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[ 0001] Aspects of the present invention relate to nedical devices having a
| uer sl i pwoeehianusmn for connection to a fluid storage ceorAiSaew/043200
BACKGROUND [ 0002] Fl ui d storage contai ners, such as syringes, having a | uer
fitting or connection are often assenbled wth hubs or luer fittings. Two
common nechani snms used to connect the Hubs to the syringes include the

"l uer lock” and "luer slip" mechanisns. [0003] The |uer |ock nmechani sm
generally includes a fluid storage container with a 10male fitting in
co-axial relation with an internally threaded collar. A cooperating hub or

femal e luer lock fittings h te u gaging the internally

t hreaded collar of the naleﬁﬁﬁﬁ?ggfb??#?kﬁgiﬂﬁggkﬁgpplication of a twi sting
force or torque force to the hub. [0004] The luer slip fitting generally

i ncl udesE@HNICAd. BIEoDAge container with a male fitting without a threaded

collar. Cooperating hubs or fermale luer slip fittings typically have an 15

internal surface which sljides over the external surface of.the male
fittingl008He hub fAegpestsiod divaRresedt yentipn tslafg tPtm?f’@Cqu Aeycsshavinggnlugs flipor

i nt er f erenpgichi for bLELRLEQNDN Muid TRrAlt@ffiddpe hub to the male fitting, the

t
user nust apply enough force when s f%lng the hub over the nale fitting to
create a fluid-tight relationship between the hub and nale fitting. Failure
to SecuBACK@OW&AY the hub and nedical device can result in "pop offs,"

where t nsecur ub detaches fromthe nmale,20fitting, during use.

0005 AVROA ol - 6k o AR rath B SERahr o ¢ ok Qi o ntiSFiact i ng
a hub tgeblbh dssSiBIcAGA RIS i N Fittidhs AT W @6mdonind @bk 0§ tB coseceldki ned
herein, presents a viable solution to these issues. In addition, there is a

need f oftubs teretraringanineiade thadluenlosk” anfcHueyebinr mcelgmiaist i on bet ween a hub
and | “@ﬂo?om & Mhe 1u%1510§9%§is[1929n‘3&$1 fi'nEl%Hes%sﬁei‘&t fo?!l t&%ﬁta HE3AH
np] eiomalca €s ruse w ]flIfSUI%? ag

S
i nventi ertains evi St or age

contai n@ak. fithigglincal-axdel relagsn Wak an sitetnallyiteeddedicollar Asobpdretigomibagtfemale
interactions hetween a first indicating elenent_of the hub and a second

i ndi catuAHlogk SHEee haye evienplpewive Angaseisr thaiicraelbr dgeaded reltar Retheingalsecur el y
connect &b Logt RS, it aphficHRADFRGE AR 518 of BFdle thicR8o the hub.

[0004] The luer slip fitting generally includes a fluid storage container with a male
fitting without a threaded collar. Cooperating hubs or female luer slip fittings typically have an
15  internal surface which slides over the external surface of the male fitting. The hub is attached
to the male fitting in a friction fit or interference fit relationship. To attach the hub to the male
fitting, the user must apply enough force when sliding the hub over the male fitting to create a
fluid-tight relationship between the hub and male fitting. Failure to securely connect the hub
and medical device can result in "pop offs,"” where the unsecured hub detaches from the male
20  fitting during use.
[0005] A medical device with a connection mechanism for securely connecting a hub
to fluid storage containers in a luer slip relationship, as defined herein, presents a viable
solution to these issues. In addition, there is a need for a mechanism that indicates such secure
connection between a hub and fluid container.
25 SUMMARY
[0006] A first aspect of the present invention pertains to medical devices for use with
fluid storage containers. Medical devices have structure that forms line contact interactions
between a first indicating element of the hub and a second indicating element of the hub when
the fluid storage container is securely connected to the hub. As used herein, the term "line

30  contact" shall include contact between two surfaces at two or more points, wherein one or both



30 contact" shall include contact between two surfaces at two or nore

poi nts, wherein one or both WD 2011/014444PCT/ US2010/ 043200 2 of the

sur f aces wpeotianpsessi bl e and/ or non-conpressi bl e. As u®ed/usesieion320¢ he t erm
"surface contact” or "point contact” shall include contact between two
surfaces at a single point, wherein one or both of the surfaces are
conpressi bl e and/ or non-conpressi ble. Bn one or nore enbodi nents, the

medi cal device includes a hub with a distal end with an opening, an open 5
proxi mal end and a sidewall extending fromthe distal end to the proxinal
end form a.cavity. The nedical device further includes _.a first

i cat T shEREn i prhrne iR eofeaFresahls” s woREhHGET SRehbM Nt o t he
cavity ahc® §epomdcddistiicaalingcigdesmminict HesRes 8eb Wrkhbdattahgngd@pdiby. 1 n one
or nore enbodi ments, one of either the first indicating el enent or the
second Vheeinainicng betherfdlg surgicey ag compressibie @od/PT non-eerapisssibler e cagioodiorent s,

h 1009, Of - he .di I d i;S, 1 Luid. [ [ ith th
cavi ty. SRR RSl PR R AR a BR T Pt o8 RiRATRPN AR Pt o '

di stial godingndnexiEndidegall sxttiEngidinahe distatetid @he phraimeesdgossngul a used
with one or nore enbodi nents, includes_a proximal end, a distal end and a

| unen t st hhemgHicrhdevics fartbeinelHilesa fishindiceting slemenfiatieghed Ap ther distal qnd
enbodi : L : vVer | he. dl e
cannul o e ehOREIGRE i i Redf) FlikaiRP oL ELING WIRIRED |

ext endi eayith r dmotde morstealbodimabntd, ohdef dither thedirstfiodinsting dtmomel threkvaein t he
coaxi al. wal |. aqd t he ﬁidﬁ |1 of the hub for receiving the safety cap.

[ 0008] THECHIDGEICIARS 1 HEXIRE- el enent i ncludes a distal end attached to the

di sfeal @oe7f thermyR RRthra RHOXH R, £8 @R&ﬂﬁé o8 3t iRtk d1RAd SBMiflurd of
the hub. In one or nore enbodi nents, 20the distal end of the first

i ndi cat ¢omgmehieatemt wishithcaavitis Thehubpeay epfidnally neldicstekdlemdnmfla stheshdits.  The
first indicati | e t of .on r..nor.e odi nts forns, a.recess with the
&1 doval 1 S B hudis ISR er PO g R0 o oY Birle ey o bR it

out war dénfbddbmk, iMclaadsenstoRign P eRd, lalBitANbnd lad @NEme thERtRoefPRAITENt S t he
protrusion is disposed on the outside surface of the first indicating

el ement coarrgurigationcith esavite Aberaative embasiments aedn hnhanayiindude nerfetstchng
2561'56”%%89&1%&% ' 95&%{1&. Bl ﬁ&)@?ﬁ@ %Rrb&ﬁ%%%?,hﬁ‘&b%%ﬁ?%l |2 c%%‘%i'af‘\g%l?' ement
of Gne Or nore enﬁoal ments I ncrudes an open "proxi na eno}l, an open di st al

end ande@cridoelyfrentiendistagefd efithé heb tpeforps axhamlel Badeémtht Beadperaltamsittat end.
The body includes an _inside surface that defines a hollow interior. The
body of Sigrealef the heb EvBersitehths sfcht ¢#@- second i ndi cating el enent nmay be

hol I ow @BGS]CV! ! ”dflilechlsts ﬁﬁ%ﬁﬁ%%&@nﬁp@m&és Bl &Mﬂhlﬂ@%ﬁhe 4i0G1 Qe drae

interior I's sized an aped To envelope or recelve t irst 1 ndicating
el enent hubl anda proxienas pedihbt extends oo nientavity o€ tHediuboun bn¢ erinore anhboowaerithie body

of %Ohe t g%?s?aq eil(ril Coi% ﬁl%tf{rsr]cEIn(?llca?urrrl?gne er}leont %Sr&oelindg t ee orpee%gl?gsm ]fch()er({irsetgl e%?itova%heeqlub.

The first indicating element of one or more embodiments forms a recess with the sidewall of
the hub. The first indicating element may also include an outwardly radially extending
protrusion. In one or more embodiments the protrusion is disposed on the outside surface of
the first indicating element and extends into the recess formed between the first indicating

25  clement and the sidewall of the hub.
[0009] The second indicating element of one or more embodiments includes an open
proximal end, an open distal end and a body extending from the open proximal end to the open
distal end. The body includes an inside surface that defines a hollow interior. The body of one
or more embodiments of the second indicating element may be hollow and cylindrical.

30  [0010] In one or more embodiments, the hollow interior is sized and shaped to
envelope or receive the first indicating element. In a more specific embodiment, the hollow

interior allows the body of the second indicating element to enter the recess formed between



WO 2011/ 014444PCT/ US2010/ 043200 3 the first indicating el enment and the
sidewal | of the hub. The body of the second indicating elenent enters the
recess upwo 2appliseiati on of a distally directed force onpPChass@oomtoo
indicating elenent. In one or nore enbodi nents, the protrusion of the first
i ndi cating el ement prevents the body fromentering the recess until a
pre-determ ned distally-directed force3is applied to the 5 second
indicating elenent. In a specific enbodinent, the protrusion is shaped

and/ or adapted to advance proximally into the hollow interior of the second

- acose. MF BTN R SR Rt AR iR eait] SR OPe RIBHN ALRESSR THISHBE  sur f ace

of the é%&ﬂ%nte@ﬂth@@éde@gu@n%ﬁﬁéatﬁh o BQlistdIBSdErceRAtfbRB AN thd sebnd RMaEnDY the
inside surface is contoured to 10 forma line contact interaction with the

first ivlemeat in gnfeoremememh@dﬁn@m@ ltheprotrasion pf theffyptdadiestingréensent prayents
' ndi cat 'hn% gy it netnté&{%ﬁttﬂg Fﬁs tu% il gh{f &cﬁté}rﬂﬁﬁled%ﬁstgﬁy glre GL8 fo@éeblts{aﬁgﬁéen rt{m\}\%e

"cross- SeCPI Ona onges ance

poi It s @oodd@ditkiieticitReRNde a@peceﬂ@anbédlhfeﬁt icqastreeit is@hapel aﬁﬂ/o@btjie@ﬁéd
having a circul ar .and non-circul ar cross-section. The two points_ may
| ocat ediog Vs Preipallpinte thedioflepi igferierpf the sccond dicasing slearcyt aeing éwa" ofE he

cr 055 SRELL A AaidR0 AP Clierslihe RN d be recogni zed t hat

"cross-sectiona Jects having a circul ar cross-section may be
referredild as t hi decdordamtcerith ade drivgoro kjrbotlimchitetht atsm}: sucfhosef-thesddoodal
w dth" and "di neter be used.intercha ly f ects havi a
o reul andrde dgaem e %re@%ﬁfﬂl?flaé%%gém%gwgamswg 24915 CPHENHTE ' ur f ace
i ncjudeg, @ aflhfescfonfibtaﬁﬁetr&ftloﬁ it @R ﬁ?s‘i’hrﬁﬁ@a!’t‘lhg teférﬁéﬁ?u&ﬁ%pﬂbéﬁo%‘ of%f'fgrc‘éfont he
second indicating elenent. The inside surface may al so 20 include a second

di anmet ethe penonil omdi¢rmig retenaamt anxthaldistad eyt ¢ticex tAsnabicd derfermp thet thiem ' ¢rosstsediianmbt er
portion 1 he.open oximal end. In one, or nore epbodi nents, the, di aneter
bt he 1Y e kFene o eB0nee bty PR e e aP e e PSSt et B ¢ ne
first dina@RIs&Seddnlolf @R objRveatirgheciRPeR aRd Ash-TRbul8NHoRisctiish. SERAR@ points
indicating element. [0013]1n accordance with one or nore enbodi ments, the

second mAxbe hlcmﬁg 0@|tl@fmé1mr102 81 pipriRtesrfage ¢irpsimfercaen gradac abthicsrasg-section of
g(r:“o%(s: e?\tﬁg fﬁelt %ﬂogl:i](bb ggt{lze%i C}Hﬁ ”élﬁjg g%?lghﬂ%lﬂﬂlesof %H]e 9gﬁ R é‘ﬂrtcyltll%f] ly

adj acenctroﬁgebh@l napee e@fe@at fol B1he 'aharﬁétbrarogrelcb ¢i9¢edti Ohc &ﬂm@Cﬁﬁﬁs ieh&onmmen
proxi mal end of the body. In one or nore epbodiments, the ranped portion

has an Wit ande dimetax ?@ﬁ&’ier\’éedf ingshangeably for ofjegis dseing 2 %f@kl]taf BISY-ERFEPE t he
enl ar ge@g?ﬂrt L on. iyl g @cﬁi@%ﬁibfoh mﬁﬂln@ﬁ@tsulifa na{lﬁés(iaf ﬁﬁﬁ&lh&@ﬂr gé}@ ol dth of

the inside surface Increases a e axia engt ranp portion
from t hedjacapetoebe pemtdigal dndwedtic stebm@ndmam@elpmemu dihe iﬂ'dm smefaoendlay adbcat i ng

el S o208, o Thr ool e s, L, a0t 50 L0, B fhetal buug he
2011/ Olﬁkﬂﬂéﬁ) %%U%g&#&/o%@ﬁ @Rd. In one or more embodiments, the diameter of the inside
surface increases along the second diameter portion from the first diameter portion toward the
open proximal end of the second indicating element.
[0013] In accordance with one or more embodiments, the second indicating element
25  includes an inside surface defining a cross-sectional width. The inside surface includes a
tapered portion adjacent to the open distal end of the body, a ramped portion distally adjacent
to the tapered portion, an enlarged portion adjacent the open proximal end of the body. In one
or more embodiments, the ramped portion has an axial length extending from the tapered
diameter portion toward the enlarged portion. In a specific embodiment, the cross-sectional
30  width of the inside surface increases along the axial length of the ramped portion from the
tapered portion toward the enlarged portion. The second indicating element of one or more

embodiments is adapted to slide distally over the first indicating element, as will be described



4 herein. In a specific enbodi nent, the ranped portion of the inside
surface of the second indicating elenent forns a |line contact interaction
wi th the worsti/dimdiscati ng el ement as the second i ndi cat iPog/UsSk@o®mi200 ecei ves
the first indicating elenent. In a nore specific enbodi nent, the axi al

| ength of the ranped portion may be reduced to provide tactile feedback
S5upon fluid-tight engagenent of a fluid storage contai ner and a hub.

[ 0014] The second indicating elenent with a tapered portion nay be utilized
with a first indicating el ement having a protrusion shaped and/ or adapt ed

to sli 0 nall ast per ed ion n cat n of

0 o B b Rescli SR o RS B poinitipf A MR E! &7 sfan i ecti on
relati vladfc@nﬁ@@leﬁlbﬁt%nhm lif@kdrgtt lteaBin with HRIMatih¥hting d1&BemrQKUSi on may
be 10 shaped and/or adapted to ﬁrevent t he second indicating element from

engagi nigcekintliceting ¢lﬂmp@taﬁ¢mg65é ﬁf&sﬁtndmatlég ﬁk@im@gt dingtrapreyspeste the first
di cat t | t.9 th d
: 2 d: g:t% 2%0 elJID ﬁ]te alzji{yl 1en6§1 JHife %%%d)%d‘?c{:]tl ol m re alielduce%qg h_}fqdeftgct'ﬂ? ?ee%iggc?(n

roxi nma |veto |cat|ng

el erﬂentupo[ncfﬁﬁ&]t@htee@pganansfaﬂuﬁmﬂo@ge Ciifaifér didrachubnbodi ments of the second
indicating415elenent I ncl udes .a conti nuous or solid perinmeter. In _one or

more ent998inent s, Thhecehindicatsclemesioyitha weredaosionnay ke vilizedvath # or m
that isg i e
second TRETDIHAEACHBRMARR bl ah Hlapls Shbildalicfid SElsTtoliff 180 b
fluid- tuagé’rbd pogiagepentppl{c@Gdi6) Cnpreatetamiireddotvo dntinscsond intifvetingeliemaht in

devi ces ri bed herein 201 ncor. te means for di cating app |cat|on
of a f ot BRbAITeRen BT PP fishinctatipg sfsment r{glﬁfrfa%tbvebt .r\bqﬂm%ﬁ(g@ 59

t heldmbs ‘é‘?&f'arﬁi/(grl ddhted Ec%r%%t %@e@@nd hBicRGELESABSE M bRy Séév'i}fgt e fiRr e

mbodi ne the nmeans forns at |east two contact point h the hub. For
ex anpl elndtchengwlbmﬁwrmhdlmld@teellyfowesthe| frrefi indicatmy d¢reerd nntiba pictdstatinencadl end

T oastredio SpR e ot ek e meh B P B R Th R e R ng

appllca@ugﬁuﬂge%ﬁ@hﬁorce on the hub. In one or nore enbodi ments the first
|nd|cat|n? el ement may al so include a radially extending protrusion and the
means f90 ﬂndl cat TthOR?@rﬁpﬁtﬁllsﬁ‘@é 04 ORI @mem¢@&9fma§00ﬁévmd1@ﬁt@gpr oxi mal

en i f nd to
Cher i sTam R inf s oaRRud R SO ERREE. TELRDRL RS SRS G R LRl

t he pr oxi ol pemhetet hasta Sip@itirffoen eiabBdhdirtained tupen hgilicanorBocy diktatly dﬁedtecbody
has a circular cross-section that maintains jts circular shape during

appl i ca menothe s¢rond dnfligatiog clesrcpbuiy thgauthang the Juid Geptagneg ﬁéf‘clinfﬂuéd -tight

enbodlmgg% means for indicating produces tactile feedback upon
fluid-t % engagenent of the hub and the fluid storage device. WO
2011/ 01W016|PCT/ US04 6V fad2Mibdsliments of the medical devices described herein may

20  incorporate means for indicating application of a force on the hub sufficient to result in fluid-
tight engagement of the hub with a fluid storage device. In accordance with one or more
embodiments, the means forms at least two contact points with the hub. For example, the hub
may include a first indicating element at its distal end extending proximally into the cavity
from the opening and the means forms at least two contact points with the second indicating

25  clement during application of the force on the hub. In one or more embodiments the first
indicating element may also include a radially extending protrusion and the means for
indicating comprises a hollow cylindrical body having a proximal end, a distal end and an
inside surface extending from the proximal end to the distal end that has a diameter that
increases from the distal end to the proximal end. In a specific embodiment, the hollow

30  cylindrical body has a circular cross-section that maintains its circular shape during application
of the required force on the hub. In a more specific embodiment, the means for indicating

produces tactile feedback upon fluid-tight engagement of the hub and the fluid storage device.



[ 0017] A second aspect of the present invention pertains to a feature that
i ncludes a visual indicator. The visual indicator may be used with one or
nor e enboslorrerntE44ft t he medi cal devi ce descri bed herei nPCThS20mi08u3200
indicator is disposed on a fluid storage device, for exanple, adjacent to
t he opening of the fluid storage device. In one or nore enbodi ments, the
5fluid storage device includes a syringe barrel with a luer tip and the
visual indicator is disposed on the tip. In alternative enbodi nents, the
fluid storage device includes a nale |luer connector and the visual

indicatgr. is disppsed gn th | e luer. connector.. The.visual indicator is
di sposcllPATT a | ochrradgPschel B pretiioVREPTPerias o il Croheligir o
f1ui d- tyigh iRncase meRtyiehl hiRafol Had-tera@sHhah oYt &Breddifbddiaciedf Gal device
or hub of the medical device. The first 10predefined portion of the visual

i ndi cat®edical dgvise dosesibpd berghie nThehasugbidisetor endiprasobena flived stoigReldevien, &eye

devi ce i.ca I - I i ened; | it h.,one or
ror e oriaire SRR s SR o e MG ool O5 e R R L SRBR G e ot
pr edef | fgid speidd deRicefindlides\visstiage barebl 6aghar luéistiprasl the @isugldndiofabt Wrlisposed
tightenin%ﬁand/or fluid-tight engagenent of the fluid storage device and

t he hubon g tip. dpakerpateveamodimens. the Hadpfosagg dovicgiledudss ajmgalp dier gpriesios when

15the Cée?gﬂﬁ%fesﬁ%\lif?cﬁ&%% di gsJ | 34 ] il lﬁgxecog@éétﬁre. ﬂ{%%igﬂ?itﬁlﬁlﬁtd.r% over

tighten urd stora evi ces descri erern may be Utilized with
one or dspmceatrodcaemtan thé tip Bechnthdi ic &l fulle visdeds pdesto fiubk dgitemgageniongaf dl ess

of whether, the nedical deyice ufilizes the visuval indication feature. BRIEF
DESCR ﬁl"Fé‘&lJ&fa‘?ﬁE dSRANP ez“eff%@iéfw@arr biofihs @g@w%%gﬂca- ?F@aile%ﬂ devi ce
as sSR! yreagail PoRbntdT IRNGis @l ifRELorTRRYVIRNE Ihef tHch@nhOYBRbEARA ARV

attached to a fluid storage container; [0019]Figure 2 shows an expl oded
vi ew of stotage degemdidythe nelicgudayick;is B2 Ok Ficged. eln3ictardanccexipi etbed more

cross-sectipnal view of the.hyb, second indicati |, enent. and f.l ui

ot or agc B SHoRhPrE Tty dberE PhRe gy FF A8 TSR oy bl b e 4

i s an efkad grRAcVoravwRIibl igonsridng tichdhingtahd@r aLRID@IH cf chibfth@Bh@ 2;

[0022]Figure 5 is a Eerspectlve cross-sectional view of the second

i ndi cat $terggefedemandsholind.i it Fspgeifle conbpditesnt.dhorigualiipdicgosis nppogdicrviagir e 6

i's enl ed.. i i - indi cat | Teft wn 30in

Fi g%? e @e %%%&gﬂf]ﬁ%gt&v%g@%e:ﬁs? ?%"st%ﬁagé Q :gglgeggl?d;tn 8?‘“@ ilseo\%v;e%\ﬂgl% t%(léeeds econ f}(? ndi cati ng

el ement stsfagsdetices described herein may be utilized with one or more embodiments of the medical
devices described herein regardless of whether the medical device utilizes the visual indication

feature.

BRIEF DESCRIPTION OF THE DRAWINGS
20  [0018] Figure 1 illustrates a medical device assembly according to one or more
embodiments of the invention shown attached to a fluid storage container;
[0019] Figure 2 shows an exploded view of the assembly of Figure 1;
[0020] Figure 3 is an exploded cross-sectional view of the hub, second indicating

element and fluid storage container shown in Figure 1 taken along line 3-3;

25 [0021] Figure 4 is an enlarged view of the second indicating element shown in Figure
2,
[0022] Figure 5 is a perspective cross-sectional view of the second indicating element

shown in Figure 4 taken along line 5-5;

[0023] Figure 6 is an enlarged sectional view of the second indicating element shown
30  in Figure 3;

[0024] Figure 7 is a cross-sectional view of the second indicating element shown in

Figure 4 taken along line 7-7;



Figure 4 taken along line 7-7; WD 2011/ 014444PCT/ US2010/ 043200 6

[ 0025] Figure 8 is a cross-sectional view of an alternative enbodi nent of

t he secomwloizndivaatssng el ement; [0026] Fi gure 9A i s an enlrargsdoismei2oonal
view of the hub shown in Figure 3; [0027]Figure 9B is an enl arged secti onal
view of a hub according to an alternative 5 enbodi nent; [0028] Figure 10 is
a cross-sectional view of the hub, secénd indicating elenent and the fluid
storage container shown in Figure 3 partially assenbled; [0029]Figure 11 is
an enl arged vi ew of Figure 10; [0030]Figure 12 illustrates Figure 10 after
appl i cati of an_init r oxi ma cte 10forc on t ub rel t|ve
Fo % ho OBt or BigRlech e P Ageviriiog b ale A GRoinirGsi e ey
Flgurelhawaﬁg$§g%5mgure 14 illustrates Figure 12 after continued
application o roximally directed force on the hub relative to the fluid

st or agel0886lkt ai ner 1gp®c93’3]SFangmlaég®5septsorth@m ofrthebulyshewnon Hwede 14;
15] 003‘16 glur el u].legﬁifI {s%hteﬁlar e%usregtlojq%l aLLel g}lﬂ% a@gg%dl%%qo 5@ gltém&llv% storage

cont al ner re i1n engagenen an enl ar ged
vi e of efbalihent] 6;
[0028] Figure 10 is a cross-sectional view of the hub, second indicating element and
the fluid storage container shown in Figure 3 partially assembled;
[0029] Figure 11 is an enlarged view of Figure 10;
[0030] Figure 12 illustrates Figure 10 after application of an initial proximally directed
10  force on the hub relative to the fluid storage container;
[0031] Figure 13 is an enlarged view of Figure 12;
[0032] Figure 14 illustrates Figure 12 after continued application of a proximally
directed force on the hub relative to the fluid storage container;
[0033] Figure 15 is an enlarged view of Figure 14;
15  [0034] Figure 16 illustrates Figure 13 after the hub and the fluid storage container are
in fluid-tight engagement;
[0035] Figure 17 is an enlarged view of Figure 16;
[0036] Figure 18A is an cross-sectional view of the second indicating element of
Figure 8 advancing distally past an alternative embodiment of the hub upon application of a
20  proximally directed force on the hub relative to the fluid storage container;
[0037] Figure 18B is a cross-sectional view of the second indicating element of Figure
8 advancing distally past the alternative embodiment of the hub of Figure 18A upon continued
application of a proximally directed force on the hub relative to the fluid storage container;
[0038] Figure 19 illustrates a partially assembled view of a medical device according to

25  asecond embodiment of the invention;

[0039] Figure 20 shows the medical device of Figure 19 in an optimal assembly;

[0040] Figure 21 shows the medical device of Figure 19 in an over-tightened assembly;
and

[0041] Figure 22 shows the medical device of Figure 19 in an under-tightened

30  assembly.



[ 0036] Figure 18A is an cross-sectional view of the second indicating

el enment of Figure 8 advancing distally past an alternative enbodi nent
of the huwoupormiaqpl i cati on of a 20proxinmally directed fPoras2an/o83zeo hub
relative to the fluid storage container; [0037]Figure 18B is a
cross-sectional view of the second indicating element of Figure 8 advancing
distally past the alternative enbodi neAt of the hub of Figure 18A upon
continued application of a proximally directed force on the hub relative to
the fluid storage container; [0038]Figure 19 illustrates a partially
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configuration. The embodiments of the medical device assemblies described herein may be

15  used with an optional needle cannula and/or an optional needle tip cap.
[0044] Figures 1-21 illustrate a medical device assembly according to one or more
embodiments. It will be understood that medical device assembly may be used with fluid
storage containers such as syringe barrels, needleless IV sets, or other devices that can be used
to store and/or transfer medication or other liquid. In one or more embodiments, the fluid
20  storage container includes an opening providing access to the contents of the container. The
opening may include a male luer fitting or may be otherwise configured for use with the
medical device assembly.
[0045] Figures 1-21 illustrate a medical device assembly according to the invention,
including a hub 160 having means for indicating application of a force on the hub sufficient to
25  result in fluid tight engagement with a fluid storage container 140. In one or more
embodiments, the means for indicating application of such a force forms at least two contact
points with the hub during application of the force. In one or more embodiments, the means
for indicating application of such a force includes a first indicating element 170 attached to or
integrally formed with the hub and/or a second indicating element 180 disposed within the hub
30 160.
[0046] Figures 1-7 show an embodiment of the medical device assembly that includes

an optional needle cannula 132 attached to a hub 160. Figure 1-7 also show an optional fluid



15used with an optional needl e cannula and/or an optional needle tip cap.
[0044] Figures 1-21 illustrate a nedical device assenbly according to one or
nor e enbostorrenta444ht Wi || be understood that nedical devctasasisemizby may be
used with fluid storage containers such as syringe barrels, needleless IV
sets, or other devices that can be used to store and/or transfer nedication
or other liquid. In one or nore enbodi ®ents, the fluid 20storage contai ner

i ncl udes an openi ng providing access to the contents of the container. The
opening may include a nale Iuer fitting or may be otherw se configured for
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disposed within the cavity 166 of the hub 160.
[0048] The distal end 169 of the hub 160 further includes a first indicating element 170
having a distal end 179 attached to the distal end 169 of the hub 160 and a free proximal end
171 extending proximally into the cavity 166. In a specific embodiment, the first indicating
20  eclement 170 is permanently attached to the distal end 169 of the hub. In a more specific
embodiment, the first indicating element 170 is integrally formed with the hub 160. In an
alternative embodiment, the first indicating element 170 is a separate component that may be
attached or affixed to the distal end 169 of the hub. The first indicating element 170 of one or
more embodiments is substantially free of threads and forms an interference fit engagement
25  with the second indicating element 180, as will be more fully described below. The first
indicating element 170 forms a recess 163 with the sidewall 164. The recess 163 may extend
from the distal end 169 of the hub to the free proximal end 171 of the first indicating element
170. In one or more embodiments, the first indicating element may be in the form of a second
sidewall formed coaxially with the sidewall 164 of the hub, forming peripheral recess with the
30  sidewall 164 of the hub. In a specific embodiment, the coaxially formed second sidewall may

encircle or surround the passageway 130. In a more specific embodiment, the first indicating



161 and a distal end 169 that includes the optional needle cannula 132
having a |unmen 134 therethrough. The hub 160 includes a sidewall 164

ext endi ngvbromvaika4di stal end 169 toward the open proxi ralr/useaohéoand
defining a cavity 166. The distal end 169 includes a passageway 130

t heret hrough in fluid communication with the lunmen 134 of the optional
15needl e cannula 132. As nore clearly $hown in Figure 10, a second

i ndicating elenent 180 is disposed within the cavity 166 of the hub 160.
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formed around the sidewall 264 at the distal end 269. The coaxial wall 267 forms a channel
20 268 for receiving a needle tip cap (not shown).
[0051] The needle cannula 132 may be made of various materials known in the art,
including metals such as stainless steel, and may be held in the hub 160 or 260 using known
manufacturing methods. For example, adhesives may be used to hold the needle. The hub may
be manufactured using known methods such as injection molding and may be made of
25  injection moldable plastic such as polypropylene, polyethylene, polycarbonate and
combinations thereof. The needle cannula and hub may also be integrally formed of
thermoplastic material. The sidewall 164 of the hub may also be shaped to attach to a variety
of fluid storage containers.
[0052] The shape of the hub may be modified to form an interference fit with a selected
30  fluid storage container in a luer slip configuration. For example, the hub may be shaped to
have a frusto-conical shape to form a luer slip configuration with the tip of a fluid storage

container (as shown in Figures 9-17). The hub may also be shaped to be used with standard



[0050] I n the alternative enbodi nent shown in Figure 9B, the nedical device
of the invention may include a hub 260 with a needl e cannula 132 wherein

t he hub 280 20s1/ae4afti gured to i ncorporate one or nore CORPOMSREIS/OE0Qr event
contam nati on and acci dental sticking and/or to protect the needl e cannul a
132, such as a needle tip cap (not shown). The hub 260 includes 15a distal
end 269 with a passageway 230 therethrbtlugh, an open proximal end 261, and a
sidewal | 264 extending fromthe distal end 269 and the proxinmal end 261
that defines a cavity 266. The hub 260 includes first indicating el enent
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[ 0053] As shown nore clear ures 10-17, the second indicating el enent
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tip 150, while the distal end 189 of the 15second indicating elenment 180 is
adj acenfor¢ceoonathd hub 16@nt the proxithel dircosiomiwaghthe Iiuid stbragh eotitamst 140 or a pre-
determined force on the fluid storage container 140 in the distal direction toward the hub 160
to allow the second indicating element 180 to advance distally over the first indicating element
25 170 and the protrusion 175 disposed on the outer surface of the first indicating element 170, as
shown in Figures 10-17 . Application of this pre-determined force results in the displacement
of the second indicating element 180 within the cavity 166 into the recess 163, thereby
indicating the point at which the hub 160 and the tip 150 form a fluid-tight engagement.
[0055] In accordance with one or more embodiments, the protrusion 175 is disposed on
30  the outer surface of the first indicating element 170 and may be modified in shape and location

to adjust the pre-determined force required to form a fluid-tight engagement between the hub

160 and the tip 150. For example, the height of the protrusion 175 may be increased to



i ndicating elenent 170, as nore clearly shown in Figures 10-11. [0054]In
one or nore enbodi nents, during assenbly, the tip 150 is di sposed adjacent
to the prweizoaloiessd 181 of the second indicating el enentcI8B2anm43t0€s not
enter the hollow interior 186 of the second indicating el ement 180 during
assenbly of the fluid storage 20 contai ner 140 and the hub 160. In
accordance with one or nore enbodi nentsl the second indicating el ement 180
is shaped and configured to require a user to apply a pre-determ ned force
on the hub 160 in the proxinmal direction toward the fluid storage cont ai ner
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the hollow interior 186 from the open distal end 189, open proximal end 181 or along the body
182, however, the solid perimeter 190 formed by the inside surface 184 adjacent to the open
distal end 189 and/or the proximal end 181 is continuous.
[0057] The second indicating element 180 is disposed within the cavity 166 of the hub
25  asaseparate piece and is not attached or connected to the hub before engagement of the hub to
a fluid storage container. In one specific embodiment, the second indicating element 180 may
be shaped such that it fits inside the cavity 166 of the hub 160. In a more specific embodiment,
the second indicating element 180 may be shaped so it is slidable and/or moveable within the
cavity 166 of the hub 160. In a more specific embodiment, the second indicating element 180
30  may be shaped so that it is not rotatable in any direction within the cavity 166 of the hub 160.

In an even more specific embodiment, the second indicating element 180 is shaped to allow



of internal threads. In one or nore enbodi ments, the inside surface 184 is
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enbodi nents, the first and/or second indicating elenment nmay have a
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the first and/or secon
second indicating elements have a non-circular cross-section, it will be understood that the

20  medical device assembly may include a means to control orientation of the second indicating
element with respect to the first indicating element.
[0060] In a more specific embodiment, the outside surface of the body 182 includes an
outwardly radially extending lip 183 or projection disposed at one or more points along the
length of the outside surface of the body 182. The lip 183 may be disposed near the distal end

25 181 and/or proximal end 189 of the second indicating element 180. Alternative embodiments
may include a second indicating element 180 may include a plurality of lips disposed along the
outside surface of the body 182. The lip 183 may be a single protruding point extending
outwardly radially from the outside surface of the body 182 or may be peripherally formed
around the outside surface of the body 182, as shown in Figures 4-7.

30  [0061] In one or more embodiments, the lip 183 increases the thickness of the body
182. In a specific embodiment, the cross-sectional width of the second indicating element 180

at lip is greater than the cross-sectional width of the second indicating element 180 at the



indicating elenent forns a circular shape. In a specific enbodi nent, the
first and/or second indicating el ement may have a cross-section such that
t he i nsi dwo=xorifaes4f ornms a circul ar shape and the out si #eTdaisedlameszhor ns a
non-circul ar shape. In enbodi ments wherein the first and/or second

i ndi cating el enents have a non-circular cross-section, it will be
understood that the 20 nedi cal device bBksenbly nay include a neans to
control orientation of the second indicating element with respect to the
first indicating elenent [0060]In a nore specific enbodi nent, the outside
surface of .the in de out radiall extendi.ng |.iL,p 183 or
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25181 and/or proxi mal end 189 of the second indicating el ement 180.
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184 has a cross-sectional width, which is neasured at the inside surface
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portion at one or nore points along the length of the inside surface 184.
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sectional width measured at the inside surface 184 that is greater than the cross-sectional width
of the first and second cross-sectional regions. The third cross-sectional region may be
disposed adjacent to the proximal end 181 and/or the distal end 189 of the second indicating
clement 180. In one or more embodiments, the third cross-sectional region may have a cross-
25  sectional width that increases or decreases along its length. The third cross-sectional region
may be disposed adjacent to the second cross-sectional region and the proximal end 181 and/or
distal end 189 of the second indicating element 180.
[0063] In the embodiment shown in Figures 4-7, the second indicating element 180
includes a circular cross-section and has an inside surface 184 defining a first diameter region
30 185 that may have a narrowed cross-sectional width or diameter measured along the
circumference of the inside surface at one or more points along the axial length of the body

182. In one or more embodiments, the first diameter region 185 is a tapered portion that has a



and/or proximally fromthe first cross-sectional region. In one or nore
enbodi nents, the second cross-sectional region may include a

cr oss- secwpanaloiwi4dt h that i ncreases as it extends di st aCryusand/a3200
proximally fromthe first cross-sectional region. In alternative

enbodi nents, 20the inside surface 184 nmay be shaped to include a third
cross-sectional region that has a cros¥ sectional w dth neasured at the
inside surface 184 that is greater than the cross-sectional w dth of the
first and second cross-sectional regions. The third cross-sectional region
may be di sposed ad,. nt to the, proximal..end 181 and/or the distal end 189
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di anmeter region 187 at one or nore points along the axial length of the
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length in the proximal or distal direction.
[0065] In embodiments which utilize a first diameter region 185, a second diameter
region 187 and a third diameter region 188, the second diameter region 187 has a diameter that
is greater than the diameter of the first diameter region 185 and a diameter that is smaller than
25  the diameter of the third diameter region 188. In one or more embodiments, the second
indicating element 180 includes a first diameter region 185 disposed adjacent to the distal end
189, second diameter region 187 disposed proximally adjacent to the first diameter region 185
and a third diameter region 188 disposed proximally adjacent to the second diameter region
187 and extending toward the proximal end 181. In a more specific embodiment, the diameter
30  ofthe second diameter region 187 increases as it extends from the first diameter region 185 to

the third diameter region 188. In an even more specific embodiment, the third diameter region

188 has a diameter that increases along its length in the distal or proximal direction.



third dianmeter region 188 that has a dianmeter greater than the dianeter at
the first diameter region 185 and the dianeter at the second di aneter
regi on 18Wo 2bn/ama4or nore enbodi nents, the third di anetrer/usegioom2088 has a
diameter that is constant along its entire length. In a 20specific

enbodi ment, the third dianeter region 188 has a dianmeter that increases
along its length in the proxinmal or distal direction. [0065]1n enbodi nents
which utilize a first dianmeter region 185, a second di aneter region 187 and
a third dianeter region 188, the second di aneter region 187 has a dianeter

that is ater than the d|a h rst di anete 185 and a
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toward the hub 160. e first diameter region fornms an entrance

angl e 1lingicating ﬁemdntslﬂglanémld: pretusion 175. It will be understood that prior to activation,

line contact may be formed between the entrance angle 178 and the first indicating element
170. In a specific embodiment, the entrance angle 178 also forms line contact with the

25  protrusion 175. In a more specific embodiment, line contact may be formed between the
entrance angle 178 and the first diameter region 185 and the first indicating element 170 and
the protrusion 175.
[0068] As shown in the movements of the first and second indicating elements 170,
180 in Figures10-17 , the second indicating element 180 forms one or more line contact

30  interactions with the first indicating element 180 and/or protrusion 175 as the second indicating
element 180 enters the recess 163 and slides distally over the first indicating element 170. As

shown in Figures 12-13, one or more line contact interactions are formed from the point at



20 of the second indicating elenent 180 that permts the second indicating
el emrent 180 to nove distally over the first indicating elenent 170, while
form ng |Iwoeotionieet with the first indicating el enent PCO/ts2Eo0RE00
protrusion 175. It will be understood that prior to activation, line
contact may be fornmed between the entrance angle 178 and the first

i ndicating elenent 170. In a specific Erbodi nent, the entrance angle 178
also forns line contact with the 25 protrusion 175. In a nore specific

enbodi nent, |ine contact may be formed between the entrance angle 178 and
the fi . t t dic t 17 dth
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185, fromnoving in the proximal direction. In a specific enbodi nent,
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25  indicating element ensures the second indicating element 180 advances smoothly distally past
the protrusion 175
[0070] According to one or more embodiments, the solid perimeter 190 formed by
inside surface 184 of the second indicating element at the distal end 189 and the proximal end
181 maintains its shape or resists deformation as the second indicating element 180 moves
30  distally over the first indicating element 170 and protrusion 175. The solid perimeter 190 of the
second indicating element 180 forms a contact area between the inside surface 184 and the

outside surface of the first indicating element 170 and/or the protrusion 175. For example, in



25i ndi cating el enent ensures the second indicating el ement 180 advances
snoothly distally past the protrusion 175 [0070] According to one or nore
enbodi mrenwe,20tia4sidl i d perineter 190 formed by inside secramseoio®43206 the
second indicating element at the distal end 189 and the proxinmal end 181
mai ntains its shape or resists deformation as the second indicating el enent
180 noves 30distally over the first inticating element 170 and protrusion
175. The solid perimeter 190 of the second indicating elenent 180 fornms a
contact area between the inside surface 184 and the outside surface of the
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stress ca‘mdgq:srfensﬁameglﬁnmoﬂ@nalaolaouﬂnegﬂmﬁmmnainong nore than one point or
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applied to both surfaces among more than one point or location. This reduces the stress
25  applied to any single point thereby reducing likelihood that a defect in one or both of the
surfaces will result in a failure of the structural integrity of either part. Medical device
assemblies which do not have a tapered second indicating element are likely to form only point
or surface contacts with the first indicating element. In these assemblies the stress or force
applied to both surfaces is not distributed According to one or more embodiments of the
30  present invention, the inside surface 184 of the second indicating element 180 is further
contoured to maintain line-contact with the first indicating element 170 as the second

indicating element 180 moves distally over the first indicating element 170 and the protrusion



30present invention, the inside surface 184 of the second indicating

el ement 180 is further contoured to maintain |ine-contact with the first

i ndi cati rgoebamam44170 as the second i ndicating el enent pC3WSomv@s32dé st al |y
over the first indicating elenent 170 and the protrusion WO

2011/ 014444PCT/ US2010/ 043200 18 175. In one or nore enbodi nents, once the
second di aneter region 187 advances dis ally past the protrusion 175, there
is no contact between the protrusion 175 and second indicating el emrent 180.
Specifically, the entrance angle 178, first dianeter region 185, second

di anet e egion 187 and.the third djianmeter .region 188 e, shaped to create
i e conthoth Sldat EieosEubBnbiscihe Sprh Bl arion 5 ShateRays Pt
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ext endi ggoid @icatin®glement 1¥0aind 16k £REind&Atih®clamcMPE fEakd ptrusionl 1381. The
body 382 includes an insjide surface 384 defining a hollow interior 386 and

a lip 3Brughevidherapee abdisiel porsmear of Hiy fsoHrmper (gl e adpeend dametple body
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the ranped portion 387 fromthe tapered portion 385 toward the enlarge
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fluid-ti gﬂht engagenent of the hub and the fluid storage device provides

nmor e notil@eabpetiondBs pdagans tisawrn piimel andi3td ailhi renradeposiomd/ehasiape
tact, j.nt ‘ the first indicati | d
confsac ax'lag 1§4§ﬁéﬁ?€@§§ﬁ%ﬁ§t§9 éaygﬁeglp:g{»éon iadhcatd fg eﬁalfggggkgﬁgdss% @Sel?%%?”

i ndi'cati’n , upon advanceérnen tapere
por t i onthd8fosehssdtidhhlywidesicddne:dfdt kst inside birfick 394 elopsmed aladthe Rempsdot r usi on

creates a‘snag_;)i er or crisper 25engagenent. This enhanced tactile feedback

i s bel i REen 8%/ Bemphe tpetsd PPt 1ROWRIFLAS FRATESE PeRiencEdsdn Bétti onal width
oSt oL RS LA P LRSIl B BRI
pr ot r us¢ross-sectitnatl hedtb mhaasged apthe insode sa8Bce 384 at the tapered portion 385 and the
20  enlarged portion 388 is more abrupt or less gradual. In such embodiments, fluid-tight
engagement of the hub and the fluid storage device provides more noticeable tactile feedback,
while maintaining one or more line contact interactions between the first indicating element
and the second indicating element 380. For example, upon advancement of the tapered portion
385 distally past the first indicating element and the protrusion creates a snappier or crisper
25  engagement. This enhanced tactile feedback is believed to be produced from the expansion of
the cross-sectional width measured from the inside surface 384 upon advancement of the
tapered portion 385 distally past the protrusion with more rapid alignment of the protrusion
with the enlarged portion 388.
[0073] The second indicating element of one or more embodiments described herein
30  may be formed from a plastic material or from metal. In one or more embodiments, the second
indicating element is injection molded using an injection moldable plastic such as

polypropylene, polyethylene, polycarbonate or combinations thereof. As discussed above, the



[ 0073] The second indicating el enent of one or nore enbodi nents descri bed
herein 30 may be fornmed froma plastic material or fromnetal. In one or
nor e enbostorrentEg¢44the second i ndicating el ement is injeeCras20mlodido usi ng
an injection noldable plastic such as pol ypropyl ene, polyethyl ene,

pol ycarbonate or conbi nati ons thereof As discussed above, the WD
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engagenent forces of the first indicating el enent and second indicating
increase production capacity more easily than other methods of production, such as stamping
used to form metallic components. The variation in production methods also permits a greater
selection of materials. Specific attempts at modifying the materials used to form the first and/or
25  second indicating elements focused on using a more rigid plastic material to manufacture the
first and/or second indicating elements. Such materials were believed to provide a better
indicator of the engagement force needed to form fluid-tight engagement between the hub and
the fluid storage container. In such attempts, however, the more rigid plastic did not have a
direct consequence on the engagement forces needed for the fluid-tight engagement of the hub

30  to the fluid storage container. Further use of varying materials caused additional problems

such as variability in engagement forces of the first indicating element and second indicating
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i ndication of fluid-tight engagenent between the hub and the fluid storage
cont ai nerwo[20078}4bdi f yi ng t he shape of the conponents, pCoruSeciangd2e) by
utilizing the tapered design for the second indicating el enent described
herein, mtigated these problens. The solid 5 perineter 190 design of the
second indicating elenent further inpr2ed manufacturability and al |l owed
the selection and use of nore elastic materials, which reduces the
dependency on exact dinensions. Further, the surface finishes of the

out side surface. of the first indjcating el t and the insid urface of
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th i stal. . Of. re e i ren f cond indicating el enent
deggfiH%gmﬁ%ggﬁﬁﬂ?gqﬁﬁgé%c§n§%¥%kﬁ’%gggéggghféggégﬁhed bet ween the first

i ndi cat j00g8je! enenkn ché®r aide thvodihdawaihk sidedalinti bf tHe lmbnthadlrs ifdieathigst a
end 169 of the hub 160. In such enbodi nents, the I%Qgth of the first
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second indicating element as a result of limited production means and materials. In such
embodiments the open gaps resulted in increased dead space within the hub when attached to a
fluid storage device. Embodiments of the second indicating element 180 which include a solid
and continuous body 182 reduce dead space within the cavity when the hub is attached to the
25  fluid-storage device. In one or more embodiments, the length of the first indicating element
170 may be adjusted to permit the distal end of one or more embodiments of the second
indicating element described herein to advance into the recess 163 formed between the first
indicating element 170 and the sidewall 164 until it contacts the distal end 169 of the hub 160.
In such embodiments, the length of the first indicating element 170 and the movement of the
30  distal end of the second indicating element provide additional indication of fluid tight
engagement between the hub 160 and the tip or fluid storage container by preventing the user

from applying a force on the hub in the proximal direction or the fluid storage container in the



distal direction. In an alternative enbodi nent, the length of the first
indicating elenment 170 may be adjusted to allow the use of second

i ndi cati rgyoebamamiss having different |engths. I n one or poDrEsS2@0ivextooent s,
the length of the first indicating elenent 170 is sufficiently long to
permt the second indicating elenent to advance distally past the
protrusion 175 w thout 5interference ol being bl ocked by the distal end 169
of the hub 160. Alternatively, the length of the body 182 of the second

i ndicating el enent 180 may be reduced to reduce dead space between the tip
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indicating elenment 180 to advance distally 10past the protrusion 175.
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20  Figures 18B and A, the ramped portion 387 of the second indicating element 280 has a reduced
length that results in a more dramatic increase in diameter or cross-sectional width measured at
various points along the inside surface of the second indicating element. In such embodiments,
the first indicating element is permitted to flex and relax more rapidly thereby producing
enhanced tactile feedback for the user of fluid-tight engagement between the hub and the fluid
25  storage container.
[0080] According to an alternative embodiment, the body of the second indicating
element may be flexible and may flex as the second indicating element advances distally over
the first indicating element and/or protrusion. In such embodiments, the solid perimeter may
be rigid and retains its shape as the second indicating element advances distally over the first
30  indicating element. In a more specific embodiment, one of the first indicating element and the

second indicating element has greater flexibility that the other of the first indicating element

and the second indicating element. In an even more specific embodiment, one of the first



22 indicating elenment and second indicating element is flexible while the
other of the two is relatively inflexible in conparison to the flexible

el enent . WOQ8iijdim4enbodi nents where there i s gradual i neceaseoioniztoanet er
or cross-sectional w dth neasured at various points along the |ength of the
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shomm) or e S h t he

eren Ioca I O rom near |ng (0]
fluid c1rcurnference of the t1p or opening of the fluid storage container 440. In one or more

embodiments, the visual indicator is a colored region that is printed or over-molded onto the
fluid storage container. Other means known in the art may be utilized to apply or form the

30  visual indicator on the fluid storage container 440. During attachment of the hub 460 to the
fluid storage container 440, a force is applied to the hub 460 in the proximal direction relative

to the fluid storage container 440. After application of the force, the position of the hub 460



10storage container and proximally along the length of the fluid-storage.
In a nore specific enbodi nent, the three stripes may have different colors.
In such ewbadivmama4g, the first stripe disposed cl osest tPaTiuseolopeszbing of
the fluid storage container is the first stripe and nay be red in col or,
the second stripe disposed proximally adjacent to the first stripe may be
green in color and the third stripe di3hosed proximally adjacent to the
second stripe nmay be yellowin color. 15As a force is applied to the hub in
the proximal direction toward the fluid storage container or a force is

appl i ed . the. fluid stora ontainer, i.n the djstal ,difectio oward the
nob, il 1 reatsutRagrPgol SRS ettt picutlepits 48 bGP pRlied QIR oy con
and yel @WNoDbtdiPEsimalbheRiRSs ANGRIntrhERcRAHPGn BRErd TRbpasdi éﬂg@%&h@ﬂt@d’ ce
nmust be applied to the hub and/or fluid storage container. Visibility of
t he seciofAwaigddytehpracritofitiregsyad mditatorgl08aircethdadiedcnbin the hilpee). Figuicedt es
opti nal ﬂl%g’t}dtg%“otv%ﬁ'aﬁgf \Mglvlis%alvi'na{cgfolgl by o hﬁﬂ(}b i%ﬁl%atﬁrt}g'n%ndovse 1 R%néc?r the

yel | ow stri1pé) 1 ndicates over tightening. 1n one or re enbodi hents, the

i ndiscat ¢cdnc&icattRineh tht B 460 did-tBe floRlystdregdissitaiheri 40P Foxiré R g ludirstoah
i ndi cation of fluid-tight engagenment between the nedical assenblies

descr i b¥Pdchteren theatsuakigdicaer feQardidchyb fo0.dndisgismunger-tfighiered | ght
engage chul | i with a second
indica??ﬁ%e%Féhent&%égg?ﬂgf&hﬁggﬂgggﬁﬁﬁéfgﬁéﬁgﬂgégﬁpid di anmeter region 188
or that[0084] udes &n sepmiftt anlademhent, theyiismal h8icatoadOh mchudeethgtdseparhfd ci ently

| ong enough that the_change.in djanmeter fromthe first dianeter_region and
the rendfAfsgoy Si{ﬁwmf of %tet_hge&fﬂﬁaf%le%m %ﬂ@@momegmggg&ﬁ gy ess
abrypt -stéﬂag@wﬁaih&ee{nwpr&ﬂﬁlan?ﬁloﬁgttﬁ&l@ngm%tfa{e Mid.%togéé%egn 3%de spRyri@l so be

utilized wth enbodi nents w enhanced tactile fee a k to provide an
addi t i ogmabodimditc thcitmee offipt$ miag haveyhtfcenyeadersem susbtovdmdiméns, 30 mstistopd

devi ce assenbly an he fluid.stara container.. [L0085] A.t hird aspect, of
fhe o AR R oshe Sucnitk fedt o RETRERR Rt in ! ks i 2B B
descri biadoh! Bk Becohd s d@sfgoé@?lr o€INdiadRBER to HREIEBMRIMbNEE bdes idédy di ng
a hub WO 2011/ 014444PCT/ US2010/ 043200 24 incl uding a si dewal havi ng an

i nsi de adrthegerdgeripadippsed prxiraally adiacepetn th sxprbstrianmay e gcdealin egler havi ng

. ‘ . . ‘ g . , g
ot hg PERERBiGY @ Bud L R UESH OB i herlf GBS EnBRte o Gee
posi t i ofoirdrds bpyeliddud tisufhiid sloadgctdogtatiee in the distardirc&ivth towaml thghels wdibitityt dfe

opening of a fluid storage container and 5applying . a proxinmally directed
force oy yapndbanddpie yirings o dhssicds grenderallay sg%@eégméwatqﬁ émgffrui d storage
cont ai : ' | it aj i LSposed
w th n TRASHEC ARy A RRRRERE AN LE Afpadfb Sl A TR bBRE by bEP

f ur t her Visibalitydd sheagepdryd agl third staipes (codise grocrcand yellbhestyppas ) ingedatediopgoil on on

t he, hub.and/.or in the .distal, K directijon on the fluid.storage container to
Fordh  Crrugnhr bl ok goie tar e o iy Hroe Bettind FEGEBE | nto the 10
cavity ﬁglfierﬁﬁ@aﬂﬁon\é'!otr Badr& emBYBAmehR, ﬁ@@&ﬁ&a{ﬂ%ﬂts?st% df @?glﬂ&dlglﬁ nﬁ?%b%@ef‘&h' ch

utilize a first indicating elenment extending fromthe distal end of the hub
i nto t hie peeniiling visuhkindisatiodof it wighsengagement between the medical assemblies

described herein that provide reduced tactile feedback of fluid-tight engagement. Examples of
such embodiments assemblies with a second indicating element 180 that does not include a

25  third diameter region 188 or that includes a second diameter region 187 having a length
sufficiently long enough that the change in diameter from the first diameter region and the
remaining length of the second indicating element is gradual or less abrupt. Alternatively, the
indication system of Figures 19-22 may also be utilized with embodiments with enhanced
tactile feedback to provide an additional indication of fluid-tight engagement between the

30  medical device assembly and the fluid storage container.
[0085] A third aspect of the present invention pertains to methods of using the medical

devices described herein. In one or more embodiments, the method includes providing a hub



appl ying a continuous force on the hub in the proximal direction toward the
fluid storage container and/or on the fluid storage container in the distal
di rect i oowbawarad444he hub such that the second i ndi cati ngCeluspmnieoyel opes
the first indicating elenent and enters into the recess 15forned between
the first indicating elenent and the hub, until the hub and fluid storage
device are in fluid-tight engagenent. 24€086] Ref erence throughout this
specification to "one enbodi nment,"” "certain enbodi nents,"” "one or nore
enbodi ments” or "an enbodi nent” neans that a particular feature, structure,

material ,, qQr characteristic .described  ip .connection with the enbodi.ment is
20 1 nol Hiugmer TR i BTG HTHR S BHOE AE B BREPSHTOHIGH S
appear agfesav e dntHcRNE AK@ShEHEH iR Huld BniMchi&tiolwVith @Feadiymatasecond N
certain enbodinments,” "in one enbodinent” or "in an enbodinment” in various
pl aces inHicotigheamentiisposerbwithindhe payityarldc msthadelbeberantlugesmobisioningghe bul he
same Mokl @fnbRSlM' Gl 2l iUHGE BRGSne LFEARATIA M AniealiG oS,
structures, materiars, or characteristics Y %e conpl ned- 1 n any Ssul t abl e

manmer applydne a proximiley divectidfoeicroaths hulh 004 vihg haisghlytdiecicd et barhder ei n
has been described with reference to particular enbodinents, it is to be
under st B¢d storage conaner spdhntba prenREOTHRe Bpid storpgreqnigingds dippessd vithithei pl es

and ap pﬂhb %Q\;ihfe)ﬁl%i a%{ltsttﬂé“ sdebfi® ﬁ{aﬁca{iﬂ% I@];é{ﬂ.eﬁf' : Tﬂetmé%l)él f&&e@&gﬁfdgpépﬁ%ﬁgg Qﬁ;g eto

skilledin't art that various no I cations and vari ati ons

t he netdumtinand fappan dteysoximat tieccdion pnelseintb amiveent therdistalt dicgtiodepdretfiuid from
the spirit and scope of the invention. Thus, it is intended that the

pr esent St?rﬁ%%ﬁqr}tﬁﬁerﬂﬁéma thersernd g W‘b‘}%gﬁﬁﬁnt\}%?ii%% H@taﬂwgﬂﬂ%ﬁrémwt@% n the

SCORE Ofavihgnd %@%ch%@hﬂ@ BNGnBda8hEntEBEhY R RIaP devidByvhich utilize a first
2011/ 014444PCT/ 010/ 043200 25 What is clainmed is: 1. A nedical device

f or useindicatingclfmantexéind megeons tht distaleanded ipr Ingdi inty: tha cinaty, theahettiddhgpchudes

si dewal | _havin n i nside surface.definin cayit an .open . proxi mal 5end,
and - ineiare BethuonS R SRR o el BuGRte b Y ER 4R SR T on v ¢ 1
t he cavédn¥ainer and/or 8n el filid kstdege@bhiathef e Asth AubsttbnaoRhsitthé hehsuchtthached
to the distal end of the hub and a free proximl end extending into the

cavi t y, the seconf irdicqtingjctemdnt gnwslanes Hie firstipilisating Jemppad ghtersdatostie woess t he

Si I : . second i ndicatl dj I.h the cavity
of ‘fho s hFe fis AN BeRRER RS, BB A RORIS Soldhe RBoE™ oy
ext endi &g i floih-tighe copebmpitoxi mal end to the open distal end, the body
portion having an_inside surface defining a hollow interiqr for envel oping
the firld086lndi cat Refgrearethsonchout thisrsreqificdiiongedyne @nkastimenty hecit@iBess of t he

hub upog, LGRE B 8f mBrcdnmitlodthdhttH droGh 8Rbb@RES el et & GaRfLulapdi cating
er t In

el ement, eln the inside surface o e secon icting elenment is
cont our fedtut® sfractoncamhicniel, oo dliaadteristit eesctbedim ednhbettomewith thetenibodineatt isng

L5ej erent, yoon appli catign of & farce on the,second indicating element in a
such as “in one or more embodiments,” “in certain embodiments,” “in one embodiment” or “in
an embodiment” in various places throughout this specification are not necessarily referring to
the same embodiment of the invention. Furthermore, the particular features, structures,
materials, or characteristics may be combined in any suitable manner in one or more

25  embodiments.
[0087] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the
art that various modifications and variations can be made to the method and apparatus of the
30  present invention without departing from the spirit and scope of the invention. Thus, it is

intended that the present invention include modifications and variations that are within the

scope of the appended claims and their equivalents.



2. The nedical device of claim1l wherein the inside surface conprises a
first dianmeter portion adjacent the open distal end of the second

i ndi cati rgoebamami44and a second di aneter portion havi ngpram/iszéialosizengt h
extending fromthe first dianmeter portion to the open proximal end such 20
that the dianmeter of the inside surface increases along the second di aneter
portion fromthe first diameter portiobtoward the open proximal end of the
second indicating elenent. 3. The nedical device of claim?2, wherein the
open distal end of the second indicating el enment conprises a continuous
perineter that nmaintains a circular formupon application of a distally
25dire d fog fn the second indicating elenent until the hub and the
fluid c YL E in fluid- ti ght engagenent. 4. The nedical device of
claim1l1, wherein the first indicating el enent conprises an outwardly
radi al |y extending protrusion that prevents the body portion of the second
i ndi cat 1.ng red¢dent dtvidOfar ase e/ﬂtharﬂlﬂ@stb@ercememr cmhlbrﬁsirag pre-determ ned
distally-dir ted %lrce i, |ed to tg %4 i ndi cating el enent

2011/ 014444 Vl@ AR Y a(9ﬁ| e@%l\l?géé’aﬁlfy’%PQP?ﬁ Hroxmaér ein

one of {faeald afstan Beli mﬁg& eﬁﬁfg%e@fhr&dg% if SRRNbrh ARk EAlINGi el TRty S

flexible. . The nedi cal device of claim1l, further conprising a needle
cannul a att azcﬁrstlntd@atlhg cigimenahavienadisfal erkﬂeattmbedatndh@ohsehdldﬂrgf theyhgthenddi st al
directi t he needl e gfnnula havi n istal end. an

Moren t f% wonTulond pReffins S g ats B0t pp el B0t a Rl ol e

devi ce Rtesghathnhd sidhell 8f thethllB; drldui d storage device includes a tip having a
visual indicator that is fully VISIb|e<£TIOr to the fluid-tight engagenent

of the fluid wgn@g@w@angiékfm@ét disitpsethin havivily offthe heb akydmgdngppen

pr te Vi.S f
netth DR REah 5B Bl B e R iR e Pl ORI
f I UI d sdiotaBgR], tRWod$ peafgariasingGin ifsittiurfaoe Hefhing a AoBow emedidr foavivahpaiy
i nsi de surface defining a cavity, an open proxinmal 15end and a distal end

havi ng @A fi5p %mgwnﬁmrgﬁnq the bod) 1@ cabitisicesss PbHICub AP m aPRIkeg 1R/ Of t he
di stal @&ggﬁgr(ﬁrgﬁéd ke SHRG e Sl 1£&Eatirgdé1&ﬁéﬂt NGh&LRTR s RIHT uPHPAb Gt he

openi ng and extendi ng proxi na y Into the cav
second indicting element is contoured to form a line contact 1nteract10n with the first indicating

15  element upon application of a force on the second indicating element in a distal direction.

2. The medical device of claim 1 wherein the inside surface comprises a first diameter portion

adjacent the open distal end of the second indicating element and a second diameter portion

having an axial length extending from the first diameter portion to the open proximal end such
20  that the diameter of the inside surface increases along the second diameter portion from the

first diameter portion toward the open proximal end of the second indicating element.

3. The medical device of claim 2, wherein the open distal end of the second indicating element
comprises a continuous perimeter that maintains a circular form upon application of a distally
25  directed force on the second indicating element until the hub and the fluid container are in

fluid-tight engagement.

4. The medical device of claim 1, wherein the first indicating element comprises an outwardly
radially extending protrusion that prevents the body portion of the second indicating element
30  from entering the recess until a pre-determined distally-directed force is applied to the second

indicating element.



a second indicating el ement disposed in the cavity of the hub conprising a
hol | ow cylindrical body including an open proximal end, an open distal end
and an i ngpdel1gund4ace 20defining a cross-sectional w dt rcanm$2ommkizde ng a
tapered portion adjacent the open distal end, a ranped portion distally

adj acent to the tapered portion and an enl arged portion adjacent the open
proxi mal end, the ranped portion havinZpan axial |ength extending fromthe
tapered diameter portion toward the enlarged portion such that the
cross-sectional width of the inside surface increases along the axial

| ength of _the ranped. por.tjon fromthe tapered rtji.on toward 25t he enl arged
bor Ui ot THOEHEOHG IR a1 Ci oV BrsHume Qakpr bl LrE SEin 4R yesur t ne
first imndicedid H8mehEsBBLible. 9. The nedical device of claim8, wherein the
ranped portion of the inside surface of the second indicating elenent forns
a line contact interaction between the inside surface and the 30first

1 52y e 6 SR ORGSR LOH2A00 2ol T A o2

radisal | ghdasftth@ll shdesktanidigng thiy dibtaldit@tioadhphed]d @nadMaacgprpestimal tnd, past
the tapered portion of the second indicating el enent upon application of a
pr e- det fiiaherl anshraclymsn thasethequah wy flpidgompyiigatiop avidnihe cavily. pr oxi nal
direction relative to the first indicating el ement. 11. The nedica
device of claim@8, wherein the first indicating elenment conprises a
radi al 1'y. Ok madidhlydesice efidiang 1 pwbereinstho fluabamteddqprievianiideétretis baongla

i ndi cati.ng. el enent from engagi ng the first .indicating e nt. until a
pre- det YPtAl FRACHY Y it ghlapvgﬁlgl@@%%tq the ﬂg&’_tc—ts%m eP&ftﬁeE&gf ?ntlg‘E% difetieragh a
pr oy maélevqjdera%ﬁtthé)&viit? !oﬂﬂe\’lﬁlbta%dtaﬁﬁecfe'terrﬁltiné_dq%'ﬂ?ﬁf SdMPhich ‘?sr(ﬁm)le updR fluide

medi cal device of claim@8, wherein the axial length of the ranped portion
i s redutgd chgngomovi afgh¢ Hoidi steragedab@aioddipolutf | ui d-ti ght engagenent of the
fluid storage container and the hub. 1513. The nedi cal device of claim8,
further conprising a needle cannula attached to the distal end of the hub

and extgngdim@itdd deViee firsbélvitliarmed kemgeldbeicoeadpssig@nnul a having a proxi nal
end, a distal end and a | unen therethrough in fluid comunication with the

cavity. 14. aheb melidaw a deéspyadlehayingndnsiiosurfigee defiming aeayityyiag opeopmgendevi ce
i ncjude I uer ' ' | _indicat. - s fully
b e bt APGRARPGRbe BRSRSEn H ekt ERL8A i i c e ana
t he cavihtYisedl ehdh€urthebimhdlig Ppfisdaidesathgedniear dur@indihg Wy gfening avtlsi bl e upon
quid-ttght‘engagenent of the fluid storage device and the hub. 15. A

medi cal Sdevdingerpgimallydnigithqcayity) ui d st orage device conpri sing:

a second indicating element disposed in the cavity of the hub comprising a hollow
cylindrical body including an open proximal end, an open distal end and an inside surface
20  defining a cross-sectional width and including a tapered portion adjacent the open distal end, a
ramped portion distally adjacent to the tapered portion and an enlarged portion adjacent the
open proximal end, the ramped portion having an axial length extending from the tapered
diameter portion toward the enlarged portion such that the cross-sectional width of the inside
surface increases along the axial length of the ramped portion from the tapered portion toward
25  the enlarged portion, the second indicating element adapted to slide distally over the first

indicating element.

9. The medical device of claim 8, wherein the ramped portion of the inside surface of the
second indicating element forms a line contact interaction between the inside surface and the

30  first indicating element.



25a hub conprising a sidewall having an inside surface defining a cavity,
an open proxi mal end and a distal end having an opening therethrough in
fluid corwonooatisam with the cavity, the distal end furtrhemscowolowtong a
first indicating elenment extending proxinmally into the cavity fromthe
openi ng; means for indicating application of a force on the hub
sufficient to result in fluid-tight 3022ngagenent with a fluid storage
device, the neans form ng at | east two contact points with the first

i ndi cating el enent during application of the force on the hub. WO

2011/ 014444PCT/ US2010/ 0432Q0, 28 /16, The devi ce of clajm 1 wherein .

Frrst i T carnedoRrasenes oLRBiT SoSharerdft Mot g Best B Ry mbpost oS o ditf « ne
means f@fwhiity &athdisl FRMALLE 88ae ! ddONN@Wrd:NMNAILE Bhst BRAMpHY p&BioR oPfHRX1 Mal
end, a distal end and an inside surface extending fron1t%e proxi mal end to
t he di stcapndimdicatingclemeitdmwongpplacadion gl nep-deterimnest forcerdvahe seroneé askeatingom
the di stahofila (o difie REQELIRILEN iR fiddingllfnA8YLEs Of ol aim 16, wherein
t he holTow'cy FRAYiCal 4o y conprises a circu 4 “cY'68s-section that is

mai it ai ned during application of the sufficient force on the hub. 18. The

device of claim 17, wherein fluid-tjght engagenent of the hub and the fluid
st or agel obs/medicy [dsyige e cleie 8 Waerewdhp Hesk indicpting theachienreritscy e vadialyof

claim fi > LSk ; g i . end of
the. uc il PEEnRERC AR o Ee fef AU AR RERAE o A dRerl b fins TS 2
pr oxi mathe ¢ingd indcadingteddmain dnidlredpra-detonmimet! Hexrce isapplightd the f¢aond ircieatingi cat i on

with the cavity. 20. !ge nmedi cal. de%%cgrot(ﬁlajn1 6, wherein the fluid
st or ageS eRAGHIC I 3 RIEK irgetipgyrelafiyiefo the Hat A1 BreURg ¢SRS vi sual i ndi cat or
thafgis fully visible prior to the fluid-tight engagenent of the fluid

storage device and the cavity of the hub and a predeterm ned portion of
whi ch i B.vi sTid medifalalevick of dlath §hwhemuabe menk lcogthoh éheframpdd pertioage devi ce

and the hub.. 21..The i cal .device.of. claim19 further. risi a
0 ety ediRin B ErlE fedBra Boh TG hai Nastinhof hE b SR hp Fordla®,
coaxi al gngahé hextending fromthe distal end of the hub form ng a channe
between the coaxial wall and the sidewall for receiving the safety cap.
15 13. The medical device of claim 8, further comprising a needle cannula attached to the distal

end of the hub and extending in the distal direction, the needle cannula having a proximal end,

a distal end and a lumen therethrough in fluid communication with the cavity.

14. The medical device of claim 9, wherein the fluid storage device includes a male luer
20  connector having a visual indicator that is fully visible prior to the fluid-tight engagement of
the fluid storage device and the cavity of the hub and a predetermined portion of which is

visible upon fluid-tight engagement of the fluid storage device and the hub.

15. A medical device for use with a fluid storage device comprising:

25 a hub comprising a sidewall having an inside surface defining a cavity, an open
proximal end and a distal end having an opening therethrough in fluid communication with the
cavity, the distal end further including a first indicating element extending proximally into the
cavity from the opening;

means for indicating application of a force on the hub sufficient to result in fluid-tight
30  engagement with a fluid storage device, the means forming at least two contact points with the

first indicating element during application of the force on the hub.
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16.  The device of claim 15, wherein the first indicating element comprises a radially
extending protrusion and the means for indicating comprises a hollow cylindrical body having
a proximal end, a distal end and an inside surface extending from the proximal end to the distal

end, the inside surface having a diameter that increases from the distal end to the proximal end.

17.  The device of claim 16, wherein the hollow cylindrical body comprises a circular cross-

section that is maintained during application of the sufficient force on the hub.

18.  The device of claim 17, wherein fluid-tight engagement of the hub and the fluid storage

device produces tactile feedback.

19. The medical device of claim 15, further comprising a needle cannula attached to the distal
end of the hub and extending in the distal direction, the needle cannula having a proximal end,

a distal end and a lumen therethrough in fluid communication with the cavity.

20. The medical device of claim 16, wherein the fluid storage device includes a male luer
connector having a visual indicator that is fully visible prior to the fluid-tight engagement of
the fluid storage device and the cavity of the hub and a predetermined portion of which is

visible after fluid-tight engagement of the fluid storage device and the hub.

21. The medical device of claim 19 further comprising a safety cap covering the needle
cannula and wherein the hub comprises a coaxial wall extending from the distal end of the hub

forming a channel between the coaxial wall and the sidewall for receiving the safety cap.



