LUER SLI P CONNECTOR W TH ROUGHENED TI P FI ELD OF THE | NVENTI ON The present

invention relates in general to the connector portion of a nedical device.
Mor e par twoubavi2g79ienbodi ments of the di scl osed inventi @eaTarseoidios2es ed to

the surface finish of a Suer slip fitting having a conical tip. Methods of
manuf acturing a male luer slip fitting device with a roughened surface are
al so di scl osed. BACKGROUND OF THE | NVENTI ON Medi cal devi ces haying nal e
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naterials such as a slip agent or other lubricious materials that mgrate
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CCF Suc oose mnéctons ‘could result in | eakage of potentially harnfu
drugs during various nedical procedures and result in user dissatisfaction
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International Standard SO $594-1, publlmcd by the International Organization for
Standardization, such devices include a male conical fitting. Female luer fittings are
assembled to the male conical tip by applying axial force to the female luer fitting until the

female fitting is sufficiently tight.

Luer slip connections may become loose due to the presence of lubricious
materials, such as glycerol monostearate (GMS). GMS is an additive in polypropylene that
acts as an antistatic agent. The GMS migrates to the surface over time and causes the
coefficient of friction (COF) to drop. GMS is an example of a lubricious material that
migrates to the surface, other materials such as a ship agent or other lubricious materials that
migrate or are present on the surface of the syringe tip can cause a drop in the COF. Such
loose connections could result in leakage of potentially harmful drugs during various medical
procedures and result in user dissatisfaction and other complications. Therefore, there exists
a need in the art for a luer syringe or fifting that resists or minimizes the drop in COF

resulting from lubricious materials without leaking.
SUMMARY OF THE INVENTION

One or more embodiments of the invention pertain to medical devices comprising
a male tuer slip fitting connectable to a female luer portion of a second medical device by
application of an engagement force to provide a contact surface between the male luer slip

fitting and female luer portion and separable by application of a disengagement force that



One or nore enbodi nents of the invention pertain to nedical devices
conprising a nmale luer slip fitting connectable to a fenale |uer portion of
a second wodbwal2eevi ce by application of an engagenent PLOMSHO3IODVI de a
contact surface between the male luer slip fitting and female |uer portion
and separabl e by application of a di sengagenent force thatdoes not require
substantia! twisting notion. The male iubr slip fitting conprises a
material jncorporating a.lubricious agent such that the di sengagenent force
of a dry “oneetton e e inEn " PRe” SR anlidi ‘P e RReH Ehe e nct
surface deespdgingianchritties agdnougheine theslieh@genemticed bt dralcendetiem islesp
fitting has contact surface that is roughened such that the di sengagenent
force redit L8 PEEEBRLIGEE \He NeeoB P PG S5° At CEHE F PORTERE STORar o | er
portion ahdtihe seeond: RBEI G@hy devi &RdheRficE GaMed (COMBREE k@A thar gheat er
than the force required to disengage the male luer fitting fromthe female
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pertains to methods of making a nedical device conprising manufacturing a
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fitting being manufactured froma nmaterial “contalning a |ubricious agent
such that the force required to di sassenble a non-roughened nal e coni cal
tip froma femal/@hgepsrestalithiginventior &riainials needs of ukigquneder! dovigssenbl e
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of the invention, briefly su rzed above, ey be had Dy rteference to
enbodi nent:side surface of the male conical tip is roughened such that upon assembly of the male luer

fitting with the female luer fitting, with liquid present between the male conical tip and

female luer fitting, the removal force is less than about the assembly force.
BRIEF DESCRIPTION OF THE DRAWING

So that the manner in which the above recited features of the present invention can
be understood in detail, a more particular descripiion of the invention, briefly summarized

above, may be had by reference to embodiments.
FIG. 1. shows a syringe with a luer slip and a luer connector;

FIG. 2 shows the hub pull force at various assembly forces for luer fittings made

of different materials;

FIG. 3 shows the hub pull force for various materials and surface finishes when

assembled at known forces: and

FIG. 4 shows the hub pull force in materials having a lubricious agent when

assembled at various forces with various surface finishes.

)



FIG 1. shows a syringe with a luer slip and a luer connector; FIG 2 shows
the hub pull force at various assenbly forces for luer fittings nade of

di f f erentwoebavizetdss; FI G 3 shows the hub pull force forcrarscas®3zaterial s
and surface finishes when assenbled at known forces; and FIG 4 shows the
hub pull force in materials having a |ubricious agent when assenbl ed at
various forces with vari ous surface finishes. DETAI LED DESCRI PTI ON Bef ore

descri bi a[h y enbodi ments of the invention, it is to be
understog%fﬁf{‘?b & nven fonis not limted to the detalls of construction

or process steps set forth in the follow ng description. The invention is
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describﬁ%Fln | SO 9594: 1, ' g wshedfromluer lock fittings that are
di sasse lélgpﬁﬂ“r?ﬁrolrf"i} %thl eO Bl eat Y8 of torque, as described in I SO
594-2. It has been determned that when a male luer fitting with a conical
tip and a femal eﬁsl uexl Rdrtibl Higeasép ass bt ddirngl tshe iprfemmncz@nofwita luebri ci ous
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believed that these additives may mgrate to the surface of the materlal

resulting in | ubrheieus detenheakhabeing dphﬁsem fating héhsucdnaee tip Bl can

cause a decrease j.n the coeffi %I ent of fricti the materi al resultlng
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in a | owdf™Pul'Pers BHee Feqacreed & desehtade © CBh AT o4t YRas been
found t habndaghndsthb Ferct REuSYE f@a@Rassemble the fitting decreases, potentially resulting in

leakage. This is especially problematic because plastic formulations often have additives,
like glycerol monostearate, designed to reduce friction or the static properties of the material.
Without being bound by any particular theory, it is believed that these additives may migrate
to the surface of the material resulting in lubricious material being present at the surface.
This can cause a decrease in the coefficient of friction of the material resulting in a lower pull
force required to disengage a luer connection. It has been found that adjusting the surface
finish on at least the male conical tip of a luer connection of a medical device results in an

increase in the force required to disengage the fitting.

This is a surprising result as it has long been known that increasing the surface
roughness of a luer fitting increases the tendency for leakage during injection. Therefore, it
was unexpected to find that increasing the surface roughness could, instead, result in a

connection with high pull forces with little or no leakage.

With reference to FIG. 1, one or more embodiments of the invention are directed
to medical devices 10 comprising a male luer slip fitting 12. The male luer slip fitting 12
being connectable to a female luer portion 14 of a second medical device 16 by application of
an engagement force to provide a contact surface between the male luer slip fitting 12 and

female luer portion 14, and separable by application of a disengagement force that does not



finish on at least the male conical tip of a luer connection of a nedical
device results in an increase in the force required to di sengage the
fitting. Whizel/mémisurprising result as it has | ong beemrCirusesoobzzn3

i ncreasing the surface roughness of a iuer fitting increases the tendency
for | eakage during injection. Therefore, it was unexpected to find that

i ncreasi ng the surface roughness could, instead, result in a connection
with high pull forces with little or no | eakage. Wth reference to FIG 1,
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Another aspect of the invention pertains to methods of making a medical device.

The methods comprise manufacturing a male luer fitting with a conical tip having an outside
surface that mates with a female luer fitting of a second medical device. The male tuer fitting
is manufactured from a material which contains a lubricious agent such that the force
required to disassemble a non-roughened male conical tip from a female luer fitting is less
than the force required to assemble the non-roughened male luer fitting from the female luer
fitting. The outside surface of the male conical tip is roughened such that upon assembly of
the male luer fitting with the female luer fitting, with liguid present between the male conical

tip and female luer fitting, the removal force is less than about the assembly force.

In other embodiments, the force required to disengage the male luer fitting from
the female luer portion increases with increasing engagement force. In specific
embodiments, the force required to disengage the male luer fitting from the female luer
portion is less than about 80% of the engagement force. In more specific embodiments, the
force required to disengage the male fuer fitting from the female luer portion is {ess than

about 75%, 70% or 65% of the engagement force.



roughened. Anot her aspect of the invention pertains to nethods of making a
nmedi cal device. The nethods conprise manufacturing a male luer fitting with
a coni calwoizpioizeiomg an out si de surface that nates w t hraTfispea3i2oer
fitting of a second nedi cal device. The male luer fitting is manufactured
froma material which contains a iubricious agent such that the force
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the additive is a slip agent. In still further detailed embodiments, the slip agent is a fatty acid

amide.
The invention will be further described with reference to examples
Examples A-E

Luer slip syringes made from a resin which lacked glycerol monostearate, or
other lubricious agenis, were assembled with a needle tip luer fitting. Assembly occurred
under controlled axial forces at 3, 6, 8, 10 and 12 lb. The hub pull force required to

disassemble the syringe from the luer fitting was measured.
Examples F-J

Luer slip syringes made from a resin which inciuded a lubricious agent,
specifically 2500 ppm glycerol monostearate, were assembled with a needle tip luer fitting,
Assembly occurred at controlled axial forces of 3, 6, 8, 10 and 12 Ib. (Although a resin
having 2500 ppm was used for these samples, the same phenomenon has been observed in

syringes made from resins with fower amount of GMS, for example, 1200 ppm and 600



surface with a random patterned finish, i.e., there is not obviously
repeatabi e pattern to the finish. The surface of other detail ed enbodi nents
has a repeatatwespattern. In one or nore enbodi ments of PChalSeee®s20mN, t he
medi cal device is made of a material that includes an additive that
enhances the lubricious property of the material. The additive of detailed
enbodi nents is glycerol nonostearate. In other detail ed enbodi nents, the

additive is a slip . a - In still further detailed enbodinments, the slip
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conditions. There were between 25 an heasurenents taken at each data
poi nt. Thigtadwings isidWs?2.t hat the pull forces increased with increasing
assenbly force for materials without GMS. On the other hand, the pul
forces for syringes with GVS

Examples K-O

Luer slip syringes made from a resin without glycerol monostearate or other
lubricious agents were prepared with a variety of surface finishes. The surface finishes were
prepared by Electro-Discharge Machining (EDM) or using a sandblasted tip insert. The
average roughness of the EDM finished surfaces were 0.3, 0.4, 0.7 and 1.2 pm. The syringes
were assembled with a luer hub using an assembly axial force of 10 ths. The force required

to disassemble the syringe from the hub was measured.
Examples P-T

Luer slip syringes made from a resin containing a lubricous agent, specifically
glycerol monostearate, were prepared with a variety of surface finishes. The surface finishes
were prepared by Electro-Discharge Machining (EDM) or a sandblasted insert. The average
roughness of the EDM finished surfaces were 0.3, 0.4, 0.7 and 1.2 gm. The syringes were
assembled with a lner hub using an assembly axial force of 10 Ibs. The force required to

disassemble the syringe from the hub was measured.



remai ned fairly constant, with increasing spring back, regardl ess of the
assenbly force. Spring back is a phenonenon where the assenbly force, on a
i uer slipveyniogerdassenbl ed to a femal e i uer device, wheaTrsSauwaesl203 he
syringes shows a sudden novenent away fromthe fenal e device. The nunber of
sanpl es exhibiting spring back is |isted above each col umm of data points
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Ter uno (r% Medi cal Cbrporatlon were assenbled with a |uer hub using an
assembl y ! %FE§%6¥W&B‘WB§’g?ﬁ%pf‘?%%mﬁéﬁdmﬁéﬂ“f%uﬁﬁg%%é%ﬁﬁrﬁmﬁhg’gVﬁinge

from the QuRavasumeassy 8dndh&iifid SREWS fidsidapin Rt dabeo hemm@-e( icaks.puhd force
(I'bs) required to di sassenbl e the swi nges of Exanples K-T and Conparative

Exanpl e CAlggshowehaicdpdinediong thapefagg eith &M or adding a sandblasted tip insert,

the pull forces are equivalent to the pull forced exhibited by a Terumo® syringe.
Examples U-Z

Luer slip syringes made from a resin containing a lubricious agent, specifically
glycerol monostearate, were prepared with the surface finishes shown in Table 1. The
syringes were assembled with a luer hub at assembly axial forces of 8, 10 and 12 lbs. The

force required to disassemble the syringe from the hub was measured.

Table 1.
Sample Surface Finish

u Unmodified

A% Sandblasted tip insert

W EDM, Average Roughness = (0.3 ym
X EDM, Average Roughness = 0.4 um
Y EDM, Average Roughness = 0.7 um
Z EDM, Average Roughness = 1.2 um

FIG. 4. Shows a graph of the hub pull forces for Samples U-Z under wet
conditions. The data shows that the syringes with GMS and a surface finmish (Samples V-72)

have a pull of force which increases with the assembly force, like the samples without a



surface roughness for the EDM prepared sanples is listed bel ow the chart.
The surface roughness for the sanples containing the sandbl asted insert is
not |istewo2pi0B26®1shows that the syringes which have glPgTarsed10082203t ear at e
and a surface finish (Exanples P-T) show equivalent pull forces to the

nodi fied surface finished syringes that do not have GVS. The data al so
shows that after nodifying the surface wwth EDM or addi ng a sandbl asted tip
insert, the. pull forces are. equivalent togthe puil forced exhipited by a
Terum’ (1T ASEY BRSNS DU a1 BYHERT Moo hm B 1 1

cont ai ni MME buulpr duCiacUfniggBaiplc Speeivd iealdly e@liyvear plll oft hiost eanalias ofver e

prepared with the . surface finishes shown i le 1. The syringes were
Bscembl ed i THLY (T8 P TS SanB ) RS of SE IF 8] 10 and 12 1 bs. The

force required to disassenble the syringe fromthe hub was neasured. le | .
Sanpl e Surface RaftrsireU tivnngpdif i @d YpSéindbbastoedoht pembsigmentV EBMairAver age
Roughness - 0.3 mm X EDM Aver Roughness = 0.4 nm Y EDM Average
Roughnesse@og‘[mf“ﬁ‘m fnﬁlﬂﬁ/lm%?/@%g‘g‘%ﬁgﬁﬁe%”s“n—lboffrﬁc’}‘rm”ﬁ“é gt a pérh’bglér a graph
of the hubatps] dirutreC @Rehial oSaIpkessild &sdtdein ¥hietiOnaiithi (RhSmbotingerdad a shows
that the ,a%ri nges with GVS and a ?yrf,ace&,fi rsssh $Sarrpl es V-7) have a pull
of fo_rcga1 A 1§ ACBL SRS ETRRWCHNEHE %.é%‘f‘?ﬁi‘?f‘-f%fi‘%et,h PPHCET e °§§Whé‘§e§v\,ithout
al ubri ci Qush agenbae &rSQ6re SAFBIRRAA Eid BrfinGmbddimMAET ‘@RSnd AEb kALY 6f

sanpl es that have GVSB but no surface finish (Sanple U) have relatively

equi val ent” BalFOHIIR0r Be¥ 108y B e FEOBROYNE SaBEEREIY T BF CB "aESHAY
previ ouslyreshews thé saadRheSdifdn: §558€ ieftior Burthermore, the particular features,

structures, materials, or characteristics may be combined in any suitable manner in one or

more embodiments.

Although the invention herein has been described with reference to particular
embodiments, it i1s 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
present invention without departing from the spirit and scope of the invention. Thus, it is
intended that the present invention inciude modifications and variations that are within the

scope of the appended claims and their equivalents.



Ref erence throughout this specification to "one enbodinent," "certain
enbodi nents,"” "one or nore enbodi nents" or "an enbodi nent” neans that a
parti cul avof2es26®1 structure, nmaterial, or characterisPCct/ulesonsdizesl i n
connection with the enbodinent is included in at | east one enbodi nent of
the invention. Thus, the appearances of the phrases such as "in one or nore
enbodi nents,"” "in certain enbodinents,” "in one enbodi nent” or "in an
enbodineq%" bp‘various pl aces t hroughout this specification are not
necessari'}yA é?erring to the same enbodi ment of the invention. Furthernore,
the particular features, structures, materials, or characteristics may be
conbi ned i.n any nedickiaddvecnanpating B v4ie @F shpreienhodiaait ©. a Aldidough t he

i nvention hgreip.has eegﬁggggpibed w.th reference tqyp%rtiqularf

enbodi nemtELoT £ $405° g 41004 *PHEPIThEs & ENBEUTHEAYS® &7 @ et y

i |1 ustratdov@cOfurabtebddhtanchPhRR: ancklipEplihCald RRslcafiertfiaipragesaibvent i on.
It will be apparent to those skilled in the art that various nodifications
and vari aPPBEOR gh 2 EeREEE$ [PiRe ik P doARIUEp pas Rt tytstiphaohPedBht

i nvent i ongik tQUlip dRPAAY Edu8ishhl OMntBBaISREdhdra@Rth REAPBuLhgehNuch ANk on.
Thus, it is intended that the present invention include nodifications and
vari at i ordisepigemgitdogs chipHiry Fengewpdctrect e Bpporasd Eitarmad &ver's Wef r

equi val ents i AMBsslthaf® REAI LA bicE BRIAAN Shigkt BulfleCdddd 8lor ShdiRiefd i ng

connectable to a fermal e luer portion of a second nedi cal device by

appl i cat itonehehedatirierrgatrethemald breelin bitipg bv dutagt ottt supfdewdsetineen the
mal e | uery, sl gkl Eée%n%ﬁjﬁfre e i ‘é%famli’eo{hte e %Qids@ex%ﬁgﬁo% QY (ARRL T cati on
of a di sengagenent” force that does not require substanti tw sting notion

t he mal e lhwuearworiginigh tid stendgnalorpddvicvgrea tireatoerabadurfasrcio mposadrdatry taanltbdor i ci ous

agent su ,‘that,t$ i sengagenent, force of a, dry connection hbetween, the
ol e | ver Vst ot b R PeREe r aF S b e R FH Y gerent
f or ce whencdiaedodntuadd: isusdhrecendoes wieh tienohudeudadeadghandd hsufiftages and

the mal e | uer slig fitting has contact surface that is roughened such
not roughened.

2. The medical device of claim 1, wherein the force required to disengage the male luer

fitting from the female luer portion increases with increasing engagement force.

3. The medical device of claim 1, wherein the force required to disengage the male luer

fitting from the female luer portion is less than about 80% of the engagement force.

4, The medical device of claim 1, wherein the surface of the male luer is roughened
using a mold to form the tip that has been roughed using a technigue selected from
Electrodischarge Machining (EDM), vapor honing, cross hatching, polishing and

combinations thereof.

5. The medical device of claim 1, wherein the external surface of the male luer fitting is

roughened to between about .3 ym to about 1.2 pm.

6. The medical device of claim 1, wherein the external surface of the male luer fitting is

roughened with a random pattern finish.



that the disengagenent force required to separate the male luer sup fitting
fromthe femal e luer portion of the second nedi cal device when the contact
surface 1wWOweto/i2679gr eat er than the force required to di eemgsg@onbroial e
luer fitting fromthe female luer portion of the second nedical device
under the same conditions when the contact surface of the male luer fitting
is not roughened. 2 . The nedical device of claiml1, wherein the force
required o di.sengage . the male luer fitting fromthe fenmal e | uer portion

i ncr eases$ ‘Wi t hﬁ? n”grcg%@ <%@‘Céri’éa‘d@ﬁﬁerjﬂ Wheie e Megmates i o NFUETSC 4] aé‘émﬁcp““&f claim
1, wher eidnnhihes honogchedpboped dfmcdhagngage the male luer fitting fromthe
femal e luer portion is |ess than about 80% of the engagenent force. 4 . The
medi cal device of claiml, erein the surface of the male luer is

r oughened-usi rfé‘eékﬁﬁf‘}cflel”éc P%‘riﬁ'*ﬁqt%é"i‘t”i%‘ hhafditgds Hesre! mpagHE® isi ng a

t echni que sel ected from El ectrodi scharge Machi ning (EDVM, vapor honi ng,
cross hatghi ngipe RRHgRENG andhiGomibat sﬁ@g?dd‘%thﬁ%r@é)ihp g‘gﬁthhe nedi cal device
of claim1l, wherein the external surface of the male luer fitting is
roughened to between about 0.3 mmto about 1.2 nm 6 . The nedical device
of clai mil, whHéeaiedicelivieviexoleairiad 9. siekamche 8 agers igvfasy paadamfdet ting i s
roughened with a random pattern finish.7 . The nedical device of claiml1,
wherein the material includes an additive that enhances the | ubricious
property Gf t Hemptabeolaiking mihe! d@dctmh‘pdévg ce of claim7. wherein the

\";\‘ﬁg'r;: e 'hz ggéffrga'eamﬂ"c@&%}gar a ‘?unr?min@ Wi Q'Eonﬁ‘%ﬁj gl X\ld éganof1x1t~%fie c;\{}?m

wherein the slig nagantiti s famflatidey fagigdofaarsatond hikdicA deichodaleflusraiiimg a
redi ol dovi oo SOTBLLS 0o IO ACL LR, 8 TRLE Lyt [ 41 DR 4 2. con oo
second nedi cakeqdavd GedisadRh®d dsedonfrbidhb@ male conical tip from a female luer fitting

is less than the force required to assemble the non-roughened male luer fitting from

the female luer fitting; and

roughening the outside surface of the male conical tip such that upon assembly
of the male luer fitting with the female luer fitting with liquid present between the
male conical tip and female luer fitting, the removal force is less than about the

assembly force.

12. The method of claim 11, wherein the outside surface of the male luer fitting is

roughened between about 0.3 pm and about 1.2 um.

13. The method of claim 11, wherein the outside surface of the male luer fitting is

roughened with a random pattern {inish.

{4, The method of claim 11, wherein the surface of the male conical tip is rougheped
using a mold to form the tip that has been roughed using a techpique selected from
Electrodischarge Machining (EDM), vapor honing, cross hatching, polishing, sand blasting,

bead blasting and combinations thereof

15. The method of claim 11, wherein the medical device is manufactured from a material

that includes an additive that enhances the lubricious properties of the material.

io



manuf actured froma material containing a |ubricious agent such that the
force required to disassenbl e an non-roughened nale conical tip froma
femal e | WO 2Diok26mg is | ess than the force required to &ssarsbéie/ sizes
non-roughened male luer fitting fromthe female luer fitting; and
rougheni ng the outside surface of the nmale conical tip such that upon
assenbly of the male |uer fitting with the female luer fitting with liquid
present we e _coni cal femal e luer tting, the renoval
force i s 1ess €ﬁ§ﬁE§ t@aW%e “?“61tﬂaM@o?ééyﬁff“ﬂ?ﬁmO“ﬁ¥%od of claim 11,
wherein the outside surface of the nale luer fitting i s roughened between
about 0. 317mm édhd mabodtf daizh 13, mhekd. thelhilitivetihvodipakeral ai m 11, wherein the
outsi de surface of the nale luer fitting is roughened with a random pattern
finish. 14 i ereln t surface of the male conica
tipis roﬁgheﬂgaﬁﬁ§Ph§ gmﬁbkﬁ“WSEWB?%iWﬁgeqﬂ%agﬁéfm%é@“%een roughed using a
techni que sel ected from El ectrodi scharge Machi ning (EDM, vapor honi ng,
cross hatching, polishing, sand bl asting, bead blasting and conbi nati ons

t hereof 15. The nmethod of claim 11, wherein the nmedical device is

manuf actured froma material that includes an additive that enhances the

| ubricious properties of the material The nethod of claim 15, wherein the
additive is glycerol nonostearate. The raethod of claim 15 wherein the
additive is a slip agent. The method of claim 17, wherein the slip agent is
a fatty acid am de.

11



