gases to the patient.  

[0061] Further aspects of the present disclosure, which should be considered in all 

its novel aspects, will become apparent to those skilled in the art upon reading of the 

following description which provides at least one example of a practical application of the 

present disclosure.  
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0062] Various embodiments of the present disclosure will now be described, by 

way of illustrative example only, with reference to the accompanying drawings. In the 

drawings, similar elements have the same reference numerals.  

[0063] Figure 1 is a perspective view of a mask with an attached exhalation port 

in accordance with an embodiment of the present disclosure.  

[0064] Figures 2A and 2B are perspective views of an exhalation port in 

accordance with an embodiment of the present disclosure.  

[0065] Figures 3A and 3B are perspective views of an exhalation port in 

accordance with an embodiment of the present disclosure.  

[0066] Figures 3C is a side view of the embodiment of the exhalation port of 

Figures 3A and 3B.  

[0067] Figure 4 is a perspective view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0068] Figure 5 is a perspective view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0069] Figure 6 is a perspective view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0070] Figure 7 is a front view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0071] Figure 8 is a top view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0072] Figure 9 is a bottom view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0073] Figures JOA and 10B are front and cross-sectional views, respectively, of 

hole designs for use in an exhalation port in accordance with an embodiment of the present 

disclosure.  

[0074] Figures 11A and 11B are front views of triangular hole-grid patterns in 

accordance with an embodiment of the present disclosure.  
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[0075] Figures 12A and 12B are front views of square hole-grid patterns in 

accordance with an embodiment of the present disclosure.  

[0076] Figures 13A-13D are front views of circular hole-grid patterns in 

accordance with an embodiment of the present disclosure.  

[0077] Figures 14A-14D are perspective views of tapers for an external filter in 

accordance with embodiments of the present disclosure.  

[0078] Figures 15A-15D are side views of exhalation ports to which external 

filters are attached in accordance with embodiments of the present disclosure.  

[0079] Figures 16A and 16B are exploded and collapsed front views, respectively, 

of an integrated filter/diffuser in accordance with an embodiment of the present disclosure.  

[0080] Figures 17A-17C are exploded, assembled, and cross-sectional views, 

respectively, of an integrated filter/diffuser in accordance with an embodiment of the present 

disclosure.  

[0081] Figures 18A and 18B are perspective and cross-sectional views, 

respectively, of an integrated filter/diffuser in accordance with an embodiment of the present 

disclosure.  

[0082] Figures 19A-19C are perspective views of a hinged filter taper adapter in 

accordance with an embodiment of the present disclosure.  

[0083] Figures 20A and 20B are perspective views of a click-on attachment for a 

filter taper adapter in accordance with an embodiment of the present disclosure.  

[0084] Figures 21A and 21B are perspective views of an exhalation port in 

accordance with an embodiment of the present disclosure.  

[0085] Figures 22A and 22B are perspective views of an exhalation port in 

accordance with an embodiment of the present disclosure.  

[0086] Figure 23 is a perspective view of an exhalation port in accordance with an 

embodiment of the present disclosure.  

[0087] Figure 24 is a perspective view of an exhalation port in accordance with an 

embodiment of the present disclosure.  
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DETAILED DESCRIPTION 

[0088] Embodiments of the present disclosure include an exhalation port for use 

with, among other things, a single-limb, noninvasive ventilation (NIV) system. The disclosed 

embodiments are used to evacuate a patient's exhaled gasses from a breathing circuit. During 

exhalation, the patient's exhaled gases flow out of the exhalation port located in-line between 

the patient interface device (e.g., a mask) and the air flow conduit from the ventilator or gases 

source. In use, the exhaled gases are pushed through vent openings, or holes, in the port by 

the incoming gases at therapeutic pressure rates sufficient to keep rebreathing of carbon 

dioxide (C0 2) at acceptable levels.  

[0089] Referring to Figure 1, illustrated is a perspective view of a mask 10 with 

an exhalation port 100 attached in accordance with an embodiment of the present disclosure.  

The exhalation port 100 is attached to the elbow connector 12 of the full face mask 10. In 

some embodiments, the exhalation port 100 can be used with other types of patient interfaces, 

such as pillow masks, oral masks, oral-nasal masks, nasal masks, and the like. In the 

illustrated configuration, the exhalation port 100 is disposed in-line with a gases conduit 14, 

such that the exhalation port 100 has a first end 102 that is in fluid communication with an 

inlet 16 to the mask 10 and a second end 106 that is in fluid communication with a ventilator 

or gases source via a gases conduit 14. The exhalation port 100 is preferably attached to the 

elbow connector 12 at or near the inlet 16 of the mask 10. Positioning the exhalation port 100 

close to the mask inlet 16 beneficially reduces the amount of dead space where C02 gases 

can accumulate and beneficially reduces the rebreathing of exhaled gases by the patient.  

[0090] Figures 2A and 2B show perspective views of an exhalation port 100 in 

accordance with an embodiment of the present disclosure, and Figures 7, 8 and 9 illustrate 

front, top and bottom views, respectively, of the embodiment 100. As shown in Figure 2A, 

the exhalation port 100 includes an elongate body 101 having a hollow portion extending 

through a longitudinal axis 103 of the exhalation port 100, defining a lumen 105 through 

which gases may flow. The exhalation port 100 includes a top portion 102, a center portion 

104, and a bottom portion 106.  

[0091] Preferably the exhalation port 100 is constructed of a relatively inflexible 

material such as, for example, polycarbonate plastic. Such a material can provide the 
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requisite rigidity. Advantageously, polycarbonate provides transparency permitting clinicians 

to see inside the exhalation port 100 for secretions or blockages that might form.  

Polycarbonate also delivers good dimensional stability. Other materials known in the art can 

be used to realize the disclosed exhalation port 100, including without limitation, 

polypropylene and Polyethylene Terephthalate Glycol-Modified (PETG).  

[0092] The top portion 102 includes a 22 mm male taper 108 and 15 mm female 

taper 110 nested within the 22 mm male taper 108 to enable connection to various patient 

interfaces, such as, for example, the elbow connector 112 of the mask 10. The 15 mm female 

taper 110 can be used to connect to a tracheostomy tube. Other connection formats can be 

included in embodiments of the disclosed exhalation port 100 as well. For example, the 

outside surface 120 of the of the shroud 116 may include a proprietary connector configured 

to allow one or more proprietary external filters to be connected to the exhalation port 100.  

Additionally, at least one of the top portion 102 and bottom portion 106 can have a 

proprietary connection configured to mate with a proprietary elbow connector 112 to help 

ensure that exhalation ports 100 and masks 10 offered by the same manufacturer can be used 

together at the exclusion of other manufacturers' products. The bottom portion 106 includes a 

22 mm male taper 109 (shown in Figure 9) to connect to the gases conduit 14. The center 

portion 104 includes a 1/8 inch pressure line port 112 to couple with a pressure sampling line 

that connects to the noninvasive ventilator or gases source. When the pressure line port 112 is 

not in use, it may be closed off with a cap (not shown).  

[0093] The center portion 104 of the exhalation port 100 also includes a plurality 

of vent holes 114 (also referred to herein as "openings 114") through which the patient's 

exhaled gases can be evacuated from the breathing circuit. A shroud 116 is positioned over 

and around the vent holes 114 to reduce draft from the exhaled gas. The shroud 116 is 

substantially annular. The shroud 116 allows venting of the exhaled gases and prevents 

blockage of the vent holes 114. Illustratively, the shroud 116 prevents entrainment of 

surrounding ambient air within the exhalation stream through the vent holes 114. The shroud 

116 also has a 22 mm male taper at an outside surface 120 providing structure to which an 

external filter 170, 172 (shown in Figures 15A-15D) can be attached. The external filter 170, 

172 prevents exposure to clinicians and others in proximity of the patient to infectious agents 
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that may be in the patient's exhaled gases. Thus, the filter 170, 172 reduces the chance of 

infections spreading due to sick patients exhaling in a hospital setting.  

[0094] The shroud 116 has an inner wall 122 that extends outward from the center 

portion 104 of the exhalation port 100. In accordance with certain embodiments, the inner 

wall 122 of the shroud 116 is tapered centrally. The taper extends from a portion of the 

shroud adjacent the elongate body to the outside surface 120 of the shroud 116 at an angle 

between 0 degrees and 8 degrees. In some embodiments the shroud is not tapered centrally.  

[0095] The shroud 116 can include notches 118 which can reduce the chance of 

missuse by differentiating the shroud 116 from a wye-piece or T-piece so the shroud's taper 

is not used in a dual-limb NIV circuit. The notches 118 also reduce the probability of 

accidentally blocking the exhalation path. As illustrated in the embodiment disclosed in 

Figures 2A and 2B, the notches 118 are positioned on the outside surface 120 of the shroud 

116. The dimensions, spacing, and number of the notches 118 can vary. For example, as 

illustrated in Figures 2A and 2B, the notches 118 are positioned diametrically opposite each 

other on portions of the outside surface 120 of the shroud 116.  

[0096] Illustrated in Figures 3A-3C, is a preferred embodiment of the exhalation 

port 100 in which the shroud 116 includes four equally-spaced notches 118, having a rounded 

spacing between them. In some embodiments (as illustrated in Figures 14B and 14C), the 

notches 118 are spaced equally around the outside surface 120 of the shroud 116, and the 

dimensions of the notches 118 are substantially equal to the spacing dimensions between the 

notches 118. In certain embodiments, the notches 118 have a dimension that is substantially 

greater than the dimension of the spacing between the notches 118. Many other forms and 

variations of notch 118 dimension, arrangement, and spacing can be used.  

[0097] Figures 4, 5, and 6 illustrate embodiments of the exhalation port 100 that 

employ slots 124 on the shroud 116. Like the notches 118, the slots 124 help prevent the vent 

holes 114 from being blocked. The slots 124 also allow venting of exhaled gases to the 

surrounding environment, and they serve to reduce the chance of inappropriate use of the 

exhalation port 100 by differentiating the shroud 116 to indicate that it is not to be used in a 

dual-limb NIV breating circuit. The slots 124 also reduce the probability of accidentally 

blocking the exhalation path. The slots 124 can be in any form or shape, such as, for example, 
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round or oval, and their orientation can be radially positioned around the surface of the 

shroud 116, axially positioned, directed toward the center portion 104, or positioned in any 

other orientation on the shroud 116. The slots 124 are preferably sufficiently close to the 

outside surface 120 of the shroud 116 such that they can be covered by a 22 mm female taper 

connection of an external filter 170, 172 (as shown in Figures 15A-15D) to prevent unfiltered 

exhaled gases from being released into the surrounding environment. In certain embodiments, 

the slots 124 extend vertically or axially along the outside wall of the shroud 116. In such 

embodiments, standard external filters 170, 172 may not completely cover the stots 124; 

however, proprietary external filters may be configured to mate with the shroud 116 so as to 

completely cover the vertically extended slots 124.  

[0098] Figures 21A-24 illustrate embodiments of the exhalation port 100 that 

employ leak paths 126 on the shroud 116 by having a plurality of alternating recessed strips 

125 and ridges 128 on the wall of the shroud 116. The recessed strips 125 and the ridges 128 

can start from the outer surface 120 of the shroud 116 and extend toward the centre portion 

104. The recessed strips 125 and/or the ridges 128 can reach the centre portion 104 or stop 

between the outer surface 120 of the shroud 116 and the centre portion 104. Like the notches 

118 and the slots 124 described above, the leak paths 126 help prevent the vent holes 114 

from being blocked when an opening defined by the outer surface 120 of the shroud 126 is 

covered up by mistake. For example, the shroud 116 can be covered up when a 22 mm 

female cap (not shown) or a nebulizer (not shown) is mistakenly connected to the 22 mm 

male taper at the outside surface 120 of the shroud 126. The shroud 116 can also be covered 

up when the external filter 170, 172 (as shown in Figures 15A-15D) that is connected to the 

22 mm male taper at the outside surface 120 of the shroud 116 becomes blocked or clogged.  

For example, the filter 170, 172 can become clogged with particulate matters. The leak paths 

126 allow the exhaled gases to be expired or leaked out via the leak paths 126 formed in the 

shroud 116. Allowing the exhaled gases to escape from the leak paths 126 can reduce the 

amount of dead space where CO2 gases can accumulate, reduce the build-up of CO 2 gases in 

the mask, and beneficially reduce the rebreathing of exhaled gases by the patient. In the 

illustrated embodiment, the coupling between the 22 mm female connection of the cap, the 

nebulizer, or the external filter 170, 172, and the 22 mm male taper at the outer surface 120 
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of the shroud 116 is not airtight. An inner wall of the 22 mm female connection of the cap, 

the nebulizer, or the external filter 170, 172, can contact an outer wall of the ridges 128, 

resulting in the leak paths 126 being formed between the inner wall of the 22 mm female 

connection of the cap, the nebulizer, or the external filter 170, 172, and an outer wall of the 

recessed strips 125. The exhaled gases from the vent holes 114 can escape to the surrounding 

environment through the leak paths 126 to reduce the amount of dead space where CO 2 gases 

can accumulate and the build-up of CO2 gases in the mask so that the patient will not 

rebreathe too much CO2 when the shroud 116 is covered up in circumstances described 

above. The alternating recessed strips 125 and ridges 128 also serve to reduce the chance of 

inappropriate use of the exhalation port 100 by differentiating the shroud 116 from a regular 

22 mm male taper to indicate that it is not to be used in a dual-limb NIV breating circuit.  

[0099] The leak paths 126 can be formed in variety of ways. In some 

embodiments, the recessed strips 125 can be formed by cutting out portions of an outer wall 

of the shroud 116. In some embodiments, the ridges 128 can be affixed to the outer wall of 

the shroud 116 by, for example, adhesives, welding, or other methods known in the art. In 

some embodiments, the exhalation port 100 is formed by a molding operation. Similarly, the 

recessed portions 125 and the ridges 128 can also be formed by the molding operation using 

an appropriately shaped tool used to mold the exhalation port 100. The exhalation port can 

be molded from any appropriate thermoplastic, such as polycarbonate.  

[0100] The dimension, spacing and number of the leak paths 126 can vary. In 

some embodiments, the leak paths 126 can have a depth of about 0 mm to about 1.2 mm. In 

some embodiments, the leak paths 126 can have a depth of about 0.3 mm to about 0.9 mm. In 

some embodiments, the leak paths 126 can have a depth of about 0.6 mm. Sizes of the leak 

paths 126 can be tailored depending on whether there is a heightened need for filtering the 

exhaled gases. When there is less concern with the exhaled gases being infectious, wider 

and/or deeper recessed strips 125 may be formed on the shroud 116 so that more exhaled 

gases can leave from the leak paths 126 without being filtered. When there is more concern 

with the exhaled gases being infectious, narrower and/or less deep recessed strips 125 can be 

formed on the shroud 116 so that less exhaled gases can leave from the leak paths 126 

without being filtered. The recessed strips 125 and/or the ridges 128, and thus the leak paths 
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126, can be of substantially the same shape, size and/or area, or different shapes, sizes and/or 

areas. The leak paths 126 can have a straight or tortuous path along a length of the shroud 

116. A straight path may advantageously reduce airflow resistance of the exhaled gases 

through the leak paths 126. A straight path can also be cheaper to manufacture. A tortuous 

path can provide higher airflow resistance when it is desired that more exhaled gases be 

filtered through the filter 170, 172.  

[0101] As shown in Figures 21A and 21B, the shroud can have three recessed 

strips 125 alternating with three ridges 128. As shown in Figures 22A and 22B, the shroud 

can have two recessed strips 125 alternating with two ridges 128. As shown in Figure 23, the 

shroud can have four recessed strips 125 alternating with four ridges 128. As shown in 

Figure 24, the shroud can have more than four recessed strips 125 alternating with more than 

four ridges 128. A higher number of the leak paths 126 can advantageously produce more 

stable connection between the shroud 116 and the filter 170, 172 because points of contact 

between the ridges 128 and the filter 170, 172 can be more spread out around the 

circumference of the shroud 116. A lower number of the leak paths 126, on the other hand, 

can be manufactured more cheaply than the higher number of the leak paths 126.  

[0102] The leak paths 126 can be equally spaced around the circumference of the 

shroud 116, or have varying spacings around the circumference of the shroud 116. Equal 

spacing of the leak paths 126 may advantageously provide more stable connection between 

the shroud 116 and the filter 170, 172. Equal spacing of the leak paths may also 

advantageously produce more uniform airflow through individual leak paths.  

[0103] As shown in Figures 21A to 24, in some embodiments the shroud 116 also 

has a plurality of notches 118. Some or all of leak paths 126 and some or all of the notches 

118 can be aligned. Aligning the leak paths 126 and the notches 118 can advantageously 

result in the shorter leak paths 126 than when the leak paths 126 align with a portion of the 

outer surface 120 that does not have the notches 118. The shorter leak paths 126 can produce 

less resistance for the exhaled gases to escape through the leak paths 126.  

[0104] Illustrated in Figures 23 is a preferred embodiment of the exhalation port 

100 in which the shroud 116 includes four recessed strips 125 alternating with four strips 

128. The recesses strips 125 can have a depth of about 0.6 mm. Each recessed strip 125 can 
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span about 600 of a circle formed by the wall of the shroud 116. Each ridge 128 can span 

about 300 of the circle formed by the wall of the shroud 116. As shown in Figure 23, the 

recessed strips 125 are equally spaced on the circle formed by the wall of the shroud 116.  

The shroud can further include four notches 118, having a rounded spacing between the 

notches 118. The notches 118 can be spaced equally around the outside surface 120 of the 

shroud 116, and the dimensions of the notches 118 are substantially equal to the spacing 

dimensions between the notches 118. As shown in Figure 23, a center line of the notches 118 

and a center line of the recessed strips 125 can be coincident so that the notches 118 align 

with the recessed strips 125. As shown in Figure 23, a center line of the spacing between the 

notches 118 can also be coincident with a center line of the ridges 128. Having four 600 x 

0.6 mm recessed strips 125 equally spaced on the circle formed by the wall of the shroud 116 

and aligned with the notches 118 can advantageously provide increased area for airflow, 

shorter leak paths 126, and reduced air flow resistance, as well as stable connection between 

the shroud 116 and the filter 170, 172.  

[0105] In embodiments of the exhalation port connected to the external filters 

170, 172, the flow resistance across the filter 170, 172 is configured to be small such that 

most of the exhaled gases still exit from the filter 170, 172 instead of through the leak paths 

126. In one embodiment, about 75% of the exhaled gases exit from the filter 170, 172. The 

flow resistance of the exhaled gases through the leak paths 126 can be adjusted by adjusting 

how far the filter 170, 172 is plugged in from the outer surface 120 toward the centre portion 

104. The filter 170, 172 can be plugged into the shroud 116 with a distance just enough to 

allow the filter 170, 172 to be coupled with the shroud 116. The leak paths 126 can therefore 

be short and have low flow resistance for the exhaled gases to leave from the leak paths 126.  

In some situations, a higher percentage of the exhaled gases is required to be filtered, such as 

during a pandemic. The filter 170, 172 can then be plugged in as close to the centre portion 

104 as possible, resulting in the longer leak paths 126 and higher flow resistance for the 

exhaled gases to leave from the leak paths. More exhaled gases can thus leave from the filter 

170, 172. In some embodiments, the leak paths 126 are located so as to not align with the 

notches 118 so that more exhaled gases exit through the filter 170, 172 instead of the leak 

paths 126.  
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[0106] In some embodiments, the exhalation port 100 further includes a 

proprietary filter connection adapter (not shown). The filter connection adapter can be 

configured to removably connect the shroud 116 to the filter 170, 172 so as block the leak 

paths 126 and direct more exhaled gases to exit through the filter 170, 172. In one 

embodiment, the filter connection adapter comprises alternating patterns of recesses and 

ridges that are complementary to the alternating ridges 128 and recessed strips 125 of the 

shroud 116 so that the leak paths 126 can be substantially blocked by the filter connection 

adapter. In other embodiments, the filter connection adapter can have pliant or flexible 

materials that assume the shape of the leak paths 126 when the filter connection adapter is 

connected between the shroud 116 and the filter 170, 172.  

[0107] Figures 10A-10B illustrate various aspects of the vent holes 114, or 

openings 114. The vent holes 114, or openings 114, provide a passageway for the patient's 

exhaled gases to exit the breathing circuit. Noise created as the exhaled gases exit the 

breathing circuit through the exhalation port 100 can be a source of distraction for patients.  

Advantageously, the holes 114 are formed and arranged so as to reduce the noise of the 

exhaled gases. As illustrated in Figures 1OA and 10B, preferably, a depth 130 of a hole 114 is 

at least two times an inner diameter 132 of the hole 114. This ratio helps to reduce noise. In 

an embodiment, preferably, the hole depth 130 is approximately 1.5 mm. Additionally, a 

pitch distance 134 - the distance between centers of two adjacent holes 114 - is at least four 

times the inner diameter 132 of the hole 114. Again, this ratio helps to reduce noise.  

According to an embodiment, the pitch distance 134 is approximately 3 mm. Preferably, the 

holes 114 all have the same inner diameter 132. In certain embodiments, the holes 114 

preferably have an inner diameter 132 between approximately 0.4 mm and approximately 1.0 

mm. In certain preferred embodiments, the holes 114 are tapered, having an external radius 

136 at the outer surface of the hole 114. Preferably, the outer radius 136 is between 

approximately 0.4 mm and approximately 0.75 mm. Thus, in a preferred embodiment, the 

hole depth 130 is approximately 1.5 mm, the pitch distance 134 between holes 114 is 

approximately 3 mm, the inner diameter 132 of the hole 114 is approximately 0.75 mm, and 

the external radius 136 of the hole is approximately 0.7 mm. In another preferred 
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embodiment, the inner diameter 132 of an opening 114 is approximately 0.9 mm, the depth 

130 of the opening 114 is at least approximately 1.8 mm, the pitch distance 134 between 

adjacent openings 114 is at least approximately 3.6 mm, and the external radius 136 of the 

opening 114 is approximately 0.75 mm.  

[0108] In a preferred embodiment, the vent holes 114 are in a square arrangement 

including 21 holes in which all holes 114 are aligned with each other. In this embodiment, 

not all of the holes 114 have a consistent pitch distance 134 between adjacent holes 114. As 

illustrated in Figures 11A-I11B, 12A-12B, and 13A-13D, various patterns and arrangements 

of holes 114 can be used to realize the exhalation port 100 of the present disclosure. Figures 

11A and 1lB illustrate triangular, equal-distance vent hole 114 grid patterns having 30 and 

37 holes 114, respectively. Figures 12A and 12B illustrate square vent hole 114 grid patterns 

having 26 and 30 holes, respectively. Figures 13A-13D illustrate circular, ring-shaped vent 

hole 114 patterns having 21, 33, 37, and 41 holes 114, respectively.  

[0109] Figures 14A-14C illustrate various alternative embodiments of the 

exhalation port 100, demonstrating several of the features of the present disclosure.  

Figure 14A illustrates an embodiment of the exhalation port 100 in which the shroud 116 is 

planar, i.e., the shroud 116 has no notches 118 or slots 124 within the wall 122 of the shroud 

116. In this embodiment, the shroud 116 projects straight outward, i.e., normal to the 

longitudinal axis of the exhalation port 100. The shroud 116 includes a 22 mm male taper to 

interface with an external filter 170.  

[0110] As discussed above, Figure 14B illustrates a an embodiment of the 

exhalation port 100 in which the shroud 116 includes notches 118 that are spaced equally 

around the outside surface 120 of the shroud 116, and the dimensions of the notches 118 are 

substantially equal to the spacing dimensions 119 between the notches 118. Additionally, the 

elongate body 101 is at a reduced length to provide a more compact exhalation port 100. The 

shroud 116 includes a 22 mm male taper to interface with an external filter 170.  

[0111] Figures 14C and 14D illustrate alternative embodiments of the exhalation 

port 100 featuring an angled connection 150 for the shroud 116. Advantageously, the angled 

connection 150 directs exhaled gasses away from the caregiver and the patient. The angled 

connection 150 can be at any angle, including 90 degrees from the elongate body 101. In 
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some embodiments the angled connection 150 can be at an angle between approximately 30 

degrees and 45 degrees or at an angle between approximately 120 degrees and 135 degrees, 

depending on the orientation from the patient interface. The shroud 116 illustrated in Figure 

14C includes a 22 mm male taper to interface with an external filter 170. The shroud 116 

illustrated in Figure 14D includes a 15 mm male taper to interface with an external filter 172.  

[0112] Figures 15A-15D illustrate various alternative embodiments of the 

exhalation port 100 to which an external filter 170,172 is attached. As previously described, 

the external filter 170, 172 protects the surrounding environment from being exposed to 

infectious agents that can be present in the patient's exhaled gases. Figures 15A and 15B 

show two configurations in which the external filters 170, 172 are attached to shrouds 116 

which extend outward approximately normal (i.e., at a 90 degree angle) from the elongate 

body 101 of the exhalation port 100. In Figures 15A and 15B, the external filters 170, 172 

have 22 mm female tapers with which to mate with a 22 mm male taper of the shroud 116 to 

establish connection between the external filters 170, 172 and the shroud 116 of the 

exhalation port 100.  

[0113] Figures 15C and 15D show two configurations in which the external filters 

170, 172 are attached to shrouds 116 which extend outward from the elongate body 101 of 

the exhalation port 100 at an angled connection 150. The external filters 170, 172 have 22 

mm female tapers with which to mate with a 22 mm male taper of the shroud 116 to establish 

connection between the external filter 170 and the shroud 116 of the exhalation port 100. Of 

course, a skilled artisan will appreciate that many types, forms and formats of external filters 

170, 172 can be used with the embodiments of the present disclosure.  

[0114] Referring now to Figures 16A and 16B, an embodiment of the disclosed 

exhalation port 200 includes and integrated filter/diffuser. Figure 16A shows an exploded 

view of the exhalation port 200. A main body 202 provides the structure onto which a 

sintered diffuser 204 and a top portion 206 are assembled to form the exhalation port 200.  

The main body 202 includes a pressure line port 212 to couple with a pressure sampling line 

that connects to the noninvasive ventilator or gases source. When the pressure line port 212 is 

not in use, it may be closed off with a cap (not shown). The main body 202 also includes 

exhalation vents 208 through which the patient's exhaled gases may pass. The sintered 
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filter/diffuser 204 is made of a plastic material that permits airflow to pass through it. Thus, 

in operation, the exhaled gases exit through the exhalation vents 208 of the main body 202 

into and through the sintered filter/diffuser 204 to exit the breathing circuit and enter the 

surrounding environment. The top portion 206 fits over the main body 202 and adjacent the 

sintered filter/diffuser 204, as illustrated Figure 16B in which the exhalation port 200 is 

assembled. Advantageously, the exhalation port 200 is effective at reducing noise and draft 

created by the exhalation of a patient's respiratory gases and filtering the exhaled gases.  

[0115] Figures 17A-17C illustrate another embodiment of an exhalation port 300 

that includes and integrated filter. Figure 17A shows the exhalation port 300 in an exploded 

perspective view. The exhalation port 300 includes a top half 302, a bottom half 304, and a 

filter media 306. The bottom half 304 also includes exhalation vents 308 through which 

filtered exhaled gases may pass from the breathing circuit to the surrounding environment. In 

assembly, the two halves 302 and 304 can be ultrasonically welded together with the filter 

media 306 positioned between the two halves 302 and 304. The assembled exhalation port 

300 operates in-line, in the breathing circuit. The patient's exhaled gases pass through the 

filter media 306 and are channelled through the port 300 to the exhalation vents 308.  

Advantageously, the exhalation port 300 filters infectious material from the exhaled gases via 

an in-line system, thereby avoiding the need to add structure (such as a shroud 116) to 

accommodate an external filter 170, 172.  

[0116] Figures 18A-18B illustrate yet another embodiment of an exhalation port 

400 in which a removable filter/diffuser 402, which is a disk or cap, is inserted within the 

shroud 116. The removable filter/diffuser 402 can be made of sintered plastic, foam, or fabric 

materials that can reduce the noise associated with exhalation of respiratory gases and permit 

airflow to pass through it. Thus, in operation, the exhaled gases exit through the vent holes 

114 into and through the sintered filter/diffuser 402 to exit the breathing circuit and enter the 

surrounding environment. Advantageously, the exhalation port 400 provides noise reduction 

of exhalation gases being expelled from the breathing circuit without increasing adding to the 

size or volume of the exhalation port 400. The exhalation port 400 can also filter the exhaled 

gases.  
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[0117] Figures 19A-19C illustrate another embodiment of an exhalation port 500 

in which a hinged shroud 502 is optional and separately attachable to the exhalation port 500.  

The exhalation port 500 includes most of the elements described with respect to the 

embodiment of exhalation port 100, including a top portion 102, a center portion 104, and a 

bottom portion 106, a 22 mm male taper 108, a 15 mm female taper 110, a pressure line port 

112, and a plurality of vent holes 114, or openings 114. The exhalation port 500 also includes 

an upper ledge 510 and a lower ledge 512 which are used to attach the hinged shroud 502 to 

the exhalation port 500. As illustrated in Figure 19B, the hinged shroud 502 includes two 

halves, which may be connected by a hinge (not shown for ease of illustration), which are 

attached to the exhalation port 500. Once assembled, as illustrated in Figure 19C, the hinged 

shroud 502 is configured to attach to an external filter 170 to the exhalation port 500 and to 

reduce the entrainment of ambient air within the exhalation stream. The hinged shroud 502 

reduces draft by preventing ambient air from being sucked up into the exhalation air stream.  

Advantageously, the exhalation port 500 provides a simplified form factor for use in 

circumstances where it is not desired to employ an external filter 170 because, for example, 

the patient does not pose a risk of infection to care providers or others in proximity of the 

patient's exhaled gases. If the patient subsequently presents a risk of infection, then the 

hinged shroud 502 can be attached to the exhalation port 500 to enable attachment of an 

external filter 170.  

[0118] Figures 20A-20B illustrate another embodiment of an exhalation port 600 

in which a removable shroud 602 is optional and separately attachable to the exhalation port 

600. In this embodiment, a shroud connector 604 surrounds the vent holes 114. The shroud 

connector 604 is configured to receive a 22 mm female taper of the removable shroud 602.  

As illustrated in Figure 20B, the removable shroud 602 mates with the shroud connector 604 

to secure the removable shroud 602 in place. Methods of mating the shroud 602 to the shroud 

connector 604 can include, among others, snug-fit and click-on connections, as well as 

standard medical 22 mm and 15mm taper connections. Once secured, the removable shroud 

602 is configured to attach to an external filter 170, 172 to the exhalation port 600 and to 

reduce the entrainment of ambient air within the exhalation stream.  
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[0119] Various embodiments of the disclosed exhalation port have been described 

herein. Unless the context clearly requires otherwise, throughout the description and the 

claims, the words "comprise", "comprising", and the like, are to be construed in an inclusive 

sense as opposed to an exclusive or exhaustive sense, that is to say, in the sense of 

"including, but not limited to." 

[0120] Language of degree used herein, such as the terms "approximately," 

"about," "generally," and "substantially" as used herein represent a value, amount, or 

characteristic close to the stated value, amount, or characteristic that still performs a desired 

function or achieves a desired result. For example, the terms "approximately", "about", 

"generally," and "substantially" may refer to an amount that is within less than 10% of, 

within less than 5% of, within less than 1% of, within less than 0.1% of, and within less than 

0.01% of the stated amount.  

[0121] Where, in the foregoing description reference has been made to integers or 

components having known equivalents thereof, those integers are herein incorporated as if 

individually set forth.  

[0122] Reference to any prior art in this specification is not, and should not be 

taken as an acknowledgement or any form of suggestion that that prior art forms part of the 

common general knowledge in the field of endeavor in any country in the world.  

[0123] Certain features, aspects and advantages of some configurations of the 

present disclosure have been described with reference to use by a patient or user. However, 

certain features, aspects and advantages of the use of the exhalation port as described may be 

advantageously practiced by other people on behalf of the patient, including medical 

professionals, medical device dealers, or medical device providers. Certain features, aspects 

and advantages of the methods and apparatus of the present disclosure may be equally 

applied to usage by other people.  

[0124] Although the present disclosure has been described in terms of certain 

embodiments, other embodiments apparent to those of ordinary skill in the art also are within 

the scope of this disclosure. Thus, various changes and modifications may be made without 

departing from the spirit and scope of the present disclosure. For instance, various 

components may be repositioned as desired. Moreover, not all of the features, aspects and 
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advantages are necessarily required to practice the present disclosure. Accordingly, the scope 

of the present disclosure is intended to be defined only by the claims that follow.  
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WHAT IS CLAIMED IS: 

1. An exhalation port (100) for noninvasive ventilation therapy comprising: 
an elongate body (101), said elongate body being hollow and defining a lumen (105) 

to carry a flow of gases, 
a center portion (104); 
a plurality of holes (114) arranged on a portion of the elongate body (101), the holes 

(114) configured to vent gases through the elongate body (101); 
a shroud (116) extending from the elongate body (101), the shroud (116) surrounding 

one or more of the plurality of holes (114), the shroud (116) comprising a wall; 
wherein a plurality of alternating recessed strips (125) and ridges (128) are provided 

on the wall of the shroud (116), the recessed strips (125) and the ridges (128) starting from 
the outer surface of the shroud (116) and extending toward the center portion (104); 

wherein the exhalation port (100) is arranged to removably connect in-line with a 
circuit for delivering gases to a patient; and 

wherein the shroud (116) has an outside surface (120), and wherein a plurality of 
notches (118) are spaced around the outside surface (120).  

2. The exhalation port of Claim 1, wherein the wall has four recessed strips (125) 
alternating with four ridges (128).  

3. The exhalation port of Claim 2, wherein the recessed strips (125) are 
substantially equally spaced around a circumference of the shroud (116).  

4. The exhalation port of any of Claims 1-3, wherein the plurality of recessed 
strips (125) and ridges (128) reach the centre portion (104) of the exhalation port.  

5. The exhalation port of any of Claims 1-3, wherein the plurality of recessed 
strips (125) and ridges (128) stop between the outer surface (120) of the shroud (116) and 
the centre portion (104) of the exhalation port.  

6. The exhalation port of any of Claims 1-5, wherein the shroud (116) extends 
outward from the elongate body (101).  

7. The exhalation port of Claim 6, wherein the shroud (116) extends outward 
from the elongate body (101) in a substantially annular form.  

8. The exhalation port of any of Claims 1-7, wherein the shroud (116) has an 
outside surface (120), and wherein the outside surface (120) has either a 22 mm or a 15 mm 
taper configured to connect with a filter (170, 172).  

9. The exhalation port of Claim 1, wherein the plurality of notches (118) are 
spaced equally around the outside surface of the shroud (116).  
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10. The exhalation port of Claim 9, wherein each of the plurality of notches (118) 
comprises a notch dimension and a spacing dimension, the notch dimension being 
substantially equal to or greater than the spacing dimension.  

11. The exhalation port of Claim 9, wherein a centre line of the notches (118) and 
a centre line of the recessed strips (125) are coincident such that the notches (118) align with 
the recessed strips (125).  

12. The exhalation port of Claim 9, wherein a centre line of the spacing between 
the notches (118) and a centre line of the ridges (128) are coincident such that the notches 
(118) align with the ridges (128).  

13. The exhalation port of any of Claims 1-12, wherein the elongate body (101) 
further comprises a first end (102), wherein the first end (102) of the elongate body (101) 
comprises a 22 mm male taper and a 15 mm female taper nested within the 22 mm taper.  

14. The exhalation port any of Claims 1-12, further comprising a pressure port 
(112) extending outward from the elongate body (101), the pressure port (112) configured to 
couple with a pressure sampling line that connects to a noninvasive ventilator.  

15. The exhalation port any of Claims 1-14, wherein the shroud (116) is hingedly 
attached to the elongate body (101).  

16. The exhalation port any of Claims 1-15, further comprising a filter/diffuser 
(204) surrounding the plurality of holes (114), the filter/diffuser (204) configured to receive 
the gases that vent from the plurality of holes (114) to pass through the diffuser (204).  

17. The exhalation port any of Claims 1-15, further comprising a removably 
attachable filter, wherein said removably attachable filter can be removably attached to the 
shroud (116).  

18. A ventilation system, characterized in that it comprises an exhalation port 
(100) of any one of the proceeding claims and a filter (170,172) configured to be connectable 
to the exhalation port (100).  

19. The ventilation system of Claim 18, the filter (170,172) comprising a female 
taper connection configured to connect with the exhalation port (100) wherein, the 
connection between the female taper connection of the filter and the outer surface (120) of 
the exhalation port (100) is not airtight.  

20. The ventilation system of Claim 18, the filter (170,172) comprising a female 
taper connection configured to connect with the exhalation port (100) wherein, an inner wall 
of the female taper connection of the filter (170,172) contacts an outer wall of the ridges 
(128) of the exhalation port (100) resulting in leak paths (126) being formed between the 
inner wall of the female connection of the filter (170,172) and an outer wall of the recessed 
strips (125).  
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