PATENT P-4717P1 FLASHBACK BLOOD COLLECTI ON NEEDLE BACKGROUND OF THE

I 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. Mre particularly, the present invention relates to a needle
assenbly for nultiple sanple blood collection that allows a phl eb@OMEST to
determ ne whether vein entry has occurred when coll ecting a bl oodpsgnpbe
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 |laboratory testing. In perform ng venipuncture

procedures, a phl ebotqm st _follg W i t aneously. Such
steps include assessi %@@%@%&K«sﬁt@b@ég I g\zﬁﬁb psychol ogi cal

condition so as to properly select a venipuncture site and technique. The
phl ebot om st nmust al so sel ect the proper correspondi ng equi pnent, perform

the technique so as to cgalCRGROERMd TsF TRNYMVERerioncol I ect and identify
fluid specinmens for testing. The phl ebotom st nust ascertain all of these

coinciding factors, as such factors may adversely affect the distension of
the vein and the Iength of the veni puncture procedure. [0003] Various

veni puncture devi ces have been HeVe¢ldpddhe nveagioass t he above- descri bed
probl ens. These devices include a needl e assenbly with a housing that
defines a chanmber therein. A single cannula pointed at both ends, is
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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 defihes

a chamber therein. A single cannula pointed at both ends, is affixed to the housing. The



penetrabl e stop positioned within an evacuated contai ner. [0004] Upon vein
entry with 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
fromthe housing chanber, the blood therein is pressurized each tpLyp e
seal abl e sl eeve is pushed toward the housing chanber upon activation of an
evacuat ed cont ai ne tq th th of ti bet en vei n.entry and
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cont ai ner and/or the needle assenbly itself. Such a repetitive process

prol ongs the physical and enotional disconfort endured by the patient. In
such capi4d]a Idlbrbmbmimrﬁm;lty witly the entratérond end | afcthieonasmilat dlgudwidle flovne
entry indication, and w then jncur the cost of the blood collection set,
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thereby providing imedi ate indication of successful vein entry. 2 P-4717P1
SUMVARY COF THE | NVENTI ON [0007] The present invention provides a needle
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entry.
unnecessarily repeats the venipuncture procedure, requiring replacement of the evacuated

container and/or the needle assembly itself. Such a repetitive process prolongs the
physical and emotional discomfort endured by the patient. In such cases, a phlebotomist
may use a blood collection set to provide some entry indication, and will then incur the

cost of the blood collection set, as well as the cost of a discard tube.

[0006] It is therefore desirable to provide a fast, accurate and cost effective solution to
conventional blood collection procedures upon which the phlebotomist may consistently
rely on flashback to provide satisfactory venous entry. Moreover, it is particularly
desirable to provide a blood collection device that permits blood flow through a relatively
short needle directly into a flashback chamber, thereby providing immediate indication of

successful vein entry.



[ 00081 A needle assenbly is provided for collecting at | east one fluid
sanple froma patient for subsequent discharge into at | east one evacuated
contai ner. The needle assenbly of the present invention includes a
transparent or translucent housing having a fluid inlet end defined by a
cylindrical exterior wall. The wall delineates an annular flashbackseipgnber
within the housing for retention of a blood sanple therein. The housing

further includes a fluid o e i j j with said fluid inlet
end. A first cannula in fmmdﬁciwf bl ood inl et end
extends outwardly therefrom The first cannula has an interior extremty
positio I opl . i 1 to
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extends outwardly therefrom The second cannula has an interior extremty

posi t i opexvigesox icher ertthanstuceat hbnsiag ichamder veith sy ffasientf deddhgrace rfot bilesd &n
exterior extremty opposed to said second interior extremty. The second
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evacuated container. The first and second cannula are preferably in axial
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first cannula in fluid communication with the 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
(- uncture 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.



needl e holder. [0013] FIG 5 is a cross-sectional view of the needle
assenbly in use wwth a conventional needl e holder 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 needle assenbly of the present invention.
[0015] FIG 7 illustrates the use of the needle assenbly of FIG ¢4uitipia
conventional needle holder. [0016] FIG 8 is a cross-sectional view of the
needl e assenbly in use w t der and a contai ner
during veni puncture of a %WQ?%W@@EI s a schematic view of
the needl e assenbly of FIG 6 prior to use. [0018] FIG 10 is a schematic

Vi ew sifj t I : i i i . [ 0019]
fla S(U0) FIGTLE aberiider AN DAL iendediE hacHly O the BRAL, BObfdon. | 22
DESCRI PTI ON [ 0020] The present invention provides a needl e assenbly for

bl ood c[016¢t iKiG. 2hat sidy viemdeSthe noedlendssemblycaf FIG. bf vein entry
("flashback™) upon collection of a blood or other fluid sanple froma
patient into one or nore evacuated bl ood collection tubes. [0021] As

i |1 ustrH0dd]i FIS. Gsis 2-dde grossesectonglseigm of the areedlgeassembdnofi ilkend itaken

i ncl udes, a trgnﬁé&ar nt or translucent housing 12 that supports a fluid inlet
needl e ?lppgét' LA} | a) on one side of the housing and a fluid outlet needle
(second cannula) on an opposite side thereof. Fluid collected fromthe
first c a pre | } I j i usi t e

ti ol y TRQELS S CTREHEE the MsE T the StegcsSHalRIY BF DI SN EoP RERaE ,
assenbl }eeddle holdewdes a housing 12 having a fluid inlet end 14 and a fluid
outlet end 16. Fluid inlet end 14 is defined by a cylindrical exterior wall
18(havi ng an annul ar shoul der 20 protruding froman extrem ty thereof

[0013] FIG. 5 is a cross-sectional view of the needle assembly in use with a
conventional needle holder and a container during venipuncture of a patient’s arm.

[0014]) FIG. 6 is a cross-sectional view of an alternate embodiment of the needle

assembly of the present invention.

[0015] FIG. 7 illustrates the use of the needle assembly of FIG. 6 with a conventional

needle holder.

[0016] FIG. 8 is a cross-sectional view of the needle assembly in use with a

conventional needle holder and a container during venipuncture of a patient’s arm.
[0017] FIG. 9 is a schematic view of the needle assembly of FIG. 6 prior to use.

[0018] FIG. 10 is a schematic view similar to FIG. 9, but showing the first sign of

Venous entry.

[0019] FIG. 11 is a schematic view of a third embodiment.



proximate fluid outlet end 16. Wall 18 circunscri bes a flashback chanber 22
therein. Chanber 22 further includes an annular trench 26 defined within a
frustoconical taper 28 depending outwardly fromwall 18. [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 out gr_4d{ et er
smal ler than an inner dianeter of wall 18, protrudes outwardly fromwall 18
wi th frustoconical taper 28 i, ol rj rebet ween. [ 0024]
Cylindrical extension 32 has ﬁﬂ@g‘leﬁgoﬁggéﬁ%i@ﬁl ng therethrough which is
sized to acconmpdate insertion and securenent of a first fluid inlet cannula
36 ther e LSt L Lt 0} I
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first i REevided aevist&Mddicattbnl 6f ¥efri @ﬁﬁy%'ﬂé%ba@l&gp_&pbﬁ RMEc@bdbn I BlGoB6r
having a blunt tip 46 for insertion of cannula 36 in injection 5 P-4717P 1
end 30. obeardluid Bample fiomma pafigntdfitceamdor moreldeacuatat blesd aotleotydry tubesf | gur ed
opening for uninterrupted passage of a fluid therethrough. 100251 First
cannula 36 _is positioned in_bare 34 such that fi rf)} interjior extremty 44

lies pl803Hatdsdvsirated: e FdbiSo6l-40 aaneedie rassamply A0 pfiithe yspemi Byentan
th i th, la 36 | j i d I i e fricti | |
ehgaged iUty & tAreRReaF of JrAsS AR hpRSEE FLARE ufpot® achia Puétonae Rrse
100261 ; j 1,qal i i
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second fdppbsite®sidectheesrfnuFlaid t3lledied dieimcthentitsa cagnulaas immediatedy ividualizod
extrem tﬁ 54 with a blunt tip 56. Blunt tip 56 circunscribes the opening
wi thi n theough theheousing te pravadedjtimeytindication iohpeopasvesxentey ty 44 of first
cannul a 36. Second cannula 52 further includes an exterior extremty 58
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housi ng jl2t N4 and a fluid outlet end 16. Fluid inlet end 14 is defined by a cylindrical

exterior wall 18 having an annular shoulder 20 protruding from an extremity thereof
proximate fluid outlet end 16. Wall 18 circumscribes a flashback chamber 22 therein.
Chamber 22 further includes an annular trench 26 defined within a frustoconical taper 28

depending outwardly from wall 18.

[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 smaller
( than an inner diameter of wall 18, protrudes outwardly from wall 18 with frustoconical

taper 28 providing a bridge therebetween.

[0024] Cylindrical extension 32 has a large bore 34 extending therethrough which is
sized to accommodate insertion and securement of a first fluid inlet cannula 36 therein.
First cannula 36 has an exterior extremity 40 projecting outwardly from injection end 30
and further has a sharpened bevel 42. A first interior extremity 44 is defined at an

opposite end of cannula 36 having a blunt tip 46 for insertion of cannula 36 in injection
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patient bevel end 60 further includes a seal able sleeve 61 covering exterior
extremty 58. [00271 Fluid outlet end 16 of housing 12 includes a disc-Ilike
base 64 having a cylindrical protrusion 66 extending outwardly therefrom
Base 64 includes an annular flange 68 which is seated in cooperation with
annul ar shoul der 20 of fluid inlet end 14 so as to forman interbaggAq

t herebet ween. The ends nay be secured together al ong interface 80 by

?ﬁprp?%réri‘& 591 ﬁeégﬂa?%eﬁ%il?fﬁ (9B BTLFIEINGE 1 RO BERRIORBS e Bt RO for

needle means includes a plurality of
hel i cal rea %ga&%&?tﬁ tﬁﬁ&éﬂ%&g@&%‘%f mating threads is shown herein, it
i s under st ood that any attachment nmeans conducive to the practice of the

present [0026¢NtHigs cABYulRB6Uisiposashedtinrotd B4RLch [tRA2fst igefibnextkémity 44 lies
constructed froma translucent or transparent material so that a user of
t he asspriXimataanmdadiieyclvi2énsd he toaetream sndluidharbeuniatioal theowwith. Once
transl ucent ri g| d plastic is desirable, varjious sealed ports or w ndows
such asCanmdas Ao mmwmmd. promlza itamay, pentiiinaallyangages by korendd g affixed
Vi ewthﬁ}f%cmtents W t nberutfl 1 0030] As shown in FIG 4, during a
convent HEAE RYMERRML ?ﬂ% DERI0E ikGoedi e  assenbly 10 as connected to
hol der 78 punctures the patient's skin to nake a vein entry. Flashback
chanber r oy 4G t

beyond !@ﬂpgéﬁ?o%nt@rﬁémext elrrrftdtP1 fﬁggﬂ?ﬁ%lgg? rze%(ﬁéi%ﬂgﬂrﬁlegséégrﬁﬁaﬁigous
f | ashbagkto bé $nlabmpainicatiomwithleach @f first scmals3enahd . second Hivid catlsecannule
phl ebot omi st has an al nost instant visual indication that vein entry has

been sabP2sfSecamd dapnubndbihad asechnd dnterian axiramityed4 Withisa blymd ips.i Blundityr y
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ows thereinto and covers the opening o secon erior extrem

Bl ood f h@Wn@e@m gt HeecPERS BO. © Sevbid Icanmtlan@prex?e%d@r&twaedlyeﬂ@ms fluid
pressure are equal .
outlet end 16 so as to form an elongate fluid passageway through housing 12. Non-

patient bevel end 60 further includes a sealable sleeve 61 covering exterior extremity 58.

[0027] Fluid outlet end 16 of housing 12 includes a disc-like base 64 having a
cylindrical protrusion 66 extending outwardly therefrom. Base 64 includes an annular
flange 68 which is seated in cooperation with annular shoulder 20 of fluid inlet end 14 so
as to form an interface 80 therebetween. The ends may be secured together along

( interface 80 by appropriate fastening means such as adhesives or the like.

[0028] As shown in FIG. 4, fluid outlet end 16 preferably includes means for securing
needle assembly 10 to a holder 78. Such means includes a plurality of helical threads 82.
Although a system of mating threads is shown herein, it is understood that any

attachment means conducive to the practice of the present invention may be utilized.



[ 0031] Once venous entry is visually confirmed by the phl ebotom st,
container 70, which is evacuated, is then inserted into holder 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 cannula 52, a negative
pressure gradient is transnmtted to the needle assenbly. A |ower pjesgre
within the container causes blood to flow fromthe vein and into the
cont ai ner. Because axially aligned cannula 36 and 52 provi de an .unbl ocked

pat h f ol0028]oddowrsiBg, i2nisoCenstugiade fromp a thapsducant ©r; transparsat materipesodhaitd ve
pressure gradient. T bl 0od..pr.ese in trenc 6 _an h er I s,dra
to:coted felteRysempluea RAdiS RN the BntGELSRariRPar 24, Alhehrarairet”
because .ot : ks r | L0 : ' S,
tho. pr oLtid BREHEEORkUHEIE ARl AR ob SindSRE RGN B pillE] 1 mRArH
pati ent F$GY 2 ipasbeusedwhich sldlethe dske td e theven@etits Wigs Chembet 22,
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,

at t enpt $§0830]c| Aseshoten apdrliGhgé.aduringi aiconyenigordlr vetipwiciurch pndeadupe feasie

bei ng drawn into container 70 by second interior ,extremty 54. Bl qod may be
col | ect @ssenphly Mg F%f@cté?\ﬂa‘@d?ﬂléﬁr i@ ﬁvawﬂéﬁ%%ﬂ@da%twa&s sgm feEmekad YRIN @I pl e
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to the sinabingtiérs iteliiéiBio véndus £0BR3In WHis hangterthe phldbotdist Has dnhelmost
alternate enbodinent is directed to a needle assenbly 210 with a housing
212 haviimgjart visualdndisiationghat vein endryf has beasusatisfacioly2achievetl by first cannula
frustum,shaped exterior. wall 218 extending. between the ends. Exterior |1
218 doPonebi, UBOR SRUSTRCIRREY SR AR Gl Ab IS AIPGSRIESIC PrResuisduthin chamber

cyl i ndr '2§aéxp'efl%ﬁéésocrorﬂﬂ]egsion due to the influence of venous pressure. Because the venous
pressure exceeds the atmospheric pressure within chamber 22, blood flows thereinto and
covers the opening of second interior extremity 54. Blood flow ceases once the pressure

within chamber 22 and the venous pressure are equal.

[0031] Once venous entry is visually confirmed by the phlebotomist, container 70,
which is evacuated, is then inserted into holder 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 cannula 52, a negative pressure gradient is transmitted to the needle assembly. A
lower pressure within the container causes blood to flow from the vein and into the
container. Because axially aligned cannula 36 and 52 provide an unblocked path for
blood flow into container 70, under the influence of the negative pressure gradient. The
blood present in trench 26 and chamber 22 is drawn into container 70 through the
opening of second interior extremity 54 because of the negative pressure gradient in

chamber 22. When this occurs, the pressure within chamber 22 and trench 26 drops



224 that extends in outer chanber 220 fromfluid inlet end 214 substantially
concentrically with cylindrical exterior wall 218 for a major portion of the
di stance between fluid inlet end 214 and fluid outlet end 216. The open end
of cylindrical interior wall 224 is spaced fromoutlet end 216 of housing
212 by a distance "a" of only about 1.15mm Cylindrical interior pygy{7pR4
defi nes a fl ashback chanmber 226. The eIongate fl ashback chanmber 226 behaves

like a aw t hat .draws residual blo LnéEOﬁSi ng 212 fromthe.previ ous
draw in 8 %%{HL?aY"éH)“tSLHSSS%%e’e‘QEFr& b nCOPEY PATS SN til'e PASSEIEE v

210 al s I d hat
defi nes?rehg z%lr6 %ﬁdegh%{éy)%rﬁn 'Bhg%rt]&?% er| B enljgaa?ﬂ}gth eelli@é[eernfge%%ség{%?l xfahg?lg/ in
fluid lrébﬁim@néf %160&1‘ h%ﬁh%g“@ﬁﬁn frénktd 260! terfpRNE 2c1336 the ﬁ?é’ﬁlﬂgt ghd zed
further by a 8 P-471 stantially cylindrical |umen 248 extending

bet ween nhihémezinls afrndlthmmhammlmmlmﬁom béingtdnewn it ¢antaimkr 0wy segodld AntetiGh35]

Needl e assenbly 210 further includes a fluid outlet cannula 252. Qutl et
cannul a exzsmigodd uddlood maynbei aeldedted iatd mwiipleeveguated opordamepsEo that

definin ar pened -hevel nd a substanti.all dric

ext end G SRAAERE CHATBIFCRamgS Frog i ShaBise wine € Sielr aoSds RTBRATE hEDG nds
are sec I 2
s mount S0 Pupie HEBesdhe P45 A iRt 1 ShoWl Y b chinpla 48 (Fim A0 MBS
interioreppl | 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
di st ancd0032)m Amnt additbonad resinteidi meit jof [t pmnnuira/eﬁa'ﬁn is fhbwndhslﬂa}&;&-%band
betjween inl et and outl et cannulas 236 and 2 ferably is betwee

and 1. 2rf¢lades masy qomaeneaty yhighowre substantia ‘i@ﬂt&a gaﬁleo@@meehemﬁp&ﬁl@s end
254 of gugl et cannula 252 and interior end 244 of inlet cannula 236 that is

l ess 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 nore air

from hoygpsyy 2WAtH eRréMR &Y FIGRIEthe 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
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tube. [0036] Cylindrical interior wall 224 is dinmensioned relative to outlet
cannul a 252 to achieve both desirable flow of bl ood through assenbly 210
and to achieve effective flashback indication. In particular, cylindrical
interior wall 224 preferably is dinensioned to provide a radial gap around
outl et cannula 252 of about 0.2nm as indicated by dinmension "c" p.g7FiIG 6.
This gap achieves a substantially Iam nar blood flow w thin flashback

hanber 226 ts, bl ood lysis. Additionally, the small .radial
G bet SRBRARISHEERICE RHBF dap s heiioncRe £abiand Dy Brussling wlr op

of bl oo ]ﬁ?g {4 y across the radial gap in flashback chanber 226
to prov;aldéeﬂlzgm%r;%ﬂl |g}0é]% ashback indication with a very small vol une of

bl ood. Thus, an easily 9 P-4717P1 visualized flashback indication is

achi eveqlpeBs)ckN¥edit ab&nblyr 50 AppRAIRIGEsd flaldogtiét @ihula232.i Outlendardfida of
i nl et cannul’'a 236. The small radial gap al so has been found to increase

sur f ace 282 hemichrdebet blaah intesoblend @54ndntaxtetiomend 260 fdedming acsharpahedcdvel
interior wall 224 for further reducing the air draw from housing 212 int

the evacbdtembstaptialy eylisdoeal lnmen 262 gxtep lﬁ?‘]:%%:ﬂée %%n%@l&}w@fwhfw hgr
i | ud | 26 ted  t i t 2 . i
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col | aps I n response to pressure exerte evacuate

270 for imteion@valP224Endrscethdt 260riof epd2Sat ot antetl candala 252 Gubltahtblly stighabl e
sl eeve 261 and stopper of 272 evacuated tube 270. [0038] As illustrated in

FI G 7 derdllygwithdotevienend 244 Qfén]epagmtu]? 336nékdilitonallgribteyior 200 %54 afantlstt ed
FI a8 hba RGNS 1SEBCH @b S BEier JFoameriteny! A oF dolst 6ane Xoaw
of 201 IGE AR And:™DOBRNEn 3hRr K SurictRAnGA TR P82 YRR bk N
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
indicated by dimension "c" 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



pressure within chanber 220 experiences conpression due to the influence of
venous pressure. Because the venous pressure exceeds the atnospheric
pressure within chanber 220, blood flows thereinto. Blood fl ow ceases once
the pressure within chanber 220 and the venous pressure are equal. [0039]
Once venous entry is visually confirnmed by the phl ebotom st, cont apnrgn770,
which is evacuated, is then inserted into hol der 278 such that exterior end

260 of d lg 2 7 hown in FIG 8. U

ent ranca rgeq ABAGHR BRI o Rh{F el BBy e IsEalb by it oSy mBRL
di entiqies: it s 2 26,di Wb

Phe. cont Tk GROTEL FCUNR, cRIRIIR, o e anedpaoidl RV BothEs SHEF, Madid

cont ai ngncrédse sti¥ade- Adhkéfdh bdtGR4Athd bodieend ehagarikliifase d€solihdechldheyior
desirably should be small for convenient wuse, but should constructed to

ensur e rwall 2B# fonfurthexpiedudingshd avkdra®hfrooc honsieg@d 2anto fHeasvasuatedi tube BZ0
needl e assenblies described and illustrated above operate pursuant to the
i deal gﬁlomﬂn Hlﬁ}-ﬁart icular, at very low densities all gases and vapors
approach ideal gas behavior and closely follow the Boyle' s and Charles’

e nocdPOSTL Nedl aSelL 210uRE0Rr jbebEDa Seube REROMEE pbuted ot hlls?
air wit e Rad Qq%dc}fgqggsgg%iz affl ]{cgbeﬂﬁé% RxBRMdr¥end 258 §E5QH&ScAnRAl DS S

air within the need before véin entry; and V2 denotes the volune

of air wehhibie tleeve126dl i8 iasaenhbinsed conditiwinn Eluwever, $6alabld sRevied?61 can be
paraneters should keep the needle device as snmall as possible for easy .

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 252, 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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use, while ensuring an appropriate volunme as specified by the preceding
equation. FIGS. 9 and 10 provide schematic representations of the needle
assenbly 210 of FIGS. 6-8 for purposes of depicting the application of the
ideal gas law. In this regard, Aidentifies the volune of |umen 248 thought
inlet cannula 236. B denotes the total volume of outer chanber 2304717WEr
chanber 226, lunmen 242 through outlet cannula 252 and seal able sl eeve 261.

AT ST RGN N T
Pressur gse  KMBRRIE 'dohisRh&Ed UbCeiduld r«?d?dblfe %hh%glsd/ ngaEI?c??cki. ”?hf: Sdchfendddt

fromlocation to location. However, for purpos I's analysis,

at mos phelashbaukeinsttie @ebdlevdskdmbhefdestribed tagd iHustifi@dnabbige operatdpleanrteakei ng
equation is the volume of the dead space in needle assenbly 210 after vein

entry. Myea gaadawcdh pattyculart abvenyelow densities all gasesvind vdpars appreach ideal gas

P-4717P1 248 of .iple nul.a 236,  the y .reducing the volunme to be
occupi edehyvigrand ﬁpqsgf}hfoi]n%thep%py]ie ‘{)&Rﬁ’éﬁsgﬁéwéﬁwxi 210 and hence
increasing the pressure of air in the remaining portion of needle assenbly
210. A needle assqﬁm,é:\p t\l,‘u di mensi ons approximately as shown in FIGS. 6-10
wi Il have a pressure P2 6f Zabout 790mm Hg at venous pressure (with
tourniquet). V, in the preceding equation defines the volune of the total
dead sﬁ’g'% 8 in needl e assenbly 210 before use, and hence will equal A + B
as shown in FIG 9. V2 defines the dead space jn the device after vein
entry, and with | Jiredenodes Hre prassure @gﬁﬁuwathz@éhmqeélf aFsembly dsdoreaneedieown
in FI G iagrtiblence, V2 in the preceding equation wll equal B. These input
par(ameters can be enployed to define a mninmumdesired size for the

respective conpondhtdenotesnbegtasassefidit withil tiasnsdibevassemblp afteol éipvéntg ;
application of the ideal gas |aw equation. P,V,=P2V2 PI/P2 = V2/ V,

760/ 790 = B/ (A+B) 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



0.962 = B/ (AtB) 0.962(A+B) = B 0.038B = 0.962A B=25.3A Therefore, dead
space in housing 212, outlet cannula 252 and sl eeve 261 preferably is at

| east 25.3 tines the volunme defined by |umen 248 through inlet cannula 236,
and nost preferably is about 26 times the volune of |unen 248. [0042] Upon
satisfactory vein entry, air within housing 212 is conpressed under_4t/pep]

i nfl uence of venous pressure, thereby allowing blood to flow into inner

Sm-“?lﬂ?ﬁr AR igles shmmtfa b Mreetpuibeinene lime 06 by arPibyen PRceSoRGeBouag -
PRSI R A e g e O L

from t heovedm ofitikeRUSISBAbAL 210Nt A R asdéfhblpswvith dfendiofd Eppﬁ)xiﬂiﬁfél% as
hi ghest pressure gradient i's always mnai ntai ned between the vein and the

evacuat aownbm PIGS. BhE) awillahdve alpressace Palaft alwan iifiland3H gaatdvendusepressure
cannul a 252 Erovj ded an unobstructed path for blood flow fromthe vein into

evacuat dwitht mpet). Chvidr the) precading; equnbios; definesotheaxoluge gbdbe gatah dead
tlet 252 and t fil f air f housj,ng, 2 t] et

255 15 deRon) Bunei€ RSty 2 Biifis e aph dhP SR Rl AL b AN iR ke
tlet I : i . : t i i i: 212

s dr awn | MEGEERES IR0 i ERRARE Aol o e MRARY, aR@RITHImed 298 ik

bel ow t hanu€lARBH filled suttebloddcas shavah Yn FIGT €0aiHencosY, i thy geesd@g equatioh
housi ng 212 is pressurized back venous pressure, and 6Iood lows in

f | ashbaokill euaiiBer Thes mput pamaetens @as heeemployed$o dgfine 2 minindwn desired pigas
pressure Tge above, described pressurjzatio ang &e ressuri zat glon nami cs
wi tthin Hehg RgreSRECEs GPIPONANLS dresdlsr apses) Yp Peaas shovR i dbeb wing

chamber 008 afOf PRGN s Thé' diaftbh, draw into
P,V,=P,V,
P,/P, =V, 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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t he evacuated tube 270. [0044] The precedi ng enbodi ments show structurally
separate inlet and outlet cannulas that are axially aligned with one ot her
and placed in close end-to-end relationship with one another. However, the
principals of the invention described above al so can be achieved wth a
single cannula fornmed with a transverse slot or aperture within thp4717p]
fl ashback chanmber. For exanple, FIG 11 schenmatically shows a needle

| | 3 ] . | | . ] 2 | . I . | | . . | .
ELE E E y‘:i S]! q(é] I'Fazilq E E; I q H:dt I I ﬁgoloé ER :‘,E;l' ]O{IF EE§E]E!F"E ‘Ex, tigtg '1,2 IIPEgLr] §3 !] EI gf% EI qF:] EEL t : }S;:H":E] ]ISI g

provi de passe oug ousli ng 2. More 13 P-4717P1
particularly, needle cannula 336 includes a venous entry end 338, a

non- pat i tt3]3!1¢h_%419r_1m@ﬂﬁt@rés;pﬁﬁ§b Shnexi epdiui@ed hebe e pred. inPesrhhingcadion
cannula 336 wthin inner wall 324 include a slot or aperture 344 to provide

comuni cwithautlee taveara R§2as t@dPavaidbod hmd hivdodanchevbar aiddBousingi212i intetubeal |
324. Needl e assenbly 310 functjons substantially in the sanme manner as

needl e asAbmsispopngnddce B pkhe highest nrasyure geadiends elwayomasitained bstiyeen the

| ative dimensional calculations, wql . i.ed out
ot oG R oL B el TR BIGEBEE St 8256 O
o . . ) !
chanber .yl 2} DuHOed AndiLEBU R TBF LLACASTIALRRHE bilnAnld SR
is not |iubet2d. tOohvieselspaeiif housihp IRriatsadriaohe gathent sutleYaanaula 282haid the

changes and nodifications may be effected therein by one skilled in the art
wi t hout fewarofi aig froomhdusing @ do ewtleti canhulahdS2i sveletawnd bindthiet akially
R FI e T TG M R 5 WML R
conpri St D@ ment 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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a housing having an inlet end, an outlet end and a chanber forned between
said ends; an inlet cannula having opposite external and internal ends and a
| umen extending between said ends, said inlet cannula being nmounted to said
housi ng such that said external end of said inlet cannula is externally of
sai d housing and such that said |unmen through said inlet cannul ap.4717P1
connunicates mﬁth sai d chanber; an outlet cannula having opposite internal

d t | t.endi bet d t|
cannul a PR NERL CorUl A3 SHRHE & denout aey eid e Bl enaPalet "l o
out| et %FIH ’ﬁullufhén ]’»4?2( E)@treﬂéingyth&febéﬂb&hnh Qﬂ%aﬁﬁﬁﬁ 35@?\! th irfhel WHR'3 24
sai d ouflet cannul a conmunicates Wt anber seal abl e sl eeve

nount ed jgM@de PPIsI6t0BF dPertvind B4utd eprooﬁrm @bﬁlrﬂhﬁll@@ﬁ@ﬂ begween Nanlen 342sandl
housi ng; and wherein said seal abl e sl eeve, said lunen of said outlet cannula

and sai dlasbbackbehantbes aB36 hwithimgndes i wall a32:41nb|Nea:ﬂleoassnmbdtpp3wu fomcabys 26
tines greater than a vol une defined by said |lunen of said inlet cannula for
achi evi Agbsfantaiyin thespwmapnegasyeadissassemply al) d@@ﬁtbeéar@ iHystsptad abayel of

said inlet cannula. 2. A needle assenbly conprising: a housing having an

cannul o 194510 A8haEEs B 28R, AT Ond ol TG B RN SRy araé?p‘%%msnav%‘a“
bet ween caﬁﬁéh Sﬁfj%thsﬁzgﬂ gﬂég‘hg CS?W BN e @M:%éﬁeyd O;Tkmsal

t hat sai d external cannul a s external ou5|ng

and suclenibwalimeagi #hd wrenhéhuniligktrariddnédstletassanbliba valdm fiasliiaek whdrhbaai d
chanber; an outlet cannula having opposite internal and external ends and a

| umen eé@c@n@ungb/ he weepe ohithe endisfingdity tha appending glaamisels rnyt firoitee do ttae
sai(d housin s ﬁ%ﬁ ai d exterﬁﬁ end @% ?‘d out | et c naul a is

ext er nalSP§c i MPRUIRER Y il osF Fhengen % iR HnS maN b
communi Gaflfd¥hbkis "B'ydorf%hsq{m@c[ 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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a seal abl e sl eeve nmounted over portions of said outlet cannula disposed
externally of said housing; and wherein said seal abl e sl eeve, said | unmen of
said outlet cannula and said chanber define a conbined volune that is at

| east equal to a product of a pre-use 15 volune of said needl e assenbly
mul tipli edwli'é a rlati .0f pressure in said needle assenbly prior to use and
pressure i LPSHOEG Y assenbl y when said lunen of said inlet cannula is
filled w th A héeedit dseemisi9Rbmprisigga rapi d indication of venous entry adjacent
said external end of sald inlet cannula. 3. The needl e assenbly of claim1,
wherein sai d | ikpsER hariwgag;inlet endean eulift gndiandsa chammbher fofmed hepveer; 4 | v

al i gned ‘Mstaﬂiéﬁllsd | umen of said outlet cannula. 4. A needle assenbly
conprising: a housing having an inlet end, an outlet end and a chanber

f or med betandalet camuth lewihg; oppositerdxédrna and internhberids gnd p posért extendigg nal and

internal ends and. a |umen, . ext endi .between,said, ends, said inl.et cannul a
bei ng nmourliebyednsa I’ds’ﬁ&l&’s‘iﬂﬁ?@C%‘}Pé‘ii‘ngwog%%lt%%ﬂ%ﬁ?%nge%ah ﬂ?at $4flg inlet

cannul a i SexgethAleRalok ¥ai@inl§@aﬂn1h9?§éx‘f@‘nﬁ[}dofssﬁfahﬁugﬁg and 3hdh th¥@My t hrough sai d
i nl et cannula comruni cates with said chanber; an outlet cannul a having

opposi t e ilnmen trbughnshidinies cariuleemsmanigatas withesaid chambendi ng bet ween sai d
ends, said outl et ¢ pnul ei ng nount ed t o, saj dtho Si S CE t hat said
external end ofans%]g ‘Eﬁfi‘f’ﬁ]@t a?f’é’gr?ﬁpgsrfesmtgmab \RRTAG: e“rélgﬁ‘a&jﬁ 1H8¥hg and such
that sai dxkdndBiy Wekwsehl sdidodnds ShidCANRYEANGRMBEUY HakRed W daltl IsisthgGaerber, said

| umen of said outlet cannula being substantially axially aligned with said
| umen of dhatpajdgxtarnalend of said andetwhrruws is exterepliyrifseiddwysing and suchdhated from

sai d out| estahcflaélpngﬁlo? SPIX o‘atlgic%%ﬂgg gorgInunB:I {0530 s%%oghgﬁligg?t ely 0.5 nmand 1.2

mm a seala eeve nount ver portions of sai | et cannul a di sposed
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 approximately 26 times 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.

2. 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 define a combined volume that is at least equal to a product of a pre-use
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externally of said housing; and wherein said seal able sl eeve, said | unen of
said outlet cannula and said chanber of said housing define a conbined
vol une approximately 26 tinmes greater than a volune defined by said | unen
of said inlet cannula for achieving a rapid indication of venous entry

adj acent said external .end of .said.i.nlet cannula. 5. The.needle assenbly of
i ma, bt i Sl edf isectoalk e e Ty SR8 O Pssmsa RS Cannula by a
di stance hyseatly pronmhek ¥nd pRsdiife intaidhaeERGs&nitsds Wheh ¥aid Qifpéd 6f agd 16 a
housi ng having an inlet end, an outlet end and a chamber fornmed between

sai d ends;inlghcanaplatis BHemwith fhvid fos gelipyipe prapid jndiqatign ohNepquseatnal ends and a
| unen ema?%%r?%g{ﬂ%é&%g}ﬁ(@bﬁsﬁ@ﬂigcﬁ[(fﬁ@x%lﬂa.' nl et cannul a being nmounted to said

housi ng su erna said inlet cannula is externally of
sai d housing and such that said |lumen through said inlet carmula

comuni cates _w th _sai d chanber; an outlet cannula having opposite internal
and ext er @a&héﬁﬁidl%?ﬁe@b1ym§§ imghy PG, 3P the,pd gletcanaula oyt | et

cannul a bej -S| i éllm - £ i.di.external end of said
out | et caﬁ%ﬂ?ggﬁgpgggg?%g ;g%?pgg?gﬂﬂousiﬁg“gﬁ%téﬁ%'hfhat said [ umen of
said outlet cannula conmmunicates with said chanber, said |unen of said

out | et cann;i‘laéa aﬁl n? SlflibSt antially axially aligned with said |umen of said
inlet caniufsceifPSTRRINEPMRHNBE| si ng a fiashback chanber wall extendi ng

fromsaid inlep heﬁ'ﬁn?ﬁavi@&ginm%ﬁ&,% cufleh GidaRaaNRambefoimédbétweamber, said
fl ashback chanmber wall surrounding said interior end of said inlet cannula

and sai d isaidender end of said outlet cannula; a seal able sleeve nounted
ong P tions of ;& Qb hiling Shtd 8 edeRRPRR intetith BhERDS Qe d housi ng;
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, said lumen of said
outlet cannula being substantially axially aligned with said lumen of said inlet
cannula, and
wherein said inlet cannula is spaced from said outlet cannula by a distance of
between approximately 0.5 mm and 1.2 mm;
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 approximately 26 times 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.

5. The needle assembly of claim 4, wherein said inlet cannula is spaced from said

outlet cannula by a distance by approximately 1.0 mm.

6. A needle assembly comprising:
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wherein said seal abl e sl eeve said |unmen of said outlet cannula and said
chanber of said housing define a conbined volune approximtely 26 tines
greater than a volunme defined by said |lumen of said inlet carnula for
achieving a rapid indication of venous entry adjacent said external end of
said inlet cannula. 7. The needl e assenbly of claim®6, wherein said

fl ashback chanmber wall is dinensioned to define a radial gap around said
inlet cannul a @ﬂh@uﬁﬂ% Havabg heinl@ A noutibt erditpd@xdhaRibet forfle@ betmee. The
needl e assenbly of aim7, said flashback chanber wall extends a maj or
portion ofsail &Aidsi ance between said inlet and outlet ends of said housi ng. 9.

The needl e assgggl A tﬁg.%{] agKafhahen wal | s
spaced from sal %uctaf"é‘glhghﬁhgp@g%%oﬁ%%%% anacl:e of about 1.15 mm
17 10. Theexmﬂdigdaeasmrdaidyemiﬁ saldaintet Gannwhdjemgtmsamtdd tandaéd hamimpHuehi s spaced
fromsaid outlet ca ul.a_by.a di stance of betwe r oxi teI 5 mm and
3 A A AT aA COOE P YS! IORBE SRRl i TRRPEET BT B out | et
end and a GRARRRK Mﬁgﬁ&@ﬁﬁm%u@@axﬁmﬁﬂféﬁms Hith! s dedhafBA ! a havi ng
opposite external and internal ends and a |umen extending between said
ends, and |nIeanoaﬁﬂwhamhehmgngummmeduﬁ@ndamdeh@u@dngﬂsandmlumhat sai d
external aid inle ann ext rnaII ousun nd such
that sai ch?‘i?ﬁﬁW T SHSR dtseéﬁ H’{(M i ‘E‘g{iesgl (t‘ﬁm§ chanber ;
an outl et taanald extdiayiend oPPAQSUAE chihi4 rsa:lxteamlyaaﬂs@rdr}ﬁhsmg dfd sush thatl umMen

ext endi ng between said ends, said outlet cannula being nmounted to said

housi ng suseifl lumeatof saifl @usticanmia cemupupicatea withaid chambsn seiddumen eksaid nal |y of
sai d housi comuni cat es
wth oot d DRebn SR born R xS Ao o uftn SOR R I O T et
cannul a dk&nmﬂedmdexternally of said housi ng;

further comprising a flashback chamber wall extending from said inlet end of
said housing and disposed within said chamber, said flashback chamber wall
surrounding said interior end of said inlet cannula and said interior end of said outlet
cannula;

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 approximately 26 times 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.
7. The needle assembly of claim 6, wherein said flashback chamber wall is
dimensioned to define a radial gap around said inlet cannula and said outlet cannula of

approximately 0.2 mm.

8. The needle assembly of claim 7, said flashback chamber wall extends a major

portion of a distance between said inlet and outlet ends of said housing.

9. The needle assembly of claim 8, wherein said flashback chamber wall is spaced

from said outlet end of said housing by distance of about 1.15 mm.
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wherein said seal abl e sl eeve, said |unmen of said outlet cannula and said
chanber of said housing define a conbined volune approximtely 26 tines
greater than a volunme defined by said |lumen of said inlet cannula for
achieving a rapid indication of venous entry adjacent said external end of

said inlet nul a.  an erehkn .4 _housi. i.nclu an 1nd et d wal | at
said inl etl(gﬁ?fe g‘? %sl%?ségmﬁpu%f;%?]aér,n sgvglgre%h?aé ﬂlégncnu ‘ggiseﬁp ﬁ%edrs%%rﬁrsgl?y nount ed
in said i nhulet emeluladyl a diptatide affbetvaden appiodinattlgto. £th wad | .2ledvween sai d inl et
cannul a and said chanber defining a trench, said outlet cannula extending
t hrough said chanber such that said internal end of said outlet cannula is
in said tr@r_]g\hne Sllf%-coy])‘f'isﬂl edl e assenbly of claim 11, wherein the trench is
di mensi oned to ge i ne an ~annul ar space surroundi ng portions of said outlet
cannul a ext endiarhgusing bawag dn inlerent, an diBlet dibandeediambes foembd petwieen| ai m 1,
wherein said housing is free of air vents. 14. A blood collection needle
assenbl y 6@Hb?¥§ing: a housing having an inlet end wall, an outlet end wall

and a subst ant iaglid1¥t cahHiY having vpFésilexiélal axinehfdinaddsidveRImenai d i nlet and
outlet end walls for defining a 18 vent-free chanber, a substantially

t ubul ar f | exédndingbetweanraid enls) andxnlehetinnylatbeing meurded 19 setd kavgingsieh t owar d
said outl et end | 1., at. l.east .portigns of satd tubular.exteriqgr. wall and
said flas h%gcﬁ?ldc%@%%lren&/ﬁfFalgér_?lgtgcafl%@ﬁésdexft%%:lyaoésﬁb&sﬁ%oéﬁﬂgaaln ﬁuéhrtgﬁts par ent
material; i ideattheaghtdid ifléahgul? peagiunRaRy Wethnald diathbent ernal ends and a

| umen extendi ng between said ends, said inlet cannula being nounted in said
inlet end wal | anoydet canaila baying erpasite iteraplpndfexteanal endd and clamenl a i s

externally j S| i id 4dnlet
car il a. corneR GeclCH e Gl taibi Rl O LU o
fl ashback thhesatibextevhll end @i said ohittét cammula issexbanal oo fapiidsiusidgiand eudhathatand

i [ id tlet I
e st Bl g comhunates s said chamber; 2 0 Ut et cannula

a sealable sleeve mounted over portions of said outlet cannula disposed
externally of said housing;

wherein said sealable sleeve, said lumen of said outlet cannula and said
chamber of said housing define a combined volume approximately 26 times 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; and

wherein said housing includes an inlet end wall at said inlet end of said
housing, said inlet cannula being securely mounted 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.

12. The needle assembly of claim 11, wherein the trench is dimensioned to define an

annular space surrounding portions of said outlet cannula extending into said trench.
13. The needle assembly of claim 1, wherein said housing is free of air vents.

14. A blood collection needle assembly comprising:
a housing having an inlet end wall, an outlet end wall and a substantially

tubular external wall extending between said inlet and outlet end walls for defining a
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wal | such that said external end of said outlet cannula is externally of
said housing and said internal end of said outlet cannula is aligned with
said internal end of said inlet cannula; a seal able sleeve nounted over
portions of said outlet cannula disposed externally of said housing; and

wher ei n sai hanber, i s for.ned fine 0 rel i,ve,.fo.vol unes of
sai d Sealvgﬂ}-gre%%a&bg r ass i 8%“&%%&“@@”5%%92}5:&*% n%%ra‘ﬁﬁﬁ%ge%dﬁ%g gg‘?ld | unen of

sai d i nl etsaiidnRubmd whid foveaed kil iotfetand apilidat 184kt paitions oDfaid RIbALAS exBEi6ry | N
areas bounded by sajd f%&;hback chanber wall. 15. The bJ.ood coll ection

needl e asS¥HbInd sg1d Hashbapkchamberawall heiag formed fiom & quistantiady trapspatent seal abl e

sl eeve, sagjgediyimen of said outlet cannula and said chamber is approximately
26 times said volume of said |unmen of said inlet cannula. 16. The bl ood
col | ecti on needh eletsapmilh haahg opusite Eternahardeintersd ienlds anldet luomnnul a i s

speced LoD Sl DL Bl e e, SRl a0ee 8L, BEL ook BORLBILARL S v O
wher ei N Sajyeh {Hap s e&kmaldRNIRkidRlet cdnfufiiFBRSHANEG df §41d HedsiMPard sughli 2l _gap
around said inlet cannula and said outlet cannula of approximately 0.2 nm
19 that said lumen through said inlet cannula communicates with portions of said
chamber bounded by said flashback chamber wall;
an outlet cannula having opposite internal and external ends and a lumen
extending between said ends, said outlet cannula being mounted in said outlet end
wall such that said external end of said outlet cannula is externally of said housing
and said internal end of said outlet cannula is aligned with said internal end of said
inlet cannula;
a sealable sleeve mounted over portions of said outlet cannula disposed
externally of said housing; and
wherein said chamber is formed to define a volume relative to volumes of said
sealable sleeve, said lumen of said outlet cannula and said lumen of said inlet cannula
for achieving a rapid indication of venous entry in areas bounded by said flashback

chamber wall.

15. The blood collection needle assembly of claim 14, wherein said combined volume
of said sealable sleeve, said lumen of said outlet cannula and said chamber is

approximately 26 times said volume of said lumen of said inlet cannula.

16. The blood collection needle assembly of claim 15, wherein said inlet cannula is
spaced from said outlet cannula by a distance of between approximately 0.5 mm and

1.2 mm.
17. The blood collection needle assembly of claim 16, wherein said flashback

chamber wall is dimensioned to define a radial gap around said inlet cannula and said

outlet cannula of approximately 0.2 mm.
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