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FLEXIBLE LOW DEADSPACE tubes having the first diameter into the second section and 
RESPIRATORY NOSEPIECE FOR GAS the second step configured to prevent insertion of second 

SAMPLING CANNULAE AND METHOD OF tubes having the second diameter further into the second 
MANUFAC channel . 

In one or more embodiments , the respiratory nosepiece 
This application is a national stage application under 35 further includes a second nasal prong configured to be 

U.S.C. § 371 of International Application No. PCT / IB2015 / insertable into another nostril of the patient , a third channel 
051045 filed on Feb. 12 , 2015 and published in the English extending through the second nasal prong along the first 
language on Aug. 20 , 2015 as International Publication No. direction ; and a second side port connectable to the tubes , 
WO 2015/121815 A1 , which claims priority to U.S. Appli- 10 the second side port including a fourth channel extending 
cation No. 61 / 938,729 filed on Feb. 12 , 2014 , the entire along the second direction , the fourth channel having a first 
disclosures of which are incorporated herein by reference . end configured to insertably receive the tubes and a second 

end in communication with the third channel , the fourth 
TECHNICAL FIELD channel comprising a third section at the first end having the 

15 first diameter , a fourth section having the second diameter , 
The present invention is directed generally to respiratory a third step between the third and fourth sections , and a 

nosepieces for gas sampling . More particularly , various fourth step between the fourth section and the second end of 
inventive apparatuses and assembly methods disclosed the fourth channel , the third step configured to prevent 
herein relate to injection - molded respiratory nosepieces hav insertion of the first tubes into the third section and the 
ing low deadspace ( low internal volume ) and which are 20 fourth step configured to prevent insertion of the second 
configured to maintain gas signal fidelity of a respiratory gas tubes further into the fourth channel . 
sample . In one or more embodiments , the respiratory nosepiece 

further includes a bridge section extending between the first 
BACKGROUND and second side ports and configured to support the nose 

25 piece against the patient . 
Existing respiratory nosepieces for gas sampling are typi In one or more embodiments , the second channel further 

cally made by dipping a wire frame into plastisol ( a sus includes an additional section having a third diameter 
pension of polyvinyl chloride ( PVC ) particles ) . The dipped smaller than the second diameter , the additional section 
wireframe is cured by heating , and the cured respiratory extending between the second step and the second end of the 
nosepiece is then hand - stripped off the wire frame . Such 30 second channel . 
dipping processes are time consuming and expensive , but In one or more embodiments , an inner diameter of the first 
are however considered necessary to manufacture respira tube is substantially the same as the second diameter . 
tory nosepieces having the low deadspace ( low internal In one or more embodi ts , the second end of the 
volume ) required for gas sampling . second channel has a spherical shape configured to smoothly 

Conventional injection molding techniques generally are 35 redirect flow of gas between the first and second channels . 
not used to manufacture respiratory nosepieces for gas In one or more embodiments , the nosepiece is made of 
sampling , because the small mold pin dimensions necessary polyvinyl chloride , thermoplastic elastomer , silicone , ethyl 
to realize small diameter channels ( low internal volume ) ene propylene diene monomer , or urethane having a suffi 
typically result in resin flash that forms occlusions within the ciently low durometer to be flexible . 
channels . The occlusions create turbulence within the 40 In one or more embodiments , a top surface of the bridge 
sample gas flow , degrading gas sample signal fidelity . section is curved so that a height of the bridge section along 

It would be desirable to provide a low - cost respiratory the first direction is reduced near a center point between the 
nosepiece having low internal volume , and an efficient first and second nasal prongs . 
method of manufacturing a respiratory nosepiece that avoids In one or more embodiments , side surfaces of the bridge 
formation of occlusions and maintains gas sample signal 45 section adjacent the top surface are curved so that a width 
fidelity . between the side surfaces of the bridge section is reduced 

near the center point between the first and second nasal 
SUMMARY prongs . 

In one or more embodiments , the respiratory nosepiece 
The present disclosure is directed to respiratory nose- 50 may further include a fifth channel in the bridge section , the 

pieces for gas sampling and methods of manufacturing fifth channel having a first end in communication with the 
respiratory nosepieces for gas sampling . second end of the second channel and having a second end ; 

Generally , in one aspect , a respiratory nosepiece includes and an oral sampling port including a sixth channel extend 
a first nasal prong configured to be insertable into a nostril ing along the first direction , the sixth channel having a first 
of a patient , a first channel extending through the first nasal 55 end in communication with the second end of the fifth 
prong along a first direction ; and a first side port connectable channel and having a second end configured to be adjacent 
to tubes having different first and second diameters , the first to a mouth of the patient . 
side port including a second channel extending along a In one or more embodiments , the oral sampling port is 
second direction orthogonal with respect to the first direc beveled toward the mouth of the patient at the second end of 
tion , the second channel having a first end configured to 60 the sixth channel 
insertably receive the tubes and having a second end in In another aspect , a method of manufacturing a respira 
communication with the first channel , the second channel tory nosepiece includes providing a first and second mold 
comprising a first section at the first end having the first pieces , the first mold piece having a cavity in the shape of 
diameter , a second section having the second diameter , a first the nosepiece ; placing the second mold piece against the first 
step between the first and second sections , and a second step 65 mold piece to enclose the cavity ; inserting first and second 
between the second section and the second end of the second pins through respective walls of the first and second mold 
channel , the first step configured to prevent insertion of first pieces and into the cavity , so that a distal end of the first pin 
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having a flat face is brought into direct contact with a flat drawings are not necessarily to scale , emphasis instead 
sidewall portion of the second pin ; and injecting a polymer generally being placed upon illustrating the principles of the 
into the cavity enclosed by the first and second mold pieces . invention . 

In one or more embodiments , the method may further FIG . 1 illustrates a plan view of a respiratory nosepiece of 
include retracting the first and second pins from the first and an example embodiment including inserted tubing . second mold pieces ; removing the second mold piece from FIG . 2 illustrates a perspective view of a respiratory the first mold piece ; and removing the nosepiece from the 
first and second mold pieces . nosepiece of an example embodiment . 

FIG . 3 illustrates a bottom plan view of a respiratory In one or more embodiments , the polymer may be poly 
vinyl chloride , thermoplastic elastomer , silicone , ethylene nosepiece of an example embodiment . 
propylene diene monomer , or urethane having a sufficiently FIG . 4 illustrates a cross - sectional view of a respiratory 
low durometer to be flexible . nosepiece of an example embodiment , including pins . 

In one or more embodiments , the first and second pins are FIG . 5 illustrates a perspective view of a molding appa 
inserted through the first and second mold pieces in orthogo ratus including first and second mold pieces and pins of an 
nal directions with respect to each other . example embodiment . 

In one or more embodiments , the second pin includes a FIG . 6 illustrates a perspective view of a molding appa 
first section having a first diameter , a second section having ratus of an example embodiment with a first and second 
a second diameter , and a third section including the flat mold pieces closed together . 
sidewall portion . FIG . 7 illustrates a perspective view of pins of an example 

In one or more embodiments , a distal end of the second embodiment in contact with each other . 
pin has a spherical shape . FIG . 8 illustrates a plan view of a respiratory nosepiece of 

In another aspect , a respiratory nosepiece includes first an example embodiment including an oral sampling port . 
and second nasal prongs configured to be insertable into FIG . 9 illustrates a perspective view of a respiratory 
nostrils of a patient ; a first side port having a first channel , nosepiece including an oral sampling port of an example 
the first channel having a first end configured to insertably embodiment . 
receive tubes having different first and second diameters and 25 FIG . 10 illustrates a side plan view of an oral sampling 
a second end in communication with the first nasal prong ; port of an example embodiment . 
and a second side port having a second channel , the second FIG . 11 illustrates a cross - sectional view of a respiratory 
channel having a first end configured to insertably receive nosepiece having an oral sampling port of an example 
the tubes and a second end in communication with the first embodiment , including pins . 
nasal prong in communication with the second nasal prong , 
each of the first and second channels including a first section DETAILED DESCRIPTION 
having the first diameter at the first end followed by a second 
section having the second diameter , wherein the first diam In the following detailed description , for purposes of 
eter is greater than the second diameter . explanation and not limitation , representative embodiments 

In one or more embodiments , each of the first and second 35 disclosing specific details are set forth in order to provide a 
channels further includes a third section following the thorough understanding of the present teachings . However , 
second section , the third section having a third diameter it will be apparent to one having ordinary skill in the art 
smaller than the second diameter . having had the benefit of the present disclosure that other 

In one or more embodiments , the respiratory nosepiece embodiments according to the present teachings that depart 
further includes a bridge section extending between the first 40 from the specific details disclosed herein remain within the 
and second side ports and configured to support the nose scope of the appended claims . Moreover , descriptions of 
piece against the patient ; a third channel in the bridge well - known apparatuses and methods may be omitted so as 
section , the third channel having a first end in communica to not obscure the description of the representative embodi 
tion with the second end of the first channel and having a ments . Such methods and apparatuses are clearly within the 
second end ; and an oral sampling port extending along a 45 scope of the present teachings . 
same direction as the first and second nasal prongs , the oral In view of the foregoing , various embodiments and imple 
sampling port including a fourth channel having a first end mentations of the present invention are directed to a respi 
in communication with the second end of the third channel ratory nosepiece for gas sampling and method of manufac 
and having a second end configured to be adjacent to a turing a respiratory nosepiece for gas sampling . 
mouth of the patient . FIG . 1 illustrates a plan view of respiratory nosepiece 10 

It should be appreciated that all combinations of the of an example embodiment including inserted tubes 192 and 
foregoing concepts and additional concepts discussed in 194. Respiratory nosepiece 10 is made by injection molding , 
greater detail below ( provided such concepts are not mutu and may be a polymer material such as polyvinyl chloride , 
ally inconsistent ) are contemplated as being part of the thermoplastic elastomer , silicone , ethylene propylene diene 
inventive subject matter disclosed herein . In particular , all 55 monomer , or urethane that has sufficiently low durometer to 
combinations of claimed subject matter appearing at the end be flexible , such as in a range of about Shore A15 to Shore 
of this disclosure are contemplated as being part of the A90 for example . 
inventive subject matter disclosed herein . It should also be Respiratory nosepiece 10 as shown in FIG . 1 is a nasal 
appreciated that terminology explicitly employed herein that only configuration , and includes first nasal prong 110 con 
also may appear in any disclosure incorporated by reference 60 nected to first side port 130 , second nasal prong 120 con 
should be accorded a meaning most consistent with the nected to second side port 140 , and contoured bridge section 
particular concepts disclosed herein . 150 extending between first and second side ports 130 and 

140. First and second nasal prongs 110 and 120 are insert 
BRIEF DESCRIPTION OF THE DRAWINGS able into the nostrils of a patient , and are relatively short for 

65 patient comfort . Prong - to - prong spacing between first and 
In the drawings , like reference characters generally refer second nasal prongs 110 and 120 may be in a range of about 

to the same parts throughout the different views . Also , the 0.25 inches to 0.625 inches , suitable for a wide range of 

50 
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patient populations . First channel 112 depicted by dashed diameter , additional section 1461 extending between fourth 
lines extends through first nasal prong 110 along a first step 147 and second end 143 of fourth channel 141 . 
( vertical ) direction . First channel 112 has a substantially Third step 145 is a transition having tapered diameter 
consistent diameter along the length of first nasal prong 110 between third and fourth sections 144 and 146 , and extends 
that may be in a range of about 40-60 thousands of an inch . 5 around the entire inner circumference of fourth channel 141 . 
In an example embodiment , first channel 112 may taper Third step 145 functions as a hard stop that prevents 
slightly inward as it extends downward through first nasal insertion of first tubes , such as tube 192 which has the first 

diameter , into fourth section 146 , so that fourth section 146 
First and second side ports 130 and 140 as shown in FIG . is not occluded by over - insertion of tube 192. Fourth step 

1 are both connectable to tubes having different first and 10 147 is a transition between fourth section 146 and second 
second diameters . First side port 130 includes a second end 143 of fourth channel 141. Fourth step 147 functions as 
channel 131 depicted by dashed lines that extends through it a hard stop to prevent insertion of second tubes , such as tube 
along a second ( horizontal ) direction orthogonal to the first 194 having the second diameter , further into fourth channel 
( vertical ) direction . Second channel 131 has a first end 132 141 , so that additional section 1461 is not occluded by 
that is configured to insertably receive the tubes , and a 15 over - insertion of tube 194. Unlike third step 145 , fourth step 
second end 133 in communication with first channel 112 of 147 is located only along an upper inner circumference of 
first nasal prong 110. Second channel 131 includes first fourth channel 141 and consists of a wall portion which 
section 134 at first end 132 that has the first diameter , second functions as a hard stop that abuts against an end face of an 
section 136 having the second diameter , first step 135 inserted tube such as tube 194 to prevent further insertion of 
between first and second sections 134 and 136 , and second 20 the tube into fourth channel 141. Also , second end 143 of 
step 137 between second section 136 and second end 133 of fourth channel 141 has a spherical shape at 148 to smoothly 
second channel 131. Second channel 131 further includes direct flow of gas between third and fourth channels 122 and 
additional section 1361 having a third diameter smaller than 141 and minimize turbulence within the gas flow . 
the second diameter , additional section 1361 extending In an example embodiment , tube 192 connected to first 
between second step 137 and second end 133 of second 25 side port 130 and inserted into first section 134 of second 
channel 131 . channel 131 as shown in FIG . 1 may be an oxygen delivery 

First step 135 is a transition having tapered diameter tube connected to an oxygen delivery system ( not shown ) . 
between first and second sections 134 and 136 , and extends Tube 192 may have an outer diameter of about 125 thou 
around the entire inner circumference of second channel sands of an inch , substantially corresponding to the first 
131. First step 135 functions as a hard stop that prevents 30 diameter of first section 134 of second channel 131 and third 
insertion of first tubes , such as tube 192 which has the first section 144 of fourth channel 141. In another example 
diameter , into second section 136 , so that second section 136 embodiment , tube 194 connected to second side port 140 
is not occluded by over - insertion of tube 192. Second step and inserted through third section 144 and into fourth 
137 is a transition between second section 136 and second section 146 of fourth channel 141 as shown in FIG . 1 may 
end 133 of second channel 131. Second step 137 functions 35 be a carbon dioxide ( CO2 ) sampling tube connected to a 
as a hard stop to prevent insertion of second tubes , such as respiratory gas monitoring device ( not shown ) . Tube 194 
tube 194 having the second diameter , further into second may have an outer diameter of about 93 thousands of an 
channel 131 , so that additional section 1361 is not occluded inch , substantially corresponding to the second diameter of 
by over - insertion of tube 194. Unlike first step 135 , second second section 136 of second channel 131 and fourth section 
step 137 is located only along an upper inner circumference 40 146 of fourth channel 141 . 
of second channel 131 and consists of a wall portion which In example embodiments , tubes 192 may be bonded to 
functions as a hard stop that abuts against an end face of an first and third steps 135 and 145 , and tubes 194 may be 
inserted tube such as tube 194 to prevent further insertion of bonded to second and fourth steps 137 and 147 by adhesive 
the tube into second channel 131. Also , second end 133 of or solvent bonding . In other example embodiments , tubes 
second channel 131 has a spherical shape at 138 to smoothly 45 192 and 194 may be attached to the inner walls of second 
direct flow of gas between first and second channels 112 and and fourth channels 131 and 141 by barbed protrusions ( not 
131 and minimize turbulence within the gas flow . shown ) extending from the outer walls of tubes 192 and 194 . 

Third channel 122 shown in FIG . 1 depicted by dashed Moreover , as should be readily understood , first and 
lines extends through second nasal prong 120 along the first second side ports 130 and 140 as shown in FIG . 1 are both 
( vertical ) direction . Third channel 122 has a substantially 50 configured to insertably receive either tube 192 which may 
consistent diameter along the length of second nasal prong be an oxygen delivery tube , or tube 194 which may be a CO2 
120 that may be in a range of about 40-60 thousands of an gas sampling tube . In the example embodiment as shown in 
inch . Third channel 122 may taper slightly inward as it FIG . 1 , by insertion of tube 192 into first side port 130 and 
extends downward through second nasal prong 120 . insertion of tube 194 into second side port 140 , a gas 

Second side port 140 includes a fourth channel 141 55 sampling cannulae including respiratory nosepiece 10 and 
depicted by dashed lines that extends through it along the tubes 192 and 194 may thus be provided by which respira 
second ( horizontal ) direction , orthogonal to the first ( verti tory CO2 gas exhaled by the patient may be delivered via 
cal ) direction . Fourth channel 141 has a first end 142 that is first side port 130 to a respiratory gas monitoring device ( not 
configured to insertably receive the tubes , and a second end shown ) and by which oxygen may be delivered from an 
143 in communication with third channel 122 of second 60 oxygen supply ( not shown ) to the patient via second side 
nasal prong 120. Fourth channel 141 includes third section port 140. In a further embodiment , by insertion of tubes 192 
144 at first end 142 that has the first diameter , fourth section into both first and second side ports 130 and 140 , a gas 
146 having the second diameter , third step 145 between third sampling cannulae including respiratory nosepiece 10 and 
and fourth sections 144 and 146 , and fourth step 147 tubes 192 may thus be provided by which respiratory CO2 
between fourth section 146 and second end 143 of fourth 65 gas exhaled by the patient may be delivered to a respiratory 
channel 141. Fourth channel 141 further includes additional gas monitoring device ( not shown ) via both first and second 
section 1461 having a third diameter smaller than the second side ports 130 and 140. Accordingly , by having first and 
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second side ports 130 and 140 which may be characterized 414 of first pin 412 is brought directly into contact with flat 
as universal side ports , respiratory nosepiece 10 configured sidewall portion 439 of second pin 431 so that first pin 412 
as shown in FIG . 1 thus efficiently combines the function contacts flat sidewall portion 439 of second pin 431 sub 
ality of two different types of respiratory nosepieces . stantially without any gaps or spaces there between , thus 
As described , respiratory nosepiece 10 may be made of 5 avoiding resin flash into first and second channels 112 and 

sufficiently low durometer material to be flexible . When 131 of respiratory nosepiece 10 during injection molding . 
respiratory nosepiece 10 is attached to a patient with first and First and second pins 412 and 413 thus include respective 
second nasal prongs 110 and 120 inserted into the nostrils , opposing contact areas having flat pin - on - pin geometry . A 
contoured bridge section 150 shown in FIG . 1 may be smooth transition may thus be provided between first and 
positioned under the nose to support respiratory nosepiece 10 second channels 112 and 131 of respiratory nosepiece 10 
10 against the nasal philtrum of the patient , and tubes 192 without turbulence of gas flow . 
and 194 connected to either of first and second side ports 130 As further shown in FIG . 4 , second pin 431 includes 
and 140 may be draped behind the ears of patient . In an stepped portion 435 as a transition between first and second 
example embodiment , a top surface 151 of contoured bridge sections 434 and 436 , stepped portion 435 forming first step 
section 150 may be curved so that a height of contoured 15 135 within second channel 131 of respiratory nosepiece 10 . 
bridge section 150 along the first ( vertical ) direction may be Second pin 431 further includes wall 437 as a transition 
reduced near a center point between first and second nasal between second section 436 and flat sidewall portion 439 of 
prongs 110 and 120. The reduction in cross - sectional height third section 4361. Wall 437 forms second step 137 within 
provides a contoured bridge section 150 that extends away second channel 131. First and second sections 434 and 436 
from the nasal columella of the patient when respiratory 20 of second pin 431 are substantially cylindrical , while third 
nosepiece 10 is attached , avoiding uncomfortable chafing . section 4361 includes a substantially cylindrical bottom 

FIG . 2 illustrates a perspective view of respiratory nose portion having flat sidewall portion 439 as a top surface . As 
piece 10 of an example embodiment . First and second nasal further shown , second ( distal ) end 433 of second pin 431 has 
prongs 110 and 120 , first and second side ports 130 and 140 , spherical shaped section 438 that correspondingly forms the 
and contoured bridge section 150 including top surface 151 25 spherical shape 138 at second end 133 within second chan 
of respiratory nosepiece 10 are shown in FIG . 2 . nel 131 , which helps to smoothly redirect gas flow between 

FIG . 3 illustrates a bottom plan view of respiratory first and second channels 112 and 131 while minimizing 
nosepiece 10 of an example embodiment , from an underside turbulence . 
of the view shown in FIG . 1. Contoured bridge section 150 Respiratory nosepiece 10 shown in FIG . 4 further 
as shown in FIG . 3 includes side surfaces ( sidewalls ) 152 30 includes third pin 422 within second nasal prong 120 that 
and 153 that are adjacent top surface 151. Side surfaces 152 forms third channel 122 of respiratory nosepiece 10 , and 
and 153 as shown may be curved inward so that a width fourth pin 441 within second side port 140 that forms fourth 
between side surfaces 152 and 153 of contoured bridge channel 141. Third and fourth pins 422 and 441 are respec 
section 150 may be reduced near a center point between first tively substantially identical to first and second pins 412 and 
and second nasal prongs 110 and 120 ( not shown ) . The 35 431. Detailed description of third and fourth pins 422 and 
reduction in width allows for greater flexibility at contoured 441 is thus omitted . 
bridge section 150 , thus providing a more comfortable fit FIG . 5 illustrates a perspective view of molding apparatus 
against the nasal philtrum of the patient . 30 including first and second mold pieces 310 and 330 , first 

FIG . 4 illustrates a cross - sectional view of respiratory pin 412 , second pin 431 , third pin 422 and fourth pin 441 , 
nosepiece 10 of an example embodiment , including first and 40 of an example embodiment . Molding apparatus 30 is shown 
second pins 412 and 431. First and second pins 412 and 431 in FIG . 5 during an initial position with first and second 
are inserted into a molding apparatus during an injection mold pieces 310 and 330 apart from each other , and first 
molding process as will be subsequently described with through fourth pins 412 , 422 , 431 and 441 in retracted 
respect to FIGS . 5 and 6 , to respectively form first channel positions . FIG . 6 illustrates a perspective view of molding 
112 within first nasal prong 110 and second channel 131 45 apparatus 30 of an example embodiment , with first and 
within first side port 130. First and second pins 412 and 431 second mold pieces 310 and 330 closed together . 
may be made of steel or aluminum , and are inserted into the First mold piece 310 as shown in FIG . 5 includes cavity 
molding apparatus prior to injection of molding material . 316 which forms a first half of respiratory nosepiece 10 . 
FIG . 4 thus shows a cross - section of respiratory nosepiece Second mold piece 330 includes an additional cavity ( not 
10 after injection of mold material , but before retraction of 50 shown ) which forms a second half of respiratory nosepiece 
first and second pins 412 and 431 , for purposes of explana 10. In a molding process , first and second mold pieces 310 
tion as follows . and 330 are brought together against each other , so that a 

First pin 412 as shown in FIG . 4 is substantially cylin complete nosepiece cavity is formed by cavity 316 and the 
drical , including distal end 414 that has a substantially flat additional cavity ( not shown ) . Grooves 311 , 312 , 313 and 
face 416. First pin 412 has a substantially consistent diam- 55 314 are formed in first mold piece 310 , while corresponding 
eter along its length , but may be slightly tapered toward mating grooves 331 , 332 , 333 and an additional groove ( not 
distal end 414 so as to be more easily retractable after shown ) are formed in second mold piece 330. As shown in 
injection of the molding material . Second pin 431 includes closed mold apparatus 30 of FIG . 6 , the mating grooves of 
first and second ends 432 and 433 , first section 434 having first and second mold pieces 310 and 330 form correspond 
the first diameter , second section 436 having the second 60 ing pin insertion holes 342 , 341 , 343 and a corresponding 
diameter , and third section 4361 having a flat sidewall fourth pin insertion hole ( not shown ) , into which first , 
portion 439 aligned underneath and in direct contact with second , third and fourth pins 412 , 431 , 422 and 441 are 
first pin 412 when first and second pins 412 and 431 are in inserted through the walls of closed mold apparatus 30 and 
the fully inserted position within the molding apparatus into the nosepiece cavity . 
immediately prior to injection of the molding material . As 65 When the pins are fully inserted , flat face 416 at distal end 
can be appreciated in view of FIG . 7 , first and second pins 414 of first pin 412 shown in FIG . 5 will be in direct contact 
412 and 431 are constructed so that flat face 416 at distal end with flat sidewall portion 439 at second end 433 of second 
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pin 431 substantially without any gap there between , as oxygen supply ( not shown ) via an oxygen delivery tube such 
shown in FIG . 7. First and second pins 412 and 431 as as tube 192 shown in FIG . 1 which has an outer diameter 
inserted into mold apparatus 30 respectively form first and substantially corresponding to the first diameter . 
second channels 112 and 131 of respiratory nosepiece 10 , FIG . 9 illustrates a perspective view of respiratory nose 
first and second channels 112 and 131 being in communi- 5 piece 20 , including oral sampling port 260 of an example 
cation with each other . Likewise , when the pins are fully embodiment . First and second nasal prongs 110 and 120 , 
inserted , flat face 426 at distal end 424 of third pin 422 first and second side ports 130 and 140 , bridge section 250 
shown in FIG . 5 will be in direct contact with flat sidewall and oral sampling port 260 of respiratory nosepiece 20 are 
portion 449 at second end 443 of fourth pin 441 substantially shown in FIG . 9 . 
without any gap there between . Third and fourth pins 422 10 FIG . 10 illustrates a side plan view of oral sampling port 
and 441 as inserted into mold apparatus 30 respectively form 260 of respiratory nosepiece 20 of an example embodiment . 
third and fourth channels 122 and 141 of respiratory nose As shown in FIG . 9 , second end 263 of sixth channel 261 of 
piece 10 , third and fourth channels 122 and 141 being in oral sampling port 260 is beveled toward a mouth of the 
communication with each other . patient ( not shown and which would be located to the left of 

Additionally , an injection port ( not shown ) may be formed 15 the figure ) . 
through first mold piece 310 to supply mold material at a FIG . 11 illustrates a cross - sectional view of respiratory 
location such as location 318 shown in FIG . 5. Positioning nosepiece 20 of an example embodiment , including fifth and 
of the injection port to supply mold material to the nosepiece sixth pins 451 and 461. Fifth pin 451 is insertable into a 
cavity at location 318 ensures that top surface 151 and / or molding apparatus such as shown in FIGS . 5 and 6 during 
side surfaces 152 and 153 of contoured bridge section 150 20 an injection molding process to form second channel 131 
of respiratory nosepiece 10 as shown in FIGS . 1-3 will be and fifth channel 251 within bridge section 250 of respira 
substantially smooth without bumps , minimizing irritation tory nosepiece 20 shown in FIG . 8. Sixth pin 461 is 
when respiratory nosepiece 10 is attached to the patient . insertable into the molding apparatus during the injection 

FIG . 7 illustrates a perspective view of first and second molding process to form sixth channel 261 within oral 
pins 412 and 431 of an example embodiment as fully 25 sampling port 260. Fifth pin 451 may be a pin similar in 
inserted into molding apparatus and in contact with each construction to second pin 431 described with respect to 
other . Distal end 414 of first pin 412 includes flat face 416 FIG . 4 , including first , second and third sections 454 , 456 
in direct contact with flat sidewall portion 439 at second end and 4561 respectively corresponding to first , second and 
433 of second pin 431 substantially without any gap there third sections 434 , 436 and 4361 of second pin 431 , and 
between , to minimize and avoid resin flash into respective 30 further including fourth section 4562 extending from third 
first and second channels 112 and 131 of respiratory nose section 4561. Fifth pin 451 may include flat sidewall portion 
piece 10 . 459 at fourth section 4562. Sixth pin 461 may have a flat end 

FIG . 8 illustrates a perspective view of respiratory nose face 466 at second ( distal ) end 462. When fully inserted into 
piece 20 of an example embodiment , including an oral the corresponding molding apparatus , flat end face 466 of 
sampling port 260. Respiratory nosepiece 20 as shown in 35 sixth pin 461 is brought into direct contact with flat sidewall 
FIG . 8 includes first nasal prong 110 , first channel 112 , first portion 459 at fourth section 4562 of fifth pin 451 with no 
side port 130 , second channel 131 , second nasal prong 120 , gaps there between , to minimize and avoid resin flash into 
third channel 122 , second side port 140 and fourth channel fifth and sixth channels 251 and 261 of respiratory nosepiece 
141 such as described with respect to FIG . 1 , and for which 20 . 
detailed description with reference to FIG . 8 is omitted . First 40 As a variation , a multi - cavity tool may be provided 
through fourth channels 112 , 131 , 122 and 141 as respec including first and second mold pieces 310 and 330 having 
tively extending through first nasal prong 110 , first side port cavity 316 as shown in FIG . 5 for example repeated multiple 
130 , second nasal prong 120 and second side port 140 are times within an injection mold tool frame , with each cavity / 
depicted by dashed lines . core combination having its own set of pins . The overall 

Respiratory nosepiece 20 as shown in FIG . 8 further 45 mechanism of the injection mold tool would correspond 
includes oral sampling port 260 and fifth channel 251 in ingly actuate the pins for each cavity / core set . 
bridge section 250. Fifth channel 251 includes first end 252 While several inventive embodiments have been 
in communication with second channel 131 within first side described and illustrated herein , those of ordinary skill in the 
port 130 , and second end 253. Oral sampling port 260 art will readily envision a variety of other means and / or 
includes sixth channel 261 which extends along the first 50 structures for performing the function and / or obtaining the 
( vertical ) direction . Sixth channel 261 includes first end 262 results and / or one or more of the advantages described 
in communication with second end 253 of fifth channel 251 , herein , and each of such variations and / or modifications is 
and second end 263. Oral sampling port 260 is configured so deemed to be within the scope of the inventive embodiments 
that when respiratory nosepiece 20 is attached to a patient , described herein . More generally , those skilled in the art will 
second end 263 may be adjacent a mouth of the patient . As 55 readily appreciate that all parameters , dimensions , materials , 
shown in FIG . 10 , second end 263 of oral sampling port 260 and configurations described herein are meant to be exem 
may be beveled toward the mouth of the patient . plary and that the actual parameters , dimensions , materials , 

Respiratory nosepiece 20 as shown in FIG . 8 is designed and / or configurations will depend upon the specific appli 
for patients that are prone to mouth breathing in addition to cation or applications for which the inventive teachings 
or in place of nose breathing . In an example embodiment , 60 is / are used . Those skilled in the art will recognize , or be able 
first side port 130 of respiratory nosepiece 20 as shown in to ascertain using no more than routine experimentation , 
FIG . 8 may be connected to a respiratory gas monitoring many equivalents to the specific inventive embodiments 
device ( not shown ) via a CO2 sampling tube such as tube described herein . It is , therefore , to be understood that the 
194 shown in FIG . 1 which has an outer diameter substan foregoing embodiments are presented by way of example 
tially corresponding to the second diameter . In other 65 only and that , within the scope of the appended claims and 
example embodiments , first side port 130 of respiratory equivalents thereto , inventive embodiments may be prac 
nosepiece 20 as shown in FIG . 8 may be connected to an ticed otherwise than as specifically described and claimed . 

9 



US 10,471,228 B2 
11 12 

Inventive embodiments of the present disclosure are directed than A ) ; in yet another embodiment , to at least one , option 
to each individual feature , system , article , material , kit , ally including more than one , A , and at least one , optionally 
and / or method described herein . In addition , any combina including more than one , B ( and optionally including other 
tion of two or more such features , systems , articles , mate elements ) ; etc. 
rials , kits , and / or methods , if such features , systems , articles , 5 It should also be understood that , unless clearly indicated 
materials , kits , and / or methods are not mutually inconsis to the contrary , in any methods claimed herein that include 
tent , is included within the inventive scope of the present more than one step or act , the order of the steps or acts of disclosure . the method is not necessarily limited to the order in which All definitions , as defined and used herein , should be the steps or acts of the method are recited . understood to control over dictionary definitions , definitions 10 
in documents incorporated by reference , and / or ordinary In the claims , as well as in the specification above , all 
meanings of the defined terms . transitional phrases such as “ comprising , ” “ including , ” “ car 

The indefinite articles “ a ” and “ an , ” as used herein in the rying , " " having , " " containing , ” “ involving , " " holding , ” 
specification and in the claims , unless clearly indicated to " composed of , " and the like are to be understood to be 
the contrary , should be understood to mean “ at least one . ” 15 open - ended , i.e. , to mean including but not limited to . Only 

The phrase " and / or , ” as used herein in the specification the transitional phrases " consisting of " and " consisting 
and in the claims , should be understood to mean “ either or essentially of ” shall be closed or semi - closed transitional 
both ” of the elements so conjoined , i.e. , elements that are phrases , respectively , as set forth in the United States Patent 
conjunctively present in some cases and disjunctively pres Office Manual of Patent Examining Procedures , Section 
ent in other cases . Multiple elements listed with “ and / or ” 20 211 . 
should be construed in the same fashion , i.e. , “ one or more ” 
of the elements so conjoined . Other elements may optionally The invention claimed is : 
be present other than the elements specifically identified by 1. A respiratory nosepiece comprising : 
the " and / or " clause , whether related or unrelated to those a first nasal prong configured to be insertable into a nostril elements specifically identified . Thus , as a non - limiting 25 of a patient , a first channel extending through the first example , a reference to “ A and / or B ” , when used in con nasal prong along a first direction ; and junction with open - ended language such as " comprising ” a first side port connectable to tubes having different first can refer , in one embodiment , to A only ( optionally includ and second diameters , the first side port including a ing elements other than B ) ; in another embodiment , to B 
only ( optionally including elements other than A ) ; in yet 30 second channel extending along a second direction 
another embodiment , to both A and B ( optionally including orthogonal with respect to the first direction , the second 
other elements ) ; etc. channel having a first end configured to insertably 
As used herein in the specification and in the claims , “ or ” receive the tubes and having a second end in commu 

should be understood to have the same meaning as “ and / or " nication with the first channel , 
as defined above . For example , when separating items in a 35 the second channel comprising a first section at the first 
list , “ or ” or “ and / or ” shall be interpreted as being inclusive , end having the first diameter , a second section having 
i.e. , the inclusion of at least one , but also including more the second diameter , a first step between the first and 
than one , of a number or list of elements , and , optionally , second sections , and a second step between the second 
additional unlisted items . Only terms clearly indicated to the section and the second end of the second channel , the 
contrary , such as “ only one of or “ exactly one of , ” or , when 40 first step configured to prevent insertion of first tubes 
used in the claims , “ consisting of , ” will refer to the inclusion having the first diameter into the second section and the 
of exactly one element of a number or list of elements . In second step configured to prevent insertion of second 
general , the term “ or ” as used herein shall only be inter tubes having the second diameter further into the 
preted as indicating exclusive alternatives ( i.e. “ one or the second channel , and 
other but not both ” ) when preceded by terms of exclusivity , 45 the second step consists of a wall portion located only 
such as “ either , ” “ one of , " " only one of , ” or “ exactly one of . ” along an upper inner circumference of the second 
“ Consisting essentially of , ” when used in the claims , shall channel . 
have its ordinary meaning as used in the field of patent law . 2. The respiratory nosepiece of claim 1 , further compris 

As used herein in the specification and in the claims , the ing : 
phrase " at least one , ” in reference to a list of one or more 50 a second nasal prong configured to be insertable into 
elements , should be understood to mean at least one element another nostril of the patient , a third channel extending 
selected from any one or more of the elements in the list of through the second nasal prong along the first direction ; 
elements , but not necessarily including at least one of each and 
and every element specifically listed within the list of a second side port connectable to the tubes , the second 
elements and not excluding any combinations of elements in 55 side port including a fourth channel extending along the 
the list of elements . This definition also allows that elements second direction , the fourth channel having a first end 
may optionally be present other than the elements specifi configured to insertably receive the tubes and a second 
cally identified within the list of elements to which the end in communication with the third channel , the fourth 
phrase " at least one ” refers , whether related or unrelated to channel comprising a third section at the first end 
those elements specifically identified . Thus , as a non - limit- 60 having the first diameter , a fourth section having the 
ing example , " at least one of A and B ” ( or , equivalently , “ at second diameter , a third step between the third and 
least one of Aor B , " or , equivalently “ at least one of A and / or fourth sections , and a fourth step between the fourth 
B ” ) can refer , in one embodiment , to at least one , optionally section and the second end of the fourth channel , the 
including more than one , A , with no B present ( and option third step configured to prevent insertion of the first 
ally including elements other than B ) ; in another embodi- 65 tubes into the third section and the fourth step config 
ment , to at least one , optionally including more than one , B , ured to prevent insertion of the second tubes further 
with no A present ( and optionally including elements other into the fourth channel . 
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3. The respiratory nosepiece of claim 2 , further compris 11. The respiratory nosepiece of claim 10 , wherein the 
ing a bridge section extending between the first and second oral sampling port is beveled toward the mouth of the patient 
side ports and configured to support the respiratory nose at the second end of the sixth channel . 
piece against the patient . 12. A respiratory nosepiece comprising : 

4. The respiratory nosepiece of claim 1 , wherein the 5 first and second nasal prongs configured to be insertable 
into nostrils of a patient ; second channel further comprises an additional section a first side port having a first channel , the first channel having a third diameter smaller than the second diameter , the having a first end configured to insertably receive tubes additional section extending between the second step and the having different first and second diameters and a sec 

second end of the second channel . ond end in communication with the first nasal prong ; 
5. The respiratory nosepiece of claim 4 , wherein the first and 

diameter is larger than the second diameter by an amount a second side port having a second channel , the second 
which corresponds to a wall thickness of the first tubes . channel having a first end configured to insertably 

6. The respiratory nosepiece of claim 1 , wherein the receive the tubes and a second end in communication 
second end of the second channel has a spherical shape with the second nasal prong , 

each of the first and second channels comprising configured to smoothly redirect flow of gas between the first a first section having the first diameter at the first end and second channels . followed by a second section having the second 7. The respiratory nosepiece of claim 1 , comprised of diameter , wherein the first diameter is greater than polyvinyl chloride , thermoplastic elastomer , silicone , ethyl the second diameter , 
ene propylene diene monomer , or urethane having a suffi- 20 a third section following the second section , the third 
ciently low durometer to be flexible . section having a third diameter smaller than the 

8. The respiratory nosepiece of claim 3 , wherein a top second diameter , and 
surface of the bridge section is curved so that a height of the a step between the second and third sections , and 
bridge section along the first direction is reduced near a consisting of a wall portion only located along an 
center point between the first and second nasal prongs . upper inner circumference of the second channel . 

9. The respiratory nosepiece of claim 8 , wherein side 13. The respiratory nosepiece of claim 12 , further com 
surfaces of the bridge section adjacent the top surface are prising : 
curved so that a width between the side surfaces of the a bridge section extending between the first and second 
bridge section is reduced near the center point between the side ports and configured to support the nosepiece 
first and second nasal prongs . against the patient ; 

10. The respiratory nosepiece of claim 3 , further com a third channel in the bridge section , the third channel 
prising : having a first end in communication with the second 

a fifth channel in the bridge section , the fifth channel end of the first channel and having a second end ; and 
having a first end in communication with the second an oral sampling port extending along a same direction 
end of the fourth channel and having a second end ; and 35 as the first and second nasal prongs , the oral sampling 

an oral sampling port including a sixth channel extending port including a fourth channel having a first end in 
along the first direction , the sixth channel having a first communication with the second end of the third chan 
end in communication with the second end of the fifth nel and having a second end configured to be adjacent 
channel and having a second end configured to be to a mouth of the patient . 
adjacent to a mouth of the patient . 
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