; ~e3eHE| Xh6T 2 6 MAR 2002 WD 99/16354 CLOSED, ONE- HANDED BLOOD SAMPLI NG
SYSTEM The present inventi Mwmmuwwmﬂlmﬂt bl ood sanpling systems and, in
particular, 5 to closed on d sanpling systens and P\(A szm
use. In a hospital setting theresi¢g6s al ways the need to noni torrﬁa I ent
heal t h through the eval uation of blood chem stry profile. The sinpl est

met hod enpl oywd dbAessa t he gmmmummmmmmw use a syringe carryi ngpcanshseqaned
cannul a at one end and ins iUl a2 into a vein or artery to extract
a bl ood sanple fromthe patientsgoldatients that are in the critical care
units or operating room sonetines reqw re as many as tvvel ve sarrpl es a day.
Such frequent sanpli ngylAdEe :

ai rborne bacteria and™V ol can ) ) ' t hr ough
t he openi ng made by the shar pened cannul a. Furthernore, accidental needle

stiicks of the nurse or technician frequently occur. The probl em of

i nfection, accidental needl e sti cksWhﬁ.ﬁmﬁum danger of contracting
Vi ruses such as HV t. t he. i i . opt ’
al‘ternative bl ood sg P g“% 9“5’@%“ Q"gs %nrgéo?/é gng? ?%L gﬁ%ﬁ%gﬁ& g"%l eis

to draw thes bl gpglodddURehahiddd Wlbed s&ﬂainglsgrstein@@ﬁaimetM%r@& in the patient,
either in a central venous line, such as one placed in the right atrium or

in an arterial line. Typically, existing injection sites for arterial or
venous drug infusion or pressure gani tori ng II i.nes are used to take periodic
bl ood sanples fromthe patient. sns for draw ng 25

bl ood fromthe line . I 51%5& ize a
plurality of st opcozlﬁy?}lg%ﬂ%ﬁlgeéﬁrgﬂ%}quam gFu ?? frH(t)ér]lWaHe I n?lum on fluid
supply or fromirbegh thg eGalivhtidn ciHIdod fRetfisthyGF0Ale2 'ﬂ?@'ﬁi&iﬂ@ﬂhﬁﬁﬂ@empleysdlr e
col um dri}‘:)%supply, while allowi ng blood to flow fromthe pat| ent into a

col | ecti ngl@yr ithie hosnitpbistadise @ Swm&erfs@vwngwhmpw fee gid angdnsert

ana’ i nor ease t R EruRl BECE U6 pPERATME chol PRIAT LA ?E%seig“ﬁﬁsln?ﬁe“")”

sanpl i ng sit esPag¢ms that &redn mmmemmr@mﬂmwrapmmoMMe@ﬁe@hmorreri c
septum provided in a port in the stogcock housi ng. Repetitive piercing of

the septum at AN 25 Ayelve pasmples 2 day fepqygursé@pbmg mg@pmm&wﬂge knovvn

o oot on oi t o CaterHOPHBALE b eaS AR ALy ShicBan Kt inghidha

danger of the ftbEgh Bk ophifg ﬁia@eb?@hd@aﬁieﬁ@d(cd%ﬁutah@'uﬁhéﬁrﬁﬁé\%clﬂéﬁﬂlu' a 10
The next devel opnent in sanpling systems was to use blunt cannula and slit

sept uns. A: t hongedle pécksofithe rmmlmxltgplmmfmupm oReEnY efhm%roabm«ﬁ infectipe
ormi ned oi ne St BRIl i ol IEEY AtoRfacin i lB TR HRV "

typi cal | y undebr Bépatitis hs mmp@amou& 1REdHEA fieRl to&ﬂdptlaﬂlcﬂﬁﬁ{'@m%oﬁaﬁﬁﬁh uld

cause a fine spray of blood to contact the user. 15 Mdst early systens al so
requi red a twoS¥#@s.operati on where a first sanple

20 One way to obtain a blood sample is to draw the blood from a catheter that
is already inserted in the patient, either in a central venous line, such as one placed
in the right atrium, or in an arterial line. Typically, existing injection sites for
arterial or venous drug infusion or pressure monitoring lines are used to take
periodic blood samples from the patient. Conventional mechanisms for drawing

25  blood from the lines used for infus'ion or pressure monitoring utilize a plurality of

. stopcock mechanisms that preclude flow from the infusion fluid supply or from the



of fluid, generally about 5nl in volume for intensive care environments was
w thdrawn into the sanpling syringe and discarded. This first sanple
potentially included some of the infusion fluid and thus would bf a
unreliable blood chem stry neasurenent sanple. After the initial QaWPezqqu
been di schargﬁg, %he 20 second sanple was pure blood fromthe artery or
vein. Aside fromtpisd unnecessary | oss of blood, the two-sanpl e RITAIEISE0060
potentially introduced undesirable effects relating to such problens as
introduction of air into the arterial |i&e and introduction of contam nants
into the blood supply. The two-step process al so requires substanti al

bl 0d sampl o Preire By GTHIRES 1ifie ARing Wb O ELANS P iBiRtietint £ | 0°
t he dr awbacksoliesingisgtinge sunhécteditd 4 inovalnpurt fogmeyl & ensof the epdockest ens wer e

devel oped, such as the bl ood sanpler device in U S, Patent No. 4,673,386 to
Gordon. The &vwryierstapceeksiincresse panteminatian aad pisk of mittignaad ingreasedbbipr i ses

Sahpii ng, por o1 WEle EuftgrRiR. bsRids! efBr hith daBling HES REMAERT D Ol en
a bl unt cannuhamafed@ynbe fbr@&&ﬂa&&ﬂkhfﬂrela%%méﬂ o Rin0 Bebi a6 060 inlte USe,

the piston in the device 20 is retracted to fluid fromthe patient
t owar ds the fsltopcdclshmpirgg Regretitivr pencingi of thmseptlmalabmt:h injlectinrhsifels wege As

wi thdrawn into the_c r, to pur.e bI sSu past,the s I|ng
bor {2590 1 HRHTCE SEHRY @aid%a%%ﬁmmmpaas g Bgerlap ol ig

t hrough the i t he Gordon
devi ce, suchtuetl’féée{t1 3” %ﬁgrl él’l?flg{ﬁl@%gﬁ%g’ﬁ%% a,%\?{)g%g%ﬁl%ﬁdgg Managemnent
Protection Syesmﬁmté \is\dahger of t]sdmnlrs@éxf clinidiarebeing piusk by tirecshatyened eanriule

pi st onl chanber device 20 anij Iln ort 22 to insure _that the sgrl nge 28
does not 1BUI | any B iepbdgyelopme 1“09@H1P RS SYateras ¥ias towsghlent cangHa an H"n t he

chanber . ngtlﬁnﬁ:l ?ﬂ%ﬂéﬁ/fh e Bt 1{%&1?0& ?heoéa%?LFﬁ? st1 *(fﬁ%qﬁ%ﬁuégb and

reducethe number ~of 1 nj ons in e patien 8 One e ini |aI
cannul a i nt r aglinédiarg the passibilitp6Linfectibh by bicdWoresSpahdghis Aananed sines aei on on
t he piston/chanber device 20, followed by the two-handed operation of the
syringe 28 t dbloest alithe samplingspe andin the syyangewasfupicellyedeslsrosal aslveBeNss anpl es

g?gsghfg ”s fﬁ PSgrsé cmn %errgn[%gggﬁgr Q‘ﬁﬁ Se%sfed I??geys% %‘gc?rc’acnog1 ukg‘o ©us l'pI aced

inthe i r1f5usn on | lM@sﬁ‘dﬂﬂ?Gﬁs&ﬁﬂs 4lgo Peqiired h%o-@&p‘ﬁiﬁbﬁhoﬂbﬂﬁl‘@#ﬁrﬁ s@npleood
pressure. Such pressure lines typically make use of relatively stiff tubing

primed with aofdlid, aggn@rallwabqlmﬁmlyuwum forintengive caBENMBRBMERS WAS| Ut | on as a

pressure col u For.adults esSuUti z r _surrounds

1t suppl y Winrph 526 e Sneipd Shilie3pa dhitianaht Bt Bt BPEREAR 1o
l'i ne const antinyubédidige bf tHe thitQuRiGidlane MRAWANY bEEﬁ%HEHIhaB]eWﬁ&M I ctor
orifice. The slowdrip of IV fluid flushes the line to 2 R 22 WO

99/ 16354 4 PCheson regeEmentsample.c Adex thngmtlxh@mpiahwmrdxsqmquetbea

di aphr ag xposed to res on one.si ge. ane i a device
For meaads noreaet] eBRGHOPIEE RIbeR S R0 OF Frit o RSP Tog) e iefistiide: <
such as the legamm N estRRSsaipte 5’1’66&§ %@nﬁﬁl@;ﬂﬁﬂ%ﬁ@éedﬁﬂﬁbh?&%‘l@eﬁé&{“ Baxt er
Heal thcare of Irvine California include a flush 5 device that al so can be

used for sendiclaging tasshemeblemsssimroduaivpofairinweghe mmdlllmeand\ Snap- TabTM
devi ce of the TryWave Ied and then rel eased

wh
sends a squar @t %‘WWB%?P%’W&%WQ&%&@%&’% &/H? -SSR PEFESS¥P t 0 check
the inherent fpeQlenttahits BEEI On e éﬁﬁﬁ& i‘lﬁx‘%e:s'S tﬁé’f‘ 1%151‘@ \Tﬂw{n uges the

tubi ng and any ‘conponents attached et o, suc e sanmpling ports and
10 tenpor2iry ddawithe bloodagmepldevi ces. Proper systemfrequency response is
necessary for reliable blood pressure nmeasurenments. Another closed sanpling
syst em manuf act ured by Abbott Laboratories, and disclosed in U S. Patent
No. 5,324,266 to Anbrisco, et alL, is seen in Figures 2A



and 2B. This systemincludes a fluid supply 34 connected through a conduit
36 to a 15 variable flow control device and flush valve 38. The flush val ve
is connected to the proximal end of a fluid storage mechani sm go w nﬂ a
piston 42 therein with a hollow interior 44. Infusion fluid fr B t y
34 drips through 5/?§5P0| |l ow interior 44 and through a vortex inducer

el ement 48 out" of tHhe st orage nechani sm 40. The infusion fluid BER{LISAR0960
through the Iine 36 past a shut-off valve 50, a 20 sanpling port 52 and
finally through a sharpened cannul a 54 whi ch has previ ously been inpl anted
in the patient. Wen a sanple of blood is required, the user grips a |ock
cap 56 and _squeeze&,tegfbngg\@ the dBbatie) R86diNd With{dafBr 8arhpBAYIGyshins, AS t he
cap 56 is withdrawn, the piston 42 creates a vacuumw thin tHe fluid

st or age nechaolosen sySteps weredevielaped, smokl as theibllod sampflersiegicefih U.8. Ratenh t he

patient into ch 60 . (Figure 25 2B). At .this point, .the .shut-off valve
SO is closed, nﬁ%gggé‘iﬁ?tG?ridﬁ’ge@h"céﬁﬁfﬂ“éielvg’ed%g&?"‘ff&cﬁ"‘%ﬁ‘?ﬂh‘éf Iaq;g%{ﬁf)lle of

bl ood from a | ] ash i L0s M«A‘Eii = VO

991 16354 5 P S%Sgggfs%%A hhsco piadtﬁor?t ?Q:f{g&&?’gl&f%%?i‘% eas%{'e}ramto use
t han the Gbr dofia seenplitg poet22u Skheahmplisg port @2 iincludesfai slit sepgumi2drihterwhich a

configuration, a two-handed operation to pull fluid within the chanmber 60
and a t wo- hanbbt easanla26dnay be wperteddrresnmlinghleadthsrefiony aysss the piston

et hod. The: pribte b 88 RTetRAsdo Tl wEf e BRAHRTTG BEtFHRIAYS, o1 10
conprising a gad§tbtetit inithechiniber AERGRN Y iPRIthdraindARREE Bhdrtbd? %o pulbR! | ed

with a fluid and a distal portion adapted to be in communication with a
fluid system phredlonstsupply. pagt the samplingrpoakc2esthothat hisiringg 28 canwithidraw gol une

e and X odemAsHapisis SthIBR bofEhdns feblFarBhes in sPRe suSlEmR e iR a
pi ston is noveaddndGoRiod debiRe, e hethe HAWARIYChBcA Tars VRANA ANGi4I Mood! NE

reservoir assenbly has a first pair of pressing surface facing away from
one anot her ahfRnagepent@ratectivnNystame(MAMPHY)s & shutveff Malve sqmsitioned bhweehanber
to increase the volune within t chanber, and _a secon i r_af ssi ng
surfaces faci ﬂ&p&mclﬁ%ﬁr Bﬁ@c 2@?‘?&:@5’3’@3&’8 2e‘8‘?%“’€lﬂ‘?§ﬁ’§c§¥“f‘ﬁ££§i ston
with respect iged i phllaPSF tht QiIGRDIGRSE ihAGIHS bl Wikhir e CHABE |
wherein fluid 2% mag Egﬁgd)r awn ilnto t he éhanliger b%ngﬁwgﬁﬁerﬁgm upon
act uati onl®df Sheh flbsedtsystamis sBinamate thaiprobdém pif essilesticksy drdaedycertbs mambervel v .
The reservoir Sserth%/. may conprise a s@nge-l i ke devi¢ce and_include a
bracket for nSIYSCHERTRE Be2aUBI ° ou5 RRthsiniieheAnglgippductione Ty PrAfges | i ke
device being gfifi ARiGes § Rvd-RgndiBYPLhich O ffeldilio Gdr e 0RE 20/ follBel bl St
pair of pressing surfaces I's on the bracket. The reservoir 25 assenbly nay
include a bodyhedwithandel épeeativhafitier synmgé 28 taobtam the samgple of bkoadbl| y

conprising the piston on a first end and a plunger on a, second end
extrrgndi ngg 2 6pNNQszm51%one above, bﬁood samples Lpan als% be taken from catheter Elmes

20  used for monitoring blood pressure. The closed system of Gordon shows a pressure

transducer 30 placed in the infusion line connected to a monitor 32 which displays
the blood pressure. Such pressure lines typically make use of relatively stiff tubing
primed with a suitable IV fluid such as saline or 5% dextrose solution as a pressure
column. For adults, a bag pressurized with air surrounds an IV fluid supply bag to
25  maintain a constant pressure differential in the line constantly urging fluid toward

the patient through a restrictor orifice. The slow drip of IV fluid flushes the line to



WD 99/ 16354 6 PCTNS98/ 20060 outside of the body, wherein the plunger
defines the other of the first pair of pressing surfaces for cooperating
with the one on the bracket. The plunger preferably defines ong goiMgRN®0N?
second pair of pressing surfaces, and the body includes a generally

radi al | y out wavalby16384 endi ng nenber which defines the other 5 OFCITR%@%P%‘O'
pair of pressing surfaces for cooperating with the one on the plunger. The
present invention also provides a preferrgd nethod of sanpling fluid using
a reservoir assenbly and a sanpling port located in a line attached to a
catheter in communication wth a fluid systemof a patient. The nethod
conpri ses squdenhglofing. rEhe trnsducsr ingfudss p dippbragmexposeshtorthe PressEe voi r

nbly, the fi ir.of i f faci ng i '
G recti ons. <5t by B bigk and RaPthE BN S A Tos AN Ot RRANGIN e
defined wi thigh thBotHeeS SbMitfanshueef¥uvh & le Pri WavEW IBispdsdblé Hregdtel he patient

past the sanpling port and into the chanber. Fluid is sanpled fromthe
sanpl i ng por t Transdiicer avaiebld from Baxter Healthearegp fdoviteCalifofrag invlpdera fysbosi t e
directions on,the yeservoir ass I xe squeezed to displace [.ston 15
W L ho v ardeibiedhy T e ARTL T SERP 6 BTt PErSHHIF PAYEY OB IR pasi
the sanpl ing R%%EP-%GW 8icd S¥ane Fhiw cTMTé‘&er%éP{aBS’;}lﬁct?ﬁﬁ&;'?hlfed%ﬁ théf! ude
a syringelike device having an axis erel n squeezing the rst or second
pai r of pressiehgsaisehdsesquirswhecthsoughehPprebsute extumnlwhitlo carclspusetiitvel y

i ncrease or decrease the chanmber volunme. The reservoir assenbly may include

the syringe- | §heek thevinparentideqpeney sppante of ths entitsuystey Whith ingdesthe” t o an
ext er nal - sUPNping atli'aRy CBHpSYI L Bfichbd etk st A 2 (il pdriSnOUN! | N0

bracket, wherern=one parT of  pressing Surt: I's on the
bracket. J0he wBipdtdrp@Gult acregt dewiyes) Preper syatmiffigiendyGesponse RHécdsbary for
syringe-like device may have a body defining the chanber within, wth the

body bei ng r eieballeblaod prssuredneasuremgnifor ti on and hel d from axi al novenent
ith 25 t th .l f d f nb] vy. i

Wb 28 eshect (hiLghe AR S TSRS

ext endi ng out &kelesedfintNS. PAEM No. 52326,2¢6To ARdbtishe) A2l 1i8 36 if Figakesd 288/ 20060

wherein the plunger defines the other of the first pair of pressin
surfaces for r Rbissysteintinclufes afivid snpplj 84 eonmectadghisugh Repnduit 36 to a

Addi ti ,.th def i f.ih d i f j
U f aces Vand THEGIN FagoTa g and Budirairest P BV Rotsentresty B i ng
menber whi ch glekiment b€ a ke stoRize ehaBGR R haain%ggﬁst&s 83 flePln SHiH aces for

cooperating wth the one on the plunger. In anot preferred enbodi nent, a
reservoir forhalkew interiorf4duilofusimmdfluid romtbe suprily 34 dops thesughthebol@ger voi r
conprises: a reservair body defining.a chanber within: a piston having a

i ston val | GG A id dhrafigihr varex e lEmany 4% aptofithe FREPER SRRPHENIER o
first positi Oﬁb.t?h@in?@s‘ﬁ?rl‘ﬂuiﬁ%hﬁihﬁ’ég thi3u e 1&1&%6%}%%@%#&%&5@@“: a 10
fluid inlet port and a fluird outlet port open to the chanber; structure on
ei t her tH2) boshmplmgtpgoet §2 atdofmallyi thfough iz sharpersedacannuia 54 whicthphdsatrevdensly he

pi ston wal | d the body. when the pjston is in the first position, the gap
defining a vo TP @\ﬁﬂ?ﬂ%ﬂ%l °3 Rdample dtblopsis BHISTSHPES al | ow

fluid to fl 0%0%?%5??@5&@@@38%%@% Q8L LIORIRST £ Laride38S Adifie B 56N

wall into the first posit
is withdrawn, the piston 42 creates a vacuum within the fluid storage mechanism 40

pulling blood and residual infusion fluid from the patient into a chamber 60 (Figure
25  2B). At this point, the shut-off valve 50 is closed, and a blunt-tipped cannula is
used for pulling a sample of blood from a sampling port 52. Although the device in



15 The present invention also provides another preferred nmethod of flushing
a reservoir used in a sanpling system The nethod conprises the steps of
provi ding a reservoir having a chanber and a di spl aceabl e pi st of) gqammn@z
pi ston wall faci ng t he chanber and di spl aceable within the body to vary the
vol ume of theywe/\y ﬁ connecting a proximal portion of tubing between a
source of fl UShI ng uid and an 20 inlet to the variable vol um?@ﬁ%?@@fmo
connecting a distal portion of tubing between a fluid system of a patient
and an outlet to the variable volune chafber, biasing the piston into a
first position within the variable volunme chanber with the piston wall

adj acent t he thd'Afibriséipateitliepupbitédly eadiét tokdihan the)Gorofiidevict bedape Lt ween
the piston wall and the chanber when the piston is in the first position

wi th struct udte cosceptriefillingrchembersionfienation, athe-rndedaperatian ‘Qatpl“dgﬂd ning a

(o Trom t“ﬂév‘"iﬂ%i}nemb?#%s; e LBl S booa infho R e of'stal

portion of tubi8Gne hék8nQtd@ bty red embodi ment, a reservoir for use in
afluid sarrpl ing s tem i's prow ded The reservoir conprises a reservoir
body defifing a vdnividw ef tlrmlfom'gomg,ahtxens anedd for atsimplifed\bloed/sampling
peripheral wall and a botcLom wal | . "' fluid inlet port extends

per pendi cul arswemn Fthehe bottom vvaII of the body and opens to the
chanber. A fluid outlet port also opens to the chanber. A piston is

di spl aceable wthin the body toma t p05|t|on adj acent the bottomwall to a
second position, spaced farther fims ofthe Ievendds om wal | to increase the
vol une of the chanber. The, piston has a pressure surface which is spaced
fromthe bottom vvémeRrﬁwa’&IWPW%Bfefmdeﬂiééﬁmlwﬁé’ﬁ‘%e piston is

[0 the Tyt Skl ool bbbl bl BheBdagbitd B pPRRhRCPEAG PO tO

t he gap. surroun re s ace a pr oV
fluid-tight YRAd afEhdREN pbhﬁnmdsﬁte@t&wmr&mﬁmcmwvmhei Ahidwystenodf 4 he
chanmber. Fluid entering the chanber through the inlet port when the piston
is in the firpatienfody tqsewovglsmbébb@dngewemdm yoliumeaphwgerslnel@ﬂemm t he
bottom wal |l and to her al of ..t 2002

e Accor di ng HE6t SHRB TR the PG pERSRRE tionaft Hhe St o BHE: prrt B B BFO T dec

a fluid sanpldifgl por§érSHT the RBBUUISNRY A Piston18 tidveht1d ithid fhe dnhBerItERhryPOr ti on
adapted to be supplied with a fluid and a distal portion adapted to"be in

comuni cdfi orthechambzer vplyinet. s’&lmtrescmflr asspmblydras 2 fustmairaf\poéssingsuefadel y havi ng

a variable vaglune chanber with an ort,. oentothe Xi ma rtion
ot ' the- condu REITE A ARARTLAATSHEL an pdaniiah GipRiER i ePE MRt 0B L e
condui t I ne;chamBesStoQAcreRaROVSuie WiiHin Eﬁl%hﬁﬂﬁgp%d BQec\bﬁa};Sa.ﬁ"?s?pFelaﬁHEer

vol une; a bracket for nounting the reservoir to an external support, the
reservoir be|sugfamstfa@hgdwabﬁloneonmnthengnct)a@@keétto displace the mapn with pressing

surfaces, one_on anpd the oth r_adapte
respect toeihe amkber tS'dcrease the volume Within tﬁjme cﬁamdber, wﬁerem fluid

20 may be drawn into the chamber and expelled therefrom upon actuation of the first

and second pair of pressing surfaces, respectively. The reservoir assembly may
comprise a syringe-like device and include a bracket for mounting the assembly to
an external support, the syringe-like device being attached to the mounting bracket,
wherein one of the first pair of pressing surfaces is on the bracket. The reservoir
25  assembly may include a body defining the chamber within and a plunger assembly

comprising the piston on a first end and a plunger on a second end extending



the piston, the first pair of pressing surfaces adapted to be squeezed and
di spl ace the piston with respect to the chanber to increase the vol une

wi thin the chanber; and a second pair of pressing surfaces adagt egﬁé‘g gﬁ!l
squeezed and di splace the piston with respect to the chanber t Y 21‘ e
the vol une w %%/#69?4 chanber, wherein fluid may be drawn into the chanber
and expel | ed therefrom upon actuation of the first and second pBFF/U§P8/20060
pressi ng surfaces, respectively. Accordi g to agai n anot her aspect of the
present invention, there is provided a fl'uid sanpling system conprising: a
conduit line wwth a proximal portion adapted to be supplied with a fluid
and a distal queidéd ofthaady, dehetein bR plingd defirdsahé other of thé fiestipalticd syst em of
a patient; a reservoir assenbly having a variable volume chanber defined
within a resdressing sysfages foneoapexating aithrihe ane pmthetbragket. Bheeplungert he pr oxi mal

i f th it | | : di st al i
bt he. condulFEeHEr e’ Pl B e Aeodd pafhsf FoHEB SHTHG L NGUN PPN br acket
for mounting ih&lﬁd&@ﬂeﬂe&l@ﬁacﬁ&ﬂﬁbﬁ@m@yEﬂ@ﬁ&ing%ﬂ&%é@déﬁ&@@e &her i nl et

and outlet ports being fixed with respect to The nounting bracket; a piston
noveabl e §i t hifithe $eeondpair vhpresdingisurfages/far godpeeatingavitiethe wok ondhe pluhgest pai r
of pressing surfacges on the reservoir assenbly fagcin from gne, anot her
and’ adapt ed to di SHGRESHAIVERATAISQproRidesa pesfemetmetiad of Semekng g (o

i ncrease the b ia bk fotorelisoT-YaloE 1t 10e8 RO RnéPien second
pair of pr essl?éﬁigg surSéfqgéeg g%d%&e reserp\}lcl)f%:&asger‘r%(}visl facing away from one
anot her and ad#terdn tomdiusjrhdcrewitha fhiid systemiof b pattapeThe hethdidecarinnidesr body

to decrease the volune within the chanber, wherein fluid my be drawn_into

the chanber 9HCW@IHe? [EYPaikef RIeFHPg sHstAGeRen therpssrvads asserably; theifirgtpaiset ong
e e il ' . on o v f
Phe. pr esadt BB S REE o E SPOGIISNE itert(diE Soidk W aialieh pRISH WiRiEPOCt ©

sanpl i ng, comaiiablen@lurie tlessbey definddosivhifl €ihd fekéigoin assambabafl wWithdvas £ hanber
wi thin, the body having a peripheral wall and a bottomwall; a fluid inlet

port open to Big fromythsaaticnt petthe samplingposoand ipecthe chambrs. Elgidter; a

pl unger asse Lprocal within t re volLr.body ¢ risi ._pi ston
o 2T et ordrEOmE Smotlok HoR bt EEBRG MK LRI SiRer SRt
reservoir bodppokifedipdaiogesn esesEblair eémBlytirs RhRsRANb Aispldchiahiétbe
reservoir body to vary the distance between the Bl ston and bottomwall and

vary the Mol uphiprhetvagabln aahere chamberandoinfuse fhuid Sromtthe chamber pastithe pl unger

d th 0i r_body .that nminfaj.ns_the .pl ' ted
Bosi t1on wher STIPIPREOT A O Te PRISHL nLRTsie P atsrr i any hehites e
including a tikefRiceiding a8l 2RSORertiRQqide2H@/he hfs@mséag?% Bhit 8EpRYsiRGSI i 0ON

and permts it to nove to an extended position. __ Fu er objects and
advant ages of surfacespdisgaces thapiston iaxially hatdspéstivelyanerpsaos decreasetthese skil | ed

in the art upgn _readi,ng a under st andi t he foll ow ng det.ail.ed

descr pt1 on. GTVRHSE SRlife) y g PR G S Hane o8t Emainet iRt FEYicspRd
Descri ptign Of brabké f6f RYhMES the adsb@blyRo binleXtetnal & { Withdh@gyrdiBeRfikée bl ood
sanpling systemof the prior art; Figures 2A and 2B are schenatic

cr oss- sect i ondgviasi attashasifto direanbenting iracke whendin ode o fithp firstgpagyofipressing

surfaces is on the bracket. The mounting bracket may have a retaining portion and

the syringe-like device may have a body defining the chamber within, with the
body being received in the retaining portion and held from axial movement with
25  respect thereto. In a preferred form, a plunger assembly is provided comprising the

piston on a first end and a plunger on a second end extending outside of the body,



Figure 3 is a schematic diagramof a blood sanpling system of the present

I nvention incorporating an i nproved bl ood sanpling reservoir Figures 4 and
5 are front and rear perspective views of the bl ood sanpling Z 0 ~A~ [ﬁ) 02
WO 99116354 9 reservoir used in the systemof Figure 3; PCT/ USQB@ZW&
Figure 6a is a side elevational view of a main body of the reservoir of
Figures 4 and YO %1¢§#es 6b and 6¢c are top and bottom pl an vi ewsCwiusbsimoso
reservoir main body; S Figure 7a is a cross-sectional view of the reservoir
mai n body taken along line 7a-7a of Figurg 6¢c; Figure 7b is a
cross-sectional view of the reservoir main body taken along |ine 7b-7b of

Fi gure 6c¢; Figur r ) i | of a

pl unger 10 as%ﬁ%ﬁ@&gp ﬂ{]%gﬁ&r)eé@ 8?9%%&603 ? |§Lr%t3[s&'?fﬁr§2%§@tgl§}ﬁgfﬁ¥%ss a and 9b
are front andcsdpeatidic@¥ed the6ad ol tiRBoRing bPAcHBIY AdROsRAINEINe phindeh thay
reservoir of Figures 4 and S; Figures 9c is a top plan view of the plunger;
Fi gures 9d i sdefiny awofdheseconipainefpressingtshefagsisiangghe hodinmayiimgdudeia 9d of 1 S

Fi gure 9a; Figures,| and 10h are top and bott rspective vjews of a
cag conponent g?)‘?er"tlslh'eraﬁ’gg%Pquaﬁfxfﬁpéﬂgé%er&eéW&“%me%%ﬁﬁﬁ’@sm*erlQJ d 11b are
top and bostogaoeﬁagmf MeSsittg BB fof chbpetdtig SATIPRE BAE oft thd fiGnggser voi r of
Figures 4 and S; 20 Figures 12a and 12b "are §| de and front croSs-sectional

vi ews of the assenim abther pesforoed embodiment; & sesdrvairdorSusehinwifhgd sampplimgyer

assenbly fully seated wthip the main body; Figure, 12c is_.an enl arged
portion of ¢ haYSers és RraYideny TheiTeserpair eqmipSes:; 2 geberyiir dpidgfipmgihan®er i gur e

il:izguir > igb?”' iBEH 29065 RIViRY a bidfon ALEYRE theeHablr AP dishibEdBlelwitnthafle - OF

body from a first position to a second position to vary the volume of the chamber; a
10 fluid inlet port and a fluid outlet port open to the chamber; structure on either the
body or the piston which maintains a minimum gap between the piston wall and the
body when the piston is in the first position, the gap defining a volume to which the
inlet and outlet ports communication to allow fluid to flow therebetween; and a
biasing member which urges the piston wall into the first position.
15 The present invention also provides another preferred method of flushing a
reservoir used in a sampling system. The method comprises the steps of providing
a reservoir having a chamber and a displaceable piston having a piston wall facing
the chamber and displaceable within the body to vary the volume of the chamber,
connecting a proximal portion of tubing between a source of flushing fluid and an
20  inlet to the variable volume chamber, connecting a distal portion of tubing between
a fluid system of a patient and an outlet to the variable volume chamber, biasing the
piston into a first position within the variable volume chamber with the piston wall
adjacent the inlet and outlet ports, and maintaining a minimum gap between the
piston wall and the chamber when the piston is in the first position with structure
25  on either the chamber or the piston, the gap defining a volume to which the inlet

and outlet ports communicate and allow fluid to flow from the proximal portion of



2 6 MA2 ?.002 WD 991 16354 10 PCT/ US98/ 20060 Figures 13a and 13b are side
and front cross-sectional views of the assenbled reservoir show ng the

pl unger assenbly fully retracted within the nmain body; Figure 14 is a
schematic cross-sectional view of a sanpling reservoir simlar 5 to that
shown in Figures 4 and 5 with an adjustabl e piston spring | peaduakcur@Zls
is perspective view of an alternative bl ood sanpling reservoir of the
present invention; and Figures 16a, 16b and 16c are cross-sectional views
of a blood sdnpling reservoir simlar to that shown in Figure 15. 10
Description O The Preferred Enbodi nents The present invention conprises an
i nproved, closed, one-handed bl ood sagpling systemespecially useful for
the operati'ng roomor critical care unit (CCU). This system provides

flexibility.in allow a, bl god w thdrawal reservoir to be nounted to a
br a):kelt Io _P’?@ﬁﬂ\aﬂ%&%mﬁ*"gﬁ?’{“ﬂ@"g \é\n&) and the zpe\r/_alti on of theu15 reservoir
requires mni ”ﬁiarﬁiﬁé??}efe}red g@ﬁfy{i@fe{]ﬁg 4186rV 6P fir it fn%ﬁ'ﬁm;sa?npqﬁl t of a

pressure nonitoring systema es a consistently open-®c nnel for

f1 ow t her sistenoisgpiovided.| Thbreservoirapmprisecordsaoinbiod defining.a vasiablel et and
outlet port to the reservoir further insures good flushing of the channel
t her et hr ovRjHme chamahern withingthehody dawing ameripheral welh andp betiomwgll. i g syst em

cnatl . A Sheud el SRR Rl B R S0 o 1 °

tr ansduceédpeﬂs i chbRbay SA THid SHGs PoRMkoVpRAs toAllY BRABB&AS A'pistonie appar ent

fromthe detailed description below Figure 3 schematically illustrates a

bl ood sandlisplacgableswithin the body frermpr firstpesitich adjscsnt the botteyswalhtor® conpri ses a
distal end 72,termnating.ip a male |uer,connector .76 for, attachi to a
feml e | (ORI oEHOErOREANR BPrHfE bRREBO Ao increass hEvorie o}

the chamber. The piston has a pressure surface which is spaced from the bottom

wall to form a narrow gap therebetween when the piston is in the first position, with
the fluid inlet and outlet ports being open to the gap. Finally, a seal surrounds the
pressure surface and provides a fluid-tight seal between the piston against the
peripheral wall of the chamber. Fluid entering the chamber through the inlet port
when the piston is in the first position is directed generally in a 360° sheet across
the bottom wall and toward the peripheral wall of the chamber.



WD 991 16354 11 PCT/ U S98/ 20060 site, or other conduit |leading to the
patient. A first tubing line 74 extends between the distal end 72 and a
one-way stopcock 78. The stopcock 78 is preferable rigidly attached to the
bottom end of a reservoir 80. A second tubing |line 82 extends fromthe
reservoir 80 in a proximal direction and termnates in a female | uer
connector 5 84 at a proxinmal end 86 of the blood sanpling system 70. The
reservoir 80 is renovably nounted to a bracket 87 which, in ?-@MﬁRﬁHyzqgg
secured to a conventional pole support Wath the reservoir in a vertical
orientation. As nmentioned above, the blood sanpling system 70 preferably
fornms a porti dkccofding toranother aspeohof the pragentyinventipn gheretihprovisied ladluidier
connector_84..is 10 attached to a T junction 88 which in turn has one port
connect ed*PBlLE $YSOL §PMPASIES G ucer 90, such as a TruWaveTM Di sposabl e
Pressure TranaQdadiit BNSWitAR RokinilpStch adapedtd lk@s’tlgﬁli&{ with Wiflued &l 4 AREaN1 2.
A supply of flush solution (not shown) is connected to a flush port 92 of
t he trangpdttiparadgpted kmbaitanmnnication wirthy e ifluid $ystentoSapgsiept;( not shown) nay be

provided in conmuni cation,.th.an infusion por of.,15 1 T.juncrion 88.
e br essur e AREEHIE&agp Asvirt vt RLptRE Phamer QUL ot AT toBF e
arteri al Ipﬁixifﬁﬁl’&tﬁoﬁ y5the Fohduit hige Ra drediitlet Poro Ugéh foltRe disAPorfidn 3N the®dndwnd
preferably includes a coaxial cable and plug 96 to connect to a display

noni t or. lMAe sanpling system 70 further conprises a pair of sanpling sites
98a and 20 98h. . 'Q?ﬂ]ﬁi’ alﬁﬁﬁ. I.ne Z-shaped
passages thergipﬁs-[{;kgm;%g%é% ur t?}?é%%ﬁb%ﬁ%@e ha%é%%éggf%éari ng from
around a pr e- albracksefor woupting theusievadjo addbttérndlvupparghe gueradir bainga m ni nal

amount of flugh yolune js needed to clear the |ine after sanpling. The
sept um pP@?@FéB‘P&‘%’&?PH&“ﬁ%’?‘ieﬁat ex di sc which accepts a blunt cannula and

reseal s after ,qaahaam @ssin%gsq{iﬁéé@; oS he 'Egackglec}n%ﬁh@%gpra' tec{]fardisl%?c_e

contam nation and el i mnati danger of needl e sticks. Such sa I ng
site is tesustohgtie first pais of peassing shifaces ad e di®Detsquekzpd am displacd the pisihorch i s

2 6 NAR 2002 WO 99/ 16354 12 hereby expressly. ingorporated by reference.
Reser voi I 5‘:89[’%?)%663? g’ézref%ﬂ‘lelvl%ﬁ?g@mo %dgar%t%?&i Mnt of a bl ood
sanpl i ng r eseq\eddnd§irdf pressing surfaces adapted to be squeezed and displace the piston with

respect to the chamber to decrease the volume within the chamber, wherein fluid may be

drawn into the chamber and expelled therefrom upon actuation of the first and second pair of
pressing surfaces, respectively.

According to again another aspect of the present invention, there is provided a fluid
sampling system, comprising:

a conduit line with a proximal portion adapted to be supplied with a fluid and a distal
portion adapted to be in communication with a fluid system of a patient;

a reservoir assembly having a variable volume chamber defined within a reservoir
body, the body having an inlet port open to the proximal portion of the conduit line and an
outlet port open to the distal portion of the conduit line, the reservoir assembly including a
mounting bracket for mounting the body to an external support, the reservoir body and inlet
and outlet ports being fixed with respect to the mounting bracket;

a piston moveable within the reservoir body to vary the chamber volume;

a first pair of pressing surfaces on the reservoir assembly facing away from one
another and adapted to displace the piston with respect to the chamber body to increase the

volume within the chamber; and



the present invention attached to the bracket 87. The reservoir 80 is
desirably a 5 syringe-type variable volunme chanber for withdrawing fluid
fromthe distal end 72 of the system 70. In addition, the reservoir 80

i ncludes a constantly opexl flow channel for passage of flushing fluid from
the proximal end 86 to the distal end 72. Finally, the reservoir 80 has the
capacity ta reinfuse blood and other fluids drawn into the reservoir_during
the sanpling operation, thus elimnating a waste vol une. 10 %ﬁ H 2002
sanpling system70 is thus closed as th b'pri m ng" vol unme ensuring a pure
sanpl e of blood at the sites 98a and 98b remains within the system 70 and
is reinfused iasecondmipefipressing surfaeés on the resetieirsassably fadihg swayfroskarel i n

exenpl ar I BEHERPIER T AlHiAce R OtRR D CtEEt e HRgHed BN Ldsprssas 76
t he i nveRbiuiee Withinlith® Bifantter, \ohdrbi fAIi@ KR beaRvh Gitd R chafiber Red t he

reservoir 300 shown in Figure 15 is a further enbodi ment which does not

i ncl ude hesefpem aipbe aginationeof the firs and beaond pais 9 pressing surfases, irespectivaly
presently preferr enbodi of Figures 4-5.shqul d,be caonsi.dered

Exenpl ary. ana AP BIBR pAen o<t of e TRpiihpiod Slict i SIBUESL Eitamy or
cross-se@hé.ﬁalddafﬁigmﬂiﬂgqc&mgﬁgihg; the reservoir 80 conprises an outer
body 100 defining an jnner cylindrical chamber 102 which receives a plunger
assenmbl y 104. appservaivbedydefiningn wriphle-volume ghambesr within, the bedichavinganbl y 104
conpri ses,, . a plunger 106, a cap 108 adapted to attach
to an opéﬁr‘%@r‘{’a@g"d{dﬁ g‘ﬁ?ﬁ?ﬁ%ﬁber 102, a piston 110, and a seal 112. The
reservoir 80 aJFluidindapeitalpey tethervhaimbder;al ong an axis which will be

descri bed for Orf[qiﬁnt ?ti on purPo es.as vertical with the cap 108 on an upper
end thereof . PdlYideutlel pRE\PRFD t the chambers \ar 2002 WO 99/ 16354 13

PCT| US98/ 2006Q phiger ¥3binbltelipldeaPhithih (HErdsNBIrtRy campHGRE bipiish BFh o The
reservoir bod pli10 . pl ung%%e%&c cap 1 OSr.asnd pi st%ﬁ 1_90 aggp?)sﬁeferagﬁ%y

mol ded bbmtami;aplubger i secandenrhexsenting eutsidh of thetrbserwanbody] the plungesf er abl y

a silicone e t oner.. h mai.erjals my .b uji t abl e,. however. 5.The

S ssenbr oASeRERZEE isalb b ie SR Ath{ s VRlr 108y B V8 M gisttRee et esmnd itan
102 and hfEbstesdh whllant Vasi the Srolutnddfalié Bitanaber] atidd- t i ght, di spl aceabl e gasket
or wiper at the bottom of the plunger assenbly 104. Wth reference to

Fi gur e 19emplepenprysigisturg oadhuplmgsnandon theesseryeis badx fhat pgintains Healwnger n
conpr ess s on s T a agt i on
chi ol d 1TESerr SR HOR 0 Rle yRMER L Uy 1R e PRl
These coatriggentimt vilédsehthe phunger franh the rejrasted gosition and péralitsit tomobewtanseen i n
Figures 6 an(ge 7, the exterior of the body 100 is preferably cylindrical and
i ncl udese’&F%,_gtqogﬁ D120 with correspondi ng nuneric markings 15 indicating a

vol une of- fluid wthin t i bndody i 00

i ncludes a ci r%&%F{Abﬂ?égg?&g%?ﬁe%gﬁékg?@n‘gvgﬁﬁggggbrmutérz 124 (which
recei ves' LhSakfRo YRk ekifle@dn theairt dpanmeading ahd yndepganding gedollowi® are fornmed
near the top of the body 100 for securing.the cap.108 over the nouth 124. A
pair of odetdedidgscaptionaf agresenbeprefired cmio m:%gfj&l%mlvgn vi ded proxi mat e
t he open nmouth 124. 20 Additionally, the body 100 includes a pair of
exterior tabs 127 positioned on both sides of each slot 125, for .

i nteracti piefTddeidiRnyfab&Biawings! N one enbodi nent, the body 100 conpri ses
a constant dianeter cylinder fromthe bottomwall 122 to the apen nouth 124
havi ng an i nnerFigiralds 8 schamatindiagramals °9£]WR‘E’I$ ‘é's‘f“‘a‘bétgﬁfn F#E a hei ght
of approximately 3 i L E(?H%P ' , ardofifer r 102 25
has a vol une SL#W&?@%T%?OZ%I:[@?? rzﬁldgﬁr{'%a%? ZC?e(%qufl ui d, &hﬁ?gﬁel S !
typi cal l'y plood sampling system;

Figure 3 is a schematic diagram of a blood sampling system of the present

invention incorporating an improved blood sampling reservoir;
Figures 4 and 5 are front and rear perspective views of the blood sampling



sufficient for operating roomsanpling procedures. In other enbodi nents,

t he 12 6 M. R ?2(1 Q2 WD 99/16354 14 PCT/ US98/ 20060 reservoir 80 may be
provi ded only for CCU applications and may include a smaller draw ng\ o2
vol une. Bel ow the bottomwal|l 122 of the body 100 are provided f] &i !-\R ?et
and outl et por\g,§9%/;6§5§1e chanber 102, as best seen in Figures 6b_and 7a.
More 5 particularly, looking into the top of the chanber 102 i nPET/S78208¢9
an inlet port 130 is fornmed as an aperturge in the bottomwall 122 at a

| ocation approxi mately hal fway between the periphery and center of the
chanber. An outlet port 132 of preferably the sane dianeter as the inlet
part 130 is preewiveirtised vthéByiseent 6EFipareiphery of chanber 102. As used
herein, the terminlet refers to the direction fluid flows from 10 a source
of flush sol ution Figuheaisasiderrlcvational vieww] 3 mpin hodyef thexsgemsgirofiose of
skill in the Ert th %}dw the sanpling operation fluid actually flows in
through the o {guéqsﬁ ’132. The outlet port 132 opens to a tubing |unen
134 defined W thi npgnyrésdibthnd)k laf@p aasbéottémfwvs@ws bi@e ré¥ePloiP@bin bbaf; opens
to a lunmen 138 defined by a rigid cylinder 140. The cylinders 136 and 140
depend dowhwar dly Figwme 7dis alpoesseestionk] vies of 2 reggrvaix main bédy taken slong

di stance and ?re C nn?{c_;t ed @yy a web 142. The web 142 reinforces the
cylinders 136Mad2>726T P8R %vent acci dental breakage thereto. The |umen 134
has a first dianmet L ' FYNER o i b dy t he

| umen 138 | eadi ng ﬁ)gl'?ﬁzb ?%ng;ésspég?tfm\%%g%?vsé ori e%%rg r;’)n(?r“ggér)lé I %glagél?bggw th
respect to thénéGbi7brof\Widure 682 t o enhance a reservoir flushing operation
descri bed bel ow. 2Q.,The stepped |lunens 134 and |44 receive a nipple of the
stopcock val ve 78, Faguss iiananﬁifigar%@p@nﬁhaﬂmpgfsafﬁswewwﬁQfeanlgnwpi cally

conpri ses cyld [ ' : iqiing a housing within which a
st opcock %/gl véégf@ﬁ*(&ﬁg% ggg.&&f)ﬁ%?ﬁle&gégtfgﬁjrﬁltgﬁenbodi ment, an arcuate saddl e

154 shaped to receiFygrédta anylobnel fromlandeide ehadiionddd diets dfagplaigepcock val ve
78 is rigidly attached to the |ower end of the web 25 142. Desirably, the

st epped di ametemparehebdr reseppirofiFfigusesdand i place within the | unens 134

and 144. The end ofg; 150 i1fe fromthe nipple 2 fi M-~

zooz WO 99/ 16354 1?‘%%%/%@%?%@8%“%@%&?@@%&_erral e connector tube 1S6

for receiving the fRigigés 9dibiaRebskisetiondl view o$ﬂﬁ@lﬁﬂ‘%$Fhmﬂgﬁn3-9dLQd<&\M se, the
t

tubing lumen 138 for the inlet port 13Q receives e second tubing line 82.
The~t ubi n§5 | i FegrgQa,and 82 can be glued in place for security. S The bottom

wal I 122 further inpgludes,. on re_upstandin .0t rusi o or bunps 158a,
158b, and 158¢ ext SIEHTHoOAARS 1Ph M m AE ROt peipettive MieHsld Rt h t he

pi ston 110 t 0 csR@6Rent bf the r&eholtofiFohiresa ¥ed §;, as will be explai ned bel ow,
and ensure a consistent and mninmal flush volune in the reservoir 80. There

are desirably at | dagures Hegaddihpr thisged bottone perspactivp yiexs oflaquiston circl e

positi oned component of the reservoir of Figures 4 and 5;

20 Figures 12a and 12b are side and front cross-sectional views of the
assembled reservoir of Figures 4 and 5 showing a plunger assembly fully seated
within the main body;

Figure 12c is an enlarged portion of the reservoir within the circle 12c-12¢
of Figure 12b;

25 Figure 12d is an enlarged portion of the reservoir within the circle 12d-12d

of Figure 12b;



10 slightly off center in the bottomwall 122 toward the outlet port 132.
The circle about which the bunps 1 SBa,b,c are arrayed is spaced fromthe
side walls of the chanber 102 to | eave an unobstructed peri phegaqj @@%ﬂ S9
surroundi ng the bunps. A first bunp 158a is preferably | ocated™ad] %1
radi al |y i nwawd dor1gsgst he outl et port 132, while the other two b#*raf@ J"%Q‘m 1
S8c are located approxi mtely 120 15 about the circle fromthe §

both sides of the inlet port 130. This appangenent provi des a tripod
support fox the piston 110 and mni m zes oObstruction to flushing fluid
flow. Preferably, the bunps are rounded in cross-section, although other
shapes may be subsFigtnes é8ia avbl3boare sideand fimmt miolsé-sdcﬁondlmwsoeﬁbw in the

description of the reservoir operation, a single ma i.ce for the
spaci ng 20 puAspEalded ﬁsardpgéﬁﬁ\wngﬁ © BRngeIAREeD fbh?m%gfépteééﬁﬂm Be @R

i ncl udi ng theg plunger 106 which conprises, as seen in detail in Figures
9a-d, a relatively thin, elongated stem 160 termnating at an upper end in
atop plate 162 V\/rmgﬁ'reuﬁpea sCheniAReroRrsettichal ficWofsangding testrvainsimilar a

| ower end in a push rod 168. The stem 160 is greferabl y forned as a

cross- shafe e thasshownimFigyeastd and i withan ediggtpblgipiston sprngleadial 1y di rect ed

2 0 MAC 2002 WO 99/.16354 .16 _PCTNS98/ 200 al.t hou
configurations ma 168 %'FPS@B““?’H&’%‘Y 8@%” éYﬂegxbagwega?ogorddﬁag}pil 0§ T ?%Pv greventl ng
rotation of t{pe i;gsymgm;eniigﬁ drid @ simlarly shaped aperture 170 (Figure 10a)
in the cap 108, and also to provi de for a nunber of separate cantil evered
fingers formed in Bigeresd 6a0i6b anfl 16haref ayoss-seationzl yB&/sfofra bdamhsamylingn 5 with
ot her conponents of Ihg;e g r asselyb‘ﬂé 04 and reservoir body 100. For
exanpl e, Iookﬁeﬁﬁ"'%ffs'ﬂi ucbg‘@ S 18 él unger 106, one wal | 166a of the
cross-shaped B L8R8 E UkSHs el ease | ever 172 defining a gap
174 with the main oy . More particularly, the plunger
rel ease | ever 172 Eht prestnt myenaoniégmprisesan ithprosted,| chasad, ane-Handediplmodxi mat el y
i 62. The rel ease, | ever 172 conti nues

1inch (2.5 c 0 below the,top p
upward and gr msfygﬁ@wégeca%&yewhﬁ;mf ®APETAENG TORE) O GRICALEAS BRIt of ¢ he

stem 160, thu i efi nes
an outwardly gﬁﬁ%dﬁ]g pﬁqu gﬁ’ﬁ)‘%‘%l géleBrAﬁtfggaug‘wﬁ{cg aeﬁgod% 31%? tlirjactl on
nubs 182. Justo Heahowmtéde athsradtet onremudyed fiddh tie Hrmkesandﬁé dpafatmg afﬂhe/var dly

fromthe | ever 172 is provided which termnates in a 15 | ower detent 186.
The rel eak®e | Bs@Vol TevnseRIRIBI PHEK s InermiRamdtheressridifcfomus apartedd in a

subst ant i al |, g05) bl dnd AlAgk Wrshidrhs o) BBt 16 HouPr Of 11 of

the stem 160 unger ease |ever on one of the four

wal | s 166 of ﬂh&tl&bﬁgﬁtosih&bedrfsdeeﬁm totiactavith Fioed.cAalinlyt aeqitletport so the
cantilevered retraction 20 stop 188 forned on the sane wall. Those of skill
in the art wi Teserveis dgthes énsurrstgopd dlushing of the channel therethrough. In another

advantageous feature, the blood sampling system enables adjustment of the

20  frequency response of the pressure column to provide clearer and more accurate
readings from a pressure monitoring transducer within the system. These and other
advantages will be apparent from the detailed description below.

Sampling System
Figure 3 schematically illustrates a blood sampling system 70 of the present
25 invention. System 70 comprises a distal end 72 terminating in a male luer

connector 76 for attaching to a female luer connector (not shown) of an injection



retraction stop 188 nmay be fornmed on one of the other walls, or nore than
one wall. The retraction stop 188 begins at a point approximtely 2 inches
(5.1 cm belowthe top plate 162 and conti nues downward form n&g

cantil evered finger diverging fromthe main portion of the ste cMAR 02 s
a gap 190. Thg outer edge of the 25 retraction stop is preferably vertical
and conti nuou§%9flﬁ35(‘he remai ni ng portion of the stem 160, and RCRVUSAIRH0HAN
outwardly projection tooth 192 at the | ower end. 2 6 MAC 2002 WD 99/ 16354
PCT/ US98/ 20060 17 Just below the retractlbn stop 188, a pair of piston

| at ches 194 are formed in opposing walls of the cross-shaped stem 160. The

pi ston | atch | : 1 -l evar ! g i war dl y
From the wal roeaig PEFLRERRRILE S R bhuA oL fE Lok, APRgRRiTapatin
the barbs 19Ghéédirel et B aid exsk-wap etopSatkiZ8 eTheakdpeockoNs & prefepabieltigidlyar
surface is shown. The piston |atches 194 are preferably fornmed as

ext ensi ons ofattacheddp edrotigmend of amssrivoin B8c Agfeconstuping lings2 extongs digm

cross-shaped stem 1 bQ@..and more, part.icul arlyv.one .of i st ches
conpr sea’a. dRLEREPEA0SE S PRETRE AR ALl FadtuRslbE BT ever
172 and rgtr gt @pr&fimal diB6 ditBe BlosB GhphRSsyseth TOUThe fReROA 8D iki ~om t he
10 piston latches 194 in the two opposing walls perpendicular to the piston

| at ches 194 trempeahly maustedto h byasketcd which, i0@m, mapbeseafredta mar dl y

proj ection flanges. Zglzmzre gr OVi'ﬂF@ at the level . of the corners 200 and in
the same pl arff@NEORY RAAT UPPPTLAELN fhe reseryoip 2 Yertics! QHEHAtON ches 194 are
formed. Finally, themphiiRalbdfl uonboduminIfRIuentd sfrdlig dnoes 202 in
the centered push rod 168. 'Iaﬁe functions of g%\#g 15 vaéigglﬂs glfemants of the
pl unger wi || posticlesicr prosstrdrabnioring systejn)and therfemialeHuérrvonnedier 84&wnponent s of

the reseryoir 80. One of the her _conponents of the plynger assenbly 104,
seen in dét ajdttag dl*P@J?’lé’é“’ti%g%W 1gh lﬁmgﬁﬁﬁﬁ E@%C‘?’H\?c@aéo ROLESPYP at t achi ng
to the open ) i ircul ar
top vl | 210 sk d0 St 4 TR Hithog i 1E PRRRE I RERE oSARAR, SbBCY O,
The ci rcul ar iBaxtafHdahcdre pf weinke Chliforni. X skpply bf/flash soliitisar(dbtyshewnisdi ng

orientation tab 214, The down tube 212 continues and ternminates_in an
outwardly pr djonaeatsd g aciiysiport 92 efghotransduces §0r lp pdditiamaaninfusianfluid nosed

| ock flanges oM . | . 3 210.
The | ock fl an%é@ygégt%@ gﬁg%@%@ gﬁﬂl?éegvlgrcgg |nr11gg:dg]{r8§ W hl %{;ﬁpgs?(’r# Iﬁ% %\@ét

out war dl y15pr aheTtjundione88y fhebesshrmiangducered isaRii pldcdddadmi®22. The 2 6
MAR 200Z WD 99/t b354 18 PCTI US98/ 200b0 af orenenti oned cross-shaped pl unger
aperture |70 GosunyHeaidnwithhthe artseal gsayenousfystem offthe patienpiropgh the lipes The
undersurface of 1 | : . dts.intersegt]o | t he

out war dnost p%r%qdr()k:zéargt’fSﬁ%ﬁeé&c&%écig%eﬁég};g%h%# °&§b°ear“d§’6‘2% ?%#Oeg%gétégﬁpri ses a
slightly undedigplay mesi#for. i m 226. The lock rim 226 is adapted to mate with
both the 5 plunger release lever 172, and the retraction stop 188, as wl|
be described furt hBie BEIpIRE sysemyi0sbgher comprisessepair phsamnliag|siteh934 adr es |

ot anar A0 ot EREERT s F A AR kA E 2 R R e OB e
(2.18 cm in pdhcd tuRldte and EithaheyBiood blehBEefioin driehdOprelit ¥ePthm{dat | S

preferably snooth and contacts the bunps 158 projecting upward fromthe
reservoir botnwnbered)| Witpthisrepnfigyrationopmitimahampunted flusig volumeds nerded t he

pi ston 110 fromth ottamwal I, a in this regard, those .of skill.in the
art will r eco@@%ﬁleﬂgie_,a o sqpling,  The septu ,fcf?ﬁ@%c‘?fa&}“%eé afl_BtF ®on the
bottom face lghieh abde8tsti Wl tahdélafand RREalt BAG €abh Edifple ES@awal fedhéihg @B Wal |
122. I n addition, other piston/chanber configurations nmay be substituted,

such as &5 onpasntiat for contamination and eliminating the danger of needle sticks. Such

sampling site is described in U.S. Patent No. 5,135,489 to Jepson, et al., which is



hem spherical piston bottomwall 232 interacting with a concave or

hem spherical bottomwall 122. The bottomwall 232 projects radially
outwardly fromthe tubul ar body 230 20 and defines a | ower vvail S&& ?ﬁﬂza
groove 238, which is conpleted by an upper wall 240. The groo $

receives the seal 112. An upper portion of the tubul ar S
i nterrupted b\?ﬁ?b‘/kgsﬁ of dianetrically opposed | atch apertures P%i‘gysgiﬁgmo
| at ch apertures 242 are sized to recei velzt he barbs 196 of the piston

| atches 194. In this manner, the plunger'si 06 and piston 110 are coupl ed.
Preferably, the latch 25 apertures 242 are undercut at an angle to receive
t he preferabhyreaylg*;ﬁessugarnbsrpb%edny&fm@, secure coupling, although the
interacting surfaces are shown in the draw ngs 2 6 MAR 2~~~ WD 991 16354
19 PCTNS98/ 2B@savgier pendi cul ar to the plunger axis. One or nore circular

i bs 244 ded h 238 f i ni i nat i
Chiera 110 Crnal EiEte e fiuiiafs e uffoatitchs o2h phabaipfily HiEricrdags et O
formed with rBht fReNRdr at@a@ﬂe@%ttﬁaﬂfﬁcmw dhe osseRdir 80Cia|dediravly Bi N t he

tubul ar body 230 approxinmately .23 inch 5 (.58 cn). Referring back to
Fi gur es 45 andyringettype wariablevolgmerchgmber fonetghdfawing fieid fxmsthe distal end 72

et ai i ng. podt Ve 10 Tnadiitagy e FRgr ALK neges BoTS Rty RER HRM nger
operating ar %%%1 foiﬁ&aé';tlge Bfﬁﬁ@ﬁnmﬂtﬁ‘oﬂgthgﬁlgnﬁpgnd FloUtle distal Bl 17201

el ongated vertica ots™256. A of arcuate, resilient retaining arns
2S8 extend f Ginvalypthleresertdic80rhasthe ogpapitytoereifidsedylobdoard athéradfblidsidtamer et o vi a
a bridge portion 260. The retaining arns 258 are cylindrical in

cross- sect i oAMARRE KeasHPi JuEng thesappling geration. thys ciminalinggowage volyme, he

retaini ng,ar i t] 1 “ i 0. .The 15
i amet er 131 o SRR By 0% 1 loRetCls B L BRRLR ERRFS shebille 210055, ¢
appr oxi mat el yutdWnide1ef bladdlatthe bi@¢sd%ainé bR Férhaind withintth@Bystdrh J0@ut 68

di aneter of the cylindrical bod%/) 100 of the reservoir 80. More

particul ar | y reinfusedinte ghernatignt. dbwill bowndsrssgast bapthpserefskithinghe art thatdhet er of
approximately .89 inch (2.26 and. t.he inner. dianeter,of the .parti al
eyl nder dof {ERESyPE fmopapienh B soditin Biwer 8 %is oo isipialy ahg SuBs | o,
(2.18 cm) . | RoAflglirhti oMy, miyiee @&k _dZ@adeahﬁer? REm APt Anctiohsiorch ( 1.
83 cm apart so that the cylindrical body 0 may be pressed therebetween
and i nt ol&ngdbepresent wpplication  Fersexampie, thegesarvdingOhshesvmisFigurelé inal d

ot ai ni g ar datssmnoies Wici i Hayin ik Alstaalep b S bRER o g
through the fHﬁHﬁiibﬂ.glrphﬁh‘?ﬂ%%_eseﬁh?E%fér% énudinierd @F Figures £54R861d eper at i ng
e

arm254 is integrally forned wt
considered exemplary and not necessarily limiting.

Plunger Assembly

20 As seen in cross-section in Figures 7a and 7b, the reservoir 80 comprises an

outer body 100 defining an inner cylindrical chamber 102 which receives a plunger

assembly 104. With reference to Figures 8a and 8b, the plunger assembly 104

comprises, from top to bottom, a plunger 106, a cap 108 adapted to attach to an

open upper end of the chamber 102, a piston 110, and a seal 112. The reservoir 80
25  is generally elongated along an axis which will be described for orientation

purposes as vertical with the cap 108 on an upper end thereof. In use, however, the



2 6 MAC Z002 WD 99/16354 20 PCTNS98/ 20060 nmounting plate 252 at a

hori zontal wall 266, and includes a pair of reinforcing side walls 268
extendi ng upward therefrom The sidewalls are joined at their fivgnh Edmi
by a concave, vertical front wall 270. At the top of the front | MAB7 ha
%réﬁsupports an upper thunb rest 274. The thunb rest 274

reinforcing s 9
y perpendicularly to the arcuate front wGT/P§95/20060

extends 5 substan
Finally, a pair of stop flanges 276 extend forwardly fromthe | ower end of
the front wall 270. The stop fl anges 2761%ooperate with the reservoir 80,
as wll be described below. A preferred orientation of the reservoir 80

assenbl ed 10 feligviit 86 kAl ofén béinlv@rti&f} Q¥Beschbd BEI6WS The fékerveir Bidyobhe

nounting plate 252 in a vertical plane at the back side of the assenbly.
The reservoi rpinegeail 06,mppd Ofend pBtanHlil$ asxprefedatily modded bioeompatibleept t he body

100 with the tgbs 127 resting.on th er edges of. the arns t revent

rel ative dowﬂé)"i?rk?ﬂ%m’% ilg Es?”iéﬁ \Bso‘?fFf%rarg??x ﬁéﬁlﬁ?%?!%stm%?' ervoir 80
i s positioned,hd. at the opposed w ngs 126 extend
forward and %Bhﬁgglg\?"a&ﬁqﬁgé%g’ﬁﬂ%‘&é’w The rear wing 126 extends within the
cavity 264 in the Dhieaskeahbldd plungarayimisly 404 estiprocates vemivally wWithin thied ent i ng
the reservoir 80. This orientation also displays the volupetric markings

120 L 0 the fréRmbenke? akthe sgal d12 rosized to a@vﬁ%ﬁpﬂ@fﬂi% displacsable gagket|.
F , \ .
unger or+ oo ipB o i SFRE pEE! el OED Wl W38 piglat 124

pl unger trigger

pl unger assenhk plukgér asbérhbly Tadther dhdludes Aepihd U84 plabedrin@oftipréskion between
el evation as the | ower edges of the tabs 127 and thus can provide the sane

stop functi ontheplunger 1Qfbandithe pistopddfi ang acsintanipatioposhiglé A6 srrqusdingsser voi r
80 with respect. to the r.etai,ning, ar , [l _least in ong.directiqn. Thus,
i f necess@?y, Wép?%‘§8r°\§g‘?°r*"%%g a?ﬁﬁ%yéﬁﬁurﬂ’gﬁc %qxn%or\ygﬁsiv&gﬁ)pcélpscﬁgﬁég about
t he reservoi romxesdshil Belb®spect to the 25 illustrated-orientation. 20
MAR 2002 WO 99/ 16354 21 PCTNS98/ 20060 The assenbl ed reservoir 80 is seen in
Fi gures 4 andReservoudBedwo in cross section in Figures 1 Z and 13. The cap

108 is preferably secured t.o.Lhe open th 124 qf the y 10

engagenent bet wee nz'? ﬁESt e T‘FILI%H{ B a%gqg%@tgw 5 @@3@8 1%PT|§?‘?’%¥1_}"[ 0
engaging_the &amakid) A8 ifdieidl aehtad il 120RANPAGRIdHimirerlcTh into the
crossed apertudre 170 in the raised portion 224." The Tower end of the

pl unger 106 i mdidating g woluimecftfmid withingpe chantvkr 302.t Inethjsi regpent, fiiethodyri 06oupl i ng
t he plunger 106 i S

the fubul'ar DOEY3SBiarIEnHEgeBAm UGG Barer PRUTR QENTEoas. Ao |
shown in the fheQup €68). LABaiPbF&iMetrically opposed slots 125 are formed near the top of
the body 100 for securing the cap 108 over the mouth 124. A pair of outwardly
extending finger grips or wings 126 is provided proximate the open mouth 124,
20  Additionally, the body 100 includes a pair of exterior tabs 127 positioned on both
sides of each slot 125, for interacting with the bracket 87. In one embodiment, the
body 100 comprises a constant diameter cylinder from the bottom wall 122 to the
open mouth 124 having an inner diameter of approximately .75 inch (1.90 cm) and
a height of approximately 3 inches (7.6 cm). In this embodiment, the chamber 102
25  has a volume sufficient to withdraw at least 12cc of fluid, which is typically

sufficient for operating room sampling procedures. In other embodiments, the



10 latches 194 caminwardly past the upper end of the tubular body 230 and
spring outward into the latch apertures 242 to secure the tw conponents

while all owi ng sone axi al play therebetween. Figures |2a and |I2b W
pl unger assenbly 104 in a fully inserted position within the r‘isﬁem ?hﬁdy

I 00. In thi S“Qj)@l/l%% t he plunger release lever 15 172 is resiliently

bi ased outward agairtiat one of the arms of the plunger aperture RGUSI&H0060e
edge of the raised portion 224 extendi nglélr\Mthl n the recess 184) and the
detent | 86 catching on the undercut co of the raised portion. The
contam nation shield 116 is shown extended surrounding the plunger stem 160

and connect eqeRploifef i mhj Be ﬁf?muehlm 8/ Bt CCU applications diBmaythchliR Lukaredl y
projection 20 rib 244 on the piston tubul ar body 230. A pair of elastoneric

retai ni ng ri rigavigg®obeweure the contani nation shield against the rib 216 of
thecap108andter| 44 t iston 11Q. The contam nation shield 116
i/\/?] pLefer]iilbI y aEp ] Ill)m?téWQ ,l5‘2&@3&%‘6b&é}ﬁgﬂoéﬁﬂrﬂgjﬁfggﬁiﬁi‘%ﬁapti on
ichis e Eg@g is
retracted fr)(?m tﬁ)(ﬁl@ c)Wlel 8&35 ﬂ%gsn tEEéEeBuﬁpFEédf 8 C%I?ldtsgagt tKee bott om wal |
232 of the plmﬁwulaﬂyOlo@kgxgpnthhstofpcufmlcmmmeozithxgpresﬁtmanamidtpm&moi r

bottomwall 122. This gap G renains ~ ~ MAR 2002 WD 991 16354, 22
PCT/ US98/ 20080 fasmed as ath aneaivrg ip the bottara Wadlde 2-at aalegaa'ge\nagromatﬂy

fluid. Th d i
prg:‘ er abI§ ge m“/’g%ehﬁhggér&%gh%@ c:%ﬁtg ggthg)r%%b ?B%ﬁfg%m%%éﬁ% ?nanlzls
mor e pref er althy saRodiameePdshthl isibt dorBHD i ovxéféu ﬁro&rmétk heryofi des for

sufficient flow of flushing fluid, 5 while mnimzing the fluid volune

needed for f|ahembergl G2neAsussd hewsin, thegeme inletaafessitoghe dge@@@@ndébwsm

PP ushi ng 1ot {wurte.or A sdlRion giRe PRt Mk Moviflde wiogtrd B BERTSIGRI B4 1 <
shown as out Wﬁé%ma@sdmefsﬂﬁpmg%t%%&hﬁa Q&halliseﬂb%%tm&fgh théButldttost f1 ow

effectively flushes the thin volume under the piston 110, and t he bunps 158
are 10 desi gniéd. Themiutietriortel 33tapens \eractubingHiimen 134 vlcﬁnntbwmncamglﬂg ht

| pLerrupt of SHRRBSG, Lkl Bl 38705 SoPi B Bl | B R
5L v LA Syl g patgend ol SRR
pl unger 166 wiXrappteximpatslydhe Sﬂﬂe distabcnad zmabomet:tudrbytdmeb: M21hEhe web

142 reinforces the cylinders 136 and 140 to prevent accidental breakage thereto.

The lumen 134 has a first diameter and opens to a wider lumen 144, Significantly,

the lumen 138 leading to the inlet port 130 is oriented perpendicularly with respect

to the bottom wall 122 to enhance a reservoir flushing operation described below.

20 The stepped lumens 134 and 144 receive a nipple of the stopcock valve 78,
seen in Figures 4 and 5. Stopcock valve 78 typically comprises a cylindrical main
body 150 defining a housing within which a stopcock valve 152 rotates. In the
present embodiment, an arcuate saddle 154 shaped to receive the cylindrical main
body 150 of the stopcock valve 78 is rigidly attached to the lower end of the web

25  142. Desirably, the stepped diameter stopcock nipple is glued in place within the

lumens 134 and 144. The end of the valve body 150 opposite from the nipple



102. The spring 114 is conpressed between the corners 200 and outwardly
extendi ng fl anges 202 and the | ower wall 236, thus biasing the plunger 106
and piston 110 apart. Because the piston 110 is bottomed out, zgféﬁ$¥?@9
114 al so bi ases the plunger upward, at least initially, with resp t he
body 100. The q’ﬁi ton | atches 194 and apertures 24z |[imt the upward
travel of the"pu 8%? 106 relative to the piston 110. \Wen rel LATEH8RHKE0
pl unger 106 will nove upward relative to the piston 1 10 over the space S
until the piston latch barbs 196 and apér ures 242 engage, at which tine
the two conponents nove upward in tandem The space S is nom nally about

. 025 inch (. @éétpﬁéﬂs-a &&a&%ﬂﬁ&t&quﬁpiﬂf&?@eﬁil{fg thB4irg2uBiag link 79, A4euR | n

Fi gures 12a-c, pl unger 106 is not conpletely bottonmed out wthin the
gui de tube 24%Figurei3.t hikepisenthe tubingiluhdnel 38cfor thedeldt pors k30 tecaivieathedi st ance
2 ~ ~~.p ~ntl~ 99/1 6354, 23 PCT/ US98/ 2006Q farther s indicated by the
space undernéﬁ?q\{i‘\gtwn%ggﬁsg'ogh@l%‘gmg Fﬂ?é,%ggngét‘}ﬂ? ¢ ghig é‘??gﬁ? ?Qfe axi al
travel distang tween the plunger 106 and piston 110 when the plunger is
being retracted. €ration 5 In use, the reservoir 80 is connected in the
sanpl i ng Syst em 7heibottomsvah2futtheringludes dhexgfnosre upstandihg pramasidnseni ng on
a support post or attaching to the patient's arm for exanple. In this

regard, the humpsid8ntlSly apd d68c paending ime therchember W2 which éntaxsct Yithnser t ed

in a tongue- -.Qr fashi i n C | i nentar.y.structur rovi ded on an
upst andi ng hggeg?l?tgﬁqgﬁﬁ%%?afé §§‘s°f’.‘{*PFrPé’9‘§B’a‘c¥E “S‘?ﬁgﬁﬁxﬁﬁiﬁd%sp% agﬁt ached to
a portabl e steaffhia@Bnitetah@ Mifins IRGS Volaficdn o refdtoiP 8L Théreadl at a

conveni ent, elevated position for the nurse or clinician. The reservoir 80

i s typical |y dgsisably atrleast threechunmps\lSi8a bt amsnlyi spatedmbouta cirdlopesitioned t he

bott om | 1 ctual |y .above the o nouth 124. In thj nner, the
numeric rar kit th?yc%#%fgﬁdﬂ %‘6“&08’ Wﬁ@qg?éﬁ‘gﬁp&&m}%l’%gﬁi gﬁ? SUEl8 upri ght
and i ncrease ghButkahitie tHeRpk 2884,0,c gt &?A?ed%?sp@ﬁ}fr@ﬁ%é’ 84 v&ﬂs%?ﬁ\ebr acket

87 may al so be attached to the patient's armw a strap through the
el ongat ed verchambér 1206 $a266n vhabsprected penipierallband hf® anrbundingrthe bunpk Vel cr o

be hel'd by« e BFLBHPRII S i ArElenbly IRFAiRd eolackmt ROLrodBY ANV GO UEPHlicing
away fromth ohrl%(i[(@hilgﬁvc oa&rwemnbgbsm lgggﬁﬂqu&tﬁpigpgdﬂﬁ‘éﬁxfliéwreto-

Thus, if 20 necessary the reservolr can ur ne eways 1n 1ts nount
t o accomibdatabouti thé eirce frofiGbk first apd paboticsidasafitheintetport 1B0NThisy, t he

reservoir 80 can be rem)\é/ffd CQ&?J etely fromthe bracket, 87, and operated in
a convent i on&FTaPgRNeIA RERYIETEIHRC SUPRPE for s pisten 1P and myinpizgs epspruction

unavai | abl ¢ iy shARE SRR "Brcks 0 Rk buflE N SunddlifErds 58l Bhcheh! 00

sanmpl e, the plunger®asse Int posi tion own ih res
12a-d with t loehgylshapee maydeasabstitbtied.eMoteel, anlianwill be cleaslssidl yin et hi n t he
body 100. The, gap G allows flushing, fluid through the second tubing "2 6
Map ?~02 WO gigFeremsion of the reservoir operation, a single bump may suffice for the spacing
20  purpose.
Plunger
Figures 8a and 8b shows the plunger assembly 104 including the plunger
106 which comprises, as seen in detail in Figures 9a-d, a relatively thin, elongated
stem 160 terminating at an upper end in a top plate 162 whose upper surface forms
25  athumb rest 164, and at a lower end in a push rod 168. The stem 160 is preferably

formed as a cross-shape in horizontal section (Figure 9d) with four radially directed



24 PCTNS98/ 20060 line 82 to pass into the inlet port 130 and underneath the
piston 110 to exit the volunme within the reservoir 80 through the outl et
port 132. The flushing fluid clears out residual bl ood fromt@ﬁ rﬂﬁergr
80 thus preventing clotting or other such undesirable consequ @es'of
static bl ood.thgn g;e orientation of the inlet 5 port 130, the fluid
enters the gap i f>4 direction perpendicular to the piston 11PGHY39§20060
causes it to inmediately fan or splay out radially in a thin sheet. Figure
6b illustrates the preferred flow vectork 228 of the fluid entering the gap
Gfromthe inlet port 130. The position of the inlet port 130 enhances the
flushing eff )ar ki [ A H: 14 1 id he

peri pheral wa lsg 6?E’e&gﬁg%g{rhcggg‘?@gﬁ\;/\%gF%&S%n‘gllﬁg&d??%??gﬁﬁ%%% d the
outl et port pBeferrédispesventingragation dfihg piuhgerddo ifsaisimilalyeshaped gpertunst ant
bet ween the piston 110 and bottomwall 122 except for a pefipheral channel
284 created 3BBVEIENFRlQm dbthecar 468 a9d alsore PERVidion a IYmbETPt PR t he

bunmps 158. Thi s | s 4f:0r i # i jnation of
the bot t om varSIGEE RS fortibg 1R oHEfr B SE K WEIE 168 KrochBRIM L 27
st epped | svenwittigendonipthente alf thelpluiyer asseinbly D4 idd iervoipbody100.he seal .
The flushing fluid not directed to the outletﬂggrt 132 enters the

peri pheral channelFozgxampl, lookingat the uppercendrafitbeiplungeryl 08y onmwall hébadfarber
102 t dt tl et t .__The. out | et 132 .th i,ph |
channel 284 U PR SpRs Femerilopmirisey & PRe ket puR 2 s Ripe R R T f 1
from the chaRpg] themMebbdss theStehd Y6¢! 1018 piticdlariP tke pluhSéirbiéaderiOver t hE

inlet port 130. Mreover,” the bunps 158 are relatively small and thus a
m ni mum anourit72ektehtisiettwagd!y fomda fisst deraten 176 approxineately panen(@/5 ah) t he

reservoir 80. Because the ushing, fluid continyes along, the first tubing
line 74 plst el @&ﬁﬂw PE& 42 Shegicnse avesc saptiee JpoR aaﬁitsréﬁlﬂailya mi ni mum

of fluid is i ' ol i i 5 tream
n desi gni ng TRE® or SRad i@ e iR bitibfBr e i M 166 bR Nerhyl BE%a5, (7

i nt o account ,17d4uct aasipptreendi thedever 102 defivees andubvdilly eX(@EhdiiR Hlnddr dSgger

PCT/ US98/ 20060 25 reservoir. body 100, the flow rate and %),ressure of the
f1ushing fl uild0 adiasenta plpraliby of tiagyon puls 182 Jugt helow the; tegtion abs M2, deser voi r
will be conn ' ] ' : . oS , under
preferred opgrgéte?? }]%ﬁgatg% cﬁ{t‘gﬁgw ﬁﬂlgqggi)&g P? %ﬁ%ﬁ@%‘a‘?ﬁlgh é%'ﬁﬁ%igsﬁhs eet of
fluid isidirdewedddtsmm8sh&he rdledse pevet 1 1Btheh evmirthes Gewhwpel froiahedetyml | of

t he chanber 102 and jinto the channel 284. In one exenplary enbodi nent, the
gap G is | esd8Hna sphsagtipllycopyant lingang} joining withtthe mainsveabieal profdg of theh (
1.78 nm, but é'n?lg@re desirably between about 0.005 inches and 0.030 inches
(.2127-.7b2 n'ns')‘ or ‘a reservoir 80 having a chanber inner dianeter of about

0.77 inch ( 1.97 cTHe plihygr rdlbast 1dveti1 2 Rrpesvitédon and6f the fdurlvalddie6iofi ned by
the operating, 10 specifications of the pressure transducer 90, and is

typical |y no theeest-pharedsomnift-gnd areéeraitly p@@pliﬁcabaﬁmtilseerﬁﬁfmcﬁm_ i
(ot d-ougSl y B, TEEREHER oh mclaRRHMIE nie BPohil in R Rt A it "

bet ween bl ooGegaitiohesop F8inisy B&fdrineld @h\wae bf e-otk? wallgCorithéréitBan dife WAIEN a
bl ood sanple is to be taken, the flow of flashing or infusion fluid is

hal t ed, such &he rgiradiionstopulRS hsiing at 8 ppd eRprosimately 2dnchel 6ivh xm)pelovethe of

t he reservoir, 80, T nuy se,..or clinici t hen grasps t reservoir 80 with
one finger or'°® R&%P@]H{ @IHRY R a“ggofné’?g?ﬁ@tﬁgvﬁretﬁlfhﬁ%‘?égﬁ?eﬁﬁi%t 87 and
the other forfgh i mhin ié}ﬂ&ﬁh_é‘@@hhlé(h&rd@s'dr&ﬁrwb.r THOBhtel 88per thd1e Pl unger

rel ease | ever 172. By 20 squeezing the two surfaces together, the plunger
rel ease 128verrettaiopistay is pretevably ventical and ¢omtigapusiwith thatremainingpoirtion of he
detent 186 releases, fromthe underside of the cros | ynger aperture 170,
Chus el oas! 16 RRE 10 ALincRAERAEPUVEAS proicttiogapoth R RLiRS TOVETaaE  he body
100. Thus, the one-handed squeezi ng operation sinultaneously rel eases the

pl unger assenbly 104 and conmences its travel within 25 the reservoir
chanmber 102.




2 6 MAC 7002 WD 991 16354 PCT/ US98/ 20060 26 The plunger assenbly 104 is
retracted fromw thin the body 100 by conti nued squeezi ng pressure between
the thunb rest 274 and the plunger trigger 180. The body 100 Ifﬁ;—ﬁ@%?hﬁfd
fromupward novenent by the stop flanges 276 on the bracket 87¢

one- handed sqwf?iltg?%oper ation to retract the plunger 5 assenbly 104 is a
maj or advant age Of'°He present invention, and frees the clini ciBGI/4Si20040
hand for attending to other patient needs. In addition, one need not brace
the reservoir body 100 to retract the pl %ger assenbly 104, as is normally
the case with conventional pull-type syringe-like devices. Finally, the
force needed to reftagdiow Bf BirdRR stadSIBIR bfir b fistch laldGes PIRare ForMddint he
pul | -type syringe device, 10 but is easier to generate with a squeezing
operation as apppsiagavalle ofithecrdss+shapedatem i 6. ThHdpistoindatehesni fdsagainor
cl'inicians wwth | ess strengith can, easily ,operat he reservoir, 80. The

pl unger asserfsmprisg gantevered fingersdapepdip dﬁﬁ'i’ &F‘ﬁ}fv%"gn'*/@f"iwséﬁﬂunt of fluid
sufficient t || e f ' ' and 98b.
Thi s 15 vol unginrrilk EavaaR 80Dk b 108, prelEabR Mk ctdcinalg, IO, U

I 2cc in a5 opgighidiupper QRMAEAKho W EErpéidicuRaGutficd ReheWh. Theeistdd ust r at ed
reservoir body 100, as descri bed above, has a capacity of |2cc when the
pl unger assenisiches 14 are prafierplly femmedas eytenpions pEvo epposing wWalls 168aul 66k e

| nb 04 ,ip. d it ful | ted wit t
P the rocer vilithe B3 gefnfe B BaMA1 R 80, el B ottt VP17
i's prevented pismidtelicdsRBmptiSdstadtbjedtior 6RE Wall 1568 Inclitfin@ihe!pléngent@iédser ence

between the outwardly projecting tooth 192 of the retraction stop 188 and
t he under cut lederd 7228d t#ttagtionstopd$8.0The hungeri Kidccoptinvgsslowavard fronhithecap

110. The total. travel t he plunger .,106 js sho s T.Jin Figyre 1 and
05 nmlox ison iy hes 134 e Rut DRpesng wallf nerp e Brin s pistoRehssae. “Th <
di stance wil | j t i : i and

t he di anet er tg}@?ﬁggsptg&g}%ﬁ%ggg%%w 6@5@“&&%’ U ggpgg&g%&;&c %lrrber
102, but the pmowided di tht devekofi the esrgems @00 @ad liry theesamgplahetas theawalls 166ag in

onehanded operﬁ_t Lon by cl i%(ﬁ:i nsegtj snpl ler features. Desirably, the
di stance T i sWhisShdhepiptep latehen 194 aredpaned s Finpllyhe plyngg 10picoganuest ¢ he

smal | est clingai 1\ . S is
notified of t%@% retra({{a Pgér?aig? 1{1%%%&5%@3@3%25%%9%&%& (?htgg

posi tive It evaivus elenfeatswed el ileger 0dll be dastribbé belopy ihIonjubtticrowithehe t hose of
skill in the art wll reco?ni ze that_a nunber of stops can be provided for
flexibility i®theseomnonsnts gl hedersMHon0.1 | ui d vol unes through the first
tubing line 7 The contam nation shield 116 col | apses when the plunger
assenbly 104 TS fully retracted. 10 It will be noted that the seal 112
prevents bl ood andOaé bethefother dohparentsraf\ire plnggerssembly 104, sebe inf @gaibin wi t hi n

t he body 100 and around_ the pl unger asserrblé 104. To further protect .
agai nst  cont ahigHEesilAg and L0ty comarisgsithe ¢rp: KIS fopatjaching tedhipaniaoghd2def110,

th t a4H [ hhg! : |
ol unger b oniieyoBa0F, Tt B RRBEEHER { QRoudt BE Bl ADTRARER I ERRlE, 1 o
come i n cont agdrmel tibwh bebes1R aeperaling thietrory eTacitdwarltyibihedopaal 210t t he

patient. After full retraction of the plunger assenbly 104, the stopcock 78
i s closed andbekepbran gutwsrdly gxtgnding greriatien tah214; (Ths down wbr2B8p. Thi s

operation prefer t Lace wi ot C a i pge, and
T el | deber PRl pReR O Yt s bk BREH IR ARET ", ot
singl e sanpl i g@metricallieppdied Wek dlangedd 18t dxdndsWIwWARE frdfiva ToRver 2gdlofthe
sharp-ti pped cannul as may al so be used, with |ess security for the nurse or
clini ci an25 Af taprwalb2i{). cBheraskellangesn 21 Sikempriserpantileypred Singes whichhissmingteand t he
volume within the reservoifr 80 .s i,nfused back into t ient.' This is
acconpl i shed BW’SW?‘BSEHOWQ{%%‘%?W@ VH‘§§8W5’I' VA s'giac\ﬁf ?ﬁf'%%e body 100.
25 The nurse or clinician places a thunb or finger on the thunb rest 164 of

the top plate 162, and the other digit on the sane hand on the underside of
the forwardly 2 6 MAR 2002 WO 991 16354




28 PCT/ US98/ 20060 extending wi ng 126. By squeezing the thunb and finger
together, the plunger assenbly 104 is displaced downward within the bod
100. The plunger assenbly 104 continues downward until the pi sZgnM]\ROZU&
contacts the bunps 158 on the bottomwall 122, at which point the piston
110 stops no\ ward, but the plunger 5 106 continues. Th i 4
IS conpresseghggwgﬁépoutmardly extendi ng fl anges 202 and Iomerﬁﬁﬁﬂkkgg%%&
until the detent 186 on the plunger relegse |ever 172 locks with the
under si de of the plunger aperture 170. e provision of the spring 114
provi des several advantages to the bl ood sanpling system 70 of the present
invention. FhfosdmeritidRed pfdssehabéd phingeespertife P105is Formied il 2Qaided\poriod 224t o
contact with the bunps 158 on the bottomwall 122. This insures a constant
gap G for fl of thettep MaB\R10hAbayhderbusfacalof theraised pouion 32¢ gbitpintersectigns ¢ 132

ith the atten t flushi t d ib bove. . Th ' 14 al

ol i mnat ce.  HADBEQUPAFIRPY SR oRA G s r e ol R aR AR 7 BhPie o1 1 ne
. _conponent s, Qfioftheumletil $6ckaii 206! Thd Rtk 2B iyWiab@d @6 hftdvviR bt thBe case
15 without the birdsed piston 110 and bunps 158. That is, the spring 114

enabl es the phmgermiegee ket HR, grabthSretraction dtopcli88) asowillde desorited futther

tol erances associated wth the bunps 158. Any tol erance stacki ng probl ens
in the formaPfP8W-of the parts of the plunger assenbly 104 is conpensated
for and cove p by the spring 114. Thus the parts can be made with

| oosened tol es which reduces the 20 manufacturing costs of the

reservoir 80. Fi ngiheyistomelGirsedivinldefaibin®igwies 1 ba aaY Xlibciddoniprigeg@ncy
response of the plunger assenbly 104 so that pressure nonitoring t he

tr anis_ducer 9@1hulé)arda9dvﬂi39@atendinaﬂlpw_ rd from 3 ppngreieier bptieraovall 233 TE‘)I{Poi ng and
par 1 cul i VERIREEE It 445 SENEH G50 B ekl RIBE MR B e o

the 25 springo@drh wall 2385 tpsefdtably snidcth ¥Ad é)c_fmacté)ﬂ)efbluﬂipgw&ﬁﬁojéétin‘gpu will, to
affect the danping of the fluid system This control of the danping factor

i s useful foupward fromAhe pegeryoipdogommeadbn22: dThmpfunetion ofghe bemps &8%isrte
measuri ng operatipn.. PCT 8/ 20060, I n furt.her. enbodi,nent .af...t.he present
ovent | on, o FRRIES bisior, IOHERIA B PakogLvalLAPa i s Eqgah tpera LS 8 Fle”Spr | ng
114 may be agiusfiiabbsnidethhhinth€ HRGHAINR) bumpPs HRAG B \ioHnfed2hE BEltsHTace

pl unger 288 whi ch threadi ngly engages a spring yoke 5 290 via a threaded

rod 292. 1A spofthepiston 1i16 ratherdhah omtheoeseradshatonpwaild . ihadditidm o282 and a
e 292 determ nes the pre-| oad

i st 296. Th | at.i iti f th k
on the spri n@iSychainher EnBREUraHTS goaycbe SRR $5h 25 p SOYKST i 1 on 206 when
the plunger 288iphetiaf!pnfor BorldAPwal 98 Vkfacie WRHY BncaliRios heRMpheticaenabl es

the clinician to optinize dynam c response by perform ng a $equency
response t estbottom wall 122.

The bottom wall 232 projects radially outwardly from the tubular body 230
20  and defines a lower wall 236 of a groove 238, which is completed by an upper wall
240. The groove 238 receives the annular seal 112. An upper portion of the tubular
body 230 is interrupted by a pair of diametrically opposed latch apertures 242. The
latch apertures 242 are sized to receive the barbs 196 of the piston latches 194. In
this manner, the plunger 106 and piston 110 are coupled. Preferably, the latch
25  apertures 242 are undercut at an angle to receive the preferably angled barbs 196 in

a more secure coupling, although the interacting surfaces are shown in the drawings



10 and then adjusting the danpi ng coefficient of the systemif the
frequency response is unsuitable. Figure 15 illustrates another one-handed
reservoir 300 for use in a blood sanpling system The reservoir .30
conprises an outer housing 302 having an oval cross-section and2d S‘MR 2892
opposed el ong kts 304 in the narrow sides. 15 The slits receive

out war d exteng‘?gg%ﬁdg Ian i nner housing 306 al so having an oval PCT/US98/20060
cross-section which is linearly reci procgh wi thin the outer housing 302.
The inner housing 306 includes an inner anber (not shown) with an inlet
port 30$% and an outlet port 310 comuni cating therewith. A pair of thunb

rings 312 ri gpéetpyndiddlaabelt plongdiaxisni@eie drenge BigculfGipraauess prvidedr d t hrough
the slits 304. The 20 functioning of the reservoir 300 is _best described
with respect aepveithrigioeva R forfgtaiaing the centpminatjonphieldddfi Emallyedter voir 314

except the rin 2 ar. Wi t | anges ~316. hgr wi '

el emrents w | uﬁ%@%}%gqlﬁi@%gé?‘rﬁgﬁg}ue@%%@&ﬁﬁx f%&r@h %\zﬁc@tgn’t‘kgkg%dser voi r
314 includes gRehdAffwadBordéRricalPWihRAhO DUl Bo@PEIV ApReXinRlly I ihéle outer
housi ng 302 vvitﬁ a piwston 320 f?g’?ﬁw 25 attachg t her etolan(ﬂxtendi ng

into a vary abl.88em)une chanber 322 of the inner housing 306. A seal 324
seats on a digtal eng OS t he piston 320 and defi nes one end 2 6 ~~~ 2002
WO 99/ 1634 3 060 of the variable volunme chanber 322 opposite
the inlet and out! @lerard 5acRQ8 Fightd 4 A0 HhEtHaBRh 89 hal eGhsledRdnaubends
bet ween an upper engagl? éﬁae inn(laéﬁ-%ouél1 ng @o@‘]agﬁ%ls?ﬁ“e@séa £j%24. TEe
reservoir 314 ABS@tiyderaitryle-butadiend-styremaanel coaspristea jowey resesioyr rdafing bed 5

reservoir $0, and is preferably installed in a pressure nonitoring, line
with the inl ePORBERZo80BreALRAHMINE RlAtE LS ar Ad N HPPERRIBRECE QRCTRIIDG amsag‘m y, and

i th th Sare BT 2
the i nner | houdrs B Sak AR dhe R 287 Rick i X obE S A0 RE bRkel JUPRHE AT e ng

302 wherei n t ipgir pf sricofte, F28lieet tethigiaphans 258 diterd fosidra Monitte ndcithtipg t he
chanber 322. Desirably, a snall gap is 10 naintai ned between the piston 320
and chanber bolato2A2wid argattached tiereyqwialadwidge partion 260 dgeretaining argrseSBr ough)

b st on 520 or Seaiep it st et SSEHeRyioRls BRI Becs R0, G

308 is shown @ reRirihe adis 298I didink ADagRAEVARIdePEf pprokiimbileBr 270°WThe respect to
the bottomwal| 328 and in a position spaced fromthe periphery to 15

enhance t ke f dinsterplahe pastial cylindes gireumscribgd byidhesgtaining ampmhdd ifent |
hovever . the. QHkSte 8O0 nckhihel Endbreblraly ShishR/IES b, WAouRE dREEY oL 1
cylindrical body 100 of the reservoir 80. More particularly, the cylindrical body
100 preferably has an outer diameter of approximately .89 inch (2.26 cm), and the
inner diameter of the partial cylinder defined by the retaining arms 258 is
20  approximately .86 inch (2.18 cm). In addition, the edges 262 are spaced
approximate .72 inch (1.83 cm) apart so that the cylindrical body 100 may be
pressed therebetween and into engagement with the resilient retaining arms 258 to
be held securely thereto.
At the top edge of the partial cylinder defined by the retaining arms 258, the
25  bracket 87 includes a cavity 264 continuing through the mounting plate 252.
Above the cavity 264, the plunger operating arm 254 is integrally formed with the



bottom wal | 328. Figure |6b shows a second position of the inner housing
306 with respect to the outer housing 302 wherein the piston 320 is no

| onger in contact with the 20 chanber bottomwall 328 and a vol yne gf fi@' d
330 has been drawn into the chanber 322. The bottomwall 328 stg’pﬁ gég ?
a lower surfaqgodsifesef the outer housing 302. At this stage, the clinician
cl oses a stopcock 332 and sanples blood fromone or nore sites BET{HS8$200pQ
reservoir 314 and the patient. The reseryoir 314 may include features such
as a spring-loaded piston as previously “descri bed. 25 The reservoir 314 is
di stingui shed fromthe reservoir 80 described previously by the | ack of a
bracket for mponntingglateo2: amrimilzbntphlvﬂl 266, pad irohides agyain of reinfarcing'side 2002
WO 991 16354 31, PCT/ US98/ 20060 cour se, such structure could be provi ded
for the rese™Adsg2o §fH‘°§@6&PBWa’iddh?rﬁ§°mnﬂ‘é‘FSW“@UF@WJHH’L?élah&WIUf‘F@tone handed
squeezi ng op r [ W t hout a

‘%ﬁg% o rﬁL Syéfga ﬁ’o?{t (uaﬁlﬁo At Q@a&bﬁ(g@?&ﬁoﬁ%i’f@s

separ abl e brac erence iI'gur & ce arrows £ show t he

| ocation and reinfteaagspa270mssed ahigpér thitdb résh 324.SThe tHuni®est 2 Nesitenusr
housing 306 fromits first position to its second position in Figure 16b.

Conver sel ¥, rsugsjmﬁlallwetplendlsmlﬂdy ésthﬁ@rmteeﬁMMIWQ tHimallyo ppered stopunb and

f I 306f
et posi L1 HeerZ e paany T einiesnd Abe ranG et At Rinbes” 1° '

descri bed herf%gesam doogeﬁ@%merééaﬁvo%r@wa»m Bsaés%ﬁseabaew the presently
preferred enbodi rrents 0 the i nvention, and are not intended to

exhaustivel y Rb ‘ all possible enbodiments in mhlch t he

i nvention na take h sic form | deed, var ous dlflcat

addi ti ons ma3y/ be n%g’ég/ Plae@e'awt@fmb e Teservgis £ eaé@s%?ﬂge ttaf??dlssp. r|t
and scopgqof s&ng@gé@\@%\gbso@ -anf %Y, vi m@lrﬁou H}fiﬁkg@s@hﬁ eprv@ﬁx*églt %.ée%

systemis descri I's particu arly use or venous or rterla bI ood

sanpling, ot lek bideiof yhef dssémlsly s The reservoir retaininy afis 258 s dxtenddotwardiyevi ce

may have ot her uses such as in wound dr ai na(tg . a_ 26 MAR 2002 32 Cains
and accept the body 100 with the tabs 127 resting on the upper edges of the arms to

prevent relative downward movement of the reservoir in the bracket 87. Reservoir
80 is positioned in the bracket 87 so that the opposed wings 126 extend forward and
15  backward, respectively. The rear wing 126 extends within the cavity 264 in the
bracket 87 to provide a convenient means for orienting the reservoir 80. This
orientation also displays the volumetric markings 120 to the front, and the valve
152 of the stopcock 78 faces forward. Furthermore, the plunger release lever 172
faces forward, so that the plunger trigger 180 is conveniently disposed for actuation
20  of the plunger assembly 104. Alternatively, the wings 126 are at the same elevation
as the lower edges of the tabs 127 and thus can provide the same stop function of
the tabs in preventing relative movement of the reservoir 80 with respect to the
retaining arms 258, at least in one direction. Thus, if necessary, the reservoir 80 '
can be turned at a variety of angles about the reservoir axis with respect to the

25  illustrated-orientation.



1. Areservoir for use in a fluid sanpling system conprising: a reservoir
body defining a chanber within; a piston having ~ a piston wall facing the
chanber. ~nd di spl aceable within the bodyfroma first position to a sec%ﬁf
position to vary the volune of the chanber; a fluid inlet partia@dMARfZ d
outl et port open to the chanber; structure on either the body or the piston
whi ch mai nt ai "¥0398$3% xnurn gap between the piston wall and thePODIEIRHNOEH
the piston is in the first position, the gap defining a volume to which the
inlet and outlet ports comunicate to al Rbw fluid to flow thearebet ween;
and a bi asi ng nenber which urges the piston wall into the first position.

2) The reserv%i r_of. gl ai E‘Hll’ wherein the reservoir conprises a syringe-I|ike

devi ce havi ng : frthe inlet port |ocated at one axial end of the
chanber and the pi §4@BsseRbRA résehdir 80 isédd IAFEARESS Bh@B Jarld BsPihl Fodiet Ween
the first and second positions. 3. The reservoir of claim2, wherein, the
chanber is cestatiopdn Biguees 12lapd d2i Thengb 108isipndfetablyosecured té theaipeu nufuth cent er

Xxn the one axi al d. 4. reservoir of clai ~ Wherein th i st wal |
Frcenti et o u84 g ooy 100Gy Framermay beeenght Bk Saneshr Smeiay flois 133,

er pendi cut ar by Wt t | ' . I3 ' claim
D P ort hor fntHiohlc Shehfiap Bitloa 308 8h oty 100, e plurider OIS IFRERUTG B 71 &
body conpri si egssdicapeitsicdTOdnthe rhisédportion 22410The lowengrd obthephaen bdb isnd

ext endi ng outside of the body, wherein the biasing nenber is positioned
bet ween and uthfasouplgd to thgappersng of tepigien b rIn eupling thegdungeslP6 ard c| ai m

5, wherein the.bqd r C r.at. ' -1ike
devi co wi th tRE3) 1P BN o A a R AR b F B B8 o
axi s defined Bjstdd)andestyide antheWhaleaibe 148 A dvwidntBefigires|Ghépistoast anti al Iy
in the axial direction. 7. The reservoiur of claim®6, wherein the plunger

i ncl udes 19ckilaighesdOdnem ipwardly rastibe nppes end fthgabular adyi 230tand sprisg on t o
coupl e the plungex.and..pi,ston together while.allow ng relative axiak
moverent ¢ hox SHETALERO i 1 aporti 4431t Sekerg iy FonpapeE vk aftdwite,
conxpl ement ar ¥omk ayfal plag tRfebetfeehl Unger and on the body which maintains the
plunger in a retracted positian urging the piston waU into the first

position. 9. The r &mreolila apfl 128b ahow e plungehassembhlyl LM ing fallyinsgged on t he
pl unger whi oh

position within the reservoir body 100. In this position, the plunger release lever

15 172 1s resiliently biased outward against one of the arms of the plunger aperture
170 with the edge of the raised portion 224 extending within the recess 184, and the
detent 186 catching on the undercut corner of the raised portion. The
contamination shield 116 is shown extended surrounding the plunger stem 160 and
connected between the down tube 212 of the cap 108 and the outwardly projection

20  rib 244 on the piston tubular body 230. A pair of elastomeric retaining rings 280
secure the contamination shield against the rib 216 of the cap 108 and the rib 244 of
the piston 110. The contamination shield 116 is preferably a polyethylene tube
having a non-corrugated cross-section which is flexible and will collapse when the
plunger assembly 104 is retracted from the body 100.

25 When the bumps 158 contact the bottom wall 232 of the piston 110 a gap G

is formed between the piston and reservoir bottom wall 122. This gap G remains



rel eases the plunger fromthe retracted position. 10. ~' he reservoir of
claim9, wherein the trigger conprises a cantilevered | ever nenber bi aiﬁ@e
outward agai nst an edge when the plunger i~ in the retracted pozic? iMftR
edge being axed with respect to the body, the |l ever nenber including a
detent which iwpe s wth the edge and nmai ntains the plunger i
retracted positi oﬂiﬁﬁfi | the | ever nenber is displaced inwardl y?b%!a?nﬂj')go
reservoir of claim1, wherein the struct ?Ee whi ch nmai ntains a m ni num gap
bet ween the piston wall and the body wheiX the piston is in the first
position conprises a protrusion on the piston wall. 12. 1'1le reservoir of
clai m 1, wherepen cohgtamtly amch proeidesa phassagawdydbnfushimg fluiduMhgaapeisneen t he

pi ston wall and the pody when the piston is in the figst position conprises
a protrusion SHeEHnsdBPwthegxial h@shwfléhﬁbwm b&ﬁgdfweﬁ%ﬁ%gewwb%a The

ool : ! ! .
vkl pener o 1 598 Bchés aptiES R hACRIR762 bl CEpdhBId istcitly Bod Sl
the chamber. incR (856t UMs Shall dpace PeovidssdorvQifficient fidvabNMidshingAnid, n t he

inlet port is in fluid communication with a line leading froma fluid
source, ard twhilominimizipg the fluidivelumemesded fanfiishiagitkmresgrvoir 0|bietweeneadi ng

g tude of TP oL ife posidoRine a6 Pog 13pnd BuBbiRatt 1S 1 1,
15, further i pgaHed g fRisRhp 268N, a8 SdeRlif FgurdVsb NThe (& {105 6f H@dhind Mk iand

coupled to the piston wth a~tial play therebetween, wherein tb.e biasing
menber is a spghowmaspedwanidiyndidechest amovs 228dram ghaiple parttl 30hdhgs flavon and

pl unger. 2 6,.MAR 2002 35 17.. A reservoir for u in fluid | i ng
system conpr F@‘F%Pﬁ'ﬁq”s@%setpeg?m .V°B’(%"y“ ?Wi%ﬁo%?g%@ggl?eeb‘*m%fé%ﬁanber
within, t b b pgoa . ' : td?'g}’ ; Lol Nl et
port e-~ct i(;,b;di ggsx era\é%%‘?‘?ﬂ?ﬁﬁ@%?&%@%r@%ﬁ%ﬁm Y‘@#ét got%tg%}g%d

open to the chtasfliew; a fluid outlet port open to the chanber; a piston
di spl aceable within the body froma first position_adjacent the bottom wall
to a second positi &rSPapRaR sloWmp FighreadZayentessits the effestivetelatye 2ual "FW@?ease
t he vol une of , LSt | Lch is
spaced fromt ﬁéezﬁ%gﬁb% %ﬁ”}é‘ﬁ?é P@n?%rflr%% arlm E%?grt%\gvl @d?ﬁ%%ﬁ%%&%%éfhe
piston is in d&ent fe6remiageeahd ivhiasddnpwiakdiaghins kil capnas esitiefrie Phist s bei ng
open to the gap; .and . . .

15 " position of the plunger 106 with the piston 110 bottomed out within the chamber

102. The spring 114 is compressed between the corners 200 and outwardly
extending flanges 202 and the lower wall 236, thus biasing the plunger 106 and
piston 110 apart. Because the piston 110 is bottomed out, the spring 114 also
biases the plunger upward, at least initially, with respect to the body 100. The

20  piston latches 194 and apertures 242 limit the upward travel of the plunger 106
relative to the piston 110. When released, the plunger 106 will move upward
relative to the piston 110 over the space S until the piston latch barbs 196 and
apertures 242 engage, at which time the two components move upward in tandem.
The space S is nominally about .025 inch (.635 mm). It should be noted that in the

25  position shown in Figures 12a-c, the plunger 106 is not completely bottomed out

within the guide tube 246, and the plunger could be depressed a small axial distance



a seal surrounding the pressure surface and providing a fluid-tight seal
bet ween the piston agai nst the peripheral wall of the chanber, wherein
fluid entering the chanmber thmugh the inlet port when the pi stg iw_\ﬂ ANfhe
fast position is directed generally in a 360 sheet across the Bottom wal |
and toward t Og@{&gperal wal | of the chanber. 18. The reseavoir of claim
17, wherein the préssure surface is substantially flat and di sPeE&§?8/20060
parallel to the bottomnvall. 19. The reservoir of claim17) including a
protrusion on the pressure surface whic 3contacts the bottomwall and forns
the gap. 2Q The reservoir of claim 17, including a pro#usion~ on the

bott om wal | @Hhéra&LinMhER byARE ffaks uhdi@ndiiISRR Push A 163C erIRECS {sWiip tileh® gap.
21. The reservoir of claim?20, wherein there are three protrusions on the
bott om wal | effstvaitiyl teavehdiptadceshetwbert the painget 166 aidrpisten $ pAwdwn ithenar dl y
from peri pheral wal] .. ~ 6 R ~00~ 36 22. The reservoir of claim 17,
wher ei n t he PIPRSSE 15 Reinggiragted; s spaced bet ween approximately 0.005 inches
and 0. 030 i%ﬁ?romthe bottomwall when the piston is in the first
position. 23 eservoir of claim17, wherein the fluid outlet port

ext ends per pendi clul use] the résenop 80 ib eolrcted in theedamplifig systerh@0\line24. The
xeservoir of claim17, wherein the inlet port is offset fromthe peripheral
wal | and t heshowmiafFigise 8 befora gy afte positinaingonawppent pogior attachingstodh® 2002 37

25. Afluid s LN m...C rising: nduif. 11 it pr oxi mal
portion adap?aggg{ %a%%%éﬁ%%ﬁ‘pé%o%ﬁgﬁ rggafr?,l}pgreggggﬂgﬁg glggel jIggoorq.tﬂlfileon adapt ed
to be in conpdiliet Y iPforMally imseftbd infla ¥ghieBhd-8foove BRhioRAThto APy I
having a variabl e vol une chanber with an inlét port open to the proximal

portion of ts$tcbuegrdviddd onsanapgtaadinglnospital peprortgyesty The bracketiB% can thusr t i on
of the condujt lipe;. a pi n. moyeabl e within the.chapher t.o vary, the
chaar ber ol bkt Rt R B R Ar b O RS R GRRT g Paien e Fh:
support, thecgiRemenOklevited Posibi A5 MROniree 6MGinTERat) The JesBRASHRY is typically

positioned in an inverted vertical orientation, with the bottom wall 122 actually

above the open mouth 124. In this manner, the numeric markiﬁgs corresponding to
the gradations 120 are displayed upright and increase in value from top to bottom.
15  The reservoir 80 and bracket 87 may also be attached to the patient’s arm with a
strap through the elongated vertical slots 256, looped around the arm and secured
with Velcro or other such expedient. In either mounting location, the reservoir 80
may be held by the retaining arms 258 with the wings 126 aligned toward and away
from the bracket 87, as shown in the drawings, or sideways thereto. Thus, if
20  necessary the reservoir 80 can be tumed sideways in its mount to accommodate
different CCU or operating room layouts. Finally, the reservoir 80 can be removed
completely from the bracket 87 and operated in a conventional two-handed manner.
This flexibility is previously unavailable in blood sampling reservoir designs.
Prior to drawing a blood sample, the plunger assembly 104 is in the position
25  shown in Figures 12a-d with the plunger release lever 172 locking the assembly
within the body 100. The gap G allows flushing fluid through the second tubing



a first pair of pressing surfaces, one on the bracket and the other adapted
to displace the piston, the first pair of pressing surfaces adapted to be
squeezed and di splace the piston with respect to the chanber tpg MAPe 280
the volune within the chanber; and a second pair of pressing surfaces
adapted to beygeiagzed and displace the piston with respect to E@g,sgm@r
to decrease the volune within the chanber, whex~exn fluid may Be rawn i nto
t he chanber anal expelled therefrom upor&4act uation of the first and second
pair of pressing surfaces, respectively.“26. The system of cl ai m 25,
wherein the reservoir conprises a syringe-Like device having an axis with
the inlet polihe 8D aapad b tinialedaponll 3€and aidenaticha piston bndltd &ét thest on bei ng
axi al l'y displaceabl e upon actuation of the first cZr second pair of

pressi ng sur Velses wighip dkgweservois B thraughthe outlet pestcl32a skherfiushingafiwidr vol uxne.
2f. Th t f clai in_th ' tered about th [
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system of cl gidR ¥esiVibes S&medudBcddioTs@Rc bloliUdREh theichtatidfioTehd et Nl et
part and partially defining said chanber volune, and tl~e inlet port is

ori ent ed SubporiB0ahe flupkeners thecgap® firya diredtiongpepeadicular sathe pistoe110 2 s MAC
200z 38 29. The system of. claj.m 25, wherein th eseryoir is renovably
attached to l“E‘éC Msithig ¥ gly fagor %‘S’ﬁ“ﬁ?’?’i%‘?’ ac‘}/“éﬂ ‘?heﬁtj,ll’:%@ n the
reservoir COERI i J } : A i W1

di spl aceabl e%ggﬁggtﬁ a%fcgﬁﬂgl?%ﬁegto?ﬁ’%ét:@fgpé ?g%:dgér%érg% tpgg?g ;();? gglel tir%

surfaces to tdstyeet 1302 Thel positivasd tierinibepore 36 ehlinncedthatflashingleffeet as31. The
system of claim 30, wherein the syringe-like device is renovably attached

to the nount PAGIOHP Eeishees of finjdbare direcied torthe periphesl waliefithe ghamBerd@dnf i i ng
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portion and Iiseﬂe;htifvegmnamhtad_emmwmﬁpﬁm Motapd befeRshall IEX elcept 8a The
systerzi of claim 32, wherein the syringe-like device further includes a

pl unger asse®pliphesdpbanngl 484 creategiabeverthe unebstrueted pemphesaldbanddSBnger on a

second end extendin utsi de e bod ierein . the plunger defines the
ot her of the S}nir?lg{dn&%;tbgpp&lgésffﬁs cgm}%&%%{lsﬁagﬁ%c (o) SFHPE@?W&WEt he one
on the brackedmisdion OTeheébdationirwall 281 3F thePisto MRS fidthé Relieflspat@gor&d byes one
of the second pair of pressing surfaces. 35. ~"he system of clalm 32,

wherein ihe wHaienpediomeradee nfthelseddd 13pviorte the firsisdperaofghessadl The r adi al |y
outwardly extgndin ey, i,ch_def nes tl].=e other of. the, seco~ pai r of
or cael ng sur FISHEE FBHE B dHeRaE o AR Tarl Brvisn T eripherRb Srannel 2545 \ng
2002 39 36. And botithus@BRbir@renYiafiPioind HIERhADbAY 0230 wARAHE bullbiforM 3 a
proxiraal portion adapted to be supplied with a fluid and a distal portion

adapt ed t o bdhenuterparnl Raopeos totha periphekdl ¢hahne) 284 and thiis afficiently drains

the circumferentially flowing fluid from the channel as well as the fluid coming

20  more directly from the inlet port 130. Moreover, the bumps 158 are relatively
small and thus a minimum amount of flushing fluid is needed to maintain patency
of the reservoir 80.
Because the flushing fluid continues along the first tubing line 74 past the
sampling sites 98a and 98b and into the patient, a minimum of fluid is desired to
25  avoid overdilution of the patient’s blood stream. In designing the proper sized gap

G, a number of factors should be taken into account, such as the diameter of the



patient; a reservoir assenbly having a variabl e vol unme chanber defi ned
within a reservoir body, the body having ao inlet port open to the proxinal
portion of the conduit line and an outlet port open to the distal ri' n
of the conduit line, the reservoir assenbly including a nnuntf%@ ﬂﬁ@c @ﬁ
for nmounting the body to an external support, the reservoir body and inl et
and outlet poM&?H&3Mg fixed ~w th respect to the nounting br RITASISZ0060
pi ston noveable within the reservoir body to vary the chanber volune; a
first pair of pressing surfaces on the re&dervoir assenbly facing away from
one anot her and adapted to displace the piston with respect to the chanber

orevsi ng sur  Seesoppaa FenEes) Pl anpeprar s it FiRofe B atb ner
and adapt ed t q30is5B) BE Ginte R riBH AR TheVebdivaiP WPEBE chithebiRg ift BRprRaredOdy to
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the reservoir 1%1%“;"&%%? %@%ﬁ}‘? sheet gf yidiis, @qt?ﬁma@? %etmgrlggﬁoww\gntﬁgdy i's
hol | ow and¢~d Y i A Tpﬁg&t port
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di spl aceabl e whibodiméritethb@ety Guib (sss dahuké inlsl poft 130@rificef whith $eagboatl.0fai r o; f
pressing surfaces to respectively increase or decrease the chanber vol une.

38. The syst ednad¥(1e18mm)abut is Hipeerdesisatly, betweanBbouti0005dnehes and 89304nchee axi s

and the inlet tnisS. | te f d. ter nn,the one axial, e 3 e
system of cl ai(laia?%%?éwg?rna %ﬁg""gﬂ;‘sﬁ V'ﬁlgrat‘:hflgl%f:’blgg?re mgftegﬁfejabggf g\'lwend of
the chanber. inch @ 9%y O idRt Alid pregue)an W bedetériined by the opérating e
piston includes a wall facing the inlet port and partially dei"xning said
chanber vdPumspecifieations of Hiearesswrettransdugern ¥hend istypisaliyne siorg/than 300 mm
Rherein one o AR ArHERRESopt S50 BhtE; AS mshfoned dnp Lresmne Rty a2
The system of agliAflahKid bap/b@FAinGidetRe hQﬁ}’subﬁlXt%ﬁP%Q'fbbﬁfaﬁeaﬁﬂﬁﬂhmi& he

nmounti ng bracket. 43. The systemof claira 41, "wherein the nounting bracket
i ncl udes a r etthionginthemysteimoi{ bateteernidobdshmples isoypicallyretiwelaf 303680 t he chanber
wi thin, the body .being received in the retaining portion and held fro~na
axi al movement®™HPR espect thereto. 44. The system of claim 41, further

i ncludingg plungerygssgsRiod saRPRik & B¥taken, the flow of flushing or infusion fluid is

halted, such as with the use of a stopcock valve (not shown) upstream of the

reservoir 80. The nurse or clinician then grasps the reservoir 80 with one finger or
thumb on the thumb rest 274 at the top of the bracket 87 and the other finger or
thumb underneath the plunger trigger 180 of the plunger release lever 172. By

20  squeezing the two surfaces together, the plunger release lever 172 pivots inward
due to the gap 174. At some point, the detent 186 releases from the underside of the
crossed plunger aperture 170, thus releasing the plunger assembly 104 to travel
upwardly within the body 100. Thus, the one-handed squeezing operation '
simultaneously releases the plunger assembly 104 and commences its travel within

25  the reservoir chamber 102.



the piston on a first end and a plunger on a second end extendi ng outside
of the body, wherein the plunger defines the other of the first pair of
pressing surfaces for cooperating with the one on the bracket. gS ghﬁ]
system of claim 44, wherein the plunger defines one of the seéb dM6 [ 02

of pressing s ., 46. The systens of claim45) wherein the body includes
a general Iy &h?@ﬁ?ﬂ?“out war dl y ext endi ng member which defines Fﬁa%lﬁ9%9°68f

t he second pair of pressing surfaces fox cooperating with the one on the
pl unger. 2 6 MAR 2002 m 47. A system f2r one-handed fluid sanpling,
conprising: a reservoir body dGuaing a variable volunme chanber within, the

body having a peri . "y Y (Wo Y port open to
t he chanber; a fl Jﬁ%ﬁ%"ﬁ%’grﬂ o(%ég9§%a9{@ﬁ\fdé+1§vﬁ@‘e’{‘!hg§g%§( Etr’]gé’?' assenbl y
reci procal WdbhiiffuddbQuécify predstreiety eGP thusib e sic2 7ianl @lte plangerftriggér end and

a plunger on a second end extending outside of the reservoir body, the
pl unger assenit$0y Theibady 06 jsirasteainsddram upward meveraené by therstepflgngas 278rop t he

di st bet th i d tt U , th f th
cha: aaber ;- ae BHERae 08 pEBendid stbealy aeREioh H et BliNeRt e r eoer voi r
body t hat smaijaeaiplg 106 P Bgviaihed of e REdeRtinRerfionl ik BEQRLN the vol ume

in the chanber I's mMnimzed, unger ‘including a trigger that rel eases
t he pl unger fdlinividtigothet handtferiatfrndingito othenpatpent nedds. It addatiom \oaemeedinot

t ended iti 48. Th f clai 47, f h i n¢l udi .
oKt ende DSl e i heRl SR S B B Tt Ao e,
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outl et ports rewant theplungdr @ssembly | 0is 1K isathe 43 Wiklothie phi+tpiesyiinge devied, a
bi asi ng nmenber which urges the piston wall into the first position. 49. The
syst em oflOc| dukiss@sicnipcgearrate Wih pisgugeripgAperstipe as prposediord pHiBE bet ween and

Uhe-pt unger iberhinDs TPsARR R BFbunians HtE o S P Parl 8, T 1

pi ston to coupsepvdipeo.pl unger and piston together while allowng relative
axi al nmovenent therebetv~ieen. S 1. The system of claim 47, wherein the
tri gger conprises Bhapinnger assembly 1 @Ampy heraiacted ite withdraw awartedayadum of an

edge when t heﬂlﬁh Y %ient © }IJLlrh ;tm*}? bfo%h rp%é:t eoﬂ) SOme tsz'ug&ing sites 98a and 98b. This

15  volume differs in different hospital settings, but is typically 12cc in an operating
room environment and 5cc in the CCU. The illustrated reservoir body 100, as
described above, has a capacity of 12¢cc when the plunger assembly 104 is fully
retracted.

Figures 13a and 13b show the plunger assembly 104 in a second position

20  fully retracted with respect to the reservoir body 100. In this position, the plunger
release lever 172 is prevented from further retraction from the body 100 by the
interference between the outwardly projecting tooth 192 of the retraction stop 188
and the undercut edge 226 (Figure 12d) of the raised portion 224 of the cap 110.
The total travel of the plunger 106 is shown as T in Figure 12a, and is

25  approximately 1.73 inches (4.39 cm) in the exemplary embodiment. This distance

will vary depending on the volume drawn into the reservoir, and the diameter of the



1 6 M\~ 1UU2 42 the edge being fixed with respect to the reservoir body,
the | ever xneznber including a detent which interferes wwth the edge and
mai ntai ns the plunger in the rel xacted position until the Ieve{ menber |~
di spl aced inwardly. 52. The system of claim 47, fcuther includ ﬁgMM 2000
pair of pressing surfaces, one of which is on the plunger and the other of
which is fi xeaw‘g/?%”r@?“espect to the reservoir body, wherein sque%(inHﬁfsfzﬂ%“
first pair of pressing surfaces displaces the plunger with respect to the
reservoir body to the extended position; 24nd a second pair of pressing
surfaces, one of which is one the plunger and the other of which is fixed

Wi th respect to the .reservoi rej i i rof
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tuati the tri b | i.shed si t u ith one_ finger on
Che trigger - Sersfiibe syRsto o SGRaPriiBacian bophBed PEde Ul rerartoR BE T or
mounting the f 2@%%’ ﬁsémﬁ@qwﬂbg éﬂé‘pgs?']tg\fe‘i ferdctioh BRWekn tﬂet\%o@xoﬂﬁ tReLaP110.

attached to t unt1 ng bracket, erein the other of the first pair
of pressing sOfeoarss, thesew! skileinthaark efll résbgniZdthacy atraberadf stopsican b4, wherei n

the reservoir body js rarnqgvably. attached to the mounting bracket, S6. The
system of cl PR g é?/ﬁﬂl%‘_ ity wa%firewm_ﬂ seavrs! flyid vabaesdnpmigh e fis
radially out W"%ﬁlﬂh% 1i§é<t7&“ﬂ4}erb%n(£ﬁm?a?{on‘@ﬂie?d“l f%e{]dn'aﬁés%%n%é‘ﬂﬁfng& dsbémpigcond
pair of prssing surfaces for cooperating wth the one on e-pl unger- 2 6

| hAl't ~uU~ 43 194.is fullysytsdotsd. f or one- handed fluid sanpling, conprising: a

reservoir body de$t ni _ng a variabl e volune chanmber within, the bady having a
peri pheralOwal | andt wilbbr pesed that the sgalfl|! 2 prevents bloodand othss fluid frome” chanber ,

i d A ha~r. : [ | i |
M thin the r odu it ARERGbla koGRS fne pBeP 1O BR] BURE IR Phubls? . PP L0 e,
on a second eﬂ@sdﬂiﬁl? Mo4. Mgo @ikt ﬁ?t@i agdiest con@nittihg BRMIdod WahiHl e Bedy

assenbly being di SP aceable within the reservoir body to vary the distance
bet ween t he pildfdsloznide pistarobhOathiel contaeninatiop shiekd V1S separatss théymnternalnber; a

first pair of BfeSsildortt bREES: asSii9 1 0¥ Bofithb Surdf whll oPiHe 1€V fod, e
15 which do come in contact with the volume of fluid eventually infused back into the
patient.

After full retraction of the plunger assembly 104, the stopcock 78 is closed
and samples of blood are taken at the sites 98a and 98b. This operation preferably
takes place with a blunt-tipped cannula syringe, and is well described in the prior

20  art. 1t should be noted, however, that a single sampling site may be used, and other
sampling devices such as sharp-tipped cannulas may also be used, with less security
for the nurse or clinician. After samples have been taken, the stopcock 78 is
opened and the volume within the reservoir 80 is reinfused back into the paticnt.'
This is accomplished by depressing the plunger assembly 104 within the body 100.

25  The nurse or clinician places a thumb or finger on the thumb rest 164 of the top

plate 162, and the other digit on the same hand on the underside of the forwardly



other of which is fixed with respect to the reservoir body, wherein
squeezing the first pair of pressing surfaces together displaces the
plunger with respect to the reservoir body to an extended p05|t|on def | bng
a maxi mum chamber vol ume; and a second pair of pressing surfacesp M Hﬁ
which is on t lgager and the other of which is fisted withre
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housing 306 includes an inner chamber (not shown) with an inlet port 308 and an
outlet port 310 communicating therewith. A pair of thumb rings 312 rigidly
attached to the inner housing 306 project outward through the slits 304. The
20 functioning of the reservoir 300 is best described with respect to Figures 16a-c
which illustrates an identical reservoir 314 except the rings 312 are replaced with
flanges 316. Otherwise, like elements will receive like numbers.
As seen in Figures 16a-c, the reservoir 314 includes an upper cap 318
secured over an open upper end of the outer housing 302 with a piston 320 rigidly
25  attached thereto and extending into a variable volume chamber 322 of the inner

housing 306. A seal 324 seats on a distal end of the piston 320 and defines one end



L109d& ()-!1090& ()- 109%& ()-F9d0%d& ()-XDO dEr S4Y10)! 109%& () - #

1090& ()-L!4"1090& ()-109%& ()-109@& ()-Y109%& ()-0

Prxmgr "o "EF"hCYL10%& () - 3940%& ()-F 10T 10T 10T310%& ()-2 9

1099°& () - Y+1099& () - F"H'W"" E##dEbCY1 109%& ()- Y109%& ()- 109%& (OL8 HidBiz: I{U}

$109%&' () - slo%@,,ggg 8%$986 dEbCY1f #10%&' ()-s! 109%& ()- mlO%&' ()-sY 10%& () -
109%&' ()-109%& ()-"0' ()X Y)Z)[)h)xnbCY1$ 10%& ()-1 10 10 PCT/US98/20060

1041098 ()-S2! 1098 ()-+10%&' ()-s* ! 10%&,%)-h)t)v))*+] +dEMbCY110%& ()-! 10%

& ()- 10%#& ()-3%0%& ()-s10%g& () - &t %g&' ()-]+++V,, - 9. dEmbCY1! -

10%& ()-10%& ()-F 110%& ()- 10%& ()-10%& () -

@AL0%g&’ () - Yofahé Liridbld taliNe¢harhBer ID2pppOgite the & any-outlet ports 308, 310. A

@3"10%&' ()-+10%g&' . ()-).' 1 10%& SHML0%g& () 33dEYNCY1 &10% u&' () -
10% u& () - FORPIiRmIRatien sftlﬂééo%@é&xkeyc)ls BwEERAY 99%9@@1 eéiie}mze USRS U EYNCYL

I's! 10% u& ()
10% u& () - &1 ﬂ&*&g{ #%ﬁﬁﬁlo% u& ()-&F10% u& () - 676899+ .- dYNCYL 10-u 10-u
10- uLF4410% u&' () TRBe reservoir 314 functions in a similar manner as the prev1ously described
10% u& () - 9+10% ug& &)) L*110% ug& () - &#F10% u& () - > f o2 N dEYNGYL
109%& ()- 5 10mserypir 8015wgis pyef@bb'«&nqt}ﬂedantame&uxe)momm line with the infet

Redddad %—%(cl"rg %88/%\'$a)rd a%%%sx‘rg u%ﬁlc{%oc/“gf an ﬂma) supply, and the outlet port 310
toward the sampling sites and patient. Figure 16a shows the inner housing 306 in a
first position with respect to the outer housing 302 wherein the piston 320 is in
contact with a bottom wall 328 of the chamber 322. Desirably, a small gap is

10  maintained between the piston 320 and chamber bottom wall 328 to allow flow of a
flushing fluid therethrough, as described previously. In this regard, protrusions
may be formed on the piston 320 or chamber bottom wall 328 to form the gap.
Also, the inlet port 308 is shown as before entering the chamber perpendicularly
with respect to the bottom wall 328 and in a position spaced from the periphery to

15  enhance the flushing effect. In contrast to the earlier embodiment, however, the
outlet port 310 is still positioned at the periphery but is parallel to the chamber
bottom wall 328.

Figure 16b shows a second position of the inner housing 306 with respect to
the outer housing 302 wherein the piston 320 is no longer in contact with the

20  chamber bottom wall 328 and a volume of fluid 330 has been drawn into the
chamber 322. The bottom wall 328 stops against a lower surface 331 of the outer
housing 302. At this stage, the clinician closes a stopcock 332 and samples blood
from one or more sites between the reservoir 314 and the patient. The reservoir 314
may include features such as a spring-loaded piston as previously described.

25 The reservoir 314 is distinguished from the reservoir 80 described

previously by the lack of a bracket for mounting to a support pole or patient’s arm.
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It is understood that the examples and embodiments described herein and
10  shown in the drawings represent only the presently preferred embodiments of the
invention, and are not intended to exhaustively describe in detail all possible
embodiments in which the invention may take physical form. Indeed, various
modifications and additions may be made to such embodiments without departing
from the spirit and scope of the invention. For example, although the present
15  sampling system is described and is particularly useful for venous or arterial blood
sampling, other bodily fluids such as urine may be sampled, and the device may

have other uses such as in wound drainage.
o
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structure on either the body or the piston which maintains a minimum gap
between the piston wall and the body when the piston is in the first position, the
gap defining a volume to which the inlet and outlet ports communicate to allow

fluid to flow therebetween; and
a biasing member which urges the piston wall into the first position.

2. The reservoir of claim 1, wherein the reservoir comprises a syringe-like
device having an axis with the inlet port located at one axial end of the chamber and
the piston being axially displaceable along the axis between the first and second

positions,

3. The reservoir of claim 2, wherein the chamber is centered about the axis

and the inlet port is located off-center in the one axial end.

4, The reservoir of claim 1, wherein the piston wall faces the inlet port and
the inlet port is oriented substantially perpendicularly with respect to said piston wall.

5. The reservoir of claim 1, further including a plunger assembly reciprocal
within the reservoir body comprising the piston on a first end and a plunger on a
second end extending outside of the body, wherein the biasing meraber is positioned

between and urges apatt the piston and plunger.

6. The reservoir of claim 5, wherein the body and plunger assembly
cooperate to form a syringe-like device with the plunger assembly reciprocal along an
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which cooperate with apertures in the piston to couple the plunger and piston together

while allowing relative axial movement therebetween.,

8. The reservoir of claim 7, further including complementary structure on the
plunger and on the body which maintains the plunger in a retracted position urging
the piston wall into the first position.

9. The reservoir of claim 8, further including a trigéer on the phinger which
releases the plunger from the retracted position.

10. The reservoir of claim 9, wherein the trigger comprises a cantilevered
lever member biased outward against an edge when the plunger is in the retracted
position, the edge being fixed with respect to the body, the lever member including a
detent which interferes with the edge and maintains thg plunger in the retracted

position until the lever member is displaced inwardly.

11. The reservoir of claim 1, wherein the structure which maintains a
minimum gap between the piston wall and the body when the piston is in the first
position comprises a protrusion on. the piston wall.

12. The reservoir of claim 1, wherein the structure which maintains a
minimum gap between the piston wall and the body when the piston is in the first
position comprises a protrusion on an inner wall of the body facing the piston wall.

13. The reservoir of claim 12, wherein there are three protrusions on the inner
wall generally evenly distributed about a circle spaced from side walls of the

chamber.,
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adjustable.

16. The reservoir of claim 15, further including a plunger reciprocal within the
reservoir body and coupled to the piston with axial play therebetween, wherein the
biasing member is a spring positioned between and wrging apart the piston and

plunger.
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a fluid outlet port open fo the chamber;

a piston displaceable within the body from a first position adjacent the
bottom wall to a second position spaced farther away from the bottom wall to
increase the volume of the chiamber, the piston having a pressure surface which is
spaced from the bottom wall to form a narrow gap therebetween when the piston
is in the first position, the fluid inlet and outlet ports being open to the gap; and

a seal surrounding the pressure surface and providing a fluid-tight seal
between the piston against the peripheral wall of the chamber, wherein fluid
entering the chamber through the inlet port when the piston is in the first position
is directed generally in a 360° sheet across the bottom wall and toward the

peripheral wall of the chamber.

18. The reservoir of claim 17, wherein the pressure surface is substantially flat

and disposed parallel to the bottom wall.

19. The reservoir of claim 17, including a protrusion on the pressure surface

which contacts the bottom wall and forms the gap.

20. The reservoir of claim 17, including a protrusion on the bottom wall

surface which contacts the pressure surface and forms the gap.

21. The reservoir of claim 20, wherein there are three protrusions on the -
bottom wall generally evenly distributed about a circle spaced inwardly from

peripheral wall.
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23. The reservoir of claim 17, wherein the fluid outlet port extends
perpendicularly fhrough the bottom wall of the body.

24. The reservoir of claim 17, wherein the inlet port is offset from the
peripheral wall and the outlet port is adjacent the peripheral wall.
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25. A fluid sampling system, comprising:
a conduit line with a proximal portion adapted to be supplied with a fluid
and a distal portion adapted to be in communication with a fluid systeni of a
patient; | '
a reservoir having a variable volume chamber with an inlet port open to
the proximal portion of the conduit line and an outlet port open to the distal

portion of the conduit line; _
a piston moveable within the chamber to vary the chamber volutne;

a bracket for mounting the reservoir to an external support, the reservoir

being attached to the mounting bracket;
a first pair of pressing surfaces, one on the bracket and the other adapted

to displace the pistém, the first pair of pressing surfaces adapted to be squeezed
and displace the piston with respect to the chamber to increase the volume within

the chamber; and .
a second pair of pressing surfaces adapted to be squeezed and displace the

piston with respect to the chamber to decrease the volume within the chamber,
wherein fluid may be drawn into the chamber and expelled therefrom upon
actuation of the first and second pair of pressing surfaces, respectively.

26. The system of claim 25, wherein the reservoir comprises a syringe-like
device having an axis with the inlet port located at one axial end of the chamber and

the piston being axially displaceable upon actuation of the first qr second pair of
pressing surfaces to respectively increase or decrease the chamber volume.

27. The system of claim 26, wherein the chamber is centered about the axis

and the inlet port is located off-center in the one axial end.

28. The system of claim 26, wherein the piston includes a wall facing the inlet
port and partially defining said chamber volume, and the inlet port is oriented
substantially perpendicularly with respect to said face.
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29. The system of claim 25, wherein the reservoir is removably attached to the

mounting bracket.

30. The system of claim 25, wherein the reservoir comprises a syringe-like
device, the piston being axially displaceable upon actuation of the first or second pair
of pressing surfaces to respectively increase or decrease the chamber volume.

31. The system of claim 30, wherein the syringe-like device is removably
attached to the mounting bracket.

32. The system of claim 30, wherein the mounting bracket includes a retaining
pottion and the syringe-like device has a body defining the chamber within, the body
being received in the retaining portion and held from axial movement with respect

thereto.

33. The system of claim 32, wherein the syringe-like device further includes a
plunger assembly comprising the piston on a first end and a plunger on a second end
extending outside of the body, wherein the plunger defines the other of the first pair
of pressing surfaces that cooperates with the one on the bracket.

34. The system of claim 33, wherein the plunger defines one of the second

pair of pressing surfaces.

35. The system of claim 32, wherein the body of the syringe-like device
‘includes a generally radially outwardly extending member which defines the other of
the second pair of pressing surfaces for cooperating with the one on the plunger.
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36. A fluid sampling system, comprising:

a conduit line with a proximal portion adapted to be supplied with a fluid
and a distal portion adapted to be in communication with a ﬂuici system of a
patient;

a reservoir assembly having a variable volume chamber defined within a
reservoir body, the body having an inlet port open to the proximal portion of the
conduit line and an outlet port open to the distal portion of the conduit line, the
reservoir assembly including a mounting bracket for mounting the body to an
external support, the reservoir body and inlet and outlet ports being fixed with

respeot to the mounting bracket;
a piston moveable within the reservoir body to vary the chamber volume;

a first pair of pressing surfaces on the reservoir assembly facing away
from one another and adapted to displace the piston with respect to the chamber

body to increase the volume within the chamber; and
a second pair of pressing surfaces on the reservoir assembly facing away

from one another and adapted to displace the piston with respect to the chamber
body to decrease the volume within the chamber, wherein fluid may be drawn into
the chamber and expelled therefrom upon actuation of the first and second pair of

pressing surfaces, respectively.

37. The system of claim 36, wherein the reservoir assembly comprises a
syringe-like device wherein the body is hollow and 'defines the chamber within and
has an axis with the inlet port located at one axial end of the chamber, the piston
being axially displaceable within the body upon actuation of the first or second pair of -
pressing surfaces to respectively increase or decrease the chamber volume.

38. The system of claim 37, wherein the chamber is centered about the axis

and the inlet port is located off-center in the one axial end.

39. The system of claim 38, wherein the outlet port is located at one axial end

of the chamber.
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40. The system of claim 37, wherein the piston includes a wall facing the inlet
port and pattially defining said chamber volume, and the inlet port is oriented
substantially perpendicularly with respect to said face.

41. The system of claim 36, wherein one of the first pair of pressing surfaces

is on the bracket.

42, The system of claim 41, wherein the body is removably attached to the

mounting bracket.

43. The system of claim 41, wherein the mounting bracket includes a retaining
portion and the body is hollow and defines the chamber within, the body being
received in the retaining portion and held from axial movement with respect thereto.

44. The system of claim 41, further including a plunger assembly comprising
the piston on a first end and a plunger on a second end extending outside of the body,
wherein the plunger defines the other of the first pair of pressing surfaces for

cooperating with the one on the bracket.

45. The system of claim 44, wherein the plunger defines one of the second

pair of pressing surfaces.

46. The system of claim 45, wherein the body includes a generally radially
outwardly extending member which defines the other of the second pair of pressing

surfaces for cooperating with the one on the plunger.
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47. A system for one-handed fluid sampling, comprising:

a reservoir body defining a variable volume chamber within, the body
having a peripheral wall and a bottom wall;

a fluid inlet port open to the chamber;

a fluid outlet port open to the chamber;

a plunger assembly reciprocal within the reservoir body comprising a
piston on a first end and a plunger on a second end extending outside of the
reservoir body, the plunger assembly being displaceable within the reservoir body
to vary the distance between the piston and bottom wall and vary the volume of
the chamber; and _

complementary structure on the plunger and on the reservoir body that
maintains the plunger in a retracted position wherein the volume in the chamber is
minimized, the plunger including a trigger that releases the plunger from the
retracted position and permits it to move to an extended position.

48. The system of claim 47, further including;:
structure on either the reservoir body or the piston which maintains a
minimum gap between the piston and the bottom wall when the piston is in the
retracted position, the gap defining a volume to which the inlet and outlet ports

communicate to allow fluid to flow therebetween; and
a biasing member which urges the piston wall into the first position.

49. The system of claim 48, wherein the biasing member is positioned

between and urges apart the piston and plunger.

50. The system of claim 47, wherein the plunger includes locking detents
which cooperate with apertures in the piston to couple the plunger and piston together

while allowing relative axial movement therebetween.

51. The system of claim 47, wherein the trigger comprises a cantilevered lever
member biased outward against an edge when the plunger is in the retracted position,
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the edge being fixed with respect to the reservoir body, the lever member including a
detent which interferes with the edge and maintains the plunger in the retracted

position until the lever member is displaced inwardly.

52. The system of claim 47, further including:
" a first pair of pressing surfaces, one of which is on the plunger and the

other of which is fixed with respect to the reservoir body, wherein squeezing the
first pair of pressing surfaces displaces the plunger with respect to the reservoir

body to the extended position; and
a second pair of pressing surfaces, one of which is on the plunger and the

other of which is fixed with respect to the reservoir body, wherein squeezing the
second pair of pressing surfaces displaces the plunger with respect to the reservoir

body to the retracted position.

53. The system of claim 52, wherein the one of the first pair of pressing
surfaces on the plunger is located proximate the trigger, wherein squeezing the first
pair of pressing surfaces and actwating the trigger may be accomplished

simultaneously with one finger on the trigger.

54. The system of claim 52, further including a bracket for mounting the
reservoir body to an external support, the body being attached to the mounting
bracket, and wherein the other of the first pair of pressing surfaces is on the bracket.

53, The system of claim 54, wherein the reservoir body is removably attached

to the mounting bracket.

56. The system of claim 52, wherein the reservoir body includes a generally
radially outwardly extending member which defines the other of the second pair of
pressing surfaces for cooperating with the one on the plunger.
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a fluid outlet port open to the chamber;

a plunger assembly reciprocal within the reservoir body comprising a
piston on a first end and a plunger on a second end extending outside of the
reservoir body, the plunger assembly being displaceable within the reservoir body
to vary the distance between the piston and bottom wall and vary the volume of
the chamber; |

a first pair of pressing surfaces, one of which is on the plunger énd the
other of which is fixed with respect to the reservoir body, wherein squeezing the
first pair of pressing surfaces together displaces  the plunger with respect to the
reservoir body to an extended position defining a maximum chamber volume; and

a second pair of pressing surfaces, one of which is on the plunger and the
other of which is fixed with respect to the reservoir body, wherein squeezing the
second pair of pressing surfaces together displaces the plunger with respect to the
reservoir body to the retracted position defining a minimum chamber volume.

58. The system of claim 57, further including:
structure on either the reservoir body or the piston which maintains a

miniraum gap between the piston and the bottom wall when the piston is in the
retracted position, the gap defining a volume to which the inlet and outlet ports

communicate to allow fluid to flow therebetween; and
a biasing member which urges the piston wall into the first position.

59. The system of claim 58, wherein the biasing member is positioned

between and urges apart the piston and plunger.
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60. The system of claim 59, wherein the plunger includes locking detents
which cooperate with apertures in the piston to couple the plunger and piston together
while allowing relative axial movement therebetween.

61. The system of claim 57, further including complementary structure on the
plunger and on the reservoir body that maintains the plunger in the retracted position,
the plunger including a trigger that releases the plunger from the retracted position
and permits it to move to the extended position.

62. The system of claim 61, wherein the one of the first pair of pressing
surfaces on the plunger is located proximate the trigger, wherein squeezing the first
pair of pressing surfaces and actuating the trigger may be accomplished

simultaneously with one finger on the trigger.

63. The system of claim 57, further including a bracket for mounting the
reservoir body to an external support, the body being attached to the mounting
bracket, and wherein the other of the first pair of pressing surfaces is on the bracket.

64. The system of claim 63, wherein the reservoir body is removably attached

to the mounting bracket.

65. The system of claim 57, wherein the reservoir body includes a generally
radially outwardly extending member which defines the other of the second pair of
pressing surfaces for cooperating with the one on the plunger.



