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site for use in intravenous infusion applications.

Background of the Invention
It is common medical practice -to intravenously

infuse various fluids or medicaments into a blood vessel
of a patient (e.g., a vein or artery). Such infusion is

- typically accomplished by the insertion of a hollow
introducer needle .into a target blood vessel. The
introducer needle is fluidly connected to one end of an
elongate, flexible tube or fluid line, the opposite end
of which..is fluidly connected to a solution bag. The
solutionfbag itself is typically suspended above the
patient "so as to allow gravity to facilitate the flow of
fluid downwardly through the fluid line and into the
patient’s blood vessel via the introducer needle which
remains operatively positioned therewithin. The fluid
tube and solution bag are connected to each other via a
metering apparatus which controls the infusion rate of
fluid from the bag into the tube.



net eritng apparatus which controls the infusion rate of fluid fromthe bag
into the tube. -2- In many
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The inclusion of the .injection site within the
tubing allows various medications to be selectively
infused into the blood vessel of the patient by the

addition thereof to  the solution - flowing from the
solution bag into the blood vessel via the upper tubing
segment, injection site, lower tubing segment and
introducer needle.. This supplemental infusion is

. typically accomplished through the utilization of a
conventional syringe, the needle of which pierces and is
extended through the diaphragm disposed on the top end of
the main body portion of the injection site. Subsequent
to. the expulsion of the ,medication from within the
.syringe and into the flowing solution, the needle is
retracted.put of the main body portion of the injection
site, wiﬁﬁ_the aperture created in the diaphragm due to
the péésagg ‘of the needle therethrough  being
substantially closed upon such retraction due to the
resiliency of the diaphragm. As will be recognized, the
incorporation of the injection site within the tubing
allows various medications +to be intravenously
administered to the patient through the existing infusion
site within the blood vessel, thus eliminating the need
to subject the patient to additional needle sticks.



resiliency of the diaphragm As will be recognized, the incorporation of
the injection site wthin the tubing allows various nmedi cations to be
i ntravenously adm ni stered to the patient through the existing infusion
site within the blood vessel, thus elimnatgnag the need to subject the
patient to additional needle sticks. - 3-
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sites which incorporate a diaphragm adapted to assume
open and closed configurations without having a needle
inserted thereinto. Through these needleless injection
sites eliminate the necessity of having to puncture the
diaphragm with a needle, they also possess certain
deficiencies which detract from their overall utility.
Foremost of these deficiencies 1is the difficulty
associated with disinfecting the injection site, and in
ﬁarticular the diaphragm thereof, subsequent to
medication being infused thereinto. 1In this respect,
after each use of the injection site the diaphragm must
‘be cleaned, with such cleaning typically being
.accomplished through the application of alcohol or a
similar disinfecting agent thereto. However, due to the
configuréiion of the diaphragm, complete and effective
disinfeE%ion_the}eof is often difficult to achieve, thus
increasing the risk of the inadvertent introduction of
contaminates into the solution stream upon subsequent
uses of the injection site.

It is also a common medical practice to initiate an
intravenous infusion (i.e., an I.V.) into a patient
through the utilization of an I.V. start set. 1In this
respect, hospitals and other medical establishments



simlar disinfecting agent thereto. However, due to the configuration of

t he di aphragm conplete and effective disinfection thereof is often
difficult to achieve, thus increasing the risk of the inadvertent
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end of which includes an introducer needle connected
thereto, with the injection site being fluidly coupled
within the fluid line. 1In these units, the fluid "drips®
from the solution bag into the fluid line connected
thereto, with the flow rate through the fluid line being
adjustable to control the rate at which fluid is
introduced into .an anatomical passage of the patient.
The bag is suspended well above the level of the
introducer needle, with flow through the fluid line being
facilitated by gravity.

To facilitate more accurate control or metering of
the rate at which a therapeutic fluid is infused into the
patient, these I.V. drip units are frequently provided
with pum_p sets and/or rate controlling devices.
Typically",' the infusion rate is selected based on the
type of™" therapy being provided, and the nature of the
therapeutic fluid. Commonly used infusion flow rates are
83, 100, 125, 167, 200, and 250 ml/hr. As will be
recognized, however, the need to incorporate a pump set
and/or rate controlling device into the I.V. drip unit
significantly increases the cost associated therewith.

In an effort to overcome the deficiencies associated
with the prior art injection sites, Applicant developed



facilrtated by gravity. To facilitate nore accurate control or
nmetering of the rate at which a therapeutic fluid is infused into the
patient, these |I.V. drip units are frequently provided with punp sets
and/or rate controlling devices. Typicallyrsthe infusion rate is sel ected
based on the type of therapy being provided, and the nature of the
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08/493,744 in that the same is specifically configured so
as not to pull a vacuum within the tubular fluid line
connected thereto when a needled or non-needled
introducer is withdrawn from therewithin.

The needleless injection site constructed in
accordance with the present invention constitutes a
further improvement over that disclosed in U.S.
Application Serial .No. 08/699,848 in that the same is
specifically configured to facilitate a fixed flow rate
of a therapeutic fluid therethrough when fluidly coupled
within an I.V. drip unit, thus eliminating the need to
incorporate pump sets and/or rate controlling devices

.within the I.V. drip unit. In this respect, the
needleless, injection site of the present invention
satisfieéf_both"functions of providing a needleless
interfade bgtwéén the I.V. start set and the solution
bag, while also providing a controlled rate of fluid flow
through the I.V. drip unit.

Summary of the Invention
In accordance with the present invention, there is

provided a fixed flow rate needleless injection site
comprising a housing which defines an interior chamber



accordance with the present invention constitutes a further inprovenent
over that disclosed in US. Application Serial No. 08/699,848 in that
the sane is specifically configured to facilitate a fixed flowrate of a
t herapeutic fluid therethrough when fluidlyécoupled within an I.V. drip
unit, thus elimnating the need to incorporate punp sets and/or rate
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" through the fluid passage. The metering member is
preferably sized having a thickness of from approximately
lmm to 10mm, with the orifice preferably being sized
having a diameter of. approximately 300 microms. The
metering member may comprise a separate element which is
secured within the fluid passage via an adhesive or other
attachment process, or may alternatively be integrally
formed as part of the dilator projection portion.
Additionally, the orifice diameter and/or thickness of
the metering member may be varied in accordance with the
desired rate of fluid flow therethrough.
In addition to the housing, the needleless injection
_site of the present invention comprises a reseal member
which is disposed within the central opening and the
interior “'chamber of the housing. The reseal member
include¥ ah)gléétically openable and closable aperture
disposed therein, and defines an expandable and
collapsible internal reservoir. The reseal member
normally resides in a first position within the housing
wherein the aperture is in a closed configuration and the
reservoir is collapsed. The reseal member is selectively
deformable such that the application of distally directed.
pressure thereto will cause the same to distally advance



preferably sized having a thickness of fromapproximately Immto 10mm wth
the orifice preferably being sized having a dianeter of approximtely 300
m crons. The netering nmenber may conprise a separate el enment which is
secured within the fluid passage via an adkgsi ve or other attachnent
process, or may alternatively be integrally forned as part of the dilator
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posi tion. inner and outer surfaces of the proximal end. The
proximal end is defined by a generally cylindrical
proximal portion of. the body, with the distal end being
defined by a generally cylindrical distal portion of the
body having a diameter exceeding that of the proximal
portion. Formed between the proximal and distal portions
of the body is a generally cylindrical middle portion
having a diameter which exceeds that of the proximal
portion, but is less than the diameter of the distal
portion. - The transition between the middle portion and
the proximal and distal portions is defined by a pair of
beveled shoulders. The inner surface of the proximal end
.of the body preferably has a generally semi-spherical
configuration, with +the aperture extending axially
between the outer surface of the proximal end and the
apex of"itg_semi—spherical inner surface.

Disposed within the body is a radial leaf spring
which includes a plurality of leaf portions having
elongate slots extending therebetween. The leaf portions
are adapted to apply a radially inward biasing force to
the proximal end of the body which maintains the aperture
in the closed configuration when no distally directed
pressure is applied to the outer surface of the proximal



The reseal menber further conprises a resilient body which includes a
distal end, a proxinmal end having inner and outer surfaces, and an aperture
ext endi ng between the inner and outer surfaces of the proximal end. The
proximal end is defined by a generally cyli+gkical proximl portion of the
body, with the distal end being defined by a generally cylindrical distal
portion of the bady. haviiheg medénveier oefxcbbeii mgsehdt mdmlide ﬁ)soxiermlned
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surface thereof. When the reseal member is in its first

position, a beveled shoulder of the body and the second
end of the donut spring are abutted against the housing.
-In this respect, the donut spring is preferably sized
.such that a slight compression force (i.e., a pre-load)
is applied thereto when the reseal member is in its first
position. Both the body and the donut spring of the
reseal member are preferably fabricated from silicone,
though similar alternative materials may also be employed
in the injection site of the present invention.
- The dilator projection portion of the housing
extends into the reseal member, and more particularly is
. extended through the bore of the donut spring and into
the radial 1leaf spring. In this respect, the body
further defines an annular flange which extends radially
‘inward 'from the distal end thereof and is abutted against
the dilator projection portion of the housing when the
same is extended through the bore and into the reseal
member, thus creating a fluid-tight seal therebetween.
The application of distally directed pressure to the
outer surface of the proximal end of the body causes the
radial leaf spring to be distally advanced over the

dilator projection portion. The resultant outward



The reseal nmenber further conprises an elongate, generally cylindrical
donut spring having a first end which is abutted against the distal end of
the body, a second end, and a bore extending longitudinally

t heret hrough. In the preferred enbodi nent —g-he donut spring has a splined
configuration, and includes el ongate channel’s extendi ng | ongitudinally

within the outef)ayibacect hq&f}ﬁé)f leﬂ\befbdﬂ’lﬂdrﬁﬁeﬂhcﬂEiMes sthe it&dfalst
position, a beveled shoul de the bod an §% second end of the. donut

spring are abut FEB3AFAPRstO hé %1 i $EFeQRER  COMELIITRE LDt i ng
is preferably skze# authatrhatflaxibngbf tlepress ipprtfionseisi assistedrisy | oad)

Is applied thereto when, the res t ot h
the body and t & ABNBES3PT g Lof RPAeo] ccis) ATk, bt £akES LREPLYL hick
fabri cat ed fromesighigeonthet hbulgtax npraneam@nn@tqr\teonat@su &he nﬁ?s%@%o be

enpl oyed in the 'ewb%g hgndﬁéisl% mxwe%semerbavsftl@adltlonlmydltﬁéor

projection portion o ousi extends into the reseal nenber;, anpd nore
particul arly | sTevemeadd ofhitdegKeeRaLHBRBPRY HQHAIIhAGE SEFPRY BRFLFHOD t he

radial |eaf spriga@siitiadtddhi sheesdffdnsidheobodihd urébervsled i Fesmanissnul ar
fl ange whi ch extends radlally |2£@rd fromthe distal end thereof and is

abutted agai nst PEFEilYaca! IARS ®ortion of the housing when the same
i s extended through tbmdarghxyuitméOréhevamseﬂ thenbdistdllys dirattad a

fluid-tight seal therebet¥§ %hgggéfc%yfygdg &%S£ﬁ£|§#$£ﬁﬁiﬁden?he

pressure to the PGS Sur e proximal” end causes
radi al | eaf spricegstes &@edr@ﬁ&bﬂyladﬁaﬁpéun@wgvkﬁh@rﬁﬂﬂaﬁély %;b%é@@an

portion. . Theg rE??%k%@nEhepHEWQ&gr Pro;ectlon sortion. Such prox1mal - 9-
flexion of the l'eaf portions facilitates the radial exp anS|on of

aperture to itsToyenendnfagdddtasss %WWW FPERFBrPfoF ?h%PFEEFre

portions is assiyd8dP¥losed configuration, and the compression of the
reservoir. When the reseal member is moved to its second
position, the donut spring is compressed between the
distal end of the body and the housing. As such, the -
movement of the reseal member back to its first position
is facilitated by the resilient return of the donut
spring to its normal, slightly compressed configuration.
Importantly, when the reseal member is distally
advanced to its second position, intravenous £luid
introduced thereinto via the open aperture flows into the
expanded reservoir via the slots defined between the
radial leaf pbrtions of the radial leaf spring. - In
. addition to flowing into the reservoir, such fluid flows
directly-into the fluid passage. When the reseal member
re3111ently returns to its first position, the resultant
.collapse of the reservoir forces the fluid from
therewithin back through the slots defined between the
radial leaf-portions and into the fluid passage, thus
creating a zero or positive displacement therewithin,
i.e., preventing a vacuum from being created within the
fluid passage. In the preferred embodiment, the
reservoir is sized to displace approximately 0.035ml of

retained fluid volume. 1In this respect, the volumetric



Fanp portions fornmed on the inner surfaces thereof which engage the dil ator
projection portion as the reseal nmenber is distally advanced thereover.
Additionally, the novenent of the reseal nenber toward its second position
facilitates the expansion of the reservoir -fiwemits normally coll apsed
state. Conversely, the renoval of the distally directed pressure from
t he outer surfacsmpHcitye pfoxtihml readrvalisesis hpreddirabliyeadqsgk i kg torbe

proximal 1y w t hdpan, &, oph gy e phes did at a&afata%ffctafofnu[ﬁ)%rtf'ﬁ& Pelsage

proxi mal novene e resilient return o
cl osed confi gur aalgniplaied tlme thapr&dsilot Ve hedistancei pf \’N@@w Iﬁh%eabseal

menber is moved fGid;s w‘il%%oﬂﬁepgﬁiné'r%‘veé he-Sip s %H&b'&gpbéil‘é%ﬂrﬁésfgs
between the distal end of the body and the housing. As such, the novement

of the reseal meSARANDRIEXGQRs first position is facili t at ed by the
resilient return of tfg %@lﬁlgtlngpbfnmé (‘prfééarfﬁ)ﬁmiqbctibhgbife

configuration. ortantl e e re f
advanced to its %%%‘Fﬁr}’p Sal dﬁ’pﬁrnt?%ﬁ h%ﬁs ﬁgbfjrrb%ﬁuce St h‘é‘?%%ﬁ‘ﬂ) vi a
t he open apertur@éﬂnvg; | awhad ahdommaram:tmewlwmh ¥saathechedt salethaed
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to flowng into reservorr, suc oWS dlrectly I nt’o
passage. \Wen thand edoslemendetiensi Gehiegtieely nslefdnet sther sinpesioron,

the resultant , collapse e Jdifer IESHMMU lof fHEAoud Ny {4 %ldeféfgﬁh{
therewi t hin back through the slots, defined between the radi al’. | eaf I ons

and into the fI WA Pastodpd asrprdimhitnghe 2R R Jhe t‘??/’efh?%p“tuagléh%nt
therewithin, i.ethe prﬁ@ﬂ@f'im@gmémldéﬁpum eromethel pgesiseat &l wiid hixow heatéui d

di spl ace ap'pr”ox.ff'}azaefre%%@fﬂg% FRE ek I RgegeuRe® e EoRetpEe
the volumetric within the I.V. drip unit. The - 10wer section itself
preferably comprises a central portion which is attached
to the upper section via a sonic weld, and includes the
dilator projection portion extending proximally from one
side thereof and the adaptor portion extending distally
from the opposite side thereof. The adaptor portion of
the lower section preferably comprises a tubing
connection having a tapered outer surface and a blunt
distal tip. Slidably extensible over and frictionally
maintainable upon the tubing connection is a breather
cap.. The lower section further includes a distal lock
region which circumvents the adaptor portion and
- preferably includes a plurality of Luer threads formed
therewithin.

Brief Description of the Drawings

These, as well as other features of the present
invention, will become more apparent upon reference to
the drawings wherein:

Figure 1 is a perspective view illustrating an
exemplary manner in which the needleless injection

site constructed in accordance with the present



capacity of the reservoir .is preferably equal to or greater than the inner
di aneter of the fluid passage nultiplied by the axial travel distance of

t he reseal nmenber when the sanme noves fromits first position to its second
posi ti on. The housing of the present injestion site preferably
conprises an upper section which defines the central opening, and a | ower
section which is attagRegdttiont e upearts efddiontaMeflalidadh€dstionesnbo

ot her, the upper and | ower sections_collectively define the interior
chanber. The upper s@@t?&ﬁt8WlFﬁg RBGSPHG i s preferably col or coded
according to the size of Fheguoei Ri de wi pairtiale crosersegtienbér vieweof t he

pre-set fluid flowr o] ﬂ!ﬁ o] . e he :
injection site withi %tht%heq{ . V. GE%'rel u%éé@lﬁé I_%%\Té% $g§§|§g#ﬁ+?§§l £0
preferably conpri ses agzcoadiengle pathi shewprereps anveekeanio the upper
section via a sonic veld, paRdrenc udes hheridMtictiidiAact y9BuPBL i @Re
extending proxinmally from one side thereof and the adaptqr portion
extendi ng distally fPSREd SSSpodPIECEiQR t FdFEof SPPHE adBpt EFIYSFti Gm of
the | ower section prafianaitivatdapriheesescalbmegbeanthetrcof havangiastaper ed
outer surface and a blunt distal .tip. Slidably extensible over and
frictional ly maintai fafS8LFEFHHE Y ubi ng connection is a breather cap. The
| ower section further inclRidesea 4i sisal al mfosegagtidnalh vievcwenhse the
adaptor portion and _prefar ' Hes Lty of :eads formed
t herewi't hin. ﬂéé%a@rﬁg%xfgggélpt|dﬂngfyéﬁﬁéE%ém}%gggErggiﬁﬁeggf as
wel | as other featur&essal reghaschheregénppofefigmedcktie avsecopdar ent

upon reference to theglhpwWoiidsiweer ei n: Figure 1 is a perspective
view illustrating an exenpl ary, manner i.n ich the aeedleless _
injection - site const FdAUES i°nis A% EFRILAHY I 5¥e 1) ustrating the

components comprising the reseal member shown in
Figures 3 and 4; and

Figure 6 is a partial cross-sectional view of
a fixed flow - rate needleless injection— site
.constructed in accordance with a second embodiment

of the present invention.

Detailed Description of the Preferred Embodiments

Referring now to the drawings wherein the showings
are for purposes of illustrating preferred embodiments of
the present invention only, and not for purposes of
limiting the same, Figure 1 illustrates -a needleless
injection site 10 constructed in accordance with a first
embodiment. of the present invention as used to facilitate
the infuéipn of a medicament into a blood vessel (e.g.,
a vein or artery) of a patient. As will be discussed in
more detail below, the needleless injection site 10 of
the present invention presents advantages over those
constructed in accordance with the prior art in that the
same is specifically adapted to create a zero or positive
displacement of fluid within the fluid line 12 extending
from the injection site 10 to the blood vessel of the
patient when a non-needled introducer 14 is withdrawn



invention is used to facilitate fluid infusion into an anat om cal

passage; Figure 2 is a partial cross-sectional view of t he
needl el ess injection site constructed in accordance with the present
i nvention; Figure 3 is a cross-sestipenal view of the

needl el ess injection site shown in Figure 2, il lustrating the reseal

menber thereof iftom fiiedtewithirtl osa@dppatiahitdy, such zerd i gur podiitdve

cross-sectional uiew of th eal h ' o] , .
i|lustrating théilsr’\yaclﬁg'?é1 I ?ngrrbfefé% 'erIeEo% ggtszegg?vn%%”%t g'rrgxée(]:ogr%&g
open position; created wHitgume the sthwi@xpioded2yi shusl eddminBtAgat @y
component s compijsiig L ke eaba EHDALL NI A1l bE USRS RNd oty and
Figure 6 is aparatlal cross-sectional view of a fixed flowrate

needl el ess i nj eddckTidiowe of blegdstFuk? edben Bt dahee Wix nis ddadiy

embodi ment Waddigapyiesent thyeriiorroagul atPenathedede sy RPistiueft t he
Pref erred Enbodi nents . R ring now %o t he .drawin wherein.th
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ef er
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present inventi gasydsy intnd thet Hleodweseeds off thenpaitignthe same, Figure 1
Il lustrates a needl el e i.nj.ection,si 0opsSLr 1 C cemth a
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injection site 10 o esent 1 nvention presents advanfages over those
constructed in &#&mece KREHCEAe Pamates tPTORIt PRELEAPe2Ps having
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a lower section 24 which is rigidly attached to the upper
section 18. When attached to each other, the upper and
. lower sections 18, 24 collectively define an interior
chamber 26. In this respect, the proximal portion 20 of
the upper section 18 defines a central opening 28 which
communicates with the interior chamber 26. As best seen
in Figures 3 and 4, the tramnsition between the central
opening 28 and interior chamber 26 is defined by an
annular, inclined shoulder 30 formed within the inner
surface of the upper section 18.
The lower section 24 of the housing 16 includes a
central portion 32 defining a generally planar,
..circularly configured proximal surface 34 which is
circumvented by an annular flange portion 36. Formed
within the outér surface of the central portion 32 and
extendiﬁg theréébout is a continuous, annular shoulder
38. When the upper and lower sections 18, 24 are
attached to each other, the distal rim of the wupper
section 18 is abutted against the shoulder 38, with the
flange portion 36 extending along the inner surface of
the upper section 18 in direct contact therewith. The
attachment of the upper and lower sections 18, 24 to each
other is preferably facilitated by a sonic weld between



»12- fromtherewithin. Inportantly, such zero or positive displacenent of
fluid prevents a vacuum from being created within the fluid line 12, thus
el imnating any back-fl ow of blood thereinto. As will be recognized, any
back-flow of blood into the fluid line 12 isshighly undesirable, in that

t he coagul ation thereof may obstruct the fluid line 12 or create a cl ot

whi ch inadver t eRLly H1A38AS it b Rl @itk ssdli il ddhandhNishoulder
Referring now to Figures 2-5, the_injection,site 10 of the present

i nvention conprB8edefimed bW kbeslRYCT6SeFhdORotd nIAECT¥ S It dondr R%s an
upper section 18awaiseh 4ef imestBosedede b et atatyersioxi il ther tiren tHat

havi ng Luer threads 22 f.ornmed, on 'Elhe %ter gu(rif ace_t hereof. Jan additign to
the upper secti GitEFNAHY G oAEEAGIREN T PEERE, | W s &8t i RS 24%%hi G i s
rigidly attacheddhedifedipmay beceémphoy8d Merhatingelodd onosétehl®t héthe t he
upper and | ower sectiqns 4 lLl.ectd el ydefi.ne b ' amhel 26.
In this respect VEHTE p?rngxi]l%njawle%pgr ?:ltol‘r%f O\igf' ?%egtgpggges%gét%}%q&%.efl nes a
central openi ng E&isixchatbarbeicdiesearhh athern nter the afarsserpsioned pest

seen in Figures n?é;g{bq_ 4, e | &b PP PEt WeeR Heha et r sb-epsRi 18 28 and
I nterior chanber i s d%#‘lgng&rt%gsan .annul ar, inclined shoutlzder 30 formed
within the i nnersuhgtanid akly Faushp¥itdethportgr surface,gf|the ceitdbn 24

of the housing & idndes G el rBdwePOsédoibn 3. defining a generally
pl anar, surface, 34 which i.s _ci Leunve

circularly caonfigured proxi,mal nt ed by
an annul ar flange porﬁ’ﬁ?ﬁ“c\[ﬁé‘.‘g preximad 1% £ROR The R aduFratacs f‘hcefi
central portion t}it asdnexaingiortidrer 22bamt swstagdnitdliyoussregemdieular

shoul der 38.  \Wen .t.he uppe d I, r..sechi S48, a1 2485 € Jid 40
each ot her, ther?lsaftalloei}i ?nlgc[hor e _&%ﬁrans‘e%tlk’g’ﬁ E% i's.lgéutteoﬁ% I nst the
shoul der 38, wi tgonthieon 40 which is coaxially aligned with the eentral

opening 28 of the .uppef section 18. The dilator’
projection portion 40  has a generally cylindrical
configuration, and defines a blunt proximal tip 42. 1In
addition to the dilator projection portion 40, formed on
the lower section 24 and -extending distally from the
distal surface 44 of the central portion 32 thereof is an
elongate adaptor portion 46. In the injection site 10,
.the adaptor portion 46 preferably comprises a tubing
connection which defines a tapered outer surface and a
blunt distal tip 48. Also extending distally from the
distal surface 44 .of the central portion 32 is a distal
lock region 50 which circumvents the adaptor portion 46
-.and is used to facilitate the connection of the housing
16 to anannular surface. In the preferred embodiment,
the distéi.lock'?egion 50 includes Luer threads 52 formed
-on its-inner surface, and is sized such that the distal
tip 48 of the adaptor portion 46 protrudes beyond the
distal rim thereof.

As seen in Figure 4, the adaptor portion 46 is
configured to facilitate the connection of the injection
site 10 to the fluid 1line 12. Such connection is
achieved by the advancement of the adaptor portion 46
into .one end of the lumen of the fluid line 12, with the



flange portion 36 extending along the inner surface of the upper section 18
in direct contact therewith. The attachnent of the upper and | ower sections
18, 24 to each other is preferably facilitated by a sonic weld between

-13- the distal rimof the upper section 484and the shoul der 38 defined by
the | ower section 24. However, it will be recognized by those of ordinary
skill in the ar taddmtoxalpbmtmahi 4@ Iaetirag:lsrimﬁd aetihodsfiguréd aso tawe tus deof

adhesi ves, my bﬁ. oqyaaqyucﬁ£$§ éf%gﬂ trF 1?Fa %ﬁdl}!’%g?%gg glz%\aer

sections 18 24 e 5176 en r|g| oth in
t he af orenenti onstbtndiecdistak mlerre;g}rcrraé@ mﬁym@ umrms@@mmtlghes

substantially f1ysf wstdh ta%eoqtoertos ‘i'hff%%g.oﬂf cBhl%oﬁ%BTt%ath@Et k@An3%s the

| ower section 24. Ext endi ng proxi nmal romthe proxinmal surface 34 of
the central portilmh Biq pligskant i Wrey To%?p%%l?'&%?a?oré%%{ll 6 et is

an el ongate dil a:s@inq)rx@eactboxaaemit@ﬂe%mcﬁfneaﬁﬁamahm awj@wicm th
the central openl n ﬁ:& the ?ﬂper ecti on gg di.l %:“1
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defines a bl unt wmorrmité,l pthéZ saime deditypdealdyt keveredt by ar @Jr@catt:lrmr
portion 40, for op,t r.sect 1%§ qp% X ' | I t he
di stal surface }Eﬁ%fg%hgﬁ%éﬁrﬁa % ‘%oq'gb rrio‘% %%%’Sa%‘ ;gp;r]tor
portion 46. |n tddvanmjestthenesver ami friictigaploy wnu@n%tplemn,y

conprises a tubigng sCe(H?P?LStFP&m‘!@'?h @ﬁﬁb?@ﬁn@l*’apﬁ‘i@%.ﬁl@t‘?{r ?%f et il a
blunt distal tip 48. _Also extending distall rom the distal surface 44. of

the central port3®fh 8d4ap§ox MF&PHFOC‘ROW eéﬁor?ﬁSOtRh APVEL cERTERPR tAfe

adapt or portion é&llé’dlduiéiw?cf&itné faci élongerd heledanpasisage obet kariisi ng
16 to an annul ar sur ferred e odlggnahdt he di st al,. ﬂCk

" region 50 incl udeXe Y}Pﬁ%}%fpf T Sec 1s co—axi

aligned with the central opening 28 of the upper section
18.
Referring now to Figures 3-5, the injection site 10
constructed in accordance with the present invention
further comprises a reseal member 58 which is disposed
within the central opening 28 and interior chamber 26 of
the housing 16. The reseal member 58 comprises a
resilient body 60 having a generally cylindrical proximal
portion 62 which defines a proximal end 64, and a
generally cylindrical distal portion 66 which defines a
distal end 68. Disposed between the proximal and distal
portions 62, 66 is a cylindrically configured middle
. portion 70. The proximal, middle and distal portions 62,
70, 66 are,of progressively increasing diameter, with the
diameter of the distal portion 66 exceeding that of the
middle ‘Portion 70, and the diameter of the middle portion
70 exceeding that of the proximal portion 72. The
transition between the proximal and middle portions 62,
70 is defined by a first beveled shoulder 72, with the
transition between the middle and distal portions 70, 66
being defined by a second beveled shoulder 74.
The proximal end 64 of the body 60 defines a
recessed, circularly configured outer surface 76 which



on its inner surface, and is sized such that the distal tip 48 of the

adapt or portion 46 protrudes beyond the distal rimthereof. As seen
in Figure 4, the adaptor portion 46 is configured to facilitate the
connection of the injection site 10 to thgstluid Iline 12. Such

connection is achieved by the advancenent of the adaptor portion 46
i nto-one end of nakeal gagReral1yhsldnat ddnfiepiZat¥érih theaddition to the

(i ctionally r CPHHARISERERER 11 T BRTFbE Tk SnSEh hay THETAYS)
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not being used t0 € connection © . ion site 0 the
fluid |line 12 orthet hapex nodsitre canpenersurfate IBnd s san yppeatuyec B’y ed

by a breather Calad%iﬁména%oh@mb%wgaayeﬁeaﬁagﬂéae.tacmamﬂ ifward
advanced t hereover an rictionally naintai ned thereupon, as s€en in Figure

2. Inportantly, fe dhet dtshrbj Bfi &8 ffd BRpPBAY pbPt ienS APDUNRUS he
| oner section 24miRINACtEVahYe dgbi nehan ehwegaperiphédapasagge oF6 wii el

extends through } | ower section 24 and.is -axially_ali.gned wth the
central opening %ﬂeﬁh%nuﬁBéFrggéﬂgﬁFQB. %%e)%%é%rfsnd%néﬁﬁ PR es
3-5, the injectifabmideed) cdmstr ucsktliconagcoridamogh w tthet hespmesemay

i nvention further cqqgrlsgﬁ S 5 ich | hSPpO giﬂi ln the
central openi ng%j'g’ean. e|J‘nterj’)iaorﬁgc(ra;%lrlrgc)I([a'HLr3 é%f &}fﬁ@ h%u%?ﬁ"g%g. E ei%ageal
menber 58 conprimsderialk eiidh éaj WYWLWBO having a general ly cylindrical

proximal portion 62 wiLh gefd Negefnbf O¥uiRheeNEchhrided 2 Jaifial | Yeat
cylindrical distal portion 66 which defines a distal end 68, Di sposgg

bet ween t-he prodBFinng4dibigh is disposed within the body 60. he
radial leaf spring 84 comprises a .generally cylindrical

base portion 86 which transitions into three (3)
identically configured, - equidistantly spaced leaf
portions 88 via a beveled shoulder 90. The leaf portions
88 are . separated from each other by three (3)
longitudinally extending slots 92 which extend to the
shoulder 90. Formed on the inner surfaces of respective
ones of the leaf portions 88 are generally wedge-shaped
ramps 94, the use of which will be discussed in more
detail below.

As best seen in Figures 3 and 4, the radial leaf
spring 84 'is disposed within the body 60 in a manner
.wherein the outermost ends of the leaf portions 88 are
received .into an annular channel circumventing the semi-
sphericaii_inner' surface 78 of the proximal end 64.
Additioﬁally, éhe distal portion 66 of the body 60 is
wrapped about the base portion 86 of the radial leaf
spring 84 such that the flange 82 extends about the inner
surface thereof. The radial leaf spring 84 is preferably
fabricated from polysulfone or polycarbonate, though
similar rigid materials with memory may be utilized as an

alternative.



portions 62, 66 is a cylindrically configured mddle portion 70. The
proximal, mddle and distal portions 62, 70, 66 ar of progressively

i ncreasing dianmeter, with the dianeter of the distal portion 66 exceeding
that of the mddle portion 70, and the di angger of the middle portion 70
exceeding that of the proxinal portion 72. The transition between the

proxinmal and mddl e peftdditi®h td) tife dsbdypedobyna Eaas_hlbq&@cb der
72, with the tran5| tion between the m ddgg anjc::l ﬂ:&tal porti.ons ei ng
T
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slots 92 which extencfto t he shoul Fornmed on t he i nner surfaces” of
respective alternatively be fabrlcated from a similar resilient

material such as rubber.

In the injection site 10, the aperture 80 extending
through the proximal end 64 of the body 60 is elastically
openable and closable. In this respect, the reseal
member 58 of the injection site 10 normally resides in a
first position within the housing 16 (shown in Figure 3)
wherein the aperture 80 in a closed configuration.
Importantly, the reseal member 58 is selectively
deformable such that the application of distally directed
pressure thereto, and in particular the raised lip
circumventing the outer surface 76 of the proximal end
64, will cause the same to distally advance within the

. housing 16 to a second posifion (shown in Figure 4)
wherein +the aperture 80 assumes an open configuration.
As will:Bg discussed in more detail below, due to the
resiliéﬁcy pf the reseal member 58, and in particular the
donut spring 96 fhereof, the removal of the distally
directed pressure from the proximal end 64 will cause the
reseal member 58 to resiliently return to its first
position wherein the aperture 80 reassumes the closed
configuration.

When the reseal member 58 is disposed in its normal,

first position within the housing 16, the dilator



ones 'of the |leaf portions 88 are generally wedge-shaped ranps 94, the use
of which will be discussed in nore detail bel ow. As best seen in
Figures 3 and 4, the radial l|eaf spring 84 is disposed within the body 60
in a manner wherein the outernost ends of filpe- | eaf portions 88 are received
into an annul ar channel circunventing the sem - spherical inner surface 78
of the proxi malpreidctdonAgdiritionakbyofttice diceat spettiban2 6. ofedthadecdy 60

i s wapped abo t he.base porti 86, of, th di l eaf, spri 4 ch t hat
the flange 82 gzillré’r\’t%‘ %%‘c?u?)qlheeoélhnn%]? Otsrtlﬁ fcg%llg?’? h%%lo%q eanrd;g‘ln%o Iscgla
spring 84 is phefldocablintfabiocarBdtheomagahysdebdnepoingoBygcar Gondthd,s
though simlar rigid. mtari ' I oMRYE 411484 ;
alternative. Ires%ﬁa%t’ &id Sprodindl TETP M‘:_Z bc%GéJ dil I n%{:irﬂétcitolr?% o the
body 60 and radioaltilomaf4Os gEitegdsy tor pEPre¥éRptRdfhERe JEevledh Shoyleay on

site 10 conpri SRS 3N +8leORGRALS] URRET Bpringybiandr tEah axdhaddNUtsSRNag 96
whi ch has a splined _outer surface and h]gﬁlsﬁges a bore 98, extendin

| ongi t udi nal | y {@33@1 leafs seping 8t i , aRE’IV\PF‘PJ%‘étJo‘?%(R%%@th? t%ore

det ai : | bel gw, tﬁaesst@ttmr@mﬁjm%h% o@@fnl 'ﬂgx@sgafﬁheﬁtt bgrgm mgimzzerﬁiamge:g is

nor na abut t ed agai pst i stal_end, . 0 a .econd or
! DBk bRt S GAR BB RS KB pedll b

di stal end whi again ousing _
particul ar the tprexehynl sulfportantéf,t heheeriamelryrt pdn BlRe ofopdrelnipwer

section 29 L kRARduly (s igadofut 16041 adOhe JEdCldbinedabidcat ed

from silicone, thoug the  sane may alternatively be tabricated from

a similar resilthentdidaerr aprejerstason, ps¥dlon 40. | N AEhEULh) edtiedn i e 10,

the aperture 8Qiediudi ggrc?ﬁléc%t&kht heoPE P "Bk 0 engadide o i dipdy w0id s
the’

elastical Iy openable andglosgble. ;RIS 18RS nushDEs L M anner

opening,
against the outer surface thereof, i.e., the bead is

compressed between the outer surface of the dilator.
projection portion 40 and the inner surface of the base
portion 86 of the radial leaf spring 84.

Additionally, when the reseal member 58 is in its
first position, both the proximal and middle portions 62,
70 of the body 60 reside within the central opening 28 of
the upper section 18, with the second beveled shoulder 74
and distal portion 66 of the body 60, as well as the
donut spring 96, residing within the interior chamber 26
of the housing 16. Importantly, though the diameter of
the middle boftion 70 of the body-sb exceeds the diameter
of the proximal portion 62 thereof, both the proximal and
middle portions 62, 70 extend along and cover the outer
surfaces 5; the leaf portions 88 when the reseal member
58 is infits_ﬁir;t position. In this respect, due to the
middle portion 70 being disposed within the central
opening 28, the same is collapsed (i.e., compressed)
against the outer surfaces of the leaf portions 88,
thereby "flattening" the first beveled shoulder 72
normally defined between the proximal and middle portions
62, 70. When the reseal member 58 is in its first
position, the second beveled shoulder 74 of the body 64



nmenber 58 of the injection site 10 nornally resides in a first position
within the housing 16 (shown in Figure 3) wherein the aperture 80 in a
cl osed configuration. Inportantly, the reseal nmenber 58 is selectively
def ormabl e such that the application of disig+ly directed pressure thereto,
and in particular the raised lip circunventing the outer surface 76 of the
proxi mal end 64exwenldscallsmd hthd arterdns dilsd ashoubibmrate of tthe ta@idbusing

16 to a second position. (shown in .Fiqu in t p 0,
assunmes an openac?&‘f'f FBEF‘Q‘E;ig ’ %va?ﬁ %oé@ré%g%ﬁgéegta‘p ?enrp%%lr%eghé?g:&??bge? ow,

due to the resilanentheofintiénedsshbubdabe?0 58yrmadi iinn thar i hpalr asurfhaceonut
spring 96 thereqf, e v heq di e i e r r t he
proxi mal end 64%vvi It?'x cgég)ggt %éc?gg%afs he?r%erlﬁélgﬂt%ﬁ?és?Figeﬁ??gi]rﬁae_% u?lgato

its first positiéén asherhee nbedie 6HePTREEURSS r 8hkIREE kepend ddgy rim of

configuration. the pMREArd1epbeteah DONBErthS ppel HeREedni N8|t asnvesal
first position within the housing 16, _the dil ator

-17-  proj ecti oF9SE o HNISS th@%wer section 24 is extended through the
bore 98 of the donut aprprgvibusing inddchbedhokhewproikémadr emid tdie thdi al

or of ect | on”por  SSH0 RIS d ey ete he, & ehaE ShaeP 85 of
the radial |eaf tdpribuglyB40 Wetletthendbidstialt enchefr sieatiohuhf sppinag964,
e P BRI gl ingeses ddienutpule nepl o da) tedeby the
thereby. |nposesttign 24headfladd FAPHIHAL IR RFWEMHe SBYL2¢F s3Bead
is less than theyuptsyr di amaiRrt@ntis did atRé BhgeeeibAn siekl iy, 46he As
such, when the djlator projection. portion 4%1%%%3%%t rougtl*héhi ]sfoggl%g&ng,
the bead is seal®¥Fhap f"FénP%F??FHP\ Rn&ho rom p
surface 34 of the.central portion 32 slightly exceeds the
combined length of the distal portion 66 of the body 60
and donut spring 96. Thus, when the reseal member 58 is.
disposed in its first position within the housing 16, the
donut spring 96 is slightly compressed between the distal
end 68 of the body 60 and the proximal surface 34 of the
central portion 32, thus applying a pre-load thereto
"which causes the same to bulge slightly outwardly as
shown in Figure 3. Due to the application of the pre-
‘load thereto, the donut spring 96 is operable to force
the middle portion 70 of the body 60 upwardly into the
central opening 28, thus collapSing the same 1in the
. aforementioned manner and facilitating the compression of
the second, beveled shoulder 74 between the shoulders 30,
90. Impdrtantly, when the reseal member 58 is in its
first p"dsit_i_on,“the leaf portions 88 of the radial leaf
spring 84 apply a lradially inward biasing force to the
proximal end 64 of the body 60 which maintains the
aperture 80 in its closed configuration.
As seen in Figure 4, the application of distally
directed pressure to the proximal end 64 of the body 60
by an infusion component such as the tip 15 of the

introducer 14 causes the radial leaf spring 84 to be



agai nst the outer surface thereof, i.e., the bead is conpressed between the
outer surface of the dilator projection portion 40 and the inner surface of
t he base portion 86 of the radial |eaf spring 84. Addi tional ly, when

the reseal nenber 58 is in its first positi-ge- both the proximal and m ddle
portions 62, 70 of the body 60 reside within the central opening 28 of the

upper section 18&;jaMdiny haveeeeadobeyetrd Ghitidiebré4eantofisdatigordd.on 66
of the body 60, as wel] as the donut spri ' i thi

96 [ t t
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col | apsed (i.e., corrpres_se]% agai nst the outer surfaces of the |eaf
portions 88, the&r¥mression (hithg dopHE SPT1RY % beldusdCauRdRY dehe same

normal Iy definedtdgduirpn duterdriary Reltrand tieddhecpobli 6RsmbEr 7.of dMhen
the reseal nenber 58 is ! Its _fi rsgt p s_thlth t he second hevel edfswl der
74 of the body gpusing 16.  Importantly, e camhlpg ackkPhd€tal'vhy and

covers the shouldieratfkr gbrd fect hom gbotehdn s$0 | agaBdst atrttk | each mprEsiseads

bet ween the sho er d . LN SQTQHHS €y 3¢ | I L+ -'Pg?r
surface of the u%pépiferargtgcgﬂoﬁggg.lcggéh ?gr?al Iy; gt r?é %rogﬁ{eggnenéleg}% he
body 60 protrudesusfaegs Ibharaafv caiisesi hef same 4o i fhexedrautywaxlof t he

upper section 1 ity | i ¢ ' Ve
G éﬁ%aelr]lﬁlﬂtq: thed¥h83a? éfhrision of éﬁepéaﬁé/:':t?&'ﬁé 80

i ndi cated, the prox] m he donut spring 96 is abutted agai nst the
distal end 68 oft? hetHRBEBICORF1FFRELM st al end of the donut spring 96

Additionally, since the middle portion 70 of the
.body 60 is removed from within the constricting central
opening 28 of the upper section 18, the same resiliently
returns to its normal orientation (shown in Figure 5),
thereby forming the first beveled shoulder 72 and
defining an expandable and collapsible reservoir 100
between the inner surface of the middle portion 70 and
the outer surfaces of the leaf portions 88 and shoulder
90 of the radial leaf spring 84. Thus, when the reseal
member 58 is moved to its second position as shown in
Figure 4, the proximal portion 62 of the body 60 extends
‘along and covers the outer surfaces of the leaf portions

..88, with the distal portion 66 extending along and
covering..the base portion 86 of the radial leaf spring
84. Hoﬁéver, the middle portion 70 of the body 60 is
_spaced'from,thé‘outer surfaces of the leaf portions 88,
thus defining the reservoir 100. In this respect, only
the proximal portion 62 of the body 60 resides within the
central opening 28, with the middle and distal portions
70, 66 of the body 60 and the fully compressed donut
spring 96 residing within the interior chamber 26.

when the reseal member 58 of the injection site 10

is moved to its second position as shown in Figure 4, the



bei ng abutted against the central portion 32 of the | ower section 24, and
in particular the proximal surface 34 thereof. Inportantly, in the
injection site 10, the distance separating the shoul der 30 fromthe

proxi mal surface 34 of the central portion-33-slightly exceeds the conbi ned
| ength of the distal portion 66 of the body 60 and donut spring 96. Thus,

\r/]\he_n, t helgeseﬁl ?@'ﬁ)%{pé’l&dfe dosponrani catés Wiittsbophsthe ofl wid lpasddue

ousi ng , the nut spring 96 is slig y conpr en e .di st al
end 68 of the bod @@d:néh?hereﬁre&&or}éfl géér)face 4%%%%%gﬁ%eﬁtrgﬁgpo%%n
32, thus applyi ngparpuee|&ad« lver-eixd alliychlégnedswitle e hwidpagsage
slightly outwardly a%hﬁgo‘@réé)cig{ UL € cdntGohe tﬂ%wﬁp@éﬂ?abb@_ﬁe@n tige Pre-
| oad thereto, the fHonit spring is operable to force the mdd|e portion
70 of the body 6bntpedueey LAiothee dakid HaTFRIR ngb 28anehirbec AN EPZIPY t he

same in the aforé‘ﬁ?ﬁg&heﬂed (BRfeer adndHACEL i@t iiiGel hez pommy erRieR Ofnéhe
second, bevel ed shoul der 74 between. the shouldgrs 30, ortantly, when

90. |
the reseal nenbeRd8BteE PATFienfffstSpGoPPRGHedy he TPEa RS tr%ppc?rﬁt‘ﬁ%e o%%t he
radi al |eaf spriggu8dlappdnmenicdied withnvhedrdsasioiy flonceitothéesooxi nal

end 64 of the bo 60, whi,ch I nt ai ns_.t he r . 80 ig) 0t ;

confi gurati on. 8% eﬂeggéﬂgpﬁeﬁf%ﬁ? etlgl? Jt%ééfaé)ép)jﬁtﬁ:ogfsl 0&[1!3 oc%fsc}:ﬁ{s%:f <§/1al
directed pressurieab speipgdd.muhsesdchd amadicapeny ddspgnaadi firomibhe
ST ng 84 to be inteBabbBriladieibl (CHIARF End dopay S apekEhrei Ny afd
over the dil atoriptejecthen fdériflon pEEsagRh AbvarffhenteFeRBo&E t hE0Qecond

bevel ed shoul der 1do0fant g, bosly R ifdAMart explutbingrenntRsti vt tbatber
shoul der 30, and further forces .the

"within the centraf b%é?ﬁ?ﬁ?r%edKEI’HF‘t?‘Sgg#’fe‘?pﬂré{flﬁﬁ:rl]’(ﬁ?gf’g%rélggaaﬁ%ﬁ%%g tgom
facilitates the by the seal created by the abutment of the tip 15 of the
introducer 14 against the raised lip circumventing the
outer surface 76 of the proximal end 64, and by the seal
created by the compression -of the flange 82 between the
dilator projection portion 40 and base portion 86 of the
radial leaf spring 84. As will be recognized, the seal
created by the flange 52 is a sliding seal which travels
longitudinally along the dilator projection portion 40 as
the reseal member 58 is advanced to its second position.
Due to the resiliency of the donut spring 96, the
removal of the distally directed pressure from the
proximal end 64 causes the radial leaf spring 84 to be
. proximally withdrawn from over the dilator projection
portion 40, thus facilitating the resilient return of the
reseal mémber 58 to its first position, as shown in
Figure® 3. _.Theureturn of the reseal member 58 to its
first position causes the aperture 80 to resiliently
return to its closed configuration. Additionally, as the
reseal member 58 moves toward its first position, the
resultant forcing of the middle portion 70 of the body 60
into the central opening 28 facilitates the collapse of
the reservoir 100 since, as previously explainéd, the
middle portion 70 1is compressed against the outer



conpression of the donut spring 96, thus causing the sane to bul ge
outwardly within the interior chanber 26 of the housing 16. | nportantly,
the canmm ng action of the dilator projection portion 40 agai nst the | eaf
portions 88, and in particular the ranps 94-4ptrned on the inner surfaces

t hereof, causes the sane to be flexed outwardly, thus facilitating the
radi al expansi onseffabesaper thie e188f t port $onpess COREN Jthal +&@8eal member

Addi tionally, sipge,the mddl rtion 70 _of the L enpyv from
within the const c%?nﬁ?c%ﬁﬁrﬁ%r%%bgﬁ'ﬁ&afﬁlof& QrSBéE?YSengﬁncﬁggaPﬁ%
sane resilientlyofetthas resetsvoiwor nk0Oor cansasi obhéshbimidn preguieus)y

ther eby for mi ng' { e, {htstabeyel eth Sl 45y el ANSAISLE DOcAB,PERTNIEZRNe

and col | apsi bl e reservorr etween the i sur ace 0
portion 70 and theteutdée stkyistecrassagfe Sbedfidpobhposdots £ exbandéngoo

of the radial |egtspehningd1eTBuportions iy (P 9o TRADELL Sekf SBYeflg! O

Its second position as shown in Figure 4, the grOX|naI portion 62 of t
body 60 extends &fongThRd2eBaRkageReablipRAaRE FAcERiBTreplFaRE HoPYi Ofs

88, with the di sfahlaomt@nu@@ 24} 1 Ptk RO Ep mlex@vehengethenbasethe
portion 86 of the radi | eaf ortion 0 of

th dl e
the body 60 is sp52&d fT%%?%ﬂé§ &{2 9ﬁn§%ﬁé} ]fﬁgnfgghq g?t&bﬁ§u§§e t hus

defining the resenvoorel@étaih b@lswrespect only the prOX|naI portion 62

of the body 60 reside n| t h nd
di stal portions 70, 6% m?&%he°%%§¥ §%£ e fgﬁ § l&yr{g%e %%ggégggrlng
96 residing wit hinjeebionteites té‘#ﬁi?ﬁ:)éﬁ gatendencw]ﬁq]r thi@qumbenéﬁbﬁn 58

of the injectionjatberHd frniPyedet @xtéﬁdiﬁg%cp%let heBt8RieReWBakBafboure
4, the n aperture 80

conmuni cat es wi t #®Bt hthfe %PEFBdB%§§agéS56Wéﬁﬁggﬁ@nregﬁ?W0|Vl§an thg
particular, theifpedtion site. Such back-flow of blood is attributable

to the vacuum created in the fluid 1line when the
introducer is withdrawn from within the prior art
injection site. Advantageously, the collapse of the
reservoir 100 of the injection site 10 in the
.- : aforementioned manner prevents a vacuum from being
. created within the fluid line 12 when the reseal member
58 moves from its second position (shown in Figure 4) to
its first position (shown in Figure 3). 1In this respect,
the flow of fluid from the reservoir 100 into the fluid
passage 56 createés zero or positive pressure within the
fluid passage 56 and.fluid line 12 coupled thereto, thus
. preventing blood from being drawn thereinto.
Advantagequsly, the absence of blood within the fluid
line 12 ﬁigventé'any undesirable coagulation therewithin,
and elfﬁinatps Ehe risk of inadvertent obstruction of the
fluid line 12.

In the injection site 10, the reservoir 100 is sized
so as to displace a volume of fluid which is equal to or
greater than the product of the mean internal diameter of
the fluid passage 56 extending through the dilator
projection portion 40 and the distance of axial travel of
the reseal member 58 between its first and second



aperture 80 is co-axially aligned with the fluid passage 56, thus creating
a continuous flow path between the introducer 14, the fluid passage 56, and
t he infusion conponent (such as the fluid line 12) to which the adaptor
portion 46 is connected. The open aperture-38®-fluidly communicates with
the reservoir 100 via the slots 92 extendi ng between the | eaf portions 88
of the radial | qafsitiidn®. 8#orAmosticipphicetioeseithedespanded fesemvdicr

i nt roducer 14f| t hrough. L he ope rt re | ui

passage 56 and1 esérsvm?l% %00%4"’@ Iy,g%wwgri carreh séigel Iéej%
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ed Ti
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p.C
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spring 84. As be recogﬁn zed, eal %at ed k‘ﬁ g
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directed pressure rom he “pr oxT mal causes t radr al dpri ng 84
to be proximal | yivgxémsawirf r@hﬁov@ﬁltlme ¥ atde pI%ﬁi@é\mm B60t | opuaes

thus facilitati %éfﬁl&@%fé@é‘ﬁré et yrfe Urdded %ﬁﬁﬂhn”%ﬁgeflua'ié ﬁ&sééée cq

first position, own in Figure 3. The return of the reseal enb

toits first pos3t |v61ereards%srewwtm% » "c%utaé’ﬁqdl enFPQV?EFﬁHﬁltBh?t 5
cl osed configur adi&ﬁeté\@ldbtl A |IV1ddiBet berteaﬁahonmlyerb&&.mwdtguand

its first p05|t| e resultant. forcin t ortlon 70 _of the
body. 60 i nto t e ERhiiHe e g 28 Wearrrreapet 19k SR esraroy pesure
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conpressed agai ngio tg 94 Phpsed.

As previously explained, the injection site 10 shown
in Pigures 2-4, and in particular the housing 16 thereof,
is adapted to be fluidly connected to the fluid line 12.
Though not shown, it will be recognized that the housing
16 may be configured for connection to other infusion
components as well. - In-this respect, other injection
sites may be. fabricated which include the reseal member
58 incorporated into a differently configured housing
without departing from the spirit and scope of the
present invention. Indeed, any housing with which the

. .reseal member 58 is utilized need only be configured such
that the-.reseal member 58 is movable between its first
and second pos:.tlons to create the fluid passage from the
_1ntroducer .14 into the infusion component in the
previously described manner.

Due to the configuration of the reseal member 58, in
an emergency situation a medicament may be passed into
the fluid passage 56 via a needled introducer device
rather than through the non-needled introducer 14
previously described. In this respect, when a needled

introducer device is utilized, the reseal member 58 will



-21- * surfaces of the |eaf portions 88 when the reseal nenber 58 is inits
first position. Inportantly, this collapse of the reservoir 100 causes the
fluid previously introduced thereinto to be expelled fromtherew thin and
into the fluid passage 56 via the slots 92 exgendi ng between the | eaf
portions 88 of the radial |eaf spring 84. The advantages attendant to this

resultant flow ofobl Wed ddy&aths fikli GRITRGOSE MUK 1 89 Ehei1EEHER @hel he
reseal nenber 58 to its first position will be_discusse

d in nmyre detai
bel ow, As pPBeRng iothe i aRaFtyse 79 or %?'Fh%edm?eg%e?i?eegi e
Si _tesdt here i s ankeadedcy dtioducead devie diavwsinply foecédutdrbugh the
extending into the anatom cal passage when t I nt.reducer. i.s w.thdrawn from
within the inj ecCrLORSS] PBeTEYTR BRoRTA dl bt Q&eo(f}ﬁ “.l% PREPRSt 261 85 o he e
vacuum created didathe piogiedtilonneowtdoen #e i ntroducer is withdrawn from

wihin the prior art bR RGLRY Hobf ro AVANAIEOUBMIre 10CsH8LARSE Yed he
reservoir 100 of the injection site 10 i’ the aforenentioned manner ™
prevents a vacuufliromads meedlakess wiileetiore sitedlfanecnstynbenethdn

reseal menber 58 JURNGYac@Mv{th SECRRECRARS! thUELSHAWehBodimeke 4F tthd ts
first position (shown in Figure 3). In this respect, .the flow of fluid from

the reservoir 1005SSERY helRY SRt PRssage e cr & gstiapg i Y50si tPde 1S

pressure w thin tusitasitd a1a3s8gmidaraint ddnstdidtieonl Andofihetidher®tthe
[pus prevent | 19, ool 0%l Ser LGS dheBy Shher S o peduamLeaqie!
coagul ati on t her ewijetitiomarlited | W amadE£sthaesecshdoembpddmentents dhstthent i on
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sized so as to dispface a volunme of flul Ich I's equal to or greater than
the ‘product of tHduidarthenethrguah smerrfbridhe FPuPYePayihbénsenexk-éhdi ng
t hrough the dil amripor,ﬁjiqp_t | Ofh Q.Q{ité' %sfi‘(};@@dgﬂg& iH &R @fi taxida t riavel
of the reseal mg%%ritﬁ%nb%gy\gggviéfng ItrhSe:[ p%gglig%(s:%} discussed advantages
and benefits associated with the injection site 10, is"
further adapted for use as a rate cohtrolling device for
regulating the flow of a therapeutic fluid through an
I.V. drip unit.

Aé seen in Figure 6, the injection site 10a is
structurally identical to the previously deséribed
injection site 10, except. that. disposed within the
proximal ‘end of the dilator projection portion 40a of the
injection site 10a .is an annular metering member 102.
More particularly, the metering member 102 resides within
the proximal end of the fluid passage 56a of the dilator
projection portion 40a. The metering member 102 defines
proximaijand qiStal‘surfaces, with the proximal surface

.being‘éubstantially flush with the proximal end of the
dilator projection portion 40a, and the distal surface
resting upon an annular shoulder formed within the inner
surface of the dilator projection portion 40a which
defines the fluid passage 56a. The preferred thickness
of the metering member 102 (i.e., the distance separating
the opposed proximal and distal surfaces thereof) is from

approximately 1lmm to 1Omm.



~22- * positions. For nost applications, the expanded reservoir 100 is
sized having a volunetric capacity of approximately 0.035m which is
sufficient to facilitate zero or positive pressure’ within the fluid
passage 56 when the reseal menber 58 is retypned to its first position. It
wi |l be recognized that increasing the dianeter of the mddle portion 70 of

the body 60 facilitat@s@-desp ol iohedeasenin the méﬂel:mtgr memﬁa@amony of
the reservoir 100. I'n thls respect an increase. in,the voI Epéhe

reservoi r 100 calsed- p@Sitanddng a¥iallyy %m%’d Wt Hrtl éclel
pﬁssaggdffi when die dﬁ&qrd@umlﬁasle p&@flemdddlmwerw ypptbritaaakyer of
the m e portlon 70, may be redu uch { hat | u t voi r
100 causes zero 3t ﬁﬁré:yn[% F&° a?'é e %asér%";e) %g%hégﬁgﬁe
reservoir 100 i stieidhegssees of theAmeplemngumelybexplbe,n@d?e thetempdetedn

site 10 shown in F Lj%urefsorz “Ba grpg %Hﬁ@ﬁr\fifylb%r dEQ@mZxQQHﬁ'ﬂgm%Qet Rekgeh., is

adapted to be IR Yy conn ecte l1ne 1 ough not shown, it
will be recogni zkeeild)ﬂnat Tlh@ heter g TEERREE K% I GOMPTiEEr acSRREEALSN t o

ot her infusion cg whith We! becurk8 witSid Q:&iéeﬁlulatﬁ'@sdg’é eeld @aasi tes
may be fabricated |ch I ncl ude the reseal rren‘ﬁ I ncorporated into a
differently confd®ur@@hRsL¥engOWi t REBETdefiFRF BeFFom‘-’Fﬂﬁegﬁf ri Prand®cope

of the present |@Y@@fh@ﬂlvel‘ﬁdﬁednt&@yahmysfﬁtgnmﬂ tas phirehof the @ddaltorenber
58 is utilized need.o {g g %u d such that the reseal nenber 58 is

movabl e bet ween PYSIFFFEPD BT &ER Positions to create the fluid passage
fromthe introducer WHenithe® redenl imembsirof8 ebnpbemecinjedtion isdtsr dPirousl y

described manner ¢ actuévgdteotﬁfsMdnabgagaeﬂogfaé%aﬁ% 658, in

an energency Ssi tUatTon a nedr canent assed I nto the fl UI passage 56
via.a needl ed i nthedeer arsitwrs &%érlutlﬁ&fﬂ EANBURECRERS ik

introducer 14 preysougsYs6te 'tlﬁ%ddllbﬁoi'ftb r%étﬂﬁ@ﬁi po%@ﬂn%(li‘@&ﬁi@@he
i ntroducer device |s Utilized, the reseal, ne
orifice 104 of the metering member . As such, the
metering member 102, and 1n-part1cular the orifice 104
- thereof, controls the rate at which fluid is able to flow
into the fluid passage 56a, -and hence through the
injection site 10a. As will be recognized, the rate of
fluid flow through the metering member 102 may be altered
by changing the diameter of the orifice 104 and/or the
thickness of the metering member 102. In this respect,
it is contemplated that metering members 102 of differing
thicknesses and/or including orifices 104 of differing
diameters may be incorporated into the injection site 10a
depending on the desired rate of fluid flow to be
achieved therethrough It is further contemplated that
the upper sectlon 18 of the housing 16 may be fabricated
to have one of a wide variety of different colors, with
each particular color corresponding to a particular size
metering member 102, and hence a particular rate of fluid
flow which can be achieved through the injection site
10a.
As further seen in Figure 6, when the injection site
10a is to be used as a flow rate controlling device, a
Luer .connector 106 is typically employed to facilitate



=23- ° not be noved to its second position to facilitate the opening of
the aperture 80. Rather, the needle of the needled introducer device is
sinply forced through the closed aperture 80 and into the fluid passage 56
of the dilator projection portion 40. -25Referring nowto Figure 6,
there is shown a fixed flow rate needleless injection site 10a constructed
in accordance whkhcanpeeeidn pEebaer eddesifodi geptlat fheidplesento the

i nventi on. The .injection, sit 10a is, substantiall i.m.lar. i
construction an&°oM&H io]nG'toWiLFlg tg'?eev?%gf§tae &9 Fﬂfécﬁlﬁfr@i%%ﬁl&io.
However, the i bjedalg oflsidey 1Gudladie toecandodiddimebagis f Fhehekbuer
adapted to provide_a fixed te. of..a t {,C i x

t her et hr ough Whén e&F&ﬁy %gﬁplégg%}?%gh %ﬁ I;eﬁéggg?%yunF%#g%ﬁe?hi%OC
respect, the injsectiion sip8 aichn thrrpdably t @ngagasdi ket RXpeEIRbLE| y

di scussed advantg de@*g}r%&%ilt Bo28386I abeds Wid dhter MR&tica 181.t eT40,
is further adapted for Use as a rate controlling device for regulating
the flow of a t[RddFden &of thed lPRKoggRtART 10§, #hPplURFconnectoRrslQfay

in Figure 6, thgnjdlREd anfsiiteolBaniigalstipcsecaldy 1idemtiictyl whea thae
previously described injection site 10 xcept, that disposed wihin,the
" proximal end ofﬁfﬁg'ﬁ99£ﬁﬂn[iQﬁeﬁﬁi%ﬂgigﬁ$i%% %5% %?p?ﬂege?ﬁf%%tigh %%te
10a is an annul aidaptiesY | bg neadiiclitddRe thw edpatailcdvangendmrt metfer theg
meber 102 resi des ! NepwkeBr Q¥ fRL AMOLi ARSI 358002308 phe L he
dil ator projection portion 40a. e netertng nenber 102 defines proxi mal
and distal surfaossitivn ka Heprasgaond peg¥et@ bei ng substantially flush

with the proximel endyfi it | 4585 fPEAKEEhOMMPT tnBPodBRentBd dihetHbst al
surface resting upon an annul ar shoul der formed within the jnner ﬁgiﬁgge of

the ditator proRE@S paqIn QR Mdwhi_kso be apparent to those s
: in the art. Thus, the -particular combination of parts

described and illustrated herein is intended to represent
- only one embodiment of the present invention, and is not
intended to serve as limitations of alternative devices.

within the spirit and scope of the invention.



defines the fluid passage 56a. The preferred thickness of the netering
menber 102 (i.e., the distance separating the opposed proximal and di stal
surfaces thereof) is fromapproxinmately 1nmto 10mm
- 24- Centrally positioned within the-pgtering nmenber 102 (i.e.,
extending axially therethrough) is an orifice 104. The orifice 104 has a
preferred dianeter of approximtely 3QOAMMSrons, though other sizes
thereof, as well as qther _thicknesses af .t h%.neter.itng nenber. 102, are
cont enpl ated herein for r&%%da\ﬁﬁieﬁ? WAIEHE G SEiSee FIREASHE Det ai |
bel ow. The netering nenbera Xhisimg clefidmise:a separate el enent which is
secured within the fluid passagg S_LQpce\g-q;irfirg: i.ve or other attachnent
ally

: . i :
process, or may alternatively be integr ornmed as part of the dilator

proj ection portion 40a. Wee §efitd ade 8PEN I AENBBECE MUK g2 Hitdh

site 10a is actuated to itgsS66AMiRASIAHADAS HWn in Figure 6, the open
aperture 80 fluidly communicates wiith the fl uid,gaiﬂiage 56a. of the dil ator
BFoxhea

projection portion 40a via the %t £APegat64 Y PFHPHRS SH LPT As
such, the netering nmenber gf¥jedichri pratildre Wefiningy @ ifliudid Pvbsduer;eof ,
controls the rate at which fluid js_a tq.flow i.n he fl ui ass

56a, and hence through theaiﬁ?%%?jf o’ﬁe'?l)&é aﬁgpgi%dwgﬁlt g‘ rsgclggn(?ez%t, he
rate of fluid flow t lopamging handet saidg irdrdsior] 02hampelre asébdedrdgeal
changi ng the di aneter J.f1 104 anddon t%é wiesss

met eri ng nenber 102. W%ﬁ%ﬁ]}ﬁlsgpdeg%l It %!L.conti}e arﬁ?dlthat Crrgeltée%%\lge
menbers 102 of diff erdpRFiune KiePosedahebein mnd dedd nanor ap expariagle

G170 o arvlrs i vecnegranel st ey, e o) |
epending on the desired rate o0 uid f.lqw to be achieve er et hy qugh.
" is further contenpl att PRI &ESILEG R ?8%%31:3?@0%1&1’5‘?9@”1%”%&y be

fabricated ‘the housing wherein the aperture is in a closed
configuration and the reservoir is collapsed;
said reseal member being deformable such that
the application ‘of distally directed pressure
thereto will cause the reseal member to distally
advance within the housing to a second position
wherein the reservoir is expanded and the aperture
assumes an open configuration and communicates with
the fluid passage and the reservoir, and the removal
of the distally directed pressure therefrom will
cause the reseal member to resiliently return to the
first position wherein. the aperture reassumes the
closed configuration and the reservoir is collapsed;
...,the collapse of the reservoir being adapted to
prevent the creation of a vacuum within the fluid
péésagg when the reseal member resiliently returns
to the first position.

2. The injection site of Claim 1 wherein the
volumetric capacity of the reservoir when expanded is not
less than the product of the internal diameter of the
fluid
passage and the axial travel distance of the reseal
member between the first and second positions.

I




to have one of a wide variety of different colors, with, each particular
col or corresponding to a particular size netering nenber 102, and hence a
particular rate of fluid flow which can be achieved through the injection
site 10a. As further seen in Figure 6,-adhen the injection site 10a is
to be used as a flowrate controlling device, a Luer connector 106 is

typically enployed t03faCi‘i‘liléatlQl]eCtlon S.‘Lte of Clalm 2 Whereln -le
t he connecti on of one end of a tubglar f|UI line to hou5|n %éth
n

the opposite end’¥FUBEEHIE| uFEPREA ybef’gg \ft oI SFRE ed YooY solﬁltl
bag. The Luer zppneximatdD$ ¢ ne3%mks an |nternally t hreaded | ock section

108 whi ch threadably gngagfgltlo %ékgr%al ihbgaQEQiqgoz QH% qrt 1903 g0 of

t he upper section 18. to t section e Luer
connector 106 i nceseiel merbest GORPHL S t|p section 110 whi ch, when the

| ock section 108 is engageg £Qsibfeﬂepséd§eﬁavm 18, diété‘ﬁaéﬁ@chﬁ&a
facilitate the distal advancenent of the reseal nenber 58 of the [njection

site 10a fromits f|rE?OEbﬁ?%l%ﬂﬁf%?%cpbd§§&8ﬁ8 HRREE i outer SPFFRTeRal
nmodi fi cations and i npseyeMepes tofret f’tﬁ{t{m&‘.&:ﬁnj threﬂghomhﬁa}pr&b&miﬁe end

apparent to those sk d { t f
pgfts descri bed anz :%?gg?%gtégehgﬁg?ﬁ ?2 §e§3¥%é$%%ﬁg¥%%% n?ylggeo
-enbodi ment of the present anneddalnﬂe&ﬁmspnnngnduSﬂnaadeulthlsesaedabody
limtations of alterngljvesdovi 8% WobiNal PEasRi Ty il SB2REi R E8Fce

|nvent|0n .
to the proximal end which normally maintains the

aperture in the 'closed configuration when no
~distally directed pressure is applied to the outer
surface of the proximal end, said reservoir being
defined between the radial leaf spring and the body;
and
-an elongate doughnut spring having a first end
which is abutted against the distal end of the body,
a second end, and a bore. extending longitudinally
therethrough;
said dilator projection portion being extended
through the bore of the doughnut spring and into the
radial leaf spring, with the application of distally
‘directed pressure to the outer surface of the
proximal end causing the .radial leaf spring to be
distally advanced over the dilator projection
portion which facilitates the radial expansion of
théf'aperture to the open configuration and the
eﬁﬁansionkbf the reservoir, and the removal of the
distally directed pressure from the outer surface
causing the radial leaf spring to be proximally
withdrawn from over the dilator projection portion
which facilitates the return of the aperture to the
closed configuration and the collapse of the

reservoir.
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-26- CLAI M5 1. A needleless injection site,

conpri si ng: a housi ng defi ning: an interior chanber;
a central opening which comruni cates with the interior chamnber
and an el ongate, proxinmally exgnding dilator

projection portion defining a fluid passage; a reseal nmenber

di sposed within saidgentrfje inj éHQﬂ'BﬂWQsl%'édoiactﬂaixﬁ“@"wh@!i:e(iﬂaggf.& bS&
reseal menber havi ng an elastlcally openabl e and cl osabl e aper ure
di sposed t herei FARFFRAT i ng an expandabl e and col | apsi bI e internal
reservoir, said reseal a ngaitbera N0y ney 1 indescall ngréingall igettipasi tion

W t hin t he housin %hereln éf ertﬁgfdénd'n a cl osed

configuration and the Vi FA1S Ro apse sai d reseal nenber

bei ng def ormabl e such thata generad lyppyiliatdrdnadfdidtstlabbytdonede £iining
pressure thereto w d&t&? qlfeseal menber to distally advance
wi thin the housing to a secon position wherein the reservoir is
expanded and the aperture @ gepetaby oyl bpérleahfniddie ipareien formed

comuni cates wWith  pdifgedh Uike p@ﬁ@@gﬁa@nalnah@lé@éprp&ﬁmﬁkd the renoval

of the distally directed pressure her%fzf L he resea
member to resiliently ret@®nigtsSEhdevelsq POB %??lgﬂ EFasd apBfture
reassumes the cl mmhr@rﬁm@lpmxnmhr@orhmmesamu roi s col | apsed

.the coll apse of the reservair [ t Jeve t the £r tion
of a vacuumw thin the fIU|dSecogg §%¥Sg§8m§%h ré%égp £h
resiliently returns middle amd dl$€¢lp@@ItlQmS, . The |nJect|on site
of Gaim1l wherein the vol uypet i SEPACLEYsQE gt REGEES ]¥h%£ ed
is not |ess than the product o e |nterns€ %lanetereégf%{P ul EH age
and the axial travel m%twfcﬁr pﬁesaéglearombrpq;amﬁnﬂhbewgs cand
second positions. than the diameter of said distal portion.

6. ‘The injection site of Claim 5 wherein the
second end of the doughnut spring and the second beveled
shoulder of the body are abutted against the housing when
the reseal member is in the first position, and the
doughnut spring is sized so as to be compressed between
the distal end of the body and the housing when the
reseal member is in the first position such that a pre-
load is applied to the doughnut spring

7.  The injection site of Claim 4 wherein said body
includes an annular flange formed about and extending
radially inward from the distal end thereof, said flange
.forming a seal against said dilator projection portion.

8. -».The injection site of Claim 4 wherein said body
and sald doughnut spring are each fabricated from
silicone.

9. The injection site of Claim 4 wherein the inner
surface of the proximal end has a generally semi-
spherical configuration and said aperture extends axially
between the outer surface and the apex of the inner
surface.

10. The injection site of Claim 4 wherein said
radial leaf spring comprises a plurality of leaf portions

A B L




=27- 3. The injection site of (aim2 wherein the volunetric
capacity of the expanded reservoir is approximtely 0.035m. 4. The
injection site of Caim1l wherein said reseal nenber conprises: a
resilient body having a distal end and a _,g-roximal end which defines

I nner and outer surfaces, sai d aperture extendi ng through the proxinal

end _bet weenyhhenfnoest ANnG, St wRleH, 2683 dt N8REObortions applPihgdhal
| eaf spring disposed Within said body and adapted to a pil% ara éal |y
i nwar d bi asi ng f&REaally 1RvARthPIASERGEOTSSd TRh EoR HBP%WP@ fnP4i i8St he

aperture in the gbagedwhoshi gnaahtainshenheo apertairst aliny dihect elosed
pressure is applied_to the. outer r.fa f.ot roxi mal ~end, sai
reservoi r being SOPEIGRFRRE pet BBEn ?%gdr a%ﬁa% eghfeéé‘pnrlﬁl a%guf‘%e%gcggy;
and - anchhonghs ebeloresm thes grpienty urayviang &hei resesndir whemhibh is
abut t ed agai nst hSt t d SESRNd .and a re
ext endi ng | ongi t&%%ﬁgh yn?émbeéldt E%reﬁ%ﬁgﬁ'? the as sai Egggité'?glr’ aha
proj ection porti betWepngtbgt saaegvolr apfr &lgh e bRasssge Hugbaghkbe

spring and into tReurn offfbatedOR] BRIV, LtV Ete HEraPRpdLAEiON. Of
distally directed pressure to the outer surface of the egt[:g;(hgal
0

end causing theradi al 1teaf TRBriNIPGH R Ste ofi Glam 19qyaRreqn

dil ator projecti @he leaf pyrtiohsMinehuliaei hntiimsr ther faad dlavéxpaasramnpof
the aperture to_the.open.confjguration apd the . _..expansi of _t
reservoir, and tﬁ@rgéﬂgvaﬁo%‘fe hghereondi ggﬁl ISR L Pt eggﬁr erf"?g%lt he
outer surface  expaassdbn@f hehe atieaitureaftosphengpes benpignrabiby when

wi thdrawn from oygl Lhgedi| ARbepr ok eais 08 PPraddinced oYl chhbagilbbakes

the return of the aperture f configuration and t
col | apse of the projection portion.

12. The injection site of Claim 1 wherein said
housing defines an outer surface having Luer threads
formed thereon about the central opening thereof.

.13. The injection site of Claim 1 wherein said
housing further defines an elongate, distally extending
adaptor portion, said dilator projection and adaptor
portions collectively defining the fluid passage.

14. The injection site of Claim 13 wherein the
adapter portion of the housing comprises a tubing
connection having a tapered outer surface and a blunt
distal tip.

15. The injection site of Claim 14 wherein said

- -housing further comprises a breather cap slidably
extensible over and frictionally maintainable upon the
outer sﬁfface Qf the tubing connection.

16. The ihjection site of Claim 1 wherein said
housing further defines a distal lock region for
facilitating the connection of the housing to an annular
surface.

17. The injection site of Claim 16 wherein said
.lock region includes a plurality of Luer threads
therewithin.
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reservoir. - 28- 5. The injection
site of Caim4 wherein said body conprises: a generally
cylindrical proximl portion defining said proximl end; a
general ly cylindrical distal portion definLfg- sai d distal end;

a generally cylindrical mddle portion fornmed bet ween the proxi mal and

di stal portions; 18.  Tha fijdcthere! etcshetl daaikormedihet veen staliel

m ddl e and proxi mal portions; and a second bevel ed shoul der
formed between thearsing CHMPILESSAd di stal portions; the di aneter
of said middle portion exeeedppdr sectidieddifdmeher safd et yaloviperlinggrti on
and being | ess th the dianmeter of said distal portion. 6. The
injection site of &Y 5 wherein the second end of the doughnut spring and
t he second bevel ed shoul der lofierhsebbilgnaattadied etb apich3ppere seeidiony
when the reseal nenber_js, | . I,rst position, and the doughnut spring is
sized so as to be coﬁ%F%§§g%nggﬁggn the distal end of the body and the
housi ng when the reseal n@nisentrali POEKAORir st position such that a pre-

load is applied to the doyghnuii ¥dPprojectiion Thert DdLCHhABhSIdxerfddd ai m
4 wherein said body includes _an annul ar form%d about .and ext endi ng

f1T ange
radi al Iy inward fromRyRKimadly f&eq { &?F‘t% i ROFEARYE PBFNi ng a seal
agai nst said dilator projeatid aBapeetigsrtion whichlbgtenfisdisirakly efmim
Claim4 wherein said quy and ﬁgld. doughnut spring are each fabricated
fromsilicone. g-he RRNGEGL BOTEAC8 e of O aim 4 wherein the inner
surface of the proxi mal emshithsuppgenerml | fovem -sections collectively

defining the interior chamber when attached to each

other. _

19. The injection site of Claim 18 wherein the
reseal member is abutted against and compressed between
the central portion of the lower section and the upper
section of the housing when the reseal member is in the
first position.

20. The injection site of Claim 18 wherein the
adapter portion comprises a tubing connection having a
tapefed outer -surface and a blunt distal tip, and the
lower section further defines a distal lock region
circumventing the adaptor portion for facilitating the
connection of the housing to an annular surface.

21. A reseal member for use in a needleless

. injection site, comprising:

.a resilient body defining a distal end, a
prdiimal end having inner and outer surfaces, and an
aﬁértune ‘éxtending between the inner and outer
surfaces of the proximal end;

a radial leaf spring disposed within said body
and defining a plurality of leaf portions, said leaf
portions applying a radially inward biasing force to
the proximal end of the body which maintains the
aperture in a closed configuration, said radial leaf
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spherical configuration and said aperture extends axially between the outer

surface and the apex of the inner surface. 10. The injection site of
Claim4 wherein said radial |leaf spring conprises a plurality of |eaf
portions =2P- having slots therebetween,

said | eaf portions applying a radially inward biasing force to the proximal
end of the body whi clapFamnigt aimttﬁmerkbaﬁp i defiveindg osed coblapaibikeon,
and said slots deflnln fl ui.d- f}l Q(FJ ween the aperture and the
reservoir when the ré&$§ ﬁrvﬁéﬁbé eF? e second position, and

bet ween the reservoir andalnhelcbhga'de;Ihss;kgmtdeprﬁ:ggtaiwtmdjmadﬁlstthéhﬁeseal

menber to the first %OS'ttall pd of t}flelb gggahaj ggﬂ&{h% % 82k Q;EE;HH_JLQ

wherei n each of the [°é: por PEoRE Therd an | nner ace having a ranp
portion formed thered@nha¢Uds@@dﬂNngheﬁe¢h§0ﬂablaI expansi on of the

aperture to the open CONf Gy af4 peiish Lheer @¥eat1aBALEA 'vﬁmeﬂﬂ'éinﬂ' khe

advanced over the dilat'or "projection_paqrtion. . The in tion site
of daim1l wher#odumgtdicoGaPAGLE¥F? é'sheaﬁeéﬁﬂféff’l%‘f’ SR SHRARIRS HFePo
threads fornmed hhejeomabothet peoaastr alf Q:p@’“i’tg:éﬂ"rﬂ]ﬁ&ilameter 18f Tthe

injection site of GClaim1 wherein saldh up an. el at e,
distally extendilgiEiRESSRISPRR TS SF4f 9&& %’i%ﬁ%%?l onj:ngﬁ1 z% %ﬁt%g?
portions col | eCiertder daftwderg tihiee finsitd a[nalssagend positdonFhe injection
site of Caim 13 whergjn t,lk]jt ggi%g rghea @ftEfamuﬁ'zngwﬁ th%%ea

a tapefr

t ubi ng connection havi'ng er surface an I 'unt st al
15. The i nj ect i olgintetnifc o@amqmwmgél ntBai de¥paBdag fGPFﬁEVOéﬁrrerSses a

br eat her -cap slgﬁﬂyd&fagfggytyfbggﬁy_and frictionally maintainabl e upon

the 24. The reseal member of Claim 21 wherein the inner
surface of the proximal end has a generally semi-
spherical configuration, said aperture extending axially
between the outer surface and the apex of the inner
surface.

25. The reseal member of Claim 21 wherein said body
and said doughnut spring are each fabricated from
silicone. '

26. The reseal member of Claim 21 wherein said body
includes an annular flange formed about and extending
radially'inward from the distal end thereof.

27. A fixed flow rate needleless injection site,
comprising:

a housing defining:
an interior chamber;
a central opening which communicates with
the iﬁterior chamber; and
an elongate, proximally extending dilator
projection portion defining a fluid passage;
a reseal member disposed within said central
opening and said interior chamber, said reseal
member having an elastically openable and closable

aperture disposed therein and normally residing in
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outer' surface of the tubing connection. 16. The injection site of
Gaim1l wherein said housing further defines a distal |ock region for
facilitating the connection of the housing to an annular surface. 17.
The injection site of Caim 16 wherein saidsback region includes a
plurality of Luer threads therewthin.

-ngi) ses: 18. The 'faaﬁﬂi-ge iiotsqtt%nﬂﬁiﬂhﬂﬁ wher gidh@.&iqillh@elﬁéﬂﬁ the

. upper section n i ntral openin
and a Iometape?er&qli?nléttlé’cﬁed:qtooseéia cg“%ra}&éﬁragé@f’l' nd and
conpri si ng: a Ceﬂtm@cl:eﬁmgl aember dlsposdmavﬂtmm othpr djlecitd on

portion which extends tr.al  po an
the adapter portion \Hﬂstﬁ"f‘geeg ﬁd;@h‘? F‘éﬁﬁgb i’nﬁoe]%cat%rg é ? pgsr F%n:
sai d upper and | ower reacirions ammlmnl\c&i;p.nlng afef ifliaw tdxaﬂlmeerlﬁﬂr

chanber when attached t eac; ef 1 Thes i n e of
C ai m 18 wherein the™ 1a lr}lrﬁan%he %g%abuf?%% géa%nﬁhgﬁ% gg?r%lt}ggse&é

bet ween the centralﬁiuldcpﬁﬁﬁaQQE | ower section and the upper section of
the housing when the resealyylrhgied s ndnidie bdidglddrmdBle such tik The

connect | on' havi ng S%%é?ﬁﬁiﬁ%é‘léxﬂffaﬁdaﬁétafw A HEPSSRF « ne
l'ower section furtherthi@iéﬁtesmwl gadlse [1lok regeah membenmntdmam
adaptor portion for fagllilabiigh{f%ns REHAP LS IR S Y% 3 n
. wherein the aperture assumes an open configuration
. and communicates with the fluid passage, and the
removal of the distally directed pressure therefrom
will cause the reseal member to resiliently return

to the first position wherein the aperture reassumes

the closed configuration.

28. The injection site of Claim 27 wherein said
reseal member further defines an expandable and
collapsible internal reservoir which is collapsed when
the reseal member is in the first position, the movement
of the reseal member to the second position causing the
reservoir to be expanded such that the open aperture
communicates therewith, with the return of the reseal
member to the first position.collapsing the reservoir,
the collapse of the reservoir being adapted to prevent

..the creation of a vacuum within the fluid passage when
the reseal member resiliently returns to the first
p051tlon "

29" The injection site of Claim 28 wherein the
volumetric capacity of the reservoir when expanded is not
less than the product of the internal diameter of the
fluid passage and the axial travel distance of the reseal
member between the first and second positions.

30. The injection site of Claim 29 wherein the
volumetric capacity of the expanded reservoir is

approximately 0.035ml.

* c L M S *



21. A reseal nmenber for use in a needleless -injection site, conprising:

a resilient body defining a distal end, a proxi mal end havi ng i nner
and outer surfaces, and an aperture extendi ng between the inner and
out er surfaces of the proximl end; -33- a radial leaf spring
di sposed wi thin said body and defining a plurality of |eaf portions,
sai d | eaf porti®pns aryd yingeetiadi aity bdwarlcimi @51 mghépete said

the proximal end of the bady which .maintains the aperture in a closed
configuration, sef%f? a’l‘%’&%’%a‘fomprl@%& P - 31-

spring and said body defi na mesilkisntagsidyl daving pedéetalr enleptBefueen;
and an el ongal e, doughul $ ORI A1k UYL i 8ded0RhdYutldte surfacdisst al

end of the body and I'ning a bore extending | ongi tudi nally
t her et hr ough. 22saitheappreureoRXSERE1BE dhxoMIRL refpxingl end

vol umetric capacity oOfcifiSeh 815 ViideMhaia @xRendedritacast thegeokhan the
product of the internal dianeter of the fluid passage,and.t.he axi(gli)?é)td'yavel

di stance of the reseal mendrabaha€dt FRTEPHsTL SRAFL Hoid Bb S
23. The injection sitgna@faddptidd 23 sbpleia raldd aldyuimbaid kisdioid Foafcd he

expanded reservoir is, approximately.0.03 . 4. . The . q%qpér of
G aim 21 wherein the Fﬂn(%f?’eswg&g'%&f e[qhdzr(jf)r}l()%(l} n%?%g%]dlﬂagggﬁgg%grggl y
sem - spherical configpeativa, &ai dtkperclosedxcandigypratian v weanwed® t he

outer surface and thedgggé%g% &ffeé{wr%ggw.is a_ppl%%d 'Eta,etrl.@sqﬂtégerrber

of Caim2l wherein sai and sal d doughnut_spring are each fabricated
fromsilicone. - 2gurfaeeref cthre FARINGF e0dii AP wherei n sai d body

‘an elongate doughnut spring having a first end
which is abutted against the distal end of the body,
a second end, and a bore extending longitudinally
therethrough; -

said dilator projection portion being extended
through the bore of the doughnut spring and into the
radial leaf spring, with the application of distally
directed pressure to the outer surface of the
proximal end causing the radial leaf spring to be
distally advanced over the dilator projection
portion which facilitates the radial expansion of
the aperture to the open configuration, and the
‘removal of the distally directed pressure from the
outer surface causing the radial leaf spring to be
proximally withdrawn from over the dilator
projection portion which facilitates the return of
the ‘aperture to the closed configuration.

32, The \i‘njection site of Claim 28 wherein said
reseal member comprises:

a resilient body having a distal end and a
proximal end which defines inner and outer surfaces,
said aperture extending through the proximal end
between the inner and outer surfaces thereof;

a radial leaf spring disposed within said body
_and adapted to apply a radially inward biasing force

A A




tncl udes an annul ar flange formed about and extending radially inward from

the distal end thereof. 27. A fixed flow rate needl el ess injection
site, conprising: a housi ng defining: an interior
chanber; a central opening wy,.ch comunicates with

the interior chanmber; and an eﬁ ongate, proximally extending
di | ator prajectian i) § Ny | S ftains the @&
reseal nenber disposgggw}?ﬁiﬁﬁggégﬁgég%%%PWHQCH g%gﬁ?%g§aﬁﬁg§%iq i nterior
chanber, said reseal apPertwERrbeln hathfg &HoEedstFURFIITHRIbI & no

cl osabl e aper t ur g; §i SPPg edli + &€k &d NpPeskses Mg | Jpp esedlitty thle outer

- 32- a first position wthin the housing mQﬁrein he aperture is
in a closed configur at¥bhecangt the proxy &N gﬁﬁﬁﬁxﬁeﬁﬁﬁﬁ? e PR n
the fluid passagedefihéé hbdwatenr tieojrediadnlemt tsporingsand the ederi ng
menber defining of flow.,orifice for regul ating the flowrate of a fluid
t hrough the 1 ui d*Passage; sai d reseal nenber being defornmable
such t hat t he appl i caanonloigatstdgughnit sprdggpohayingea £firsthengdto

w1 cause the resealwH?ﬁEQisFéhd%t%kﬁ%bﬁinst tREV@NGEa Widrdd Bt BReMOYEYNY toO

a second position erein the apérture assunes_an open confjguration
and conmmuni cates wi t hat EecPpdi @nfas$dige, @ FRKFY hextending dyngippdipally

distally directed preggdrethhsnghfom wi |l cause the reseal nenber to
resiliently return ' ositjoq:mherein.the agertur

to th || st .
[ eassunes the cl osed ﬁﬁﬁgi %Y?’grﬁrojec 28 PPR&LOR; BE Pgne§:€?%d%?
Cl ai m 27 wherei n sai dthesagh therdmare ofuthkeedouglsfiunespriay asdpantabtbe and

radial leaf spring, with the application of distally
directed pressure to the outer surface of the
proximal end causing the radial leaf spring to be
distally advanced over the dilator projection
portion which facilitates the radial expansion of
the aperture to the open configuration and the
expansion of the reservoir, and the removal of the
distally directed pressure from the outer surface
causing the radiai leaf spring to be proximally
withdrawn from over the dilator projection portion
which facilitates the return of the aperture to the
closed configuration and the collapse of the
reservoir.
33. The injection site of Claim 32 wherein said
. body comprises:
.+.a generally cylindrical proximal portion
defihing said proximal end;
"t a,geﬁérally’cylindrical distal portion defining
said distal end;
a generally cylindrical middle portion formed
between the proximal and distal portions;
a first beveled shoulder formed between the
middle and proximal portions; and
a second beveled shoulder formed between the

middle and distal portions;
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col l apsible internal reservoir which is coll apsed when the reseal nenber is
in the first position, the novenent of the reseal nenber to the second
position causing the reservoir to be expanded such that the open aperture
comuni cates therewith, with the return of "BR& reseal menber to the first

position collapsing the reservoir, the coll apse of the reservoir bejng
adapted to prevent the créddg siafreten £ FA At P THD SRR IPen

the reseal nenber resid @ilEeteet dENSaid griteximalsbopeibhi a8d being2%ess The
i njection site of Cai.m 28 wheﬁ{.ei n.the v qur}rfeatr'.ctlpamoacit , of the reservoir

when expanded is not 1R THRFAIE Yo Rl S &Far °Si-anet er of the

fluid passage and t hes4xi athd r Angeéctliistamideofof h€ladsead3 nehbeeibet vieen

the first and SECofthPAld ¥1%ne doughlut THBLiRGCEAA NS 4Gl By &
wherein the vol unmetric Capacity of tHe expanded~reservorr 1s approxinately
0.035m . shoulder of the body are abuttzsl against3thepeusipacihen

site of Caim27%yhergkBasaibaiseal sMMefhEOMisteSposition, an@ the
resilient body having a distal end and a proxi mal end which defines

i nner and out er 4NIRRWS SPTing db§ FIZRG 1R A ARXRE RPIIFSIRAL PREVRIRI mal
end _betweencidiedigegl aidl 0ot ekheUrBRBESahBea®f ' housing whed regiéal

| eaf spring disposed within sajd boqﬁ} . qu adapted to.apply a radially
i nward biasi ng foTTetl memher (3R Y St 1Ty RAFCH HO IR %%tr Tt P18t he
aperture in the bbdadeis cappl ipd atd dthevidzughmut spxdirsg al |y directed
pressure is applied tg th ter. ._surfkace . Proxi oml X

an el ongate doughnut éﬁﬁﬂ ﬁaﬁﬁagﬁﬁ%c%}?ﬁré%%%néﬂi éfgﬁﬁigﬁ %gegbgg%e%ggd
agai nst the di stkéddendindludes boaly, annular sefloanrtendiomrtl a dhpwt exaeddi ng

longitudinally gxtending radially inward from the distal end thereof,
' said flange forming a seal against said dilator
projection portion. '
| 36. The injection site of Claim 32 wherein said
radial leaf spring comprises a plurality of leaf portions
having slots therebetween, said leaf portions applying a
radially inward biasing force to the proximal end of the
body which maintains the aperture in the closed
configuration, and said slots defining fluid-flow
channels between the aperture and the reservoir when the
reseal member is moved to the. second position, and
between the reservoir and the fluid passage during the
return of the reseal member to the first position.

37. The injection site of Claim 36 wherein each of
.the leafspprtions includes an inner surface having a ramp
portion “formed . thereon for assisting in the radial
expansioﬂ.of theé aperture to the open configuration when
‘the reseal ﬁember is distally advanced over the dilator
projection portion.

38. The injection site of Claim 27 wherein said
housing further defines an élongate, distally extending
adaptor portion, said dilator projection and adaptor
portions collectively defining the fluid passage.

* c L M s *




t her et hr ough; said dilator prdjection portion being extended

t hrough the bore of the doughnut spring and into the radi al | eaf
spring, with the application of distally directed pressure to the
outer surface of the proxi mal end cau5|ﬁﬁ the radial leaf spring to be

di stally advanced ove the Il ataqr. pr.ojection I.Qn i ch, .
facilitates the radia expaﬂgl SF% e ?+EFaB£rFﬁP&Wx?§r&£%ﬁﬁﬁP said

configuration, andusheg compresesal of the distally directed pressure from
t he outer surface caugj J 4 . mally
w thdrawn from over t hegh%éi%%rsre%ladnpP%J%égﬁ'ﬁgnggloér t%egﬁr\%%i 8ﬁgfl%b’
facilitates the returandf the perture to the cl osed configuration.

32. The injection site of ¢ @bm;%a@@i@hnaéaa&lé@st?@lsﬂaﬂhgbeeoga&t%ﬁ

a resilient body having a distal end and a proxi mal end whi ch defi nes
i nner and out er surfadBg, COMPriging:aperture extending through the proxi nal
end bet ween t he |nneraaadneghgrpagtﬁages t her eof ; a radi a

| eaf spring disposed wthin said an ted 1o a a radi gl
|nmardpb|ag|ng Porce the dllé%&é prOJeé¥1onF§ort10%4££ h egfep a y
proxi mal end which nornallprﬁnumhanysftbm the apatrailepontibe; chnded

configuration when no t r

out er surface of the pro% %%%’g pe&t{"elg)r?é’gg‘?\&}o?x{%négglS%%l&&f %QS;(;],
between the radial Ieahespenhgaénﬁorhéobody, and an el ongate
doughnut spring having a fihsh ag@per aﬂacmowas,ra%éﬁ%x?&abaﬂe&legv@wt al
end of the body, a second en and a bore extendlng Iongltudlnal y

t her et hrough; . defapdngi Fhecinteri ek FRANRRF (haR BEitaghed rdeach

other.

40. The injection site of Claim 39 wherein the
reseal member is abutted against and compressed between
the central portion of the lower section and the upper
section of the housing when the reseal member is in the
first positién.

41. The injection site of Claim 39 wherein the
adapter portion comprises a tubing connection having a
tapered outer surface and a blunt distal tip, and the
lower section further defines a distal lock region
circumventing the adaptor portion for facilitating the
connection of the housing to an annular surface.

42. The injection site of Claim 39 wherein the
upper section of the housing is color coded according to

" the s1ze of the orlflce within the metering member.

43 .. The injection site of Claim 27 wherein the
metering member is sized having a thickness of from
approximately lmm to 10mm.

44.- The injection site of Claim 27 wherein the
orifice is sized having a diameter of approximately 300

microns.
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through £
Spring, Wit

‘QFE of the. GghAut
't he""appl i'¢at'i onof-

surface of the proxi mal end cau5|ng the radlal | eaf spring to be L
di stally advanced over the dilator projection - portion which facilitates
t he radi al expansi on of the aperture to the open configuration and the
expansi on of the reservoir, and the redbval of the distally directed
pressure fromthe ouégékﬁkétace causing the radial |leaf spring to be
proxi mal |y wi t hd m over the dilator projection portion whi ch
facilitates the retugpepfethssapfuturgonostive cl osed configuration and
the coll apse of the reservoir. 33. The injection site of Claim 32
wherein said body conpri ses: a generally cylindrical proximnal
portion defining said proxinmal end; a generally cylindrica
di stal portion defining sai d distal end; a generally
cylindrical mddle partifdxedor nfidcbw rabet weeadidbeps oxinpechbeondi sihe
portions; rst shoplde, e e i ddl e
and proxi mal poF N r@s&h [ﬁaﬁﬁfﬁg a.ségo%diﬁﬁveleg Eﬁg ?ﬁép g?ﬂ%a@

bet ween t he anﬁddae aﬁdtdaéta¢P9@¥ngoh%thh communicates with the

- 35- gh%e%%&fet&&ameﬁal d ﬁhedlreomﬁg omu%ﬁsgdlaaﬁnpnsetéwean
di aneter of said proximal portion and bein t he di aneter of

| e han
sai d distal por¢ilgpgate, BROXjpal -‘H’ueéiﬁei"éjr?g‘sﬂ f‘élﬁFO@%‘i%eﬁtWﬁ’eP@FhlPﬂe

second end of t{eidauodeEinsPr ianof rild t passegend beiebeéeahauhdan1othbhe
body are abutted a st_the, hou3|$gt§¢en tge resea nber IS |g % flrst
€

posi tion, and tﬁ@ng5ﬁlﬂﬂﬁ eRt9 ng™ & e s B conﬁTesse ween

member whlch has an elastically openable and closable
aperture disposed therein. The reseal member normally
resides in a first position within the housing wherein
the aperture is in a closed configuration. Disposed
within the fluid passage of the dilator projection
portion is a metering member defining a flow orifice for
regulating the flow rate of a fluid through the fluid
passage. The reseal member is deformable such that the
application of distally directed pressure thereto will
cause the reseal ﬁember to distally advance within the
housing to a second position wherein the aperture assumes
an open configuration and communicates with the fluid
passage. The cessation of the application of distally
directed pressure to the reseal member will cause it to
.resiliently return to the first position wherein the
aperture;;eassumes the closed configuration.

FIGURE 2



the di'st-al-ehd-of “the
first “positi-on such” that ‘a pre-=1e appriyed-fiortme t o}
35. The injection site of Caim 33 wherein sai d body i acludes an annul’ar
flange formed about and extending radially inward from.the distal end
thereof, said flange formng a seal against sai'd dilator projection
portion. 36. The injection site of (aim32 wherein said radial |eaf
spring conprises a plurality of [eaf portions having slots therebetween,
said | eaf portions applying a radially.igward biasing force to the proxim
end of the body which maintains the apé/?ure in the closed configuration,
and said slots defining fluid-flow channels between the aperture and the
reservoir when the reseal nenber is noved to the second position, and

bet ween the reservoir and the fluid pasgage during the return of the reseal
menber to the first. position. 37.7The injection site of O aim 36
wherein each of the | eaf portions jpgludes -1 oney surface ving a ranp
portion formed thereon fof—&SSESs Eg in tﬁ%fzﬁﬁdfgb/éfpaﬁET%ﬁ of the

T ‘ n the reseal- nenber is distaMNy

conpri si ng: T e

= -
Y7

advanced over thelei| &t-ar Hon portion. -~ . The.injection site
of Claim 27 wherein i d ROdustng ﬁ'r & defiries el ongate, distally)
“extendi ng adapt or porti or ~d-diret or proj ect en and adaptdt p ﬁ;ioqﬁ
col l ectively defining thegs w fTRagsage. oS _/}ia e

- 36- 39. The injeg} giltie¥pf” C ai m 38 mhereyg sa%d hpUg&ngﬂ
conpri ses: an el 1 $dgt ign defining q&?d entﬂ gpanng;

and a | owerz I atiaﬁ ed,¢ 0 saﬁﬂiﬁﬁmﬁﬁﬁs —/////.and

¢
. .'
—

N\
Sy
Vo oa

=R 'v.




a Central partl'

© proxi mat 4% “fromithecent ral-por Eron: ¢ and CaETTthe T adapter - portion”
whi ch extends distally from the central portlon sai d upper
and | ower sections collectively defining the interior chanber when
attached to each ot her. 40. The injection site of Caim39

wherein the reseal menber is abutted agai nst and conpressed between the
central portion of the | ower section and. the upper section of the housing
when the reseal nmenber is in the firstzppsition. 41. The injection
site of Caim39 wherein the adapter portion conprises a tubing connection
havi ng a tapered outer surface and a blunt distal tip, and the | ower
section further defines a distal |ock region circumventing the adaptor
portion for f&ci it aki ne 2 nnection of the housing to an annul ar
surface. 42 tyon site of Claim39 wherein the upper section

the metering ngpber.
netering nenber iIs

10nm 44.  Thej
havi ng a di aneter
L

The injection site of Caim27 wherein the

a thickness of fromapproximately 1lmmto
ite of Claim27 wherein the orifice is sized
ly 300 m crons.
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