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SWABABLE VALVE WITH CURVILINEAR VALVE STEM 

[001] CROSS-REFERENCE TO RELATED APPLICATIONS 

[002] This application claims the benefit of provisional application number 

62/243,036, filed October 17, 2015, the disclosure of which is hereby incorporated by 

reference herein.  

[003] BACKGROUND OF THE INVENTION 

[004] Field of the Invention 

[005] This invention relates to Luer activated valves. More particularly, 

invention relates to a swabable valve having a swabable valve stem.  

[006] Description of the Background Art 

[007] Presently there exist numerous types of swabable valves for intravenous 

(IV) lines, containers and the like that include an internal elastomeric valve stem having a 

through-slit that is normally-forced closed within the valve body to preclude fluid flow 

through the valve. When accessed by an access device, such as the tip of a male Luer 

fitting on the end of a syringe or other IV component, the tip of the access device forces 

the valve stem inwardly into the valve body upon which the tip enters into the slit to open 

the valve stem allowing fluid flow from the access device, through its tip and then 

through the now forced-open slit. Upon removal of the tip of the access device from the 

valve, the elastomeric properties of the valve stem resiliently move the valve stem 

outwardly to return to its normally-closed position within the valve body.  
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[008] Representative patents and patent applications that teach swabable valves 

having elastomeric valve stems owned by the assignee of this application are disclosed in 

U.S. Patent 6,651,956, 6,089,541 and 6,036,171 and U.S. Published Patent Applications 

2015/0141937, 2008/0009822 and 2005/0261637, the disclosures of which are hereby 

incorporated herein.  

[009] As described in U.S. Patent 6,651,956, the valve 10 shown in Figs. 1-2 

includes a substantially tubular valve body 12 having a central axial bore 14 forming an 

enlarged diameter section 16 and a reduced diameter section 18. The bore 14 defines a 

first open end 20 for receiving a male valve component or instrument (hereinafter 

generally referred to as an access device) 22, such as a needleless syringe having a Luer 

tip, and a second open end 24 for communication with a fluid line (not shown) or other 

another access device. Preferably, the valve body 12 is comprised of a relatively rigid, 

durable material such as a thermoplastic material (e.g., a polycarbonate).  

[0010] For ease of assembly, the valve body 12 may be formed of two portions, a 

front body portion 26 and a back end portion 28, which are ultrasonically sealed together 

at a weld joint 30 to provide the continuous valve body 12. Ultimately, it should be 

appreciated that the location of the joint 30 is not imperative, and that the valve body 12 

need not even be formed of two separate pieces that are connected together, but may be 

formed of even more pieces or may be formed as a unitary, single-bodied piece. As an 

alternative to the weld joint 30, a snap joint or a glued joint may be provided between the 

front portion 26 and the rear portion 28 of the valve body 12. As shown, preferably the 
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shape of the housing 12 is such that its external surface provides a generally convex-like 

shape, wherein a shoulder cross sectional diameter at a proximal end is larger than the 

cross sectional diameter in the middle of the housing (i.e., the housing 26 is wider at 

shoulder 21 than it is in the middle of the valve 10), thus facilitating secure handling of 

the valve 10.  

[0011] The rear portion 28 of the valve body 12 may be configured as a male 

Luer fitting for receiving an access device having corresponding female Luer fitting (not 

shown). Alternatively, the rear portion may be configured for direct engagement with a 

fluid line such as a tube. In fact, there are many alternatives for the shape and 

configuration of the rear end of the valve.  

[0012] Within the valve body 12 is a valve stem 32. Preferably, the stem 32 is 

comprised of silicone, but the stem 32 may instead be formed of some other resilient 

elastomer material, such as natural rubber, a thermoplastic elastomer, or a thermoplastic 

rubber. As best shown in Figs. 3A, 3B and 3C, the stem 32 preferably has a generally 

conical front body portion 34 and a generally cylindrical rear body or throat portion 36.  

Both the front body portion 34 and throat portion 36 have generally circular cross

sectional profiles, and the valve body 12 is correspondingly shaped. The front body 

portion 34 of the stem 32 includes a plurality of generally cylindrical portions 38, 39 and 

40 and a generally frustro-conical portion 44, which provides that the front body portion 

34 generally tapers to an end 46.  

-3 -



WO 2017/066766 PCT/US2016/057355 

[0013] The rear body portion 36 of the stem 32 is preferably substantially 

cylindrical to provide strong axial compression resistance, and terminates at a blunt or 

flat end 48, generally opposite end 46. The stem 32 has a central axial fluid passageway 

50 therethrough which defines, at one end of the passageway 50, a through- slit 52 in the 

front end surface 46 of the stem 32 and defines, at the other end of the passageway, an 

opposite, second end opening 54. Preferably the second end 54 of the stem 32 sealingly 

aligns with an internal surface of the valve body 12 thus providing a smooth fluid flow 

path between the fluid passageway 50 in the stem 32 and the valve body 12 for carrying a 

liquid, air or other fluid within the valve 10. Preferably, the sidewall of the stem 32 

extends from one end 46 of the stem 32 to the other 48.  

[0014] The cylindrical portion 39 is configured such that it functions as a relieve 

feature because it allows portion 38 to be compressed to more tightly seal the slit 52 

closed and to seal the frustro-conical portion 44 within the corresponding portion 65 of 

the valve body 12, thereby greater resistance to fluid back pressure.  

[0015] While the second end opening 54 of the stem 32 is always open, in one 

prior art embodiment the slit 52 in the front portion 34 of the stem 32 is normally closed 

even when the valve stem 32 is not compressed within the valve body 12.  

[0016] The valve stem 32 optionally includes a circumferential notch 58 on its 

exterior surface. The notch 58 provides a point of weakness on the exterior surface 60 of 

the valve stem 32. The notch 58 is configured to provide that, when the male access 

device 22 is engaged with the valve 10, the valve stem 32 buckles or expands generally 
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outwardly, at the notch 58, thereby providing increased flow volume within the valve 

stem 32. The increased flow volume provides less flow resistance. When an access 

device 22 is engaged in the slit 52 of the valve stem 32, the slit 52 seals against the outer 

surface of the access device 22 and the stem 32 shifts inwardly into the valve body 12.  

When the slit 52 is opened, fluid flow is allowed through the stem 32, to or from the 

access device 22. The structure of the valve 10 is such that when the valve 10 is actuated, 

fluid can flow in either direction through the valve 10. As the access device 22 is being 

removed from the slit 52 in the end 46 of the stem 32, the slit 52 closes shut, and this 

prevents fluid leak upon further removal of the access device 22. Also, the stem 

configuration is such that the slit 52 swabs or cleans the tip 56 of the access device 22 as 

the tip 56 is being removed.  

[0017] A shoulder 62 is provided on the stem 32, generally at the juncture of the 

generally conical front body portion 34 and the generally cylindrical portion 36. The 

shoulder 62 could engage a corresponding shoulder 64 in the valve body 12, thereby 

forming a point of sealed contact therebetween. This point of sealed contact remains 

regardless of whether an access device 22 is engaged with the valve 10 or not (see Fig.  

2). Furthermore, when an access device 22 is not engaged with the valve 10, generally the 

entire side surface of the front portion 34 of the stem 32 sealingly engages internal 

surface 65 of the valve housing 12. This sealed engagement results from the fact that the 

taper angle of the front portion 26 of the valve body 12 is generally about the same as that 

of the front portion 34 of the stem 32.  
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[0018] The end 48 of the stem 32 is also seated against a shoulder 66 within the 

valve body 12, such an on the interior of the back portion 28, thereby forming another 

point of sealed contact. To provide for additional sealed contact, the end 48 of the stem 

32 is provided with both a flat portion 68 adjacent the end 54 and a lip 70 which 

protrudes from the end 54. While the lip 70 and portion 68 seals against the shoulder 66 

within the valve body 12, the portion 36 seals against an adjacent internal side wall 25 

within the valve body 12 thereby providing essentially two contact surfaces between the 

end 48 of the stem 32 and the valve body 12. Hence, overall, there are always essentially 

three points of sealing contact between the valve stem 32 and the interior of the valve 

body 12 (i.e., a point of sealed contact between shoulder 62 and shoulder 64, and two 

points of sealed contact between the end 48 of the stem 32 and the interior of the valve 

body 12). Still further, as discussed above, preferably the angle of taper of the front 

portion 26 of the valve body 12 is generally about the same as that of the front portion 34 

of the stem 32, thereby providing that the surface of the front portion 34 of the stem 32 

generally seals against the interior surface 65 of the valve body 12. One having ordinary 

skill in the art may recognize still other ways in which to provide points of sealed contact 

between the stem 32 and the valve body 12. Providing sealed contact between the stem 

32 and the valve body 12 is important in order to prevent fluid from entering or leaking 

into the neutral space 74 between the stem 32 and the valve body 12 from the fluid flow 

area.  
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[0019] When there is no access device engaged with the valve, the slit 52 in the 

end 46 of the valve stem 32 is fully closed, and the end 46 of the valve stem 32 is 

generally flush with the bottom of the front concave area 23 of the valve body 12, thereby 

providing that the end 46 of the stem 32 and adjacent areas can be cleaned. This feature is 

important in medical applications where bacteria growth is to be avoided. To this end, a 

sterilizing swab can be used to clean the end 46 of the stem 32 and adjacent areas.  

Concave area 23 helps to guide an access device 22 into the valve.  

[0020] The stem 32 is preferably configured such that, when an access device 22 

is not engaged with the valve 10, the valve stem 32 naturally rests in the position shown 

in Fig. 1. However, means may be provided for urging the end 46 of the stem 32 towards 

the end 20 of the valve body 12. Particularly, a compression spring (not shown) may be 

provided in the neutral space 74 between the stem 32 and the valve body 12.  

[0021] While a compression spring may be provided between the stem 32 and the 

valve body 12, it is preferred that the rear body portion 36 of the stem 32 be provided as 

having a thick wall and being robust enough to provide a sufficient spring rate or force in 

order to urge the end 48 of the stem 32 towards the first end 20 of the valve body 12.  

[0022] Operation of the valve 10 will now be described in connection with 

engagement of an access device 22 therewith. As mentioned, the access device 22 to be 

engaged with the valve 10 may be a needleless syringe having a male Luer tip. Before the 

access device 22 is engaged with the valve 10, the valve 10 is in the condition shown in 

Fig. 1. At that time, the slit 52 is closed and hermetically sealed. Additionally, as 
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described above, the stem 32 is sealed against the valve body 12 at various points (i.e., 

vis-a-vis end 48, shoulder 62, and the entire surface of the front portion 34 of the stem 

32).  

[0023] When the tip 56 of the access device 22 is first brought into engagement 

with the slit 52 in the end 46 of the stem 32, the slit 52 initially resists the insertion 

thereof. However, as the tip 56 of the access device 22 is further pushed or engaged into 

the slit 52 to move the stem 32 inwardly, the slit 52 eventually deforms or opens to allow 

entry of the tip 56 of the access device 22, as shown in Fig. 4, and due to the resiliency of 

stem 32, a tight hermetic seal is formed between the stem 32 and the tip 56 of the access 

device 22. The engagement of the tip 56 with stem 32 serves to further compress the stem 

32 and further enhance the internal seals, especially at end 54.  

[0024] As the tip 56 of the access device 22 is further pushed into the slit 52 in 

the stem 32, the end 46 of the stem 32 is pushed more inwardly into the valve body 12, 

and, as shown in Fig. 2, the valve stem 32 buckles or expands generally outwardly, at the 

notch 58. End 46 of stem 32 collapses and folds inward into the cavity 50, approximately 

around a fulcrum point 35 located at the area of minimal wall thickness. The slit 52 fully 

opens and fluid flow is allowed through the stem 32, to or from the access device 22. As 

the access device 22 is being removed from the slit 52 in the end 46 of the stem 32, the 

slit 52 closes shut, and this prevents fluid leak. Additionally, the stem 32 wipes or swabs 

the tip 56 clean upon removal.  
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[0025] A female thread or Luer lock thread 76 may be provided on the valve body 

12 near the end 20 thereof for engagement with a corresponding male Luer lock thread 78 

on the access device 22. Or, other corresponding structure may be provided between the 

valve 10 and the access device 22 for engagement therebetween. It is preferable to 

provide the described Luer lock threads or some other engagement structure because the 

engagement between the valve 10 and the access device 22 helps to align the access 

device 22 while providing a mechanical advantage to overcome the resistance by the slit 

52 to expanding and accommodating the tip 56 of the access device 22. However, it 

should be pointed out that threaded engagement between the valve body 12 and the 

access device 22 is not necessary to keep the tip 56 of the access device 22 and the slit 52 

of the stem 32 engaged because the grip or the frictional engagement between the tip 56 

of the access device 22 and section 18 of the valve body 12, plus engagement of the slit 

52 around the tip 56, is sufficient to hold the access device 22 and the valve 10 in 

engagement. Nevertheless, it may be desirable to provide the above-described Luer lock 

threads 76 and 78 on the access device 22 and valve body 12, respectively, or some other 

engagement structure, when large separation forces will be present therebetween. This, of 

course, will depend on the application in which the valve 10 is used.  

[0026] After the tip 56 of the access device 22 is engaged with the slit 52, fluid 

may be injected or withdrawn via the tip 56 through the stem 32, that is to say, the access 

device 22 may suction or inject fluid through the stem 32. As the fluid flows, no fluid 
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enters the neutral space 74 between the stem 32 and the valve body 12. Therefore, 

bacteria growth in the neutral space 74 is not encouraged.  

[0027] Consideration is now directed to what occurs upon disengagement of the 

access device 22 from the valve 10. As the tip 56 of the access device 22 is initially 

withdrawn from the slit 52 in the end 46 of the stem 32, the stem 32, due to its inherent 

resiliency, is urged toward the end 20 of the valve body 12. As a result of this bias of the 

stem 32 toward the tip 56, the slit 52 in the stem 32 and adjacent internal stem walls wipe 

or swab the tip 56 virtually free of fluid as the tip 56 is being withdrawn. In medical 

applications, this can reduce the waste of expensive injectable solutions and minimize 

unintended, undesired human exposure to the fluid, which may be contaminated or be a 

bio hazardous fluid.  

[0028] The above-described valve 10 provides several advantages over the prior 

art. For example, the neutral space 74 is sealed away from the fluid flow. Therefore, there 

is no leaking of fluid thereinto, and a compression spring, if provided between the stem 

32 and the valve body 12, is not exposed to the flowing fluid. Also, the tip 56 of the 

access device 22 is wiped virtually free of fluid upon the tip 56 being withdrawn from the 

valve 10. Additionally, the valve 10 provides no perceptible areas for bacterial growth.  

Still further, the stem 32 is configured with a relief feature 39 to achieve relatively flat 

and wrinkle free top surface at the end 46. All the components have circular cross 

sectional geometry and therefor there is no need for precise part orientation during 

assembly of the valve, allowing for reliable high-speed manufacture. Still further, the 
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stem 32 is configured to buckle when the tip 56 of an access device 22 is inserted in the 

slit 52 in the end 46 of the stem 32, and this provides increased internal flow volume and 

less resistance to fluid flow. Many more advantages are provided by the present invention 

and have been previously described herein. One having ordinary skill in the art may 

readily realize even more advantages.  

[0029] As described above and shown in Figs. 3A-3E, at rest (i.e., not installed in 

the valve body 12), the exposed upper surface 46 of the stem 32 comprises a generally 

flat configuration. As shown in Fig. 3F, when the valve stem 32 is compressed after 

being installed within the valve body 12, the exposed upper surface 46 becomes slightly 

convex. Valve stems 32 of this configuration have been successfully commercialized by 

the assignee of US Patent 6,651,956 for many years.  

[0030] Historically, valve stem 32 has been composed of silicone having a 

durometer of about 40. It is noted that during cutting of the through-slit 52, the cutting 

blade is usually lubricated to minimize tearing while cutting and to minimize healing of 

the slit when the assembled valve 10 is later sterilized. It is also noted that during 

assembly, the valve stem 32 is typically lubricated to enhance its ability to reduce the 

coefficient of friction between its front conical portion 34 and the enlarged and reduced 

diameter portions 16 and 18 of the valve body 12, thereby allowing the valve stem 32 to 

more freely collapse when being engaged by an access device 22 and to then return to its 

at rest position when disengaged.  
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[0031] The manufacturer's Instructions For Use (IFU) has required that the valve 10 be accessed 

by the access device 22 co-axially such that the tip of the access device 22 pushes the stem 32 

axially inwardly of the body 12 to uniformly collapse the stem 32. Unfortunately, however, 

there have been instances wherein if the tip of the access device is pushed into valve 10 at an 

acute angle (not in accordance with the IFU), the valve stem 32 after collapsing may become 

lodged inwardly of the valve body 12. Figs. 4A and 4B illustrate an inwardly-lodged valve stem 

32 in the valve body 12. The above-described lubrication of the slit in the valve stem reduced 

the frequency of lodged valve stems even when the valve is accessed contrary to the IFU; 

however, incidents of lodged valve stems 32 are occasionally reported.  

[0032] It is therefore desirable to address the aforementioned inadequacies of the prior art 

devices and provides an improvement which is a significant contribution to the advancement of 

the swabable valve art.  

[0033] It is also desirable to provide a swabable valve a valve stem that cannot be lodged within 

the valve body even when intentionally accessed at an acute angle contrary to the IFU.  

[0034] It is further desirable to provide a valve stem having a concave, curvilinear surface that 

extends rim-to-rim at a depth sufficient to preclude lodging of the valve stem within the valve 

body.
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[0035] SUMMARY OF THE INVENTION 

[0036] In accordance with the present invention, there is provided a swabable valve comprising 

a valve stem that collapses into a valve body, said valve body including a cylindrical reduced 

diameter section having a circular rim, said valve stem having a cylindrical reduced diameter 

portion that extends fully into said cylindrical reduced diameter section of said valve body, said 

cylindrical reduced diameter portion including a through-slit that opens with when said valve 

stem collapses into said valve body, said valve stem having a concave curvilinear upper surface 

that is substantially flush with an end said circular rim of said cylindrical reduced diameter 

section of said valve body when said valve stem is not collapsed into said valve body; said 

concave curvilinear upper surface of said valve stem extending rim-to-rim within said 

cylindrical reduced diameter section of said valve body.  

[0036a] There is also disclosed herein a swabable valve comprising a valve stem that collapses 

into a valve body, said valve stem having a through-slit that opens with said valve stem 

collapses into said valve body, said valve stem having a concave curvilinear upper surface that 

is substantially flush with an end of said valve body when said valve stem is not collapsed into 

said valve body.  

[0037] There is also further disclosed herein a swabable valve having a collapsible valve stem 

with a concave curvilinear upper surface. Preferably, the concave curvilinear upper surface 

extends from rim-to-rim of the valve stem. More preferably, the concave curvilinear upper 

surface comprises a radius that is sufficient to prevent the collapsed valve stem from becoming 

lodged within the valve body upon collapsing thereby assuring that the collapsed valve stem will 

return to its closed position with the concave curvilinear upper surface substantially flush with 

the end of the valve. Still more preferably, the radius of the concave curvilinear upper surface is 

not too great such that the upper surface of the valve stem is too deep and therefore too difficult 

to adequately swab during cleaning/sterilization.  

[0038] Preferably the slit formed in the valve stem is a generally straight through- slit as shown 

in US Patent 6,651,956 described above in which the slit is normally-closed when 

uncompressed but is forced tighter closed due to the compression of the valve stem when 

inserted into the valve body. Alternatively, the valve stem may comprise a normally-open slit, 

such as disclosed in US Patent 5,699,821, the disclosure of which is hereby incorporated by
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reference herein, which is then squeezed closed when the valve stem is inserted into the valve 

body.  

[0039] In its most preferred embodiment with the surface having a concave radius, the valve 

may operate at increased back pressure than what would normally be achievable with a flat 

surface (e.g., an added 10 psi). It is believed that the increased
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back pressure is advantageously the result of the concave configuration over a flat 

configuration of the surface of the valve stem.  

[0040] Finally, it is noted that unlike US Patent 8,221,363, the disclosure of 

which is hereby incorporated by reference herein, the reduced diameter portion of the 

valve stem comprises a generally circular cylindrical configuration that seals against the 

inner lumen of the valve body below the upper rim of the valve body such that, during 

collapsing, the reduced diameter portion of the valve stem moves inwardly into the valve 

body an appreciable distance as the slit begins to open.  

[0041] The foregoing has outlined rather broadly the more pertinent and 

important features of the present invention in order that the detailed description of the 

invention that follows may be better understood so that the present contribution to the art 

can be more fully appreciated. Additional features of the invention will be described 

hereinafter which form the subject of the claims of the invention. It should be 

appreciated by those skilled in the art that the conception and the specific embodiment 

disclosed may be readily utilized as a basis for modifying or designing other structures 

for carrying out the same purposes of the present invention. It should also be realized by 

those skilled in the art that such equivalent constructions do not depart from the spirit and 

scope of the invention as set forth in the appended claims.  
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[0042] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0043] Referring to Figs. 5A, 5B and 5C, the improved valve stem 100 of the invention 

comprises a concave curvilinear upper surface 102 that is preferably formed at a concave radius 

(e.g., 0.208 inches) taken from the center line 104 of the valve stem 32 and extending rim-to-rim 

of the relief portion 39. As shown in Figs. 5D and 5E, repeated engagement by an access device 

at various acute angles fails to lodge the valve stem 32 within the valve body 12; thereby 

assuring that the valve stem 32 always naturally returns to its properly-closed position.  

[0044] It has been discovered that a curvilinear upper surface having a too long of a 

concave radius (e.g., 0.416 inches) extending rim-to-rim of the relief portion 39 (see Fig. 6A, 6B 

and 6C) thereby defining a shallower concave surface, could result in lodging of the valve stem 

32 within the valve body 12 when the access device engages the valve stem 32 at an acute angle 

(see Figs. 6D and 6E).  

[0045] It is believed that there is a "sweet spot" of about a 0.208 inch radius for the 

concave curvilinear surface at which the valve stem 32 will no longer lodge within the valve 

body 12 after being collapsed. Radiuses of a lesser amount may likewise preclude lodging; 

however, too short of a radius will deepen the concave surface and will therefore increase the 

difficulty of swabbing the surface during cleaning and sterilizing.  

[0046] More specifically, experiments have been conducted using groups of 40 

durometer stems at radiuses of 0.416, 0.208 and 0.125 inches. With valve stems at the industry 

standard 40 durometer, the slits of the 0.418 radius stems experienced partial lip collapses and 

some side collapses whereas the slits of 0.125 radius stems experienced some lip collapses.  

However, the slits of the 0.208 radius stems experienced no lip or side collapses. Hence, 40 

durometer stems with 0.208 radiuses appear to achieve the optimal results.  
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[0047] To determine the effect of changing the stem's durometer from the industry 

standard of 40 durometer, additional experiments have been conducted using groups of 30 and 

50 durometer stems at the three radiuses of 0.416, 0.0.208 and 0.125 inches. Theslitsofthe30 

durometer stems experienced lip or side collapses at each of the three radiuses whereas the 50 

durometer stems experienced some recessed stems (i.e., stems that did not return fully after being 

accessed) and slits with lip or side collapses. Hence, the industry standard 40 durometer stems 

appear to achieve optimal results at the above-noted optimal radius of 0.208 inch radius.  

[0048] The present invention includes that contained in the appended claims as well as 

that of the foregoing description. Although this description has been described in its preferred 

form with a certain degree of particularity, it should be understood that the present disclosure of 

the preferred form has been made only by way of example and that numerous changes in the 

details of construction, combination, or arrangement of parts thereof may be resorted to without 

departing from the spirit and scope of the invention.  

[0049] Now that the invention has been described, 

[0050] WHAT IS CLAIMED IS: 

- 17-
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CLAIMS 

1. A swabable valve comprising a valve stem that collapses into a valve body, said valve 

body including a cylindrical reduced diameter section having a circular rim, said valve stem 

having a cylindrical reduced diameter portion that extends fully into said cylindrical reduced 

diameter section of said valve body, said cylindrical reduced diameter portion including a 

through-slit that opens when said valve stem collapses into said valve body, said valve stem 

having a concave curvilinear upper surface that is substantially flush with said circular rim of 

said cylindrical reduced diameter section of said valve body when said valve stem is not 

collapsed into said valve body; said concave curvilinear upper surface of said valve stem 

extending rim-to-rim within said cylindrical reduced diameter section of said valve body.  

2. The swabable valve as set forth in claim 1, wherein said concave curvilinear upper 

surface of said valve stem comprises a radius that is sufficient to prevent said valve stem from 

becoming lodged within said valve body upon collapsing thereby assuring that said valve stem 

will return to non-collapsed position with said concave curvilinear upper surface substantially 

flush with said circular rim of said cylindrical reduced diameter section of said valve body.  

3. The swabable valve as set forth in claim 2, wherein said radius of said concave 

curvilinear upper surface is not too great such that said concave curvilinear upper surface of 

said valve stem is too deep within said circular rim of said cylindrical reduced diameter section 

of said valve body and therefore too difficult to adequately swab.  

4. The swabable valve as set forth in claim 2, wherein said through-slit formed in said 

valve stem comprises a generally straight through-slit.  

5. The swabable valve as set forth in claim 4, wherein said through-slit formed in said 

valve stem is normally-closed when uncompressed but is forced tighter closed due to the 

compression of said valve stem when inserted into said valve body.  

6. The swabable valve as set forth in claim 4, wherein said through-slit formed in said 

valve stem comprises a normally-open slit which is then squeezed closed when said valve stem 

is inserted into said valve body.
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7. The swabable valve as set forth in claim 1, wherein said valve stem comprises a 

durometer of about 40.  

8. The swabable valve as set forth in claim 1, wherein said concave curvilinear upper 

surface comprises a radius of about 0.208 inches (5.28 mm).  

9. The swabable valve as set forth in claim 1, wherein said valve stem comprises a 

durometer of about 40 and said concave curvilinear upper surface comprises a radius of about 

0.208 inches (5.28 mm).  

Halkey-Roberts Corporation 

Patent Attorneys for the Applicant/Nominated Person 
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