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(57) Abréegée/Abstract:

A needleless connector cap Is provided with one or more vents allowing air to pass around the cap, for example In a case where a
cap may be accidentally lodged Iin a position completely concentric with a patient's throat. Configuration of structural elements
making up a cap exterior can provide one or more openings or channels in the cap that remain unblocked and extend from the
base to the top side of the cap forming one or more vents allowing air to pass through the cap.
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(57) Abstract: A needleless connector cap 1s provided with one or more vents allowing air to pass around the cap, for example 1n a case
where a cap may be accidentally lodged in a position completely concentric with a patient's throat. Configuration of structural elements
making up a cap exterior can provide one or more openings or channels in the cap that remain unblocked and extend from the base to
the top side of the cap forming one or more vents allowing air to pass through the cap.
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CONNECTOR CAP WITH SAFETY VENT

Cross~-Reference to Related Apphications

13001 | This application claim prionty under 35 USC §119{e} from U.S. Provisional Patent
Application No. 62/523,506 filed on June 22, 2017, the contents of which {including all attachments

filed therewith) arc bereby mcorporated by reference i their enfirety.

Technical Field

fuLiry {enerally, exemplary embodiments of the present mvention relate to the fields of

medical caps, mcluding medical disinfection caps, and m particular caps and/or disinfection caps

for uses with 1V needleless connectors.

Backeround

{EEIRY In developed markets, when utihizing an TV catheter, a needlicless connector will
tvpically be used to close off the system and then subsequently accessed to admuster medication
or other necessary fiuids via the catheter to the paticnt. Various conventional caps for closing oft a
needleless connector while not i use have been known for some ttime. In order to decrease
{atheter-related bloodstream mfection {CREST) cases disinfection caps were ongmally disclosed in
U.S. Patent Pubhication No. 2007/01 1233 which 1ssued as U.S. Patent No. 3,740_864 (the entire
disclosures of both of which are mcorporated hercin by reference}, and mtroduced on the market.
Disintection caps such as those disclosed mn the U.S. Patent No. 8,740,864 are illustrated in Figures

tand 2 herein, where cap 1 includes a disinfecting pad 2 and a id 3, and cap 4 includes a
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disinfecting pad 5 and hid 7, as well as threads 6 on s mnner circumiference & to interlock with
needlieless connector hub. On the other hand, other convention caps may have sumiar features but
exclude the disinfecting pad. Dhsinfection caps have been added to the dSociety for Healthcare
Epidenniology of America {(SHEA )} guidelines and early mdications are that caps will also be

incorporated into the 2016 Infusion Nurses Standards (INS) guidelines.

{3004 Farther improved designs for disinfection caps are disclosed m related U.S. Patent
Applhications Nos. 15/408,278 and 15/408, 187, both filed on January 17, 2017 {the entire

disclosures of both of which are incorporated hercin by reference).

L3005 As these products are increasingly being used with pediatric patients, some
conventional caps. with or without the disinfecting feature, on the market today can becomes
lodged 1 the airway of a pediatric patient for example due (o their relatively small size and case of
removal from a needicless comnector. This kind of incident has been detailed 1n a recent study by

the Unmiversity of Cincmnati called " The Dhsintection Cap as Esophageal Foreign Body,” Tawhik et

al. 2015,
3006 An approach for addressing child safety by locking the cap to prevent a child s

madvertent removal of the cap from a needleless connector 1s described m a velated ULS. Patent
Application No. 15/957,20% filed on April 19, 2018 (the enfire disclosures of which 15 mcorporated

heremn by reference).

FROH7 However, many current cap designs on the market today do not have any features
that allow air to pass around the cap if the cap becomes lodged in an airway of a patient. 1f a cap 1s
removed from. or 15 not attached to. a necdleless connector, and becomes lodged in the throat of a
patient, some such current cap designs can completely seal the windpipe and prevent a paticnt from
breathing. That 15, many designs of necdleless connector caps on the market today may not allow
air 1o easily flow through the windpipe, drastically decreasing the time that a nurse would have o

remove the cap from the patient’s throat.



CA 03065821 2015-11-29

WO 2018/237122 PCT/US2018/038721

HBO08 Accordingly. child safety, and safety of a patient of any age, also needs to be

addressed when a cap has been removed from, or 18 not attached to, a necdicless connector.

U ArY

30U ] The matters exemphiied 1n this description are provided to assist in a comprehensive
understanding of exemplary embodiments of the invention. Accordingly, those of ordinary skl in
the art will recognize that vanous changes and modifications of the embodiments descrnibed heren
can be made without departing from the scope and spirit of the mvention. Also, descriptions of
well-known functions and constructions are omitted for clanty and conciseness.

1301 0] As would be readily appreciated by skalled artisans 1 the relevant art, while

27 QL] %7 as

descriptive tcrms such as “lock™, “hole™, "up”, Thub ', Tthread ', “sponge’, “protrusion”, Tslope’,

“wall”, “top”, Tside”, Trib” and others are used throughout this specification to faciitate

understanding, it 1s not miended to lumit any components that can be used 1in combinations or

mndividually to implement various aspects of the embodiments of the present invention.

11188 Excmplary cmbodiments of the present mmvention provide needleless connector caps
that can reduce the nisk of having an airway blocked by a cap that may become lodged 1 an infant
or child’'s (or any age patient) throat. In an exemplary implementation of the embodiments of
present mvention, a needlcless connector cap mcludes one or more vent{(s) allowing air to pass

around the cap, cven if the cap 1s completely concentric with a patient’s throat,

3012 According to exemplary implementations of the embodiments of the present
mvention, configuration of structural elements making up a cap extenior include ong or more
opening{s) m the cap that extend from the base to the top side of the cap torming one or more

vent(s) allowing air 1o pass through the cap, cven if the cap is completely concentric with the
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windpipe 1n a patient s throat. For example, external vents can be contigured to encircle an exterior

of the cap.

[301 3] According to vet further exemplary implementations of the embodiments of the
present mvention, one or more openmng{s) around an wmmer wall of the cap can be protected via an
cxterior wall, which can keep the openmng(s) from contacting the windpipe and/or keep the

opening(s) from becoming clogged and/or sealed by the surrounding tissue.

13014 According to an exemplary implementations ot the embodiments of the present
mvention, a cap comprises; an mner housing comprsing; a first top wall; an essentiatly cylindrical
first sidewall; and an open bottom formed by the first sidewall with an opening {0 an mner cavity
within the mner housing for receiving a hub of a needieless connector. An outer housing comprises
an essentially eylindrical second side wall configured to essentially surround said first sidewall. A
support structure connects the first sidewall to the second sidewall forming an open space extending

between the mner housing and the outer housing allowing air to pass between the outer housing and

said the housing via said open space

1301 5] Optionally, according to exemplary implementations of anv of the disclosed
ermmbodiments, contiguration of structural elements making up the cap locking feature can be
optinuzed or vancd, for example mner housing, outer housing, and support structure can be

infegrally formed.

[3316] Optionally, according to further exemplary mmplementations of any of the disclosed
embodunents, the support structure can comprise at least one protrusion between an outer surtace of

the tirst sidewall and an 1nner surface of the second sidewall.

3017 Optionally, according to further exemplary implementations of any of the disclosed
embodiments, at lcast one protrusion can comprise a tirst vertical surface essentially perpendicular
to the outer surface of the first sidewall and the mnner surtace of the second sidewall. The

protrusion can extend from the bottom formed by the first sidewall to the first top wall.
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{30181 Optionally, according to further exemplary implementations of any of the disclosed
cmbodiments, the cap can comprise a peel sealing film sealing the opening to the mner cavity when

attached to a surtace of a rim of the open bottom formed by the first sitdewall.

1331 9] Optionally, according to further exemplary implementations of any of the disclosed
coiboduments, the peel scaling film would not cover or block the open space extending between the

mnner housing and the outer housing.

13020 Optionally, according to further exemplary implementations of any of the disclosed
ermbodiments, cap can have an outer locking housing comprising a thard top wall configured above
the first top wall and comprising at lcast onc opening extending through the third top wall allowing
the air passing through the open space extending between the mnner housing and the outer housing
to pass through the outer locking housing, and an essentially eyvlindncal third side wall contigured
to cssentially surround the second sidewall. The cap further having a safety interface comprising a
first portion configured on an outer surface of the first top wall, and a second portion configured on
an mner surface of the third top wall, wherem the safety mterface transfers a rotational movement
of the outer locking housing to a rotational movement of the mner housing and the outer housing n
the same rotational direction when the first top wall and the third top wall are urged toward cach

other and the first portion and the sccond portion engage.

(3021 ] Optionally, according to further exemplary smplementations of the disclosed
embodiments with the safety mterface, the first portion of the satety micrtace comprising at least
ong first protrusion, and the seccond portion of the safety mierface comprises at icast one second
protrusion. Optionally, said first protrusion comprises a first vertical surface essentially
perpendicular to satd outer surface of said first top wall and a first slope surface at an acuic angle to
said outer surtace of said first top wall, and the second protrusion comprises a second vertical
surface essentially perpendicuiar to the inner surtace of the second top wall and a second slope

surface at an acute angle (o the mner surface of the second top wall.
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3022 Optionally, according to further exemplary implementations of any of the disclosed

cmbodiments, at least one of the outer housing and the mmner housing comprises a first retamming
feature, the outer locking housing comprises a third retamming feature, and the first retaming feature
and the second retaining feature are configured {0 engage to secure the outer {ockmg housing with
respect to the mner housing and the outer housing and allow rotational movement of the outer
ocking housing with respect to the mner housing and the outer housmg when the first portion of the
satety mieriace and the second porfion of the safety intertace are not engaged. Uptionally, the first
retaming feature comprises a protrusion on an outer surtace of the second sidewall of the outer
housing, the second retaimming feature comprises a recess i an mner surtace of the thard sidewall of
the outer locking housmg, the protrusion and the recess are configured {0 engage to secure the outer
lockmmg housing on the outer housimg. Optionally, the first retaining feature compnses a first
latchung protrusion on an outer surface of the first top wall of sard mner housing, the second
retaming feature comprises a second latching protrusion on an mner surface of the third top wall of
the outer locking bousing, and the first latching protrusion and the second latching protrusion are
configured to latch to secure the outer locking housmyg with respect o the inner housing and the

outer housing,

(323} Optionally, according to further exemplary implementations of any of the disclosed
cmbodunents, a disinfection sponge configured withun the inner cavity of the cap. and a removabie
cover seals the opening to the mnner cavity to scal the sponge within the mner cavity prior to use of

the cap.

13024 ] Optionally, according to turther exemplary implementations of any of the disclosed
ermbodiments, the cap thread does not correspond to the mating feature of the needlieless connector.
(Optionally, at least one of a major diameter, a minor diameter, a piich, a thread section profile, and
a number of threads of said cap thread does not correspond to satd mating fcature of said hub.

Optionally, at least one cap thread on the mner sadewall surface of the sidewall comprises a
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protrasion formed on a least a portion of the cap thread to facilitate the mierlocking with the mating
feature of the necdicless connector. Optionally, at least a portion of the at Icast one cap thread
comprises a non-e¢ngaging portion that does not engage the mating feature of said needleless

CONNCCior.

{3025] Optionally, according to further exemplary implementations of any of the disclosed
embodiments, the cap includes a thread which has at least one mterlocking portion formed on at
icast a portion of the cap thread to facilitate the mterlocking with the mating feature of the
necdlcicss connector, and at icast one non-~-cngaging portions that does not engage the mating

teature of the needleless connector.

326 Optionally, according to further exemplary implementations of any of the disclosed
cmbodiments, the cap includes a thread whach has a first start thread path, such that the first start
thread path has a major profiie, a minor profile, a pitch, and a first thread section profile, and at
lcast a second start thread path. such that the sccond start thread path has a major profile, a munor
profile, a pitch, and a second thrcad section profile, where the first thread section protile and the

second thread section profile are different.

Briet Description of the Drawings

(34271 Referrnng now to the drawings, wherem like reference numerals designate identical
or corresponding parts throughout the several views, embodiments of the present invention arc

itlustrated as follows.

{30281 Figures 1 and 2 are cross sectional views of conventional caps for needieless
CONNOCIOrs.
100291 Figure 3A 1s a three-dimensional views of a cap according to an exemplary

embodiment of the present disclosure.
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030 Figure 3B 1s an 1sometnic side view mcluding a cross section of a cap according to an

exemplary embodiment of the present disclosure.

3031 Figure 3 1s a cross sectional view of a cap accordimmg to an exemplary embodiment

of the present disclosure.

13032 Figure 31 18 a top view of a ¢cap according to an exemplary embodiment of the

present disclosure

130331 tigure 4A 1s a three-dunensional side views of a cap according to vet another
exemplary embodiment of the present disclosure disposed on a medical implement such as a

needleless connector.

13034 ] Figure 4B 15 an iflustration showing a cross-sectional view of a cap according to an
exemplary embodiment of the present disclosure on a medical implement such as a needleless

Connecior.

3035 Figures 5A and 5B are illustrations showing a cross-sectional view and a top view,
respectively, of a cap according to vet another exemplary implementation of embodiments of the
present disclosure,

3036} Figure 6A 1s a cross-sectional view of 3 cap according to vet another exemplary
implementation of embodiments of the present disclosure.

{30371 Figure 6B 15 a cross-sectional view of a cap according to vet another exemplary
inplementation of embodiments of the present disclosure.

[3038] Figure 7 15 a cross-sectional view of a cap according to yvet another exemplary

unplementation of emboduments of the present disclosure

Detarled Descrintion of the Exemplary Embodiments
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30391 This matters exemplified in this description are provided fo assist with a
comprehensive understanding of exemplary embodiments with reference to the accompanyving
drawing figures. Accordingly, those of ordmmary skill in the art will recogmze that various changes
and modifications of the exemplary ecmbodiments described herein can be made within the scope of
appended claims without departing from their full scope and equivalents. Also, descriptions of
well-known functions and construchions are omitied for clanty and conciseness. Likewise, certain
naming conventions, labels and terms as used in the context of the present disclosure are non-
limiting and provided only for iHlustrative purposes to facihitate understanding of exemplary

implementations of the exemplary embodiments.

[ 340 Ags dlustrated m Figures 3A - 3D, respectively showing 3D view, 1sometne side
VIew, CTOoss sectional or side view, and top view, according 1o exemplary embodiments of the
present mvention a chuld safety cap 10 with a venting feature compnises an outer housing 20
imcluding a sidewall 26, an mmer housing 30 which mclades a top wall 32 and a sidewall 36 with an
openmng 37 mto mner cavity 38, Inner housing 30 15 disposed within outer housing 20 such that
stdewall 26 cssentially surrounds sidewall 36, and top wall 32 remains essentially exposed. In an
exemplary implementation of the embodiments of the present mvention outer housing 20 can be
connected to mner housing 30 by a support structure 40 formmng open space 50 between outer
housmg 20 and mner housing 30 which allows air 1000 to pass around mmer housing 30, between
outer housing 20 and inner housing 30, or though the cap 10, even if the cap 10 15 completely

concentric with the windpipe 1 a patient's throat.

130411 In an exemplary implementation, outer housing 20, mmer housig 30 and support
structure 40 can be integrally formed. Figures 3A-3D illustrate an exemplary nnplementation of
support structure 40 comprising ¢ssentially linear protrusions or ribs 41 extendmg e¢ssenfially from
top 11 to base 12 of cap 10, and between outer surface 39 of mner stdewall 36 and mner surtace 29

of outer sidewall 26, such that open space SO compnses vents 51, However, other implementations
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of support structurc 40 are within the scope of the embodiments of the present tnvention. Such
other exemplary implementations of support structure 40 can take any number of shapes and forms
as long as the resulting support structure 40 can keep the open space 50 from contacting the
windpipe and/or keep the open space 50 from beconung clogged and/or sealed by the surrounding
tissue. Non-himiting exampies of other implementations of support structure 40 mchide plurality of
non-lnear ribs, or a single spiral thread-like nib, or a plurality of spacers of any shape, which may
be disposed anywhere between, and connected to, outer surface 39 of sidewall 36 and mner surface
29 of outer sidewall 26.  Such other support structures mayv also be mtegrally tormed with at least

one of side walls 36 and 26.

(342 ] Ag further thhustrated 1 Figure 3(, according to exemplary embodiments of the
present invention a peel scahing fum 90 seals opening 37 when attached to a sealing surface, which
can be constituted by a surface 33 of a nm of an open bottom of sidewall 36, In an exemplary
implementation, peel scaling film 90 does not cover or block open space 30, {or example by not
extending beyvond the nim of sidewall 36, such that open space 50 between outer housing 20 an
mner housing 30 allows air to pass around mner housmmg 30, between outer housing 20 and mner
housing 30, or though the cap 10, even tf the cap 10 still has peel sealing film 90 attached thercto

when 1t 15 completely concentric with the windpipe 1n a patient s throat.

(334 3] As itlustrated i the examples of Figures 4A and 4B, respectively showing side view
and tsometric side view ot cap 10 when attached to a connector 9, cavity 38 of mner housing 30
recetves a tip 91 of a needleless connector 9 and secures the tip of necediciess connector 9 within
cavity 33, for example by having a thread feature within cavity 338 {sce, for example, Figures | and
2. as well as Figures 6A, 6B, and 7 described 1in more detail below) that mmteriocks with a mating
teature Y3 (such as thread or a protrusion} of a hub or tip 91 of needleless connector Y, as described
for example m related US. Patent Applications Nos. 15/408,278 and 15/408,187, both filed on

January 17, 2017

10
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3044 Reterring to Figures 3A and 3B. respectively showing a section view and a top view,
i exemplary implementations of the embodiments of the present mvention, cap 300 can include a
iocking feature, as described for example n related U.S. Provisional Patent Application No.
62/488.266 filed on Apnd 21, 2017, m comjunction with a venting feature of cap 10. For example,
cap 500 comprises an outer locking housing 520 including a sidewall 526 and a top wall 522 such
that sitdewall 526 essentially surrounds sidewall 26, and top wall 322 ¢ssentially covers top wall 32.
A safety mterface 100 comprises a first portion 70 that can be configured on an outer surtace 34 of
top wall 32 of mmer housing 30 as a ratchet feature comprising one or more protrusions 72 such as a
tooth or teeth having a first slope surface 74 and a first vertical surface 76, and a second portion 80
that can be contigured on an mmner surface 524 of top 522 of outer lockmng housing 520 as a ratchet
feature comprising one or more protrusions 82 such as a tooth or tegth baving a second slope
surface 84 and a second vertical surface 86. The first vertical surtace 76 can be essentially
perpendicular to the outer surface 34, and the first slope surface 74 can be at an acute angie 1o the
outer surface 34. On the other hand, the second vertical surface 86 can be essentially perpendicular
to the mner surface 324, and the second siope surtace 84 can be at an acute angle to the mner

surface 324

[3045] Safety interface 1040 1s contigured such that first portion 70 and second portion 80 do
not cngage unlicss the outer surface 34 1s sutficiently near the mner surtace 524 such that

protrusions 72 and 42 can make sutficient contact.

{3046] According to a further exemplary implementation of the embodiments of the present
mvention as tllustrated m detaid m the example of Figure 5A, a retaming mitertace to secure outer
lockang housing 520 with respect to outer sidewall 26 can be mmplemented for example as follows.
An outer surface 29 of outer sidewall 26 can mnclude an outer locking housing retauung feature such
as a protrusion {or a skirt, or a flange} 110, and an inner surface of sidewall 526 of outer locking

housing 520 can mclude an outer locking housing retaming feature such as a recess 120, Protrusion

11
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110 and recess 120 are contigured to engage, for example at respective first contact surface 112 of
protrusion 110 and second contact surface 122 of recess 120, such that outer locking housing 520 1s
secured on outer sidewall 26 whale allowmg rotational movement of outer locking hosing 520 with

respect to outer sidewall 26, as illustrated tor example 1 Figures 3 and 6 of U.S. Provisional Patent

Application No. 62/488.266 fided on Aprid 21, 2017,

13047 A retammg mierface secures outer locking housing 520 with respect to outer

stdewall 26 and top wall 32 while allowmg sufficient axial movement of the outer surtace 34 with
respect to the mner surface 324 such that on the one hand protrusions 72 and 82 do not necessariy
contact cach other when outer locking housing 520 s rotated with respect to outer sidewall 26 and
top wall 32, and on the other hand protrusions 72 and 82 make sutticient contact with cach other to

transier rotational movement of outer locking housing 520 to inner housing 30 and outer housing

20,

{30481 As turther itlustrated i Figure 5B by a top view of outer locking housing 520, top
wall 522 mcludes opening(s) 530 allowing air to pass through outer locking housing 520, Whale
Figure 3B illustrates six opemng that essenfially correspond to vents 51 of open space 50 (sec
Figure 313), any number or shape of opening(s} 530 are within the scope of the ecmbodiments of the

present mvention so long as the opening{s} 330 not mterfere with structural integrity and function

(Y

of the locking feature, and opening(s) 550 m conjunctions with open space 50 allow air {o pass
around inner sidewall 36, between outer sidewall 26 and mner sidewall 36, though top wall 322, or

though the cap 500, even it cap 500 1s completely concentric with the windpipe 1n a patient s throat.
{30491 According to exemplary tmplementations of the embodiments of the present
mvention, housing of cap 10 having the safety teatares described above with reference to Figures
3A-3D can be implemented with all of the disinfectant caps having vanous features and designs

described m Applicant’s co-pending US patent applications Nos. U.S. Patent Apphications Nos.

12
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15/408.278 and 15/408.187, both filed on January 17, 2017, by modifying the housings of the

dismnfectant caps disclosed therein as shown i an tlhustrative example of Figures 6A and 6B.

3OS0 Retferring to Figures 6A, a cross thread disinfecting cap 300 has housing 302
comprising: a closed top 327; an essentially cylindnical sidewall 304 with an outer sidewall surface
32(; and an open bottom 324 with an openung 326 to an inner cavity 328 within bousing 302 tor
recerving tip of a needleless connector. The bottom 324 formed by stdewall 304 ot housimg 302 1s
not tlat such that space 370 exasts between a tlat surtace 310 and bottom 324 of cap 300. The mner
cavity 328 can accommodate an alcobol soaked distnfection sponge 380 and bas threads 340 on
inner sidewall surface 330 of sidewall 304, The diameter {major diameter 345 and/or nunor
diameter 3463 of threads 340 of the cap 300 may not correspond to the thread of a needleless

CONNCCior.

051 ] Referrng to Figure 78, cap 604 according to exemplary embodiments of the present
wvention mcudes all of the {eatures of cap 300, but with sidewall 304 of housing 302 modified as
ilustrated n the examples of Figures 3A-3D to mnclude: mner sidewall 36 with a top wall 32; ocuter
stdewall 26 ¢ssentially surrounding sidewall 36 such that top wall 32 remams essentially exposed;
support structure 40 {sce Figures 3A and 3B) fornung open space 50 between outer sidewall 26 and
mner sidewall 36 allowing air to pass around mner sidewall 36, between outer sidewall 26 and mmner
sidewall 36, or though the cap 600, even it the cap 600 15 completely concentric with the windpipe

10 a patient’s throat.

3052 According to further exempiary implementations of the embodiments of the present
wvention, housing of cap 500 having the safety features described above with reference to Figures
3A-3D, 3A, and 5B including venting feature described herein and any locking feature, as descnbed
tor example m Apphicant s related U5, Provisional Patent Apphication No. 62/4%8,266 filed on
Aprd 21, 2017, can be impiemented in all of the dismicctant caps having varous features and

designs descenbed in Applicant' s co-pending US patent applications Nos. U.S. Patent Applications

13



CA 03065821 2015-11-29

WO 2018/237122 PCT/US2018/038721

Nos. 15/408.278 and 15/408.187. both filed on January 17, 2017, by further modifving the housings

of the dismtectant caps disclosed therein as shown 1o an illustrative example of Figure 7.

30531 Reternng to Figure 7, cap 700 according to exemplary embodiments of the present
invention mcudes all of the features of cap 600 further modified as iHustrated m the examples of
Figures A and 3B to include: outer locking housing 324, a safety wterface 10U comprising a first
portion 70 configured on cuter surface of top wall 32 and a second portion 80 configured on an
mnner surface of top wall 522; and a retaming mtertace to secure outer locking housing 320 with
respect to outer sidewall 26 implemented by cooperating protrusion {10 and recess 120 as described
above with reference to Figure 6B. Outer locking housing 520 mcludes opening{(s) 330 1n its top
wall 322 which cooperate with open space 50 between outer sitdewall 26 and mner sidewall 36
allowmg air to pass around inner sidewall 36, between outer sidewall 26 and mner sidewall 36,
through openming{s} 5530, or though the cap 700, even o the cap 700 1s completely concentric with

the windpipe 1 a patient’s throat.

13054 While the present mnvention has been shown and described with reference to certain
exemplary emboduments thereof, it will be understood by those skilled i the art that various
changes in form and details may be made therein without departing from the spirit and scope of the
cmbodiments of the present invention. For example, a dismnfection sponge can comprise any
suitable disintecting or other application~-specitic substance, and can be made of any suitable
matenal. Also, the housing and/or the outer locking housing of the cap can be singic shot molided,
or made by other suitable process. Furthermore, any of the featurcs or clements of anv exemplary
implementations of the embodiments of the present invention as describes above and dtustrated in
the drawing figures can be implemented mdividuallv or in any combination{s) as would be readily
appreciated by skilled artisans without departing from the spirit and scope of the embodiments of

the present mvention.

14
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{ULRS) In addition, the mcluded drawing tigures further describe non-hinuting exampies of
implementations of certain exemplary embodiments of the present mmvention and aid m the
description of fechnology associated therewith,  Any specific or relative dimensions or
measurements provided in the drawings other as noted above are exemplary and not miended to
limit the scope or content of the inventive design or methodology as understood by artisans skilied

in the relevant field ot mvention.

3056 {Other objects, advantages and salient features of the mvention will become apparent
to those skalled m the art trom the details provided, whiuch, taken in conjunction with the annexed

drawing figures, disclose exemplary embodiments of the mvention.
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i claim:

1. A cap comprising:

an inner housing comprising

a first top wall,

an essentially cylindncal first sidewall, and

an open bottom formed by said first sidewall with an opening to an mner cavity within said
mner housing for receiving a hub of a needleless connector,

an outer housmg comprising an essenfially evlimdrical second side wall configured (o
essentially surround said first sidewall; and

a support structure connecting said first sidewall to said second sidewall and tormmng an
open space extending between said mner housing and said outer housing allowing air to pass

between sard outer housing and sard mner housing via said open space.

2. The cap of clann 1 wherein sard mnner housing, said outer housing, and sawd support

structure are mtegrally formed.

3. The cap of any on¢ of claims 1 or 2 wherem said support structure comprises at east
on¢ protrusion between an outer surface ot said tirst sidewall and an 1nner surface of said sccond

sidewall.

16
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4 The cap of claim 3 wherein:

said at least one protrusion comprises a first vertical surface essentially perpendicular to

sard outer surface of sard first sidewall and said mner surface of satd second sidewall, and

sard protrusion extends from said bottom formed by said first stdewall to sard first top wall,

3. The cap of any one of clamms 1, 2, 3, or 4 further comprising a pecl scahing film
scaling said opening to sard mner cavity when attached to a surtace of a ruim of said open bottom

formed by said first sidewall.

&, The cap of claim 5 wherein said peel sealing film does not cover or block said open

space extending between said mnner housing and said oufer housing.

7. The cap of any onc of claims 1, 2, 3, 4, 5 or 6 further compnsing:

an outer locking housing comprising

a third top wall configured above said first top wall and comprising at least ong opening
extending through said thard top wall allowing said air passing through said open space extending
between said inner housing and said outer housing to pass through said outer locking housing, and

an ¢ssentially cylindrical third side wall contigured to essentially surround said second
sidewall; and
a safety mierface comprising

a first portion contigured on an outer surface of said first top wall, and

a second porfion configured on an mner surface of saxd third top wall,

17
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wherem sard safety interface transfers a rotational movement of satd outer locking housing
to a rotational movement of sard mmer housing and saxd outer housing m the same rotational
direction when said first top wall and said thud top wall are urged toward each other and said first

portion and said sccond portion engage.

3 The cap of claim 7 wherem:
said first portion of said safety interface comprising at least one first protrusion, and

said second portion of said safety imterface comprises at least one second protrasion.

9. The cap of claim 8, wherein

said first protrusion comprises a first vertical surface essentially perpendicular to sard outer
surface of said first top wall and a first slope surtace at an acute angle to said outer surtace of said

first top wall, and

said second protrusion comprises a second vertical surface essentially perpendicular to said
mner surface of said second top wall and a sccond slope surface at an acute angle to said mner

surtace of said second top wall,

10.  The cap of any one of claims 7, 8, or Y wherem:
at least one of said outer housimg and said mner housing comprises a first retaming feature,
sard outer locking housing comprises a second retaming feature, and

said first retamning feature and said sccond retainmg feature are conhigured to engage (o
secure said outer locking housing with respect to said inner housing and said outer housmng and

atlow rotational movement of said oufer locking housing with respect to said mner housing and said

18
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outer housing when said first portion of said safety interface and said second portion of said safety

miterface are not engaged.

11, The cap of claim 10 wherein:

sard first retaining feature comprises a protrusion on an outer surface of said sccond sidewall

of sard outecr housing,
said second retaining feature cComprises a recess i an mner surface of said third sidewall of
sard outer locking housing, and

said protrusion and said recess are configured o engage to secure sawd outer locking housing

on said outer housing.

12, 'The cap of any one of claims 10 or 11 wherem:

said first retaiming feature comprises a first latching protrasion on an outer surface of said

first top wall of said immner housing, and

said second retaimmng feature comprises a second latching protrusion on an mmer surface of

said third top wall of said outer locking housing,

said first {atching protrusion and said second latching protrusion are configured to latch 1o

secure said ouler locking housing with respect to said mner housing and said ouier housing.

-

3,4,5,6,7,8,9, 10, 11 or 12 further compnsing:

7 > 2

(A

13 The cap of any onc of claims 1, 2

2

a distnfection sponge configured withun said mner cavity; and
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a removable cover sealing satd opening to said wner cavity to seal said sponge within said

mner cavity prior to use of said cap,

wherem said cap comprises a cap thread does not correspond to sard mating feature of said

needleless connecior.,

14,  The cap of claim 13, wherem at least one of a major diameter, a nunor diameter, a
pitch, a thread section profile, and a number of threads of said cap thread does not correspond o

said mating feature of saxd hub.

. Bl

15, 'The cap of clanmn 13, wheremn said at least one cap thread on sawd mnner sidewall
surface of said sidewall comprises a protrusion formed on a least a portion of said cap thread to

tacuitate sawd micriocking with said mating feature of said ncedleless connector.

16.  The cap of claim 13, whercin at least a portion of said at icast one cap thread
COmMPpriscs a non-engaging portion that does not engage said mating feature of said needieless

connector,

17.  The cap of claim 13, wherem said cap thread comprises:

at least one mterlocking portion formed on at least a portion of sawd cap thread to facilitate

said miteriocking with said mating feature ot said needicless connector; and

at lcast one non-cngaging portions that docs not engage said mating feature of said

needleless connector.
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18,  The cap of claum 13, wherein said cap thread comprises:

a first start thread path wherein the first start thread path has a major profile, a nunor profile,

a prich, and a first thread section profile;

at least a second start thread path wheremn the second start thread path has a major profile, a

minor profile, a pitch, and a second thread section profile;

wherein the first thread section profile and the second thread section profile are ditferent,

21
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