.vwe3el r 8l 0$( 6 TSLR! FLASHBACK BLOOD COLLECTI ON NEEDLE BACKGROUND OF THE
‘'T'NVENTION 1. Field of the Invention [0001] The present invention relates to
a device for collecting blood sanples by perform ng veni puncture on a

patient. More particularly, the present inven l m to a needle
assenbly for nultiple sanple blood collectio I’”WM m’m a phl eb®ABENdt to
det erm ne whether vein entry has occurred when cejsygeting a bl ood-4dfple
froma patient into an evacuated bl ood collection tube. 2. Description of

Rel ated Art [0002] Venipuncture is the primary nethod used for acquiring
bl ood sanples for |aboratory testing. In perform ng venipuncture

procedures, a phl ebot ?E'Aﬁ%@égl‘}enld’@% émyﬂg@%gﬁ%t aneously. Such

steps include assessing over psychol ogi ca
condition so as to properly select a venipuncture site and techni que. The
phl ebot om st nmust al so sel ect the proper correspondi ng equi pnent, perform
the technique so as to cBACKGROEANDNQF TadB [PNINTIYNcol | ect and identify
fluid specinmens for testing. The phl ebotom st nust ascertain all of these
coinciding factors, as such factors nay adversely affect the distension of
the vein and the length of the vg&%&gngﬁyre éépcedure. [ 0003] Vari ous

veni puncture devi ces have been d PeleddveRiiitss the above descri bed
probl ens. These devices include a needl e assenbly with a housing that
defines a chanber therein. A single cannula pointed at both ends, is

af fi xed[gon1) hertopsésedt iMténtion relRted7 o/ Rl dedicead@neoe@ing @iodch%aﬁq?muby?\ is
adapted for penetration of a patient's vein. The non patient end of the
cannul apadsrmingeainapiretgiessye patidnt. sMadapegiculaty, ghe presant trveofion relates to
a needle assembly for multiple sample blood collection that allows a phlebotomist to
determine whether vein entry has occurred when collecting a blood sample from a patient

into an evacuated blood collection tube.
2. Description of Related Art

[0002] Venipuncture is the primary method used for acquiring blood samples for
laboratory testing. In performing venipuncture procedures, a phlebotomist must follow
several steps simultaneously. Such steps include assessing the patient’s overall physical
and psychological condition so as to properly select a venipuncture site and technique.
The phlebotomist must also select the proper corresponding equipment, perform the
technique so as to control bleeding, and properly collect and identify fluid specimens for
testing. The phlebotomist must ascertain all of these coinciding factors, as such factors
may adversely affect the distension of the vein and the length of the venipuncture

procedure.

[0003] Various venipuncture devices have been developed to address the above-
described problems. These devices include a needle assembly with a housing that defines

a chamber therein. A single cannula pointed at both ends, is affixed to the housing. The
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penétrabl e stop positioned within an evacuated contai ner. (0004] Upon vein
‘entry wi th the intravenous end of the cannula, blood wll flow through the
cannula, into the seal able sleeve and into the housing chanber, which is
clear or translucent for visualization ("flashback”). Once air is vented
from the housing chanber, the blood therein is pressurized each tF#&17Rk
seal abl e sl eeve is pushed toward the housi ng chanber upon activation of an

evacuat gﬂﬁﬁfag@é BRE -of[tﬁg%ﬂm@aqs lBapte§ fbf pgﬁitggiorf bi"R RElHes %Hf.;'Th% HonY

and fl ashbac t he phl ebotom st errioneous I eves that satisfactory vein
entry hastieiat el hehdvath hanaesdaieble sléeveoandmedidaprdi fudi patetationfofvei n
entry in the see-through chanber. Oten the phlebotom st unnecessarily
r epeat s peetrabde soprsitranegd itldd anes vaceated con@ginegpl acenent of the evacuat ed
cont ai ner and/or the needle assenbly itself. Such a repetitive process

prol ongs_th ysi cal, and emptional, di sconfort endured by the patient, In
such caiwﬁap@na%b\@e%rﬁné&y Ve % iBraYeons coid @gﬂh’lsncwiﬂ%oblapavwéﬂ e
entry indicafion n ]l i nNC cqst .. of o] t et,
e ol 1 VOTEh TNy thtoghk SRR e BGRR 1 h Bel BR R b BTt
provi deog tARtuceRf THF AhifiadiRGtiGP I fI&Hhask )Y e ileUhiroR Vénte@N¥SML trRNabusthgod
col l ection procedures upon which the phlebotom st nmay consistently rely on
f | ashbackambenniw bt dsthetedf as prasyurvanoesshetivhe the berlalole esieevietis ipsished toward
particularly desirable to provide a blood collection device that permts

bl ood f thsh@using gharaberaunan acsivgtiemof an geaeHatedicemamer into a fl ashback
chanber, thereby providing i medi ate indication of successful vein entry. 2
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needi o AQUETHIH0F 47 ibe Jngb SrimE ety oa el gpRy AR d e BUEE R b TR bS °
evacuat %ﬂoﬁ@@ﬁsﬁif PRl Qr thlaﬁgﬁfsffﬁcﬁﬁ%/e%&a;é;[dﬂh@ hdd'Bot"B&H SBSRIIMhYe RIQYiFIgS @

clear or translucent housing cha sufficient dead space for bl ood
to fl owimniedidtbdndicatitieoffvein entsyah itkatewthroygh khamber. Odtenothei phiebotomist
successful vein entry. &0008] A needl e assenbly is provided for collecting

at | eastinpeeessarilydenatpihe Yeropynctyrgtnrepedurey requbHtispiceriest R hyeevastatedt
I t ted t ai . Th d nbl f..th to ti
| ol udeSon R BiEPs 86 el e (U ARG R En ARG VS PrfieSs Atblongge °"
defined Eysi%alﬁ%r{d Bebt6RAL (ﬁﬁ&ﬁﬁfo?f elRlréd byNBe gﬁiiéntdeﬂn' é"u%ﬁtdl?ﬁes?'& EWdt8ist

flashbag chanber within the housing for“retention of a blood sanple

t her ei nmakhasehabdosd coHlledtivar set ne pusiade aofeugrdryoindiedtionndnd rwitlothien ihcwt then
with said fluid inlet end. Afirst cannula in fluid communication with the
bl ood i gP&ttofdhe bisaderilection vl as yellrasitbe cosh of disearddubeannul a has an
interior extremty positioned proxi mate the chanber and an exterior

extrem p . i or, t i LS o vein.
S | ar 100" RIS HAEERE Qebitfe 3 pBAARE G b g AR M Eerts cBreBlh SPhiodp 8
flui d oybheéntRiHal BRSbdedIRRRESN Peby@Iutes upHE i diPthe JlebsLAANIMaRvBHbIStAAS an
interior extremty positioned proximate the first interior extremty and

f urt her relycbndiashhaclexvepiovidee xatifaitoyy veposedntry. sNlareswennitl is npaticalarly

extremty. The second exterjor _extremty is adapted for, puncture of a
penet r aicairalle peroyide a/bloarheeliaciian csic that permiis lﬁp@i flojhihraeglbpaclatrslyl a

are preferablydn.axial. alignnent, with,on net her .t.o provi an .axi.al
fruih ¢ eBbt Bl Estus dp b BRTRAkS A reREneRRY B SRR el Ry of
cannul a gfbigds ﬁv%ﬂpéﬁﬁﬁs a seal abl e sl eeve. The vol unes defined by the

| umens through the carinul as, the chanber and the sleeve are selected to
achieve a very rapid indication of vein entry while avoiding the need for
both a seal able vent or plug and a discard tube. 3 P-4717P1 DESCRI PTI ON
OF THE DRAWNGS [0009] FIG 1 is a perspective view of the needl e assenbly
of the present invention. [0010] FIG 2 is a side view of the needle
assenbly of FIG 1. [0011]] FIG 3 is a side cross-sectional view of the

needl e assenbly of FIG 2 taken along 3-3 thereof.
2



[0012] FIG 4 illustrates the use of the needle assenbly of FIG 1 with a
‘conventignal needle holder. [0013] FIG 5 is a cross-sectional view of the
needl e assenbly in use with a conventional needl e hol der and a contai ner
during veni puncture of a patient's arm [0014] FIG 6 is a cross-sectional
view of an alternate enbodi nent of the needl e assenbly of the preBdntl7P]
invention. [0015] FIG 7 illustrates the use of the needle assenbly of FIG

6 with a conventi onal needlsqjmggly O[FO?I]IE]INHJ@N’[QOI@ a cross-sectional
h

view of the needle assenbly 1n use wth a conventional needl e holder and a
cont ai ner during venipuncture of a patient's arm [0017] FIG 9 is a

schenat [0007] eW 'l pikentn@edhtompsevitiey a alcefleCassembly dor the exaeactibB0dfBdt lehdt
10 is a schematic viewsimlar to FIG 9, but showing the first sign of
venous en¢ flpid pO0pR]inf @ etdcuatcdacathisantirdaboratoryftesiingai The sedtidiansembly 4

P-4717P1 DETAI LED DESCRI PTI ON [ 0020] The present jnyentjon provides a
needl e H%%Vé;%ﬁ ) OF%‘F o | EBIUCST BEvIBg wh@bebw& a@éﬁﬁmid;a&spa%if@abhogﬁ tef

[ " f bagk" || ' f bl aod f.l ui I
o oDt i O o PR BB Bt 8 S BTy 3o)
illustrated in FIGS, 1-4, a needle assenbly 10 of the present invention

i ncl udepo(D8] " BASRAARNAssemblY 3O phorGeed fHOBSIIdinb2att Rast SHEPPRId SaRpld Woeh a
inlet needlé (first cannula) on one side of the housing and a fluid outl et

needl e pseaunitbrcsubsatiadntodisalmargppint tae lsadeond eveodated| aonthined. | Eleechebdlom
the first cannula is immedi ately visualized through the housing to provide
a ti el gssenthly &fithe persept Bpentigailpclages § trapsaront Astrapgdypent hoppias, having a

needl e assenbly 10 inclydes a housing 12 havin fluid,i,nl.et .end 14 and a
Mo’ o BRRE TRt 57d deMhel] 67 0o DENEIcAP xferB i, Sphe Wt uRlisicossy B ahrdfit
exterio 1 1.ng: - shaul : N ext 1t
Cher cor Nasbdcl thdiférn i A0 HoAKinRRSE (Rt BIDE b SRR T 1Y
chamber hdadsihpdughér. inChrigbar fldid dutlet bed in oemusadcatiovrawitil said flukhihet2énd. A

defined within a frustoconical taper 28 depending outwardly fromwall 18.
first cannula in fluid communication with tﬁe blood inlet end extends outwardly
therefrom. The first cannula has an interior extremity positioned proximate the chamber
and an exterior extremity opposed thereto that is adapted for puncture of a patient’s vein.
Similarly, a second cannula is provided in fluid communication with the fluid outlet end
and extends outwardly therefrom. The second cannula has an interior extremity
positioned proximate the first interior extremity and further includes an exterior extremity
opposed to said second interior extremity. The second exterior extremity is adapted for
puncture of a penetrable stopper in an evacuated container. The first and second cannula
are preferably in axial alignment with one another to provide an axial fluid flow path
therebetween along a length of the housing. The second cannula further includes a
sealable sleeve. The volumes defined by the lumens through the cannulas, the chamber

and the sleeve are selected to achieve a very rapid indication of vein entry while avoiding

the need for both a sealable vent or plug and a discard tube.



[0023] Fluid inlet end 14 is further defined by an injection end 30 wherein
‘a cylindrical extension 32 is provided. Cylindrical extension 32, having an
outer diameter snmaller than an inner dianmeter of wall 18, protrudes
outwardly fromwall 18 with frustoconical taper 28 providing a bridge
t her ebet ween. (0024] Cylindrical extension 32 has a |large bore 34Pégﬂéﬁhing
t heret hrough which is sized to acconmpdate insertion and securenent of a
first fluid inlet cannul apis¢REFEION OT THE PRAWINGE has an exterior
extremty 40 projecting outwardly frominjection end 30 and further has a
shar pened bevel 42. A first interior extremty 44 is defined at an opposite
end of (OO &FI8h 1hida pegspectivaview of thiondedie agssarbly ofitief presgmuheeridtoni. n
injection 5 P-4717P 1 end 30. Bevel 42 and blunt tip 46 each include a
correspondi ngly configured opening for uninterrupted passage of a fluid

t her et hiQU. 1%’1@@51]5 aﬁld@tfl%ﬁfmealesélei@smblm%ﬁ@ I-n bore 34 such that
first interior extremty 44 lies proximate annular trench 26 so as to

remai n i flui o ni cation therew,th. On cannul a 36 | i34 an

b opert Y01 ST A 680 shhsrsyehifioa0f Dt 8o Sas3nbiy BF Tl Aofifen,
means o A i or the like. (0026] Bore 34 spans an extent of
cylindr?5§%:2§?§§§¥gn 32 and extends into taper 28 so as to be in

conmmruni cation with each of first cannula 36 and a second fluid outlet

cannul a|612] Seelahdt dlhmntates the usbas the siecdiochsserhiblyi of FEG! 1 exith v dshventidna
blunt tip 56. Blunt tip 56 circunscribes the opening within trench 26 so as
to be adpedemolddrrst interior extremity 44 of first cannula 36. Second
cannula 52 further includes an exterior extremty 58 having a non-patient
bevel e : ond.cannul a 52 .ext.ends ou rdl rom fl uid .outl et d 16
so' s ¢t OB ERT ePoio A atpfrh i BRAC R idnant 1RF udsdhofsrms B s pu e
bevel e ! &l gﬁ?@? VT R LOr
extreniang%#ﬂ?%%gg?ﬂ%Pg¥ﬁg§ﬁ??é?ggk%gfguo 0 Q?%E&%éﬁF%@?ﬁﬁgg%%hhisc-like
base 64 having a cylindrical protrusion 66 extending outwardly therefrom
Base 64[00ljudelsG.a6 Bnaulrass-fdctingel &&witofchn i dteseate eeimbodinoaneofathomewdleh
annul ar shoul der. 20 of fluid inlet end 14 so as to forman interface 80

t her ebeeteaibly PhdheptpsertafveRtiofecur ed t oget her al ong interface 80 by
appropriate fastening neans such as adhesives or the like. [0028] As shown
in FIG | ugd 3 r ef i Sf e i

needl o A0S G o i Riraf e it B Bkl RSEHARERRRG 6 Pl 3eliflonal
hel i cal phebdlea@sds?2. Al t hough a system of mating threads is shown herein, it
i s understood that any attachnent neans conducive to the practice of the
present invention may be utilized. 6 = P-4717P 1 [0029] Housing 12 is

const r udQ@kp]f riol.a 8t sk | aressnsectionel aiepapt rthe nacedle apssembihain asgswithoft

t he assenbly can,readi vi ew.t he contents of chanber . Al t hough

tr anet ucontenfogRungrds hbider 8 alonGaRe e e e S Sptiend Ahdows
such as wi ndow 100 shown in FIG 2 may be used which enable the user to

vi ew t heo@PAt SRS Mt dherDATREEW 27 thd éaﬁ%nﬁﬂ%%ﬁl@. 6'pForde udliri ng a
conventional® veni puncture procedure, needle assenbly 10 as connected to

hol der 78 punctures the patient's skin to nake a vein entry. Flashback
chanber [@®18§]r ovi(Ele$0 dsifaf scticamiticspizee sinnlarh@nBiG. 22 bud showivg ke didstt sigh | ofiv
beyond the opening of interior extremty 44 into trench 26 for

i nst ant ¥ABOWsETAshback visualization in relation to venous entry. In this
manner, the phlebotom st has an al nost instant visual indication that vein
entry h e tisfactorily achieved, by first cannula 36. Thus, upon

sati sf ail@%m \%ﬁ felnltsrays,C%QWi/lﬂYé?Wio aglelrétem%)éiﬁgpp pressure w thin chanber
22 experiences conpression due to the influence of venous pressure. Because
t he venous pressure exceeds the atnospheric pressure within chanber 22,

bl ood flows thereinto and covers the opening of second interior extremty
54. Bl ood flow ceases once the pressure within chanber 22 and the venous
pressure are equal. [0031] Once venous éntry is visually confirned by the
phl ebot om st, container 70, which is evacuated, is then inserted into

hol der 78 such that bevel 60 of second cannula 52 penetrates stopper 72 as
shown in FIG 5. Upon entrance into a vacuum portion 79 by second cannul a
52, a negative pressure gradient is transmtted to the needl e assenbly. A

| ouver pressure within the container causes blood to flow fromthe vein and
into the container. Because axially aligned cannula 36 and 52 provide an
unbl ocked path for blood flow into contai ner 70, under the influence of the
negative pressure gradient. The bl ood present in trench 26 and chanber 22
is drawn into container 70 through the opening of second interior extremty
54 because of the negative pressure gradient in chanber 22. Wen this

o ' o L T I T ~ ~ I T T ~ I —



P-4717P 1 bel ow the patient's venous pressure, whereby the higher venous
‘pressure.w ||l pressurize trench 26 and chanber 22 back to venous pressure
again. The net effect is that a small colum of blood, pulsating within
trench 26, attenpts to close the opening and mnimzing air wthin chanber
22 from being drawn into container 70 by second interior extrenit}-447P1

Bl ood nay be collected into nultiple evacuated containers so that
correspondi ng nul tiple sanpl eppEAIIRED IPESEREATHSANNY @ singl e needl e
assenbly 10. The veni puncture procedure is termnated by renoval of first
cannula 36 fromthe patient's vein. [0032] An additional enbodi nent of the
present [00Nt Tl presedid AnveritionFbfSidés &, naddle | deémBBs ORMocP HRUBENHGS thdti ch
are substantially identical to the conponents of FIGS. 1-5. [0033] Wth

r ef er enpeovideFrGise! indecatiohevfnutio enthyo di flashbacls') dipaec teldedtmnaohachbloed or
assenbly 210 wiith a housing 212 having a fluid inlet end 214, a fluid

out | et &HeerAid spmple 1‘39@54 DatHenh A PIEQrdnPEy eVpsHated boed celhehtiog tHReSveen t he
ends. Exterior wall 218 defines an outer chamber 220. Housing 212 further

Cnel ud i . . . I . . 920
from 11 0002t AP NPy EEIRS P pRRSICETIOE T o oR tseRtaRegion
exteri ofinMabés g3fnkParedt BRIANsIRGERL BoUsPig URShEl SiFee PeTMEanIet Indbdle! (Fr&t
end 214 and fluid outlet end 216. The open end of "cylindrical interior wall

224 i s spandd) bnomosideedf thedh@ikstngfant cufiund) o2fl2t hyede diss¢@nik earimila)odn @nl y
about 1.15mm Cylindrical_interjior wall 224 defines a_ flashback chanber
226. The@pepoifysids theeeohbddrid peltssed Sman ghe dirsiscanmuda is immegiatalyt vignaliged
resi dual, bl o in _housing 212 fr.omthe,.previops draw. nto a new evacuat ed
tube as tl%’i?ﬂflgggh"eﬁo‘ﬂﬁé?%? PrVesdes HIRGLY i1 B3R RbPro PSR Kol &8P ol udes a f1 ui d
inlet cannula 236 having an exterior end 240 that defines a sharpened bevel
and an I[08£2] OAs 8REwA4A FIOAL 1135 n'e”f@él’l’éta%%rﬁbeefﬂ Mlc'hﬂiefsla%éhsﬁrfg £3 hﬁ%g?alﬂuiﬂf
housi ng 212." Fluid inlet cannul’a 236 Is characterized further by a~8

P- 4717Pidles ehdt Bhandld flud butletr erxhl161 uFknd 24kt extleMliingefatddgna tdyéindrids]
and communi cating with the interjor of housing 212. [0035J Needl e assenbly
210 f ur tepregriqrnplh gk having ey appwlastsheulden 20 piatruding | fseme am gty thereof

| ud . bl ! ' d .exteri Q ini .
Coetandfofabht Mhid AL Bee 30, 8P, 1 RAbRAERs RO BRE R gtsitteen
the endghAkdri2anSirdler METh@Ls Pl A taehbBg wesed {i@th%‘g%@s't&_o?ﬁ@dl”i@ek‘ 28
affixed in outlet end 216 of housing 212. Qutlet cannula 252 is nounted so

t hat i ntdependingpatesdlp fosewaldi8st antial |y coaxially into interior wall 224
and so that interior end 254 of outlet cannula 252 substantially aligns
axially with interior en 44 _of in| et nnul a, 236. Addjtionally, interior
ehd 254 10928 Pl e&ﬁmtﬂlisﬁzm@%&gﬁeeg gmay 1giechign engi Xt WhEECIR enlindrierl or
end 244 il ks G 36 ! i e a3 il et 0

cannul aseg‘ges({?mélnéz gggﬂ g&@lﬁ g'r a%yl;/m‘?lzcageﬁ%&m%%?l&b%mlr@gfﬁlge%ﬁl r%% ra@n@ﬁ{r%g%rt %Lﬁér
pref er ahhyn aRabfer didfter AT Rl Al8, POt BRISVRRN akdlly efr b wandl £ R4thofrusiet brital
cannula 252 and interior end 244 of inlet cannula 236 that is less than

O. 5nm nagperefuproviding afbrislghtbekbetmeteni s i nconsi stent. On the ot her hand, a
gap that is greater than |.2mm may result in drawing nore air from housing

2 TSRS Bl S PN b i
o cat O ChRpaRnatie ot f B sEaPPE RS AL SATRANERL 36 thocein.

di mensi qned chenilh 36 KR #h £a6ked caddnay ngﬂ&?é&i glotRarY FrananfektisR@HE 30
0.2mm as indicated by dinension "c" in FI 6. This gap achi eves a

subst antanal fiytHeartiasaa shhrpeded lbeweMHd2 hi A firstsinbartde etteerhity £P6s aofingd ew et s
bl ood henolysis. Additionally, the snmall radial gap between cylindrical

i nner wedpposite cak@f sannaa Yabaring az@znteﬂmﬂ%’@ranwg@n@ff cenawld Ioimwjegiionad
thinly across the radial gap in flashback chanber 226 to provide a

magni fi ed fl ashback indication with a véry snmall volune of blood. Thus, an

easily 9



P-4717P 1 visualized flashback indication is achieved quickly at the first
‘appearance of blood frominterior end 244 of inlet cannula 236. The smal
radi al gap al so has been found to increase surface adhesi on between the

bl ood and the inner surface of cylindrical interior wall 224 for further
reducing the air draw from housing 212 into the evacuated tube 2#34Eh8%Wn in
FIG 8. [0037] Needle assenbly 210 further includes a seal able sl eeve 261
mount ederf 030, Wedeldlt hed bRAA 1146 efchhiabRided c?olr?esgaﬂdiﬁ%?éémg&éa _%gbf%g%fj
258 of outlet cannula 252 when seal abl e sl eeve 261 iS in an unbi ased

condi t i mtintdroesepassasgabhbifmidtieestardih. can be col | apsed in response to
pressure exerted by stopper 272 of evacuated tube 270 for urging exterior
end 260 of outlet cannula 252 through both seal abl e sl eeve 261 and st opper
of 272 WP28liaterst cawle36.1s posigienedin bpradd sughethat hirgt|igteripr geremutyad4 lies
conventional venipunctur eedl e assenbly 210.is connected to ho|lder 278
and purepiinates il rehdh 283 7S 1S TRERR o DUt SBRERYICH G HISER R haBEs

226 1 N ga40 3RS GBSRIGHEd YA B Yoo TREHGRA BEafleA N Phofl 54 RESIROL T N

housi ng upon s y-vern-entry, at mospheric
pressur@evdif blymelinroren LRRsR¥RRh&NRES conpression due to the influence of
venous pressure. Because the venous pressure exceeds the atnospheric
pressure within chanmber 220, blood flows thereinto. Blood fl ow ceases once
t he preld926F WMarbidd spansrbe exka0 ofyllindrical extansiqy 32 snd extends enfoahper] ZR39]

Once venous entry is visually confi d by the phl ebotom st, container 270,
ahi oh | & Byb o damupical g it e ebiTs catpi deransipseaand i OWet 6AIHA end
260 of c Folo) . : i.n. n
200, o SECHofANIHAN 202 HREUSHEER ARG I AT B AR, on D
gradi en§6 chclimatddstthe dpkRinghAiTheI ttertBAR ASSlag&bbe Adja¥RITiRt BESriGCeMenhity)
the container 270 causes blood to fl ow from chanbers 220 and 226 into the
cont ai né4 f70rst idannulR- 361 Becdnd @adn}la THi: fudbelt encdsdesnbh i egerniars extrémity af®ve

desirably shoul d be,snaLI for conveni ent. use, but should constructed to
ensure RAINGH Bompatieaipbevel| eishblc kSeopnd eyl A cexiendst pulsvsdlyk from fived

dl ' ' djllustrat tQ . th
Geal oATTfiatd 8 <SSR I APty Weloehy NB HaReRtFal YEipl AT 12, b
appr oacpatiche devalan dsiNR{HRE iRdlidés P&l ablé Slek 0¥Vl REvERYE BxRridRexFbRity ST,
| aws given by: P~ Vi = Pz uz where: Pl denotes the preSsure of air Within

the needl e assenbly before needle insertion, Pz denotes the pressure of air
wi t hi n [00@27heddnid qudeinisng 46 tefr howsingeh? ripcludes aledioe-bket basev 6 uhaving ai r
within the needl e assenhly hefare vein entry: .and denpt e he vol u of
e TR RN SO B ST RE SEOETH (BMGPTI] dieE 44 BN PhABIIEE s
shoul d ﬁ&ﬁ%e 685 HHGER RatlRM %oﬁ%ra?i%ﬂkbit?ﬁmﬁﬂ%? 'sl?é]lﬁd&% SR FNid et MA 1650
ensuring an appropriate volune as specified by the preceding equation.

FI GS. %agnd fobmpaovhiefase Birahirebétdreasemhatémisnnly boscoerd ®egatrebyg 210
of FIGS. 6-8 for purposes of depicting the application of the ideal gas

| aw. | ningé¢rifacer&lyby dppraptigentastengg means/siohras ashesivaeor thedikenought i nl et
cannul a 236. B denotes the total volunme of outer chanber 220, inner chanber
226, lu 42 t hr ough | et ;,capnul a 252 and seal abl | eeve 261. .

et er 1 M028Eas towiney B Sunil B i Bl REbm O dsahrnifitiseruminga o
assenbl , C i AR
pressurl)e{?&i_igﬁl%‘s%p elfilgstfsjrae@gg?m FP%%BEM%J}%%?B? tégér#]ﬁ?, i me ?‘ ggf@hééadgns '
from | opasthbapht® dyetedt | ON.mitve\tBfeads Ok FhGWPOSIRS e, # NisS uad@lshRIdS that any
at nospheric pressure P1 will be assumed to be 760nm Hg. P2 in the preceding
equat i oattachmdnd mesinawendficiveiéo theaptasipece! tha pnesedt mvasteninhay Bd Otibfader vei n
entry. More particularly, after vein entry, blood will fill [unen



P-4717P 1 248 of inlet cannula 236, thereby reducing the volune to be

' occupi ed. by gas in remaining portions of needle assenbly 210 and hence

i ncreasing the pressure of air in the renmaining portion of needle assenbly
210. A needl e assenbly with dinensions approximately as shown in FIGS. 6-10
wi || have a pressure P2 of about 790nm Hg at venous pressure (w th4717P1
tourniquet). V, in the preceding equation defines the volune of the total

dead spRRRY] | ARG 92948 SRmRlHcrd DRl DintBen @O rREFe e Ab fhat"aB

as sho 9.7 V2 defines t ad space int vice after vein
entry, aded ofithd abseitily 248 rehdily vty dancoitentd 3G chiahibed 2941 tAlthdwAdiragslusdiown
in FIG 10. Hence, V2 in the preceding equation wll equal B. These input
par amet 6gil plastibés desitabye d/ariousieéalné partsiari windosksssuch dis svingofoi 00 kkown in
respective conmponents of, need| e assenbly 200 as shown jn the follqw ng
appl i cat1@n gray; brousedeyhic éélaLlé\&ﬁ%éfﬁ%&thﬁ?Wﬁhe opatpaigvithinshambey 22y/-

760/ 790 = B/ (A+B) 0.962 = B/ (A+B) 0.962(A+B) = B 0.038B = 0. 962A B=25. 3A

Therefo e | usj n : - n e

orof or a0 < 2y SPRSE, DS Wit Ol sRuoRRl b Bs et R, nFedsn
inl et canebly 386s @nHetRE tto Mokl ropuhcEred R batdénttd 18R 16 RLake0d VER &try.

| umen 248. [0042] Upon satisfactory vein entry, air wthin housing 2127 s
conpr esBkghbaukechdrhber 22 Ippevides afifficderauspape és shambet 22r wbyllaw| obdgobil@ed
to flow into inner chanher 220 for 12 P-4717P 1 visualization. Blood flow
st ops ohexonsr thesepaning o interion SIXHGIEL244 d0t Hensle 26os dastpriaseeitse flaghbagki ng
i nner end 254 of outlet cannula 252. [0043] The i i.at e response en_an
v acuat LR T o R SR ats SRS m s, eath Gactat sr Boan STggs
draw bl [ HaYa¥s i I i | , in
LG 5, R B e P ERL e Rt b 05T R
and t he3evdhus} esbrt s fatiéry Vidie eavr'%péit vhatlis gnschdsphetic pesssuleavZBim eiddnber

outl et cannula 252 provided an unobstructed path for blood flow fromthe
vei n i n23 eapeidenacs ¢ompsessprpdudisntherisBugncezpfrvengup pgsswrg. Hecanae thovenays
path to outlet cannula 252 and.the flow .of. ai.r from.housing 212 to. qutl et
annul S GERRLIHE ABpsPhaiCARanrs pdamted2n v Fr 64 edidsand
inlet apg, : : [ SN
nousi ngea1" VAE BpaTRe K BeSiRL RITIG RIARRTR 180%4 TIBE CRER Shof P pRishurct
212 dr opsthixe chambee2Y end tie WIS pesssudcaoredualgl y, nore air loss is

prevented until housing 212 is pressurized back venous pressure, and bl ood
flows in flashback chanmber 226 unti| the _pressure in_housing 212 equals the

venous PB4 ur@nceryenagoeairyescyiswaly spabened At ithh phirbotaipisbs sontaer | Yh

dynam cs ,wi;t hi n housi.n 12 .resylt.s. | I 0 | .ood sating in

{1 aonbaditrath & Dttt % A58 {RSEHEa it Rebith g Baeh aPativsl 805 Bat dapya
tube 27y [pEQQﬁQLES m%tpef 22 86 SRR TR FIGTE N Sp i@ atick Yfod fhdiang geai&}{ %9 'bpl et
and outlet cannulas ' that are axially aligned wth one other and placed in
cl ose epetond-candulaciZta wepshivp predshreogradsmo tiheansrhiviedve rthe nbedlprassembbil sAof
the invention described above also can be achieved wth a single cannul a
formed VAWer prespgswithie the goniginesprauses blogd f Alavmdramabrberin andhimerthepor
exanple, FIG 11 schematically shows a.,n | e,as5senbl.y 310 wi.t hous}. ng
312"t habonamer SRR Py alieReh AR ot nig 325 A putbldcksd poClch

il Tustr Vi | S | I - S 2400 n
that o Bl BT B e B Pl R PR gl e
t hr oughbhwdsbrgedtl2n thédich 28 andPcHathBE 22 pidr diadw oy corigid@l €70c avdukh $h3o
includes a venous entry end 338, a non-patient end 340 and a |unmen 342

ext endi npenihgr ebetamadninterion exinemvy Tabacause3sbthe negativienprmssuval gragient in

i ncl ude s| ot _Qr ertyre 344 t rovi de co nj cati on_ bet ween | 342
b 11 2GRBRER' 2R BareraHES eEWn i RS PGSk Chaben 82 kb Engh FRodrops
functions substantially in the sanme nmanner as needl e assenbly 210 descri bed
and illustrated above. [0045] Although the relative dinensional

cal cul ations, volunes and pressures weré carried out with respect to the
second enbodi nent, the sane theory applied to the first enbodi nent, and to
other unillustrated needl e assenblies with a flashback chanber.



Accordingly, the scope of the as defined by the appending clains is not
‘limted to the specific illustrated enbodi nents. Various other changes and
nodi fications may be effected therein by one skilled in the art without
departing fromthe scope or spirit of the invention, and it is intended to
claimall such changes and nodifications as fall within the scopeldf17Thk

I nvention. 14 P-4717P 1 WHAT IS CLAIMED IS: A needl e assenbly conpri sing:

a housi Géloﬂatﬂeﬁ%lt%t’is meﬁblllﬁﬁﬁbss@ﬂé, et &y BRchighst @erlﬁﬁ@;ﬁg@ﬁsufr@ WIRGreghyeen

said ends; an inlet cannul a having opposSite eXternal a I nt ernal” ends and

a | umentrendleddiand diaimiee22slbdolt endkhous Pressurd egainarthd actoefifeg ismohutasntld
sai d housi ng such that said external end of said inlet cannula is

ext er natolymar ofablpath ugilsafinghdvidhioh tiengh 26 ditenupem to helwsghtheaiopeningeand
cannul a communi cates with said anber; an out)et cannul avi ng opposijte

i nt er nalMIRRZEG ¥F %Fhl%ﬁggmgﬁﬂzg%mﬂ%ﬁ@@@w inge 5@@%@%%2%8 "higgion
out | et I n 0 i oysin i ernal of
said ou )?[gémhgnﬁﬁl a%jlé’@%)% ggn%q lc?/)’l’lg?te?al 36 hlglblglﬂﬁg %\}I}ghgﬁgh%rﬁ@negg?s(g ﬁ{}&ﬂsn
of sai dc&?édp%hdﬁ%”ﬂn‘ﬁ'ltﬁalé@ﬁﬁ‘i‘iﬂfés%éfﬁe%idin&ﬁhﬂng @Wé;ne@d&%béﬂbgf U
nount ed over portions of said outlet cannula disposed externally  of said
housi ngyemipdncture procedure is terminated by removal of first cannula 36 from the patient’s

vein.

[0032] An additional embodiment of the present invention is shown in FIGS. 6-8, and

includes many components which are substantially identical to the components of FIGS.
1-5.

[0033] With reference to FIG. 6, the alternate embodiment is directed to a needle
assembly 210 with a housing 212 having a fluid inlet end 214, a fluid outlet end 216 and
a frustum-shaped exterior wall 218 extending between the ends. Exterior wall 218
defines an outer chamber 220. Housing 212 further includes a cylindrical interior wall
224 that extends in outer chamber 220 from fluid inlet end 214 substantially
concentrically with cylindrical exterior wall 218 for a major portion of the distance
between fluid inlet end 214 and fluid outlet end 216. The open end of cylindrical interior
wall 224 is spaced from outlet end 216 of housing 212 by a distance "a" of only about
1.15mm. Cylindrical interior wall 224 defines a flashback chamber 226. The elongate
flashback chamber 226 behaves like a straw that draws residual blood in housing 212

from the previous draw into a new evacuated tube as explained herein.

[0034] Needle assembly 210 also includes a fluid inlet cannula 236 having an exterior
end 240 that defines a sharpened bevel and an interior end 244 that is mounted fixedly in
fluid inlet end 214 of housing 212. Fluid inlet cannula 236 is characterized further by a

8



wherein said seal abl e sl eeve, said | unen of said outlet cannula and said

* chanber of said housing define a conbined volune sufficiently greater than
a volunme defined by said |unmen of said inlet cannula for achieving a rapid
i ndi cati on of venous entry adjacent said external end of said inlet
cannula. 1~ P-4717P 1 2. The needl e assenbly of Caim1, whereilv43a7Ql
conbi ned vol une of said seal able sleeve, said lunmen of said outlet cannula

and sai ' f '
St o WSRRTRRE g ARYOKIER 249 cdEndingi it ST cahiinl AR Wi
combi nethevigtatve dffhoagmg Heaal abl e sl eeve, said lumen of said outlet cannul a

and said chanber is at |east equal to a product of a pre-use volune of said
needl e assenbly nmultiplied bz aratio of pressure in said needle assenbly

prior t{03¢ avecdie emmbéy 2h0 uithemisehides adhudioufiebamudar 82 Quslet canmdad
wher ei nISAICGRF AR EIE BG4, B RRGTE 9] ADeTaRET 1A ShiaReed Gevel
NN 1S o U PRSP,
di st ancgaritul P 25RCEAWRBR A | iAS SlrY seHRTY @fked in outlet end 216 of housing 212.
Outlet cannula 252 is mounted so that interior end 254 passes substantially coaxially into
interior wall 224 and so that interior end 254 of outlet cannula 252 substantially aligns
axially with interior end 244 of inlet cannula 236. Additionally, interior end 254 of outlet
cannula 252 is spaced only a small distance from interior end 244 of inlet cannula 236.
This distance "b" between inlet and outlet cannulas 236 and 252 preferably is between
0.5mm and 1.2mm and most preferably about 1.0mm. An axial gap between interior end
254 of outlet cannula 252 and interior end 244 of inlet cannula 236 that is less than
0.5mm may result in a flashback that is inconsistent. On the other hand, a gap that is
greater than 1.2mm may result in drawing more air from housing 212 into the evacuated

tube.

[0036] Cylindrical interior wall 224 is dimensioned relative to outlet cannula 252 to
achieve both desirable flow of blood through assembly 210 and to achieve effective
flashback indication. In particular, cylindrical interior wall 224 preferably is
dimensioned to provide a radial gap around outlet cannula 252 of about 0.2mm, as

H H

indicated by dimension in FIG. 6. This gap achieves a substantially laminar blood
flow within flashback chamber 226 and prevents blood hemolysis. Additionally, the
small radial gap between cylindrical inner wall 224 and outlet cannula 252 enables a drop
of blood to be spread thinly across the radial gap in flashback chamber 226 to provide a

magnified flashback indication with a very small volume of blood. Thus, an easily



1.2mm 6. The needl e assenbly of Claim5, wherein said inlet cannula is

- spaced fromsaid outlet cannula by a distance by approximately 1.0mm 16
P-4717P 1 7. The needl e assenbly of Claim4, further conprising a flashback
chanber wall extending fromsaid inlet end of said housing and di sposed
wi t hin said chanber, said flashback chanber wall surroundi ng sai dP44fiéPil or
end of said inlet cannula and said interior end of said outlet cannula. 8.

The nee Chal : | N Sid | r [

di menst e el MEpbagk IRHENTR is MIRERLATRLL, of B8 3 iRk ol Fibbd ffom
outlet fasied andf24Appf AileiRaghaRIBM TS shhdl ArkEl gapaseThhy beén Ghandnts,
wherein said flashback chanber wall extends a major portion of a distance
bet weenirsa¢aseisukface addevon betweendhedflosdiadd tbeshmey. sutface Bieytinddta iasstorbl y

of Caim9, wherein said f|ashback chanber wal| is spaced from said outl et
end of Walld2dbolntghey redusingnths aar deayy fiom hoyping 212 inth thenaeagpateddybed7) of
d aim 1&0\%% ié gai dinlet cannula is

[0037] Needle assembly 210 further includes a sealable sleeve 261 mounted to fluid
outlet end 216 of housing 212 and covering exterior end 258 of outlet cannula 252 when
sealable sleeve 261 is in an unbiased condition. However, sealable sleeve 261 can be
collapsed in response to pressure exerted by stopper 272 of evacuated tube 270 for urging
exterior end 260 of outlet cannula 252 through both sealable sleeve 261 and stopper of
272 evacuated tube 270.

[0038] As illustrated in FIG. 7 during a conventional venipuncture, needle assembly
210 is connected to holder 278 and punctures the patient’s skin to make a vein entry.
Flashback chamber 226 indicates successful vein entry and reduces the draw of air
present in housing 212. Thus, upon satisfactory vein entry, air that is at atmospheric
pressure within chamber 220 experiences compression due to the influence of venous
pressure. Because the venous pressure exceeds the atmospheric pressure within chamber
220, blood flows thereinto. Blood flow ceases once the pressure within chamber 220 and

the venous pressure are equal.

[0039] Once venous entry is visually confirmed by the phlebotomist, container 270,
which is evacuated, is then inserted into holder 278 such that exterior end 260 of second
cannula 252 penetrates stopper 272 as shown in FIG. 8. Upon entrance into vacuum
portion 279 by second cannula 232, a negative pressure gradient is transmitted to
chambers 220 and 226. A lower pressure within the container 270 causes blood to flow

from chambers 220 and 226 into the container 270.
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spaced from'said outlet cannula by a distance of between approximately

O 5mmand 1.2mm 17 P-4717P 1 12. The needl e assenbly of Caim1, wherein
said housing includes an inlet end wall at said inlet end of said housing,
said inlet cannula being securely nounted in said inlet end wall, portions
of said inlet end wall between said inlet cannula and said chanmbdr-4dé7Phi ng
a trench, said outlet cannula extending through said chanber such that said
I nterna |

aserbl 1 o o8 PR o TR Pl SREld Pl TP 86 hient
annul ar uspane shoulddomtn@t@bid cangeakliablicdarutdped fahbadlke Shcessbungntetod
said trench. 14. The needl e assenbly of Claim wherein said housing is
free of flashbackrinshe needlpasseriblies lesa@ibeal and illustrated above operate pursuant to the

ideal gas law. In particular, at very low densities all gases and vapors approach ideal gas

behavior and closely follow the Boyle’s and Charles’ laws given by:

P,V,=P, V,
where:

P, denotes the pressure of air within the needle assembly before needle
insertion,

P, denotes the pressure of air within the needle assembly after vein entry;

V, denotes the volume of air within the needle assembly before vein entry;
and

V, denotes the volume of air within the needle assembly after vein entry.

[0041] Design parameters should keep the needle device as small as possible for easy
use, while ensuring an appropriate volume as specified by the preceding equation. FIGS.
9 and 10 provide schematic representations of the needle assembly 210 of FIGS. 6-8 for
purposes of depicting the application of the ideal gas law. In this regard, A identifies the
volume of lumen 248 thought inlet cannula 236. B denotes the total volume of outer
chamber 220, inner chamber 226, lumen 242 through outlet cannula 252 and sealable
sleeve 261. Referring again to the preceding equation, P, is the pressure within needle
assembly 210 before use, and hence substantially equals atmospheric pressure.
Atmospheric pressure will vary slightly from time to time and from location to location.
However, for purposes of this analysis, atmospheric pressure P; will be assumed to be
760mm Hg. P, in the preceding equation is the volume of the dead space in needle

assembly 210 after vein entry. More particularly, after vein entry, blood will fill lumen

11
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1([)%&. ()?\f%é‘t)owr_ugﬁqgg/ i (151%\}% %}ﬁ%‘k’?g \cqration glefines the volume of the total dead
spaced in needle assembly 210 before use, and hence will equal A + B as shown in FIG.
9. V, defines the dead space in the device after vein entry, and with lumen 248 of inlet
cannula 236 filled with blood, as shown in FIG. 10. Hence, V, in the preceding equation
will equal B. These input parameters can be employed to define a minimum desired size
for the respective components of needle assembly 200 as shown in the following

application of the ideal gas law equation.

P,V,=P,V,
P./Py=Vy V,
760/790 = B/(A+B)
0.962 = B/(A+B)
0.962(A+B) =B
0.038B = 0.962A
B=253A

Therefore, dead space in housing 212, outlet cannula 252 and sleeve 261 preferably is at
least 25.3 times the volume defined by lumen 248 through inlet cannula 236, and most

preferably is about 26 times the volume of lumen 248.

[0042] Upon satisfactory vein entry, air within housing 212 is compressed under the

influence of venous pressure, thereby allowing blood to flow into inner chamber 220 for
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visualization. Blood flow stops once pressure within housing 212 equals the venous

pressure, covering inner end 254 of outlet cannula 252.

[0043] The immediate response when an evacuated tube is placed in communication
with outlet cannula 252 is to draw blood and air from the vein and housing 212 into tube
270, as shown in FIG. 8. The highest pressure gradient is always maintained between the
vein and the evacuated tube 270. The axially aligned inlet cannula 236 and outlet
cannula 252 provided an unobstructed path for blood flow from the vein into evacuated
tube 270. Conversely, air in housing 212 has tortuous path to outlet cannula 252 and the
flow of air from housing 212 to outlet cannula 252 is detoured by the axially
unobstructed blood flow between inlet and outlet cannula 236 and 252 respectively. The
moment some air in housing 212 is drawn into the evacuated tube 270, pressure within
housing 212 drops below the venous pressure. Accordingly, more air loss is prevented
until housing 212 is pressurized back venous pressure, and blood flows in flashback
chamber 226 until the pressure in housing 212 equals the venous pressure. The above
described pressurization and depressurization dynamics within housing 212 results in
column of blood pulsating in flashback chamber 226, and hence minimizing air draw into

the evacuated tube 270.

[0044] The preceding embodiments show structurally separate inlet and outlet cannulas
that are axially aligned with one other and placed in close end-to-end relationship with
one another. However, the principals of the invention described above also can be
achieved with a single cannula formed with a transverse slot or aperture within the
flashback chamber. For example, FIG. 11 schematically shows a needle assembly 310
with a housing 312 that is substantially identical to housing 212 described and illustrated
above. Needle assembly 310 differs from needle assembly 210 in that a single double

end needle cannula 336 is provided and passes entirely through housing 312. More
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and a lumen 342 extending therebetween. Portions of cannula 336 within inner wall 324
include a slot or aperture 344 to provide communication between lumen 342 and
flashback chamber 336 -within inner wall 324. Needle assembly 310 functions

substantially in the same manner as needle assembly 210 described and illustrated above.

[0045] Although the relative dimensional calculations, volumes and pressures were
carried out with respect to the second embodiment, the same theory applied to the first
embodiment, and to other unillustrated needle assemblies with a flashback chamber.
Accordingly, the scope of the as defined by the appending claims is not limited to the
specific illustrated embodiments. Various other changes and modifications may be
effected therein by one skilled in the art without departing from the scope or spirit of the
invention, and it is intended to claim all such changes and modifications as fall within the

scope of the invention.
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1. A needle assembly comprising:

a housing having an inlet end, an outlet end and a chamber formed between
said ends;

an inlet cannula having opposite external and internal ends and a lumen
extending between said ends, said inlet cannula being mounted to said housing such that
said external end of said inlet cannula is externally of said housing and such that said

lumen through said inlet cannula communicates with said chamber;

an outlet cannula having opposite internal and external ends and a lumen
extending between said ends, said outlet cannula being mounted to said housing such that
said external end of said outlet cannula is externally of said housing and such that said

lumen of said outlet cannula communicates with said chamber;

a sealable sleeve mounted over portions of said outlet cannula disposed

externally of said housing; and

wherein said sealable sleeve, said lumen of said outlet cannula and said
chamber of said housing define a combined volume sufficiently greater than a volume
defined by said lumen of said inlet cannula for achieving a rapid indication of venous

entry adjacent said external end of said inlet cannula.
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26 times said volume of said lumen of said inlet cannula.

3. The needle assembly of Claim 1, wherein said combined volume of
said sealable sleeve, said lumen of said outlet cannula and said chamber is at least equal
to a product of a pre-use volume of said needle assembly multiplied by a ratio of pressure
in said needle assembly prior to use and pressure in said needle assembly when said

lumen of said inlet cannula is filled with fluid.

4. The needle assembly of Claim 1, wherein said lumen of the said inlet

cannula is substantially axially aligned with said lumen of said outlet cannula.

5. The needle assembly of Claim 4, wherein said inlet cannula is
spaced from said outlet cannula by a distance of between approximately 0.5mm and

1.2mm.

6. The needle assembly of Claim 5, wherein said inlet cannula is

spaced from said outlet cannula by a distance by approximately 1.0mm.
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'()- & LR¥Eef,)satt flashback chamber wall surrounding said interior end of said inlet cannula
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d in%gr\lor end of said outlet cannula.

8. The needle assembly of Claim 7, wherein said flashback chamber
wall is dimensioned to define a radial gap around said inlet cannula and said outlet

cannula of approximately 0.2mm.

0. The needle assembly of Claim 8, wherein said flashback chamber
wall extends a major portion of a distance between said inlet and outlet ends of said

housing.

10. The needle assembly of Claim 9, wherein said flashback chamber

wall is spaced from said outlet end of said housing by distance of about 1.15mm.

11.  The needle assembly of Claim 10, wherein said inlet cannula is
spaced from said outlet cannula by a distance of between approximately 0.5mm and

1.2mm.
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"#$0& (nletend wollzg saiizigdet.end of sald housing, said inlet cannula being securely mounted

<= >7? @\BCDEFGHI JKLMNOPQRSTUWKYZ[ \ ]~ " abcdef ghi j kIl mopqgrstu
in said inlet end wall, portions of said inlet end wall between said inlet cannula and said

chamber defining a trench, said outlet cannula extending through said chamber such that

said internal end of said outlet cannula is in said trench.

13.  The needle assembly of Claim 12, wherein the trench is dimensioned
to define an annular space surrounding portions of said outlet cannula extending into said

trench.

14.  The needle assembly of Claim 1, wherein said housing is free of air

vents.
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