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CLOSED, ONE- #yokss3LOOD SAMPLI NG SYSTEM Fi el d of the Inventiagn Tt}e /?@%éent
invention relates to blood sanpling systens and, in particuIaP,Cng98

cl osed one- handed bl ood sanpling systens and net hods of use. Background of
the Invention In a hospital setting there is always the need to nonitor
patient health through the eval uation of blood chemstry profile. The

si npl est method enployed 10 in the hospital is to use a syringe carrying a
shar pened cannul a at one end and insert that cannula into a vein or artery
to extract a blood sanple fromthe patient. Patients that are in the
critical care units or operating room sone es require as nmany as twelve
sanpl es a day. Such frequent sanpling injeE}L@ns potentially expose the
patient to airborne bacteria and viruse Whlg; can enter the bl oodstream 15
t hrough the openi ng nade by the sharpengd ggiul a. Furthernore, accidental
needl e sticks of the nurse or technicia fPEQUentIy occur. The probl em of

i nfection, accidental needle sticks andl ubi quitous danger of contracting

viruses such as H'V or hepatitis has ted the nedical field to adopt
alternative bl ood sanpling systens. 20 One way to obtain a bl ood
sanple is to draw the blood froma catfigter that is already inserted in the
patient, either in a central vgrous ¥, such as one placed in the right
atrium or in an arterial lif ypi IIE existing injection sites for
arterial or venous drug infusﬂ%r or r&ke;re nonitoring lines are used to
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periodi c blood sanples fromthe patient. Conventional nechani sns for
drawi ng 25 bIood fromthe lines used for infusion or pressure nonitoring
utilize awa ty of stopcock nechani snms that preclude fpewukisisndohe

I nf usi on U|J supply or fromthe 2 pressure colum drip supply, while
allowing blood to flow fromthe patient into a collecting syringe connected
to a renoval port fornmed in one of the stopcocks. However, stopcocks

i ncrease contam nation and risk of infection and increase the bl ood waste.
Furthernore, the earliest uses of such sanmpling sites were with 5

shar pened cannul a forced through an el astomeric septum provided in a port

I n the stopcock housing. Repetitive piercing of the septum at such
injection sites were a source of physical danageS‘nomm as coring or

| aceration which could shorten the effective Iifd]of the injection site.

Fur t her nor,g ) RRaratus failed to elimnagglthe danger of the nurse
or clinicfan Hgi sﬂuck 10 The next
devel opny as to USg bl unt nnula and slit septuns.
Al t hough gd the daMyer of i cking the nurse or
clinicia 3 -

since the

arterial or venous preskure,
of blood to contact theRuser.
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of fluid, generally about 5m in volume for intensive care environnments was
W t hdrawn i nye do anpling syringe and discarded. This first e .
potentially incl Egsesg sonme of the infusion fluid and thus woul Héﬁ)ggg%zooso
unreliable blood chem stry neasurenent sanple. After the initial sanple had
been di scharged, the 20 second sanple was pure blood fromthe artery or
vein. Aside fromthe unnecessary |oss of blood, the two-sanple process
potentially introduced undesirable effects relating to such problens as
introduction of air into the arterial line and introduction of contam nants
into the blood supply. The two-step process al so requires substanti al

effort on the part of the nurses or other clinicians who nust 25 draw t he
bl ood sanpl e. 3 In response to the drawbacks associated with earlier
sanpling systens, closed systens were devel oped, ch as the bl ood sanpl er
device in U S. Patent No. 4,673,386 to Gordon. The|Gordon device is shown
schematically in Figure 1 and conprises a piston/thanber device 20
positioned in an infusion |line upstreamb5 of a Sanpling port 22. The
sanpling port 22 includqg a slit septum 24 jnt0 ch a blunt cannula 26
may be inserted for sangéing bl ood t heRe m In e, he piston in the
device 20 is retracted to\pull fluid fromthe pat t Nowards the fluid
supply and store it in the\chanber. Enough fluid wi t hdrawn into the
chamber to pull a N
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pure bl ood supply past the sanpling port 22 so that a syringe 28 can .
w thdraw a 10 usabl e sanpl e of bl ood through the blunt cannul a 26 bn
sonme syst enwOwbi6¥84 nake use of the Gordon device, such as t ARG
Critical -Care Venous Arterial Blood Managenent Protection System
(VAMPT[err]), a shut-off valve is positioned between the piston/chanber
device 20 and sanpling port 22 to insure that the syringe 28 does not pul

any of thgﬁd' t e 0l ood or infusion solution fromw thin the chanber. 15
Such cl os L b elimnate the problem of needle sticks, and reduce the
nunber of injections into the patient tgqpe for the initial cannula

i ntroducfign. The pregess still requi(5’=§§“:A anded operatiog, on the

pi st on/ ed¥afrber—deyte 20~ _f ol | owed by\\-- two:$>wded ofgzgg;o f the
syringe 28 to op(ai n_tfigs sanpl e of bl ood { oned” abd¥e’ "Dl ood sanpl es
can al so he®rakeg TT7onfdat heter |ines 20 itoring blood

The cl osepxsVsit e
fuz%%? i ne conleot
. S presjsure fing

pressure.
in the i

pressur ra| atilvely stiff tubing
primed with a suitdgble | solution as a
pressurg.,col unn. Fg aquts ounds an |V
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i ne constantly urging f é& rictor
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prevent clotting. The transducer includes a di aphragm exposed to the
pressure colwgwgpgaspne si de and having a device for measuring_defl|ection of
t he di aphragm on the other. Sone transducers such as the Tru 060

Di sposabl e Pressure Transducer avail able from Baxter Heal thcare of Irvine
California include a flush 5 device that al so can be used for sending
transi ent pressure mqygf t hroygh the line. A Snap-Tab[err] device of the
TruWave is a rubber tf #bPed and then rel eased sends a square
wave t hrough the preﬁéage .f? an be used to check the inherent
frequency response o RE e éﬁf whi ch i ncludes the tubing and any
conponent s attached ZA# ;éﬁ NS éUEEnpling ports and 10 tenporary
7 ; gquency response i s necessary for

R ther CIEYGfEﬁg system
E—tarel di scl os€d¥i b MPat ent No.
\-en‘?g Figures 2A and 2B. This system
ﬁ ugh a conduit 36 to a 15 variable

reliable bl ood
manuf act ure

5, 324, 266 ﬁ%ﬁg
i ncl udes a fl NAP-s4t

fl ow control device A5 38. The flush valve is connected to the
proxi mal end of a fl Ui mechani sm 40 having a piston 42 therein
with a hollow interior 44. |nfusi ui d Xé?n1the supply 34 drips through
t he hol | ow i npg#0Or nd through [a "1 nducer el enent 48 out of the
storage nechani sm 4%- i lwigd conti nues through the line 36 past
a shut-off valve 50, a |} port 52 and finally through a sharpened
cannul a 54 whi ch reviously beeh inplanted in the patient. Wen a
sanpl e of bl ood ( requ user, i a lock cap 56 and squeezes the
two sides, releasing it{fromaflanffe 58. As the cap 56
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. 1s wthdrawn,
mechani sm 40 pul I'i ng bl ood and resi dual
i nto a chani 99818354 gure 25

2B).

At this point,

the piston 42 creates a vacuumw thin the fluid storage
infusion fluid fromthe patient

t he shut - BET/US/2PB6050 | s

cl osed, and a blunt-tipped cannula is used for pulling a sanple of bl ood

froma sanpling port 52. Although the device in

pur portedly ea7r7r 0
filling chanbe GJZ?

than the Gordon de

ion, a two-handed

5 the Anbrisco pat ent

\FJQeJ& pul

is

its concentric

fluid within -

t he chanber 60 and a two-handed operation to draw bl ood fromthe sanpling

port 52 are

i34 required.

5

In view of the foregmlxz¢there is a

need for S|an|f|ed bl ood sanplipggsystem and net hod. nmmary of the
Invention‘ re—present—nvent i on provi de +eferred—fHtt-e—ganpl i ng system
10 conpryiding a conduit fyne with vrl_porii on |adapt
supplied ilth a fl ui/@%redd di st al dapt e¢—tTjbe in ation
with a fl pd emrof—afjgti ent. A reservdi 1 a variable
vol ume chiiber " incl udes affi nl et port open t he proxi mal rtion of the
conduit | e and an outl ef/port open to thg,fdistal portion t he conduit
line. A ppgton is noveabl &wthin the chanmdgr to vary 1 5 he chamnber
volunme. Thg reservoir asseffb has a first ir of pressingpsurface
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facing away from one.another and adapted to displace the piston with
respect to tkwoehgsdyer to increase.the volunme within the chanber, and a
second pair of pressing surfaces facing away from one anothergﬁﬁp%ﬁ@wvgd
to displace the piston with respect to the chanber to decrease the vol une
Wi thin the chanber, wherein fluid 20 may be drawn into .the chanber and
expel l ed therefrom upon actuation of the first and secerd ir of pressing
surfaces, respectively. The reservoir assenbly nay 3
device and include a bracket for nounting the assf
support, the syringe-like device being attached t

ti:?Sf'o br acket ,

wherein one of the first pair of pressing surface \Q\;gyécket The
reservoir 25 assenbly may i ncl b defi nig er within and
a plunger assenbly conprising th (g0 a firsSNggel g pl unger on a
second end extendi ng 6 outside of the bo Y, mhere§§ ' S?Dngefgﬁbfines
the other of the first pair of pressing surfaces for pegpting with the

one on the bracket. The plunger preferably defines gag d pair
of pressing surfaces, and the body inﬁb?des a geng outwardly
ext endi ng nmenber which defines the other, 5 of t he pressi ng
surfaces for cooperating with the one on e plu i nvention
al so provides a preferred nmethod of sanpling™Nl u voi r

assenbly and a sanpling port located in a |line attag




catheter in communication with a fluid systemof a paticent. The nethod -~
conprises squeezing a first pair of pressing surfaces on the reservo e
assenbly, twe9$163s4 pair of 10 pressing surfaces facing |r?(3'ﬂf§? /2008
directions, so as to displace a piston within a variable volunme chanber
defined within the reservoir assenbly and withdraw a fluid fromthe patient

past the sanplin or into the . id i anpl ed om t he
sanpl i ng port, second pajr of g?gnb g (%?opposite
directions on the ervgi f assenbly are 2 s\ ace a piston 15

ye chanber past

nmbly may i ncl ude

wi thin he vari abl e Dol ummg chanber and i
the sanpling port d:t%i the patient.

(o)

a syringe- like deyi vf ng an axi s why e first or second
pai r of/@fessing syrfaces displaces the py a3 o respectively

i ncrease oﬁ’z&zase b chanbe m kd ( #Ssenbly may include
the syringe-1li dqvi ang ZOF Q nount g the assenbly to an

external support, With {he|lsyringe-like device alTached tggighe nounting
bracket, whergrm ornje_o¢f |[the first pair of preSS|ng gces is on the
bracket. The nountifngibfacket may hasg afre 2oy ian and the

syringe-like devicsg haye a body deX i & , Mthin, with the
body being rec8ded in {he di ni ng p f from axi al novenent
with 25  respegt theqebo. In prefe Sbly is
provi ded conprifing the|pi stoMon a f unger on a . second end
ext endi ng outsi gle df tthe bepdy, 7L 106 '
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7 wherein the plunger defines the other of the first pair of pressing
surfaces forwooomesati ng with the one on the nounting bracket

Additionally, the plunger may define one of the second pair o?CB’Pé%sé%"R&"
surf.aces, and the body may include a generally radially outwardly extending
menber which defi nes(b‘he other of the 5 second pair of pressing surfaces

for coopeF gg vlq e one on e plunger. th ferred
enbodi nmen I r‘es for :-us #1 a fluid saglag)_ sgm_i s provides. The
r body, defining a chanber within; a piston

reservoir corrpr?iés: a reserv
havi ng a pi ste | he cha and di spl aceablﬁdvi t A2« t he body
3 ' [ /& ung of the

), inlet to
O\ por ! E'i’ng bet n
and an oyt | , \r .:///m e volune cha ,

—Sm——




piston into a first position wthin the variable volune chanber wth the

pi ston wall adjacent the inlet and outlet ports, and naintainiq% a ﬂ?aénun1
gap bet weenWon/1635t on wal | and the chanber when the piston PET YR 1 st

position with structure 25 on either the chanber or the piston, the gap
defining a volune to which the inlet and outlet ports comunicate and all ow

fluid to flow fromthe proximal portion of 8 tubing to the distal
porti o?fUlGJV I n anot her preferred enbodi nent, a reservoir for use in
a fluidls |o stemis provided. The reservoir conprises a reservoir
body defining a variable volune chanber within, the body having a
peri pher al mwall. A5 fluid inl ds
per pendi cul ar bgizom wal | of the body s to the .
chanmber. A fluid I t_al so opens to the chanb '%n is -
di spl aceable w t t bod oma first position ad ¢ 12d t om wal |
to a second posi N /@& ther away fromthe bog “]-to yncrease
the vol w2 of T-he—p-i-f-fon has a press icRise
spaced f | 0 forma narrow er when the
pi st on &4 , With the fluid i It‘ujorts
bei ng open t flal |y, a}seal surro _ ace and
provi des a f|fdi egl bet wegn the piston agalns heral wal |
of the chanbef. ' b N ;ri ng the chanber throug hN jrt
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when the piston is in the first position is directed generally in a 360
sheet acro e bottomwall and-toward the peripheral

chanber . Fﬁ??#g?ﬁégjects and advant ages of the present inveﬁ?#t%ggﬁgﬁﬁ)
beconme apparent to those skilled in the art upon readi ng and under st andi ng
the follow ng detail ed description of a presently preferred enbodi nent of
the invention. 20 Brief Description of the Drawings. Figure 1 is a
schemati c di agram of a bl ood sanpling systemof the prior art; Figures 2A
and 2B are schematic cross-sectional views of another prior art bl ood
sanpling system Figure 3 is a schematic diagramof a blood sanpling system
of the present 25 invention incorporating an inproved bl ood sanpling
reservoir; Figures 4 and are front and rear perspective views of the

bl ood sanpli ng 9 reserwdir used in the systemof Figure 3; Figure 6a is
a side el evation vi ew QNI Treiva_body of reservoir_of Figures 4 and 5;

Fi gures 6b and ara t g bot™N D phan oN t he xeserwWir i n body;
5 Fi gur als g e t he resexvoir n body
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Figure 7b is a cross-sectional view of the reservoir main body taken al ong
line 7b-7b of Figure 6¢; Figures 8a and 8b are top and botton1$er§ﬂ§ﬁ&;ve
vi ews of a maesyess410 assenbly of the reservoir of Fi gurespﬁ 8

Figures 9a and 9b are front and side el evational views of a plunger
conponent of the reservoir of Figures 4 and 5; Figures 9c is a top plan
view of the plunger; Figures 9d is a cross-sectional view of the plunger
along line 9d-9d of 15 Figure 9a; Figures 10a and 10b are top and bottom

perspective views of a ca nponent of the reserng of Figures 4 and 5;
Figures 1l1a and 1 nd botton1perspﬁshs_ :k?ﬁ of a piston
conponent of the re o f Figures 4 and 5; Fi gures 12a and
12b are side and fr ss-sectional views of hssenbl ed reservoir of
Fi gure o] unger assenbly fullh\\ Jed within the main
body; m@?gd]s argegArtion of the \\ oir wwthin the circle
12c-12c of Figure 12 Figure 12d i s X | arged portion of the
reservoir within theRoNI e 12d-12d of Figure 1R T T '
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10 Figures 13a and 13b are side and front cross-sectional views of the
assenbled re how ng the plunger assenbly fully retract b M he
mai n body; Fﬁgepgh%ﬁfls a schematic cross-sectional view of a ggﬁ%%%%%ﬁa}
reservoir simlar 5 to that shown in Figures 4 and 5 with an adjustabl e

pi ston spring |oad; Figure 15 is perspective view of an alternative bl ood
sanpl i ng reservoiéigizéﬁggpresent invention; and Figures 16a, 16b and 16c
are cross-section £ewWs of a bl ood sajg_lng reservoir simlar to that

shown in Figure 15 I0_Description of red Enbodi nents The
pr esent inven%iuu COPPrsSes—am i nproved, one handed bl ood sanpling

system especi ally usefull for {he operating roon1or critical care unit
(CCU). This sy$tem provildes flexibility in allowi ng a bl ood w'thdrawal
reservoir to mounf ed{to a pfacketggg renoved fromthe bracket, and the
operation of flhe yén regervoi fpraguires mnimal effort. In one form. the

reservoir for b Jgpalt f a pfpssure nonitoring system and includes a
consistently ¢pén channgl for|flow 2¢#* ethrough to flush surfaces in
contact with blfood. nl et _phd out | et port to the reservoir further
i nsures good fllfushin f'ﬁ7ﬂ52:1annel t her et hrough. 1 n anot her advant ageous
feature, the bllood i ng sybtem enabl es adjustnent of the 20 frequency
response of the prfes coluph to gcgyyde cl earer and nore accurate
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readings froma pressure nonitoring transducer within the system These and
ot her advantages will be apparent fromthe detail ed description bel ow

Sanmpl i ng S W6¥4gure 3 schematically illustrates a bl ood BENYSPIRPON st em
70 of the present 25 invention. System 70 conprises a distal end 72
termnating.in a male luer connector 76 for attaching to a fenmale |uer
connector (not shown) of an injection 11 site, or other conduit |eading
to theé??i t. Afirst tubing Ii ng,}4 ext ends between the distal end 72
and a - Wa

. The.syopcock 78 is preferable rigidly attached
to the botto qf ese%Af ond tubing line 82 extends from
r |
n 6 0

the res | in p oxi mal termnates in a femal e | uer
connector 5 B/ RPjoxi e the bl ood sanpling system 70. The
reser voi rz effolfafy ed to a bracket 87 whﬁcnlér may be
secured to a et | pole s rt with the resefvdi™? rtical
ori ent at4-on. rep|t d abope~ e bl ood sanplingfstem 70 preferably
forns agport/ ¢flla sur RtI ng syst gni—and t rggf emal e | uer
conne 10 a T-jungtiony88 ‘\- in turn has one port
conne edqsivr ansducer, 90, NISYNTFRNTY NWave[err] Di sposabl e
Pressuke Tra gey| p abl e frod/#axt e} cae of Irvine California.
A suppl J767 f h Ho on t sho i b
ppl Y. £99 g | J2o
Joz
308
Joz

FIG.I6c




connected to a flush port 92 of the transducer 90. In additi f’tf"’iit“,‘ I nf usi on

fluid suppl y?(ﬁ: shown) Wwb@éﬁg{% Q%Qophﬂv%ﬂmlrﬁ tion wi g '

port 94 of 1 e T-junction atipndesar e transducer 90
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(54) Title: CLOSED, ONE-HANDED BLOOD SAMPLING SYSTEM

(57) Abstract

A one-handed blood sampling reservoir (80) for an infusion line (74, 82) having a configuration which atlows fluid to be drawn into
the reservoir and then returned to the patient. Both drawing and retummg steps are performed by squeezing two of a plurality of finger
gnps (180, 274, 126, 180) provided on the reservoir (80). The reservonr may include a bracket (87) which enables one-handed operanon
in either a hand-held or a pole-mounted conﬁguranon In the altc}'natlve the reservoir and finger grips may be formed by telescoped inner
(322) and outer housings (306) without a bracket. The reservoir, desirably includes a syrmge—llke body forming a chamber (102) and a
plunger/piston assembly (104) reciprocal therein to vary the vohlme of the chamber. A narrow gap (G) is provided in the chamber open to
both inlet and outlet ports when the piston is fully seated to ensure a consistent and minimum flush volume in the chamber. The reservoir is
preferably placed within an infusion line having a pressure transd\lcer {90) therein, and a spring-loaded piston (110, 114) may be adjustable
to vary the dynamic response of the fluid pressure system. '




5 syringe-type variable volume chanber for withdrawing fluid fromthe
distal end 72 of the system 70. In addition, the reservoir 80 includes a
const ant |y wuoesy/iisdsaw channel for passage of flushing fluid fPraQWVE$98/20060
proximal end 86 to the distal end 72. Fipally, the reservoir 80 has the
capacity to reinfuse blood and other fl utds drawn into the reservoir during
the sanpling operation, thus elimnating a waste vol une. 10 The entire
sanpling system 70 §,A$wB. € i .00 KAM HUMESTERMIN i Ng a pure
sanpl e of bl ood at e si In the system 70 and
Is reinfused into the patient. It wll be understood by those of skill in

the art that the syringe-type enbgdi 0 shown in Figures 4-5is only
exenpl ary and ot her configurationM&@E@?&nﬁ%ed to adequately perform
the inventive funedy fs ; ' : i Iy %ﬁ{&!@ t he
reservoir 300 shomestr\hb?bﬁlr&lglﬁ{g}ﬂ?eszg??gﬂg%fsﬁpé%%%:s%ﬁtaﬁﬁk?ch does’ not

i ncl ude assepéacRbtdontiended blbod samplingsydethsand madthais of nse.short , t he
presently preferred enbodi nent of Figures 4-5 should be consi dered

exenpl ary and not necessarily limting. Plunger Assenbly 20 As seen
In cross-section in Figures 7a %%@&&?@ir 80 conprises an outer
body 100 defining an inner cyli whi ch recei ves a pl unger
assenbly 104. Wt Nnhafospiedd §&tih@ thekdlid abSaydaheietd36 monlter pitienghealthssenbl y 104
conprises, fromtop to bottom a plunger 106, a cap 108 adapted to attach

to an open uppwmghthe eyaluation efklnpdchentistry profile; t Bae simplestmethad seployed>. The

reservoir, 80 ,2 | S neral ly el.ongated al gng an,axi s ich will . b
descri bed % ormglf‘? %%Pg? ilf‘)f? ‘bﬁﬁﬁﬁéﬁ?ﬂ%ﬂqm? pharpengd FW%@&S e%gn%ﬁﬁglﬁ upper
end thereof. ¢ ddffula HIWBVRIN orlaltry to extract a blood sample from the patient.

Patients that are in the critical care units or operating room sometimes require as

many as twelve samples a day. Such frequent sampling injections potentially
expose the patient to airborne bacteria and viruses which can enter the bloodstream

15  through the opening made by the sharpened cannula. Furthermore, accidental
needle sticks of the nurse or technician frequently occur. The problem of infection,
accidental needle sticks and ubiquitous danger of contracting viruses such as HIV
or hepatitis has prompted the medical field to adopt alternative blood sampling
systems.

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



13 ‘reservoir 80 will often be inverted, as descri bed bel ow. The reservoir

body 100, plunger 106, cap 108 and piston 110 are preferdbly nbl ded

bi oconpat.i bl WOP8/16354r bonat e parts, while the seal 112 is prefrrrbog 20060
silicone elastomer. O her nmaterials may be suitable, however. 5 The
assenbl ed plunger assenbly 104 reciprocates vertically withi'n the chanber
102 and the seal 112 is sized to provide a fluid-tight, displaceable gasket

or wi per at £.0 p bl Sl L Lef ere to
Figure 12a, P [“Jf%g“’g%‘ﬁ‘ 0 é'rﬁé’ssaslgﬁ% %Hﬁgag%@éﬁﬁpé%ég&aﬁo\%r I n‘{:]a%ﬁ{ér‘ 0 %ced in
conpr essi on chRHAE ByrinkR dehhktfsd to 4@emavdl pbRdomiedtin Bnd dftheatipcackeont ami nat i on

shield 116 surrounding a 10 -~ mmjor portion of the plunger assenbly 104.
These conpoftoweyetistiopcasks instease eantaminatioreandaiskpfinfe¢tionaingvincregsedhe/oi r  Body

Cy! i nr i cal Ol ey JEeSgRith t chlos SH6 TR Bl BE MR VTS ML ¢ e ki ng

15 i ndi gat ishgnanedWattifia Rircdd thiotighiah BlaStoefic S PFovi@A inlaporfinthé espect ,
the body 100 includes a circular, planar bottomwall 122 and an upper nouth
124 (whi ch stepeockdwusing. Bapetitiys picrging of theséptumaatsuchi inyection sifgsveselas| ot s 125

f f th 100 f ur i h 1 h
o O et Do o8, O D00Y, 00 SR il it he

effective life of the injection site. Furthermore, such an apparatus failed to |

eliminate the danggr of the nurse or cliniciaﬁ being stuck by the sharpened cannula.
10 The next development in sampling systems was to use blunt cannula and slit
septums. Although the blunt cénnulé removed the danger of sticking the nurse or
clinician, the possibility of infectioq by blood borne pathogens reinéined_since the
blood at the sampling site and in the syringe was typically under artérial or venous
pressure, and in extreme éases could caﬁse a fine spfay.of blood to contact the user.
15 ‘Most early systems also required a two-step operation where a first sample
of fluid, generally about 5ml in volume for intensive care environments was
withdrawn into the sémpling syringe and discarded. This first sample potentially
included some of the infusion fluid and thus would be an unreliable blood
chemistry measurement sample. After the initial sample had been discharged, the
20  second sample was pure blood from the aftery or vein. Aside from the unnecessary
loss of blood, the two-sample process potentially introduced undesirable effects
relating to such problems as introduction of air into the arterial line and
introduction of contaminants into the blood supply. The two-step process also
requires substantial effort on the part of the nurses or other clinicians who must

25  draw the blood sample.



extending finger_grips or wings 126 is provided proximate the open nouth
124. 20 AdRic d |y, the body 100 includes a pair of exteri 7
posi ti oned oﬂkﬁgﬁﬁﬁ%ides of each slot 125, for interacting w&gﬁﬁpkgggwééket
87. I n one enbodinment, the body 100 conpri ses a constant dianeter cylinder
fromthe bottomwall 122 to the open nouth 124 having an inner dianeter of
approximately .75 inch (1.90 cm and a height of approximtely 3 inches
(7.6 cn). |In thi dneespomserte the, drawbacks assoeiatetiogitlpéarlierrrampling sysiems,suf f i ci ent -

to wthdraw at | east 12cc of flujd, whigch js. typically sufficient, for
operating rmgmﬁﬂeﬁﬂ%gﬂﬂyd’i% ¢ Pdé¥f§BlGT ﬁ’r@%‘fesl,n Iﬁ.ﬁei’atentm
reservoir 8 QY : ' j ; i | ude a
smal | er dr a\%I @%@%ﬁg%ﬁwﬂ%ﬁgﬁ g:%’) ﬁ{%ﬁ?@kdg‘%ﬁﬁﬁgﬂ&)@ 00 are
provi ded fl uind coftiptibesaisistonichanbgrdevice 20 posidonddbinianinfisidn lime vpestanseen in

Figures 6b and 7a. Mre 5 articularly, looking into the to f .t he
chanber $02 ofi smyhn&p%,ﬂaﬂ'ﬁ? mhwqr%/ 2Zmcluges g sliksgptym g‘h‘“&g@’?‘f‘ﬁﬂ'ae in the

bottomwal | ,122 at cat ' t : i phery
and center dufanadacfAl R BRRH B R phRGTE, TR, INREH,

di aneter as ke 86Vicd 2008 rétrab th puR TR H6M the patieibtowvakdicth Sniddupply of
chanber 102. As used herein, the terminlet refers to the direction fluid
f1 ows from 14nd stere stin thechambet. UEtougbifluid isrwithsrawve inte theeabambpito null &y | | be

under st ood bﬁ/urte gﬁ)%ﬁ sgrfyplfr lE)Iaslt Itheg snampling port 22 so that a syringe 28 can withdraw a

10 usable sample of blood through the blunt cannula 26. In some systems which make
use of the Gordon device, such as the Edwards Critical-Care Venous Arterial Blood
Management Protection System (VAMP™), a shut-off valve is positioned between
the piston/chamber device 20 and sampling port 22 to insure that the syringe 28
does not pull any of the dilute blood or infusion solution from within the chamber.

15  Such closed systems eliminate the problem of needle sticks, and reduce the number
of injections into the patient to one for the initial cannula introduction. The process
still requires a two-handed operation on the piston/chamber device 20, followed by
the two-handed operation of the syringe 28 to obtain the sample of blood.

As méntioned above, blood samples can also be taken from catheter lines

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



the art that in the sanpling operation fluid actually flows in through the
outlet port 132. The outlet port 132 opens to a tubing |Umen 134 defined
within ari ng)??{/‘P?ﬁ‘fder 136. Likew se, the inlet port 130 opePETASISRODENEN
138 defined by a rigid cylinder 140. The cylinders 136 and 140 depend
downwardly fromthe bottomwall 15 129 approxi mately the sane di stance
and are connected by a web 142. The web 142 reinforces the cylinders 136 .

and 140 to | %lﬁ&%% g@s a first
di anmeter an opens,l()t{i‘iglgaq‘ﬁE%Qlll dlatéﬁ?re ﬁmg‘fpg‘%?%?“gg’%t% . %é‘%?dﬂrren 138

| eadi ng to tchlmmérednegsidd aniHaving aatelvmatfadnmuﬁmgldeﬂmham bf/theididphragapect to
the bottomwal ] 122 ‘to enhance a-reservoi.r- flushi ng operati on described

bel ow. 20 onthe othem, Sometmnsdugers gl a3 the Txwayel) Disposable Pressutspl 6 of t he
st opcock Va'fc’rgxrsﬁﬁ%,sﬁ% ie%(ﬁh%ﬁe?{l%@lﬂ'gzq?e ng&égéﬁﬁ%nﬂén‘éﬁxdgéﬂ%}?' cal by

conprises a i;cal makn ousrng w n which a-

st opcock 5valgégics Bt hleb BirEbe used mmnmgmexﬁ@mahmws fafouphahelige, saddl e
154 shaped to receive the ¢ylindrical main body 150 of the stopcock val ve

78 i's rigi dl4 Snap-Beb¥devioe ofithe/Towlavelids mmbtbnetahmwhenlmledlaed theibl y, the
PR O R3O B Bkl PSR A e s 14
o st e ki 31
130 recei vedubihg and any components attached thereto, such as the sampling ports and g
10  temporary fluid storage devices. Proper system frequency response is necessary for
- reliable blood pressure measurements.
Another closed sampling system manufactured by Abbott Laboratories, and
disclosed in U.S. Patent No. 5,324,266 to Ambrisco, et al., is seen in Figures 2A
aﬁd 2B. This system Ii_ﬁdudes a fluid supply 34 connected through a conduit 36 to a
15  variable flow control device and flush valve 38. The flush valve is connected to the
prbximal end of a fluid storage mechanism 40 having a piston 42 therein with a
hollow interior 4. Infusion fluid from the supply 34 drips through the hollow
interior 44 and through a vortex inducer element 48 out of the storage mechanism
40. The infusion fluid continues through the line 36 past a shut-off valve 50, a
20  sampling port 52 and finally through a sharpened cannula 54 which has previously
been implanted in the patient. When a sample of blood is required, the user grips a
lock cap 56 and squeezes the two sides, releasing it from a flange 58. As the cap 56
is withdrawn, the pisfbn 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 salfiple of blood from a sampling port 52. Although the device in



second tubing line 82., The tubing lines 74 and 82 can be glued in place for
security. Swooonesss The bottomwall 122 further includes one oL, 0Bl 060
upst andi ng protrusions or bunps 158a, 158b, and 158c extending 1'nto t%e
chamber 102 which interact with the pigton 110 to space it fromthe bottom
wal |, as will be explained below, and ensure a consistent and mininmal flush
volunme in the reservoir 80. There are desirably at |east three bunps

158a, b, ¢ evihelAmisjiseo pdtentis purpertedlycasieniogise tandbe Gordonglevigabegause pf cent er
in the bottomwall 122 toward the outlet port. 132. The.cicl bqut whi ch
the bunps 1¥%BeANCENtHe ﬁﬂ%%eﬁ' %"‘@%‘a"@é‘&n’f BvA-handed pperation {0 ‘ﬁ'f ﬁ’f‘ﬁe chamber
102 to |eavgy OlRsh d RENbRBREA oplefifidn 16 Gra% 1668 B et he bunps. A
first bunp %@%#‘g pre‘#éé:‘ég%ﬁy | ocat e 'a° | acelrllt ar?d radially inward fromthe
out | et port sahgplingwort 32 drbstilbtdyaired.wo bunps 158b, 158c are | ocated
approximately 120 15 about the circle fr the fjrs ag‘g on both sides of
the inl €l port 1§ov1ewmf§h%ﬂ%r%&9§tsn€wfelﬁmwg agimp léﬁffjble SEPRIME, (he

pi ston 110 L 0k 10 obstruction to flushing fluid flow. Preferably,
t he bunps a?@%ﬂlﬁ%@gﬁﬁﬁ' cross-section, although other shapes may be

substituted. Mreover, and as will be clear belowin the description of the
reservoir operation, a single bunp may suffice for the spacing 20
pur pose. Plunger Figures 8a anchuginaidentnctingentioinger assenbly 104 i ncl udi ng

th | 106 ich ' | tail in Fi 9a-d,
ol ati vely thin, 1B GkseRanreshen prdinet drir eAes At eemRliog SR E a1 2t op
plate 163 WeeRBrisiRg 8 cofdifif feOwiiPh PFoximal 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 includes 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 is moveable within the chamber to vary
15 - the chamber volume. The reservoir assembly has a first pair of pressing surface
facing away from one another and adapted to displace the piston with respect to the
chamber to increase the volume within the chamber, and a second pair of pressing
surfaces facing away from one another and adapted to displace the piston with
respect to the chamber to decrease the volurme within the chamber, wherein 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



- 25 a thunb rest 164, and at a lower end in a push rod 168. The stem 160
is preferably forned as a cross-shape in horizontal section (Figure 9d)
with four radYQI¥VI3Hi rect ed 16 wal | s 166a-d, although ot hePcT/US98/20060
configurations may be utilized. The cross-shape is preferred for preventing
rotation of the plunger 106 in a sinmlaély shaped aperture 170 (Figure 10a)
in the cap 108, and also to provide for a nunber of separate cantil evered

fingers forngg:k Q. e o | ' I Qation 5
w th ot her omadoigusly, BRefiphe bifeb UimbPie byl Be bTarEBaBNE L 00 ° 0o
For exanpl e,préssivigisatfaces forrwpopeping wihl tiforiclon the bragiest. Thépluager wal | 166a of

t he cross-shaped_ stem 160 Conﬁ)r__i ses_a plunger rel ease lever 172 defining a
gap 174 wi t Iprefeeabhpdedingnene offthe speond paiy afguessing surfgess; andthapbpdy t he pl unger

rel ease lever ;172 e n ; r gl m.a-fir ' | L xi mately
1 inch (2.5 ‘Bﬂ}‘xef(?- ge%%’éﬁ%ﬁ%%%“ﬁ%@’é%&%m%’hg‘!’r%élégéh‘ﬂe&%e?&%‘g
continues URFIdscome HiPGRdsingJREhRS forudospérdiing With Md diR onal@pliingér. por:ti on
of the stem 160, thusﬁ%ef_i'n-i'n.ggt he gap 174. At gan ‘upper_end, Fhe_gl ever 172
defines an out warthepresentinviéntign plsampyevidesra prefsrred swthed; efsampling fuidral i ty of
traction nubs.182. Just be e tragtion Pubs 1 184 facing

outwar iy 1 PSR eSSy o0 3 supP PR FERE0 F ALRACEERFRA 15 | over
detent 186. chiiftdrfh EanBuhieMfn wifita HORIsyS@RAL dMURTeAO TheGhéhdd Simprii@s det ent
186 in a substantially constant line until joining with the main verti cal
profile of tsqeeezing a first pair of pressing surfaces on the reservoir assembly, the first pair of
10  pressing surfaces facing in opposite directions, so as to displace a piston within a
variable volume chamber defined within the reservoir assembly and withdraw a
fluid from the patient past the sampling port and into the chamber. Fluid is
sampled from the sampling port, and a second pair of pressing surfaces facing in
opposite directions on the reservoir assembly are squeezed to displace a piston
15  within he variable volume chamber and infuse fluid from the chamber past the
' 'sampling port and into the patient. The reservoir assembly may include a syringe-
like device having an axis wherein squeezing the first or second pair of pressing
surfaces diéplaces the piston axially to respectively increase or decrease the
chamber volume. The reservoir assembly may include the syringe-like device and
20  abracket for mounting the assémbiy to an external support, with the syringe-like
device attached to the mounting bracket, wherein one of the first pair of pressing
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,



stem 160. The plunger ,rel ease |lever 172 i.s .provided on one of the four

wal |l s 166 of s-shaped stem 160, and preferably conplinents a .
canti | everedvid]eﬁg?:?ison 20 stop 188 forned on the sane wall . PGH{H8/20¢60
skill in the art will r-ecognize that thg retraction stop 188 nay be forned
on one of the other walls, or nore than ‘one wall. The retraction stop 188
begins at a point approximately 2 inches (5.1 cm below the top plate 162"
and cont i nuesheteinrtheyplingeridetines the othet of the firstgatriof grassidg werfapsesdorf r om t he
main portion of the stem 160 across a .gap 190. The, oufer_ edge of the 25
retracti on staoperatingwithdheeneon be mauating hrpckein Widditionally, the phmger Bavi ni ng
portion of t t , I.nc| . t I ' | oth 192 at
t he | ower en%b.%n% 0%?9}@[%58 F @qglglﬂgvﬂv%tfﬁg&%gg ?‘é@%e%’\ﬁahgtt%epgw&ﬁ %ain%%dtre%of pi ston
| at ches 194 generdligradisily suteaiidy extendiBg hienfber whith@efifiés thb afifes oftiem 160. The
pi ston | atches 194 again conprise cantilevered fingers dependi ng downwardly
f r om t he Swal sesonrdppir ef pressing surfaces forcooperatipg wathi theonmemthe pddngerr ef er abl y,

t he barbs 196 h 5 | ed f | th di cul
e 8 A b P
ext ensi ons O:f,ysféﬁ?is?ﬁmaésn g‘ﬁé@kﬂe?vollﬁéﬂnprlﬂséﬁ Ca fkserlvb® befe*]l g e ﬁp]llﬁh % BicRgmbbe

cross-shaped 'stem 160, and nore particularly one o ston | atches
conpri ses a withinge piston lavingeepisteh iwallsBeing thel adinber dnidadigplacegble widiin tiwe

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 cither 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



| ever 172 and retraction stop 188. The plunger 106 continues downward from
the 10 piston latches 194 in the two opposing walls perpendicalar to the
pi ston | at ch¥998635¢0 terninate in | ower corners 200. A pair rfT/ussseeosol y
projection flanges 202 are provided at the |level of the corners 200 and in
the same plane as the walls 166a,c in M# ch the piston |atches 194 are
formed. Finally, the plunger 106 continues downward fromthe flanges 202 in

t he cent ereglbﬂfgs‘tta g%é)glgé?g"rggﬂgﬁ‘f“ﬁﬂ‘%“ ons. of-the 15.. varioug el ements of
Scri:bed belo C

t he plunger W SCY 1 in conjunction with the other
conponents of t hin &R#fE peiférrédlembddemedt, 4 Reer0bin €dr 136 TP AGIE fanpling he  pl unger
assenbly 104, seen.in detail in Figures 10a and 10b, conprises the cap 108
for attachi yptaneisprevided nThaxgssvaipgoraprises a resqevoiydwyly defininglacevasiable 108 _
conprises a_circular.taop.wal 10 having an.integrally.formed dopwn tube 212
dependi ng t & r?&}ﬁ?"?ﬁ@’“&ﬁ‘hﬁﬁ%‘&ﬁ%_ W@@%ngﬁégkea?’g%ﬁ‘g n by an
out war dl y exLRIiHieRPor? ExteRdsHetindicalarts HroudH e B8RO iwiIEcZhe be@iddrues and
termnates 1n an outwardly “projecting circular rib 216. A pair of

di anet ri cal byemspp teatiambek A fuidgedlePiidt alzd epmbs tothewwhandbén dhpistdndser edge of

the 25 top wal 0..The lock flanges 218 conprise-cgantilevered fingers
which term Hﬁ?@%ﬁ%}t‘o‘ﬁvbﬁﬁmﬁ&r Ra ﬁrﬂgowee@é@a%zéﬁwiw#ﬁ@w 2 cam

surfaces 22 1 ggggﬂm NRfn - eq ; ; e 170 is
formed in agercgﬁg g?im%%r%gplag%@f 24 4 &{e%&()ﬁl WF&Q&’&E&Q& @&ﬁﬁ{e%rf : :
the chamber. The piston has a pressure surface which is spaced from the bottom

10  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. Finaily, a seal surrounds the
pressure surface and prqy_ides a ﬂuid—ti'g_ht seal Betiaveén'th:c_e pist_dn against the
peripheral wall of the chambef. Fluid _enterihg fhé chamber thio'ugh the inlet port
when the piston is in the first position is directed générall& in a 360° sheet across

15  the bottom wall and toward the peripheral wall of the chamber.

Further objects and advantages of the present invention shall become
apparent to those skilled in the art upon réaciing and understanding the following

detailed description of a presently preferred embodiment of the invention.

20  Brief Description of the Drawings.
Figure 1 is a schematic diagram of a blood sampling system of the prior art;
Figures 2A and 2B are schematic cross-sectional views of another prior art
blood sampling system;
Figure 3isa schematic diagram of a blood sampling system of the present
25 invention incorporating an iniprdved blood sampling reservoir;

“Figures 4 and 5 are front and rear perspective. views of the blood sampling



of the top wall 210. The undersurface of the raised portion 224 at its
intersectio ! he outwardnost portions of the cross-shap

aperture 1737?8\3%&)4}?%% a slightly undercut | ock rim 226. The F%E’EE%G@ZG
is adapted to mate with both the 5 plginger release |lever 172, and the
retraction stop 188, as will be described further below Piston The piston
110 is seen in detail in Figures 1la and 11b and conprises a tubul ar body
230 ext endi fgervpivaset forthesystemh afBigprecd;r cul ar bottom wal | 232. The 10

entire piston is_about .86 inch (2.18 cm_ in axi i ght. The_l owner
surface of the bglg‘-‘&?ﬁ%\?&lais‘%ée‘iag‘° ]Ié(ff'éfY-%‘W‘amerr}iﬂ‘l‘g" SRR s the bunps
158 proj ect Eng%rc%p dds.fromthe reservoir bottomwall 122. The function of
the bunps 1 5 0 space the piston 110 fromthe bottomwall, and in this
regard, those of Fgtirtd 65 andifeearetop ant bbitoraglanviews biithie reservaifmmaim iodynat i ve,
bunmps may be forned on the bottom face 15 of the pi,ston 110 rather than
on the r&servoi r Fignre daisgegrpssisgetionah viswnfithereseryor aain padywtakemalons
configuratiqns ma]ﬁ 2?'SUb tituted, such as a convex or hem spherical piston
bot t om wal | B8F2/RELFIEWTRY with a concave or heni spherical bottom wal |

122. The bott om Wabire 282 PErGbLEcciionAicW dHthe réseivoitiniaih body taken lobgl ar body
230 20 and definés a |lower wall 236 of a groove 238, which is conpl eted

by an upper limel7b-4¢f Figire 6gy oove 23 8 receives the annular seal 1 12. An
upper portion of the tuybul bo 2 is interrupted by.a pair of

di ametrical |y oppd8¥8s #%f’gﬁgbaﬁg%lﬁrégmitﬁ?peﬁ?@"ﬁ‘%ﬂ?ﬁwﬁég? Pﬁﬂnggr 242 are
si zed tqor ecRignfhry BEtHRAERIVIOF FburkdSaiid St ON | atches 194. In

Figures 9a and 9b are front and side elevational views of a plunger

component of the reservoir of Figures 4 and 5;
Figures 9c is a top plan view of the plunger;.
Figures 9d is a cross-sectional view of the plunger along line 9d-9d of

15  Figure 9a;

Figures 10a and 10b are top and bottom perspective views of a cap
component of the reservoir of Figures 4 and 5;

Figures 11a and 11b are top and bottom perspective views of a piston
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 12¢c-12¢
of Figure 12b;

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



- this manner, the plunger 106 and piston 110 are coupled. Preferably, the

| atch 25 a‘%ertures 242 are undercut at an angle to receive the preferably
angl ed bar bs 08163543 nore secure coupl i ng, although the i nt PCEU$9820060

¢ surfaces are shown in the draw ngs 19 perpendicular to the plunger axis.
.. One or nore circular ribs 244 are provilded above the groove 238 for
retaining the contam nation shield 116. Finally, an upstandi ng gui-de tube
246 (Figure 12a) - L O r ] - ) . xt ends upwar d
concentrically wi]':{lgﬁé ﬁ]%'@dggﬁgfg%%ﬁi’g%%%%%%%ﬂ% ) gi nch 5 (.58
cm . Reser vaistentbledieeérviie tisowihg thelidardget assEmblyr fally fetraowd withih ¢hehainket 87
may be made of nol ded ABS (acryl o-nitryl e-butadi ene-styrene) and conpri ses
a | ower reséwodsir retaining portion 250, a rear nmount i ng plate 252, and an

upper plunger opset.ati . . o al e ] L e 2k

I ncludes a pair. ?;lgﬁerl Fggé% g%gl\?étruf I&r@aﬁ-se-sgﬁg?a{g %&f&%lﬁ#s@g@éﬁs@%
resiliens reabaidshevinEgdes4 and §wdthf By adaisthbld sistoh Beringiead;i ng- pl ate 252 and
' are attached thereto via a bridge portion 260. The retaining arns 258 are

- cylindrical in criigeredéds passpegtive viewof anelieraativeipend sappliag resemvoinafges. 262
so that the t{1et.ai ni nrg, arms 258 define a partial cylinder of approximtely
270. The 15 NS PSRN ARE harti'al cylindér “¢irecumscri bed by the
retaining arms 23fghgs 16a, 16b and 16¢ are cross-sectional views of a blood sampling

reservoir similar to t}iat shown in Figure 15. .- - v o0 0 &
10  Description of the Preferred Embodiments
The present invention comprises an improved, closed, one-handed blood
sampling system especially useful for the operating room or critical care unit
(CCU). This system provides flexibility in allowing a blood withdrawal reservoir
to be mounted to a bracket or removed from the bracket, and the operation of the
15  reservoir requires minimal effort. In one form, the reservoir forms a part of a
pressure monitoring system and includes a consistently open channel for flow
therethrough to flush surfaces in contact with blood. An inlet and outlet port to the
reservoir further insures good flushing 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.
li S
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



approximately the sanmg, and preferably slightly |less than, the outer

di ameter of $g ,ndrical body 100 of the reservoir 80. Mre

particul arly, tﬁgx%;llndrlcal body 100 preferably has an out ePCATERRRULO of
approximately .89 inch (2.26 cm, and the inner dianeter of the partial

cyl i nder def i ned by the retaining arms 258 is 20  approximately .86 inch
(2.18 cnm). In addition, the edges 262 are spaced approximte .72 inch (1.83

cnm) apart seltta,h&tothelneomwu leatiing ®l the patjent. 04 ﬁmbmphegaedtehhebabebmeen and
into engagenent with the resilient retaining arnms 258 to be held securely

thereto. At the:distabendgandsonerwapsippsogk 78y Tha stopcerk 188 praferableaigidlysi EI tn%
0 u e
N T e

i ntegral |y fih¢ fesekviair 8D ifi hproxlmamlfeaﬁm aiiteBhitbRs #P2 foMal@ kP Eomieiorl val |
266, and includes a pair of reinforcing side walls 268 extendi ng upward

t herefrofm TRéetsipieximnl end86cofjthe blodd aampling systernoT. 'ﬂmmaemqlréﬂcbn?ave

t | f t 270. (At the t he front 270, a reinforcing
Spar 572 sulBEPYOILAONEA ¢ hiike il Phish S wrhanen iarorediosy s’ ext ends. &
subst anti al | gsnpaitiegRAdotdbudpbit with ﬁl@?esa%%ﬁﬁvﬁﬁﬁmorr@luuoﬁm Finally, a

pair of stop flanges 276 extend forward fromthe lower end of the front

wal | 270. The st ofs ikntinped abae, ﬂmdﬂmcbaamphmglsysttém 7T0qseferably foBfis aas wi | | be

| 0
descri bed beportlon of a pressure monitoring system, and the female luer connector 84 is

10  attached to a T-junction 88 which in turn has one port connected to a pressure
transducer 90, such as a TruWave™ Disposable Pressure Transducer available from
Baxter Healthcare of Irvine California. A supply of flush solution (not shown) is
connected to a flush port 92 of the transducer 90. In addition, an infusion fluid
supply (not shown) may be provided in communication with an infusion port 94 of

15  the T-junction 88. The pressure transducer 90 is thus placed in fluid
communication with the arterial or venous system of the patient through the lines
74 and 82, and preferably includes a coaxial cable and plug 96 to connect to a
display monitor.

The sampling system 70 further comprises a pair of sampling sites 98a and

20  98b. The sampling sites 98 each desirably define Z-shaped passages therein to
induce turbulence and enhance blood clearing from around a pre-slit septum (not
numbered). With this configuration, a minimal amount of flush volume is needed
to clear the line after sampling. The septum preferably comprises a latex disc
which accepts a blunt cannula and reseals after each sample is drawn, reducing the

25  potential 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



Reservoir/ Bracket Assenbly A preferred orientation of the reservoir 80
assenbled to the bracket 87 is 10 shown in Figures 4 and 5, with the
mounting pl aV@94MB58n a vertical plane at the back side of theCcEEsHESELb6g.
~The reservoir retaining arns 258 thus extend forwardly and accept the body-
100 with the tabs 127 resting on the uﬂﬁer edges of the arms to pr event
rel ati ve downward novenent of the reservoir in the bracket 87. Reservoir -80
is positioned in.the t the opposed. wi.ngs. 126 ext end

f or war d and‘i'\l%?neiayu “Sﬁﬁﬁ‘g&ﬁ”@g&e eg ® The rear wi ng 126 ext ends wit hin
the cavity Redervbirt'he bracket 87 to prow de a conveni ent. neans.for
orienting the reservoir 80. This orientation also displays the volunetri C
mar ki ngs 120 to tiguresbhdllusirats ankembadiment 6Da bibod samplingreesskoiy 80 Pﬁces

f d. F h h 172 f f h
e v G Syebi RLUOSh a8l HRLedddol 36 0 alREl S o ‘The
pl unger 8ss agithge 486 vartilovaiahi eBkiber Eiew i Shing ZoiEAmtho el 8072

el evation as”the ower edges of the tabs.127 and thus can provide the same
stop functi @lﬁﬂm‘sy’sﬂem T0atis additipn.gheresémvgir 88 lindhudes ammmmowh flove reservoir.

80 th th t di t Th
i f \rl1mec es ; :??‘P qu@ééﬁé%‘?ﬁ§bmgéﬁ’r‘g§ ﬂPg?lB’E?XH’Pa ﬁ t‘éﬁl?edd?tl ke gnabou'ltJ >
the reservoig, g ﬁle%steﬂo'iteﬁﬂﬁﬁ T'ché Giphdify 8 2einfulst bbbl &hé Saf ﬂﬁﬂE a{'dvﬂp 21

into the reservoir dunng the sampling operatmn, thus ehmmatmg a waste volume.

10  The entire sampling system 70 is thus closed as the “priming” volume ensuring a
pure sample of blood at the sites 98a and 98b remains within the system 70 and is
reinfused into the patient. It will be understood by those of skill in the art that the
syringe-type embodiment 80 shown in Figures 4-5 is only exemplary and other .
configurations may be designed to adequately perform the inventive functions of

15  the present appIication_. For éxérnpl'e, the reservoir 300 shown in Figure 15is a -
further embodiment which does not include a s_eparablé bracket '_for one-handed
operation. In short, the presently preferred embodiment of Figufes 4-5 should be
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 s 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



Reservoir Assenbly The, assenbl ed reservoir 80 is seen in Figures 4 and 5,
and also in ection in Figures 12 and 13. The cap 108 | raply
secured to Sﬁgggﬁgﬁfnnuth 124 of the body 100 by engagenent b%?&@@ﬁbﬁﬂgp

| ock flanges 218 and the slots 125. 5 13Prior to engagi ng the cap 108 on

t he body 100, the plunger 106 is inserted into the crossed aperture 170 in
the raised portion 224. The | ower end of the plunger 106 is then coupled to
t he upper eredervbirt80evitlicfien be iverted,ras desquibed heloive THeunsgevoin Badyat), pi st on 110

the spring 114 resjdes ncentrically within the tupular b 230 of the
pi stoP\, agdp S@i@é’ﬁplfo%é“al?ﬂ%@ e prefera %ﬁ&%ﬂ ﬁ°ﬁ°‘f‘ﬂ§ﬁ§¥gures, t he
i st 10 ' I bod
50" and spr PAYCAEonate fart M HY Lot 1935 brekciSly ARSlcoRE SlaflomfenColten & PO

230 and spr ertur 42 to secure t wo
conponent s whtdrialsahhybé sujtablenbowesieal pl ay t herebet ween. Figures 12a and 12b
show t he plunger assenbly 104 in a fully inserted position wthin the
reservoit body 18be ﬂﬁnlbi/ﬁdsphﬁlﬁ¥ @ﬁssmblwﬁbé 1g¢iprogates vertiselbewithipdhe 15 172 i s

resiliently Dj | . . TR0 4 aperture
170 vi th t hebamRa g ahfe s ek A8 SOUHUE IRidRe alpedbiiffkert0C
184, and t her deiepat tht $6ttemlofitha Wusser bEtembRA Y4 WitheefeRncOto Figtre Hased
portion. The contam nation shield 116 is shown extended surrounding the

pl unger st ethedongendsscobhebirtber ibeludessnspring 1d4whaced ecampregsion betweelp 108 and

h dl ' ' Q .rib,244 ! ' . | body. 230. A pai
of el ast one e PP R AR R endh cbripmBraBoR P o mrobiingd” . ga Rt
e 7 116 o 676 hOB1Re dsiutl) 10249 oot 1l B s in

contam nation shield 116 is preferably a pol yethyl ene tube
greater detail below.

Reservoir Body
As best seen in Figures 6 and 7, the exterior of the body 100 is preferably

cylindrical and includes gradations 120 with corresponding numeric markings

15 indicating a volume of fluid within the chamber 102. In this respect, the body 100
includes a circular, planar bottom wall 122 and an upper mouth 124 (which receives
the cap 108). A pair of diametrically 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



havi ng a non-corrugated cross-section which is flexible and will coll apse
when the plunger assenbly 104 is retracted fromthe body 100. 25

When t he bunf¥®9¥8@5¢ont act the bottomwall 232 of the piston Pcius»sgeqsoG i s
formed between the piston and reservoir bottomwall 122. This gap G renains
22 open constantly and provides a passbyeway for flushing fluid. The gap G
Is determ ned by the axial height of the bunps 158, and is preferably

bet ween abo ag,q[p: 30, d idatiddsand Ry Hud e
preferably g%%rg?ﬂgaﬂ - ﬁ’?%‘a?éhz‘%%%%c@%? éhéaﬁa&ﬁansd plg%’e pr g\?ig'gglsan?{ir
sufficient #lasngtoliteshing flTuid, 5 while mnimzing the fluid vol une
needed for flushing the reservoir 80 between sanpling sequences., The

posi tioni ng of t Belowthebotinm walld32 of thechady d00 gesyprovided Hp tathance t he

f1 ushi ' i n. Fi o The 4 f f hing fluid i
Shown ae. ouPURBPG e FE Byantber 1 94,28 05 soqt 5 Rl ot el dbrel 3 "t ow
ef f ecti vl ypirtivsiRgg, 166lengd Mitdrthe adpiofthe Bkieiber 162 i Fighfe 6b] 8a irdétdhoitIBobunps 158

are 10 designed to minimze structure wi.thin the volunme which m ght
i nterrupt ois formgfhastan apeiture in the bortompwal k122 afladopation apprgrimately halfwpy esent s

A N R A A N N i
bi ased upveqfl sagdidiidetdra8 ticARlel Pt § 0 BSirbv¥i8ePprokintdte the periphery of
chamber 102. As used herein, the term inlet refers to the direction fluid flows from
10 asource of flush solution to the patient, but it will be understood by those of skill in
the art that in the sampling operation fluid actually flows in through the outlet port
132. The outlet port 132 opens io a tubing lumen 134 defined within a rigid
cylinder 136. Likewise, the inlet port 130 opens to a lumen 138 defined by a rigid
cylinder 140. The cylinders 136 and 140 depend downwardly from the bottom wall
15 122 approximately the same distance and are connected by a web 142. The 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 stopcdck nipple is glued in place within the
lumens 134 and 144, The end of the valve body 150 opposite from the nipple



15 position of the plunger 106 with the piston 110 bottonmed out within

t he chanber spring 114 is conpressed between the cor nd
outwardl y exvs‘g%mér%?flanges 202 and the lower wall 236, thus E&@F%ﬂgz%{’%e

pl unger 106 and piston 110 apart. Becal.fge the piston 110 is bottoned out,
the spring 114 al so biases the plunger "Upward, at least initially, with
respect to the body 100. The 20 pi ston | atches 194 and apertures 242
limt the upsmprises ademmble cbniidotor phberiférforifeteivimgahe fisst tubinghingp74 taoneehl0. When

rel eased, the_plunger. 106 wj |l pove upward rel ative tqQ the pisfon 110 over
the space SHFigpnre gﬂékﬁ‘f@ﬁ\ghe P‘QEW“B‘&P\QSS fyghe Hietpod rfégel%ﬁi“’engage, at

which tinme coméo#e tgf?’ﬁ | 1E Sis
nom nal |y a%%(é{‘&_‘ 025 1 nc '?ﬁ%’S 1%1#&8%"?4 %}1&0%% %ﬁlrb“eéeg%?de@%{l%gﬁsfn t he 25
position shearity? Fi gures 12a-c, the plunger 106 is not conpletely bottoned

out within the guide tube 246, and the plunger could be depressed a smnall
axi al di%tance Thebottem vradlr122furtheydncludes@np pr mgee wpstanding RroMRBOBSOR he push

rod 168. Thus, S.i L ffective axial, trav di,st,ance bet.ween t he

ol unger - 106 PR b 3peh ah® T e s aftP cpamiRt g eGP B Ged o  at on 5
In use, theHA5iabN 210 t3atSit GORRE bBHoMRVAIL 8s ¥ANMBE bxiflaif¥Pb&bw/ fhd | e as
shown in Figure 3 before or after positioning on a support post or

attachi ng t ensunea consistent and minimal flush volume in the reservoir 80. There are

desirably at least three bumps 158a,b,c evenly spaced about a circle positioned

10  slightly off center in the bottom wall 122 toward the outlet port 132. The circle
about which the bumps 158a,b,c are arrayed is spaced from the side walls of the
chamber 102 to leave an unobstructed peripheral band 159 surrounding the bumps.
A first bump 158a is preferably located adjacent and radially inward from the outlet
port 132, while the other two bumps 158b, 158¢ are located approximately 120°

15  about the circle from the first and on both sides of the inlet port 130. This
arrangement provides a tripod support for the piston 110 and minimizes obstruction
to flushing fluid flow. Preferably, the bumps are rounded in cross-section, although
other shapes may be substituted. Moreover, and as will be clear below in the
description 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



-~ patient's arm for exanple. In this regard, the rear nounting plate 252 of
the bracket 87 is normally inserted in a tongue-and-groove fashion into
conpl i ment aryO29/16364 ure provi ded on an upstandi ng hospital sROTAISISPENSO .
The bracket 87 can thus 10 be attached to a portable stanchion or other
such post adjacent the patient and at &b6convenient, elevated position for
the nurse-or clinician. The reservoir 80 is typically positioned in an

i nverted verti,cal.  orientati Q.. Wk ne hot 1.0 )| ( Ly..above the
open nout h Yfﬂ? %%"i’ﬂﬁg‘)‘%‘nﬁ&rcof'ﬁ%”%%?%?ﬁ&%%ﬁ%s%%%?@g%%%hé?lsng “to the
gradations jr@erfddSofipreptniingdotdtén 6fthe phgerWGEA 8 Sirhilarlidhidped speputedp t O |
bottom 15 The reservoir 80 and ‘bracket ‘87 -may also be attached to the

pat i egt' ﬁ al 7@ Qﬁig\gedos)tinélpﬁ erlﬁﬁgﬁ?dtm te|pmg'dn@uawmbpt@ﬂs§9mtes 256, I(ﬁoped
around the arm,an cured w Vel cro _or,.other suc edient. In either
mount i ng | o&aa”tqil%v ,redts efsefgg? On8 8 R© Bfetgﬁg‘?"cﬁ @S?ﬁ@‘?’e@aﬁ{ﬁ%" arns 258
with thegw ; heRss & SOARBY { Reeriinbb® 160/, as shown in
t he dravvl5 ngg?@oo}gégicggglays t hfe%ﬁg?%?gé%%as, -"i;¥ig%md£releceslsa§?tthe reservoir 80
can be turned si Hememample; loakingwsding upiper encbefitheplangerdiobs emeawall U654 ofr

operating rgomlayoguts. Finally, the reservojr 80 can.be.renoved npl étely
Do e e srssiraaad g L E RPN & PLBRGURITPS Y 103 SR NEES EFRITar Thi &

L 1LY Yo 0 RN S W 0 iy cisss i Bpg o1 n.
posi tion 25172 extends duwirdiyur@n alfizet-locatioh 76 bpprokinately 1risde@secthpver 172
| ocki ng_the_assenbly within the body 100. The gap G.al]lows flugshing fluid
t hr oughl1® he belewdhel tapmiatad62. The release lever 172 continues upward and gradually. -~
angles outwardly from the remaining portion of the stem 160, thus defining the gap
174. Atan upper.'.end,' the lever 172 &éﬁn__es_ _zi.;.l'outwa'r:dl'y extending plunger trigger
180 adjacent a ﬁlﬁralityilfc;f traction nubs 182. Just below the traction nubs 182, 2
recess 184 facing outwardly from the lever 172 is provided which terminates in a
15  lower detent 186. The release lever 172 then continues downward from the detent
186 in a substantially constant line until joining with the main vertical profile of the
stem 160.
The plunger release lever 172 is provided on one of the four walls 166 of
the cross-shaped stem 160, and preferably compliments a cantilevered retraction
20  stop 188 formed on the same wall. Those of skill in the art will recognize that the
retraction stop 188 may be formed on one of the other walls, or more than one wall.
The retraction stop 188 begins at a point approximately 2 inches (5.1 cm) below the
top plate 162 and continues downward forming a cantilevered finger diverging
- from the main portion of the stem 160 across a gap 190. The outer edge of the
25  retraction stop is preferably vertical and continuous with the remaining portion of

the stem 160, and includes an outwardly projection tooth 192 at the lower end.



24 line 82 to pass into the inlet port 130 and underneath the piston 110 to
exit the vol lktdai N the reservoir 80 through the outlet port

fl ushi ng f|u¥§ﬁ?w§§?s out residual blood fromthe reservoir 86&?%%@&0&%8
preventing clotting or other such undesﬁfable consequences of static bl ood.
Wth the orientation of the inlet 5 port 130, the fluid enters the gap G
in a direction perpendicular to the piston 110 which causes it to '

i medi at el y fan dusteiay theuttraction atopyl 88na pait bf pistohdatthesRiog are forimed in

illustrates the preferr fl ow vectors 228 of the fluid entering the gap G
fromthe inI"é’P°§}gﬂf"’a gef&?ﬁéOSﬁ-aémefiawnbNZQ-h“éhqmﬁtsale}sm 194@g#¥Rhances the
flushing eff | ' r ' d to the

peri pher al V\c/g) ,prlg;? ¢ fé&%ﬁﬁ{ﬁ%ﬁaﬁ%&%&?ﬁﬁ%&iﬁwﬁgﬁgﬂé tlﬁesw&flggté ed toward the

outl et port tédninatitg memibwardlyfaciug Barbd 196. Preféeably Ghe barbs|196 hugd an const ant
bet ween the piston 110 and bottomwall 122 except for a peripheral channel

284 created ppn@lmﬁswithmahe&pq@mﬂdm@;auﬁmiaﬁm-s gpisioti ng t he f
b 158. Thj ' d by .t ' t] Lnat i
he b oS F brefiatol o S bheioREof v ot ShE Wl 1664 B6Ey 10 °

t he bottom wa
the stepped éfanefouedefiniag tHehSi‘os_%fbﬁhpeH]s?erﬂﬂSQranHQndrE?alftiicﬁ&H \WneeF Rl the
seal . The flushing fluid not directed to the outlef port ’_(32 enters the
peri pheral cpistonddicizgsomprisesgrnroiection ofithe wall d 66minichiding the plunget tebeastranber
102 toward the | e ort. 132. eputlet part 132 opens to, {he peripheral
channel 284 15}4?}%(“}%@5 é@fﬁctl?féﬂf’?}ggrzﬁﬁgluvﬁ% 106 contimuss éﬁwnmcl/rlr?_rpéﬁﬁ ng fluid

f t hernch . i i . i» th
B Ry L

to terminate in lower corners 200. A pair of outwardly projection flanges 202 are

provided at the level of the comers 200 and in the same plane as the walls 166a,c in
which the piston latches 194 are formed. Finally, the plunger 106 continues
downward from the flanges 202 in the centered push rod 168. The functions of the

15 various elements of the plunger will be described below in conjunction with the

other components of the reservoir 80,
Cap
One of the other components of the plunger assembly 104, seen in detail in

Figures 10a and 10b, comprises the cap 108 for attaching to the open mouth 124 of
20  thebody 100. The cap 108 comprises a circular top wall 210 having an integrally

formed down tube 212 depending therefrom. The circularity of the top wall 210 is

broken by an outwardly extending orientation tab 214. The down tube 212

continues and terminates in an outwardly projecting circular rib 216. A pair of

diametrically opposed lock flanges 218 extend downward from a lower edge of the
25  top wall 210. The lock flanges 218 comprise cantilevered fingers which terminate

at outwardly projecting ledges 220 having lower cam surfaces 222. The



“small and thus a m ni mum anmount of flushing fluid is needed to maintain
patency of the reservoir 80. Because the flushing fluid continues along the
first tubi ngvVP99E6334 past the sanpling sites 98a and 98b and POTHIS98/LE060
patient, a mninmmof fluid is desired.to 25 avoi d overdilution of the
paticent's blood stream |n designing th& proper sized gap G a nunber of
factors should be taken into account, such as the dianeter of the 25

et port tiaterandiontd Srots MatElin R Spdthie 105 Bimod}f o rifpd pOigh 2240 1 0
in the presgpmg tPwhll 210. "ThMideaitfadd 6f thdRSea PotIon 2203 1ts Riterbations

operating conditiions, the gap Gis such that a 360 thin sheet of fluid i”s
di rect ed f r sithittheoutwanimgsbpertiognofi thevenoss-shiaped plungesrapertiere 470 wemprigss t he
chanber 102 i nt.q t he channgl,  284., L.n.one -exenpl ary.enbodi t, the gap
G 15 Tess.  Ralgthndpicaf ofR AR 2, TheitpriCum iR eptedi siete b Bpfshe 178
) . _buts | SpREE RIS 750k CRRA Sy TR | AaekiBRnbnches
(.127-.762 ﬁ@géor g reserr_v_(_)’l_r 80 eae‘lglng algﬁigﬁgge]ﬁh?ﬁenergﬁ?eaneter of about
0.77 inch (bel®w.cn). The inlet fluid pressure-range will be determ ned by
the operating 10. specifications, of -the pressure transducer 90, and is
typical |y n8iS#%¥ e than 300 nm Hg, and desirably about 250 mmiHg. As

mentioned, this %gﬁgwpﬁlbqs&gﬁﬁ @t&?b@’gﬁéﬁ:ly M'Pfy&d%glp%gs@undi ng the

fluid supply bag “flow'rate o _ _
tubular body 230 extending upward from a planar, circular bottom wall 232. The

10  entire piston is about .86 inch (2.18 cm) in axial height. The lower surface of the
bottom wall 232 is prgf_‘eifably smooth and contacts the bumps 158 projecting” -
upward from the feséi'\(;oljr bottom wall '122_;' The function of the bumps 158 is to
space the piston 110 from the bottom wall, and in this_régard; those of skill in the -
art will recbgnize thaiic, 1n the aitemative, bﬁinps may be fénﬂed on the bottom face

15  ofthe piston 110 rather than on the reservoir bottom wall 122. In addition, other
piston/chamber configurations may be substituted, such as a convex or
hemispherical piston bottom wall 232 interacting with a concave or hemispherical
bottom 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 undefcut at an angle to receive the preferably angled barbs 196 in

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



t hrough the system 70, bet ween bl ood sanples is typically between 50-100
cc/mnute. 1 When a bl ood sanple is to be taken, the_f .
flushing or ?%93/51?3053 fluid is halted, such as with the use of P&*@ﬁa@%@é‘k
val ve (not shown) upstream of the reserl\éoi r 80. The nurse or clinician then
grasps the reservoir 80 with one finger “or thunb on the thunb rest 274 at
the top of the bracket 87 and the other finger or thunb underneath the

pl unger tri ggmendigalanfo théplupgenexis. Omd eraserelcircealar fiFL244re phovidatjueezi ng t he

two surfaces, together, | unger rel ease.lever 172 pivqts inward due to
the gap 174.ab533(eg W%S&Rgf&trﬁ@gﬂ%ﬂ@‘ﬁt""ﬁ@@“ﬂ"’é\%é@égﬁﬁo 108> @Rder si de of
the crossed : : ' ly 104
to travel up Ef#ﬁ?&ﬁﬁﬁ“’[ﬁgkﬁ%&{f;%‘g 'lggl,sfopﬂee&%ﬁ}el%%%'e g%ﬁ?enzai ng

oper ati on siextdntisopward|cpncentrivallg svithirethe tebdabods 280approxdately 23 fighences
its travel within 25 the reservoir chanber 102. 26 The plunger assenbly

104 is réatrdeB<@mkromwithin the body 100 by continued squeezi ng pressure

bet ween the g h s Mdf and the plunger trigger 180. The body 100 is
restrained fTo pWat venment by the stop flanges 276 on the bracket 87.

The one-handed sRFeFingbadlPRFifires4 bad sgheaﬁckétfwrﬁbwﬂa&radﬁofmaﬁﬁanb' y 104

is a major advantage of the present invention, and frees the
ABS (acrylo-nitryle-butadiene-styrene) and comprises a lower reservoir retaining

portion 250, a rear mounting plate 252, and an upper plunger operating arm 254.

10 The planar mounting plate 252 includes a pair of elongated vertical slots 256. A
pair of arcuate, resilient retaining arms 258 extend forward from the mounting
plate 252 and are attached thereto via a bridge portion 260. The retaining arms 258
are cylindrical in cross-section and terminate at opposing vertical edges 262 so that
the retaining arms 258 define a partial cylinder of approximately 270°. The

15  diameter of the partial cylinder circumscribed by the retaining arms 258 is
approximately the same, and preferably slightly less than, the outer diameter of the
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



- clinician's other hand for attending to other patient needs. |n addition,
one need not brace the reservoir body 100 to retract the plunger assenbly
i 104, as is n W'|6§54t he case with conventional pull-type syri RgeAISPi060
~ devices. Finally, the force needed to retract the plunger assenbly 104 is
- the sane as with the pull-type syri ngeZQIevi ce, 10 but is easier to
generate with a squeezing operation as opposed to a pulling operation. :
Therefore, pidus e2lsh it £1 ' |28 Sarsiti ] F%% el M: Q) te the
reservoir 80. Tﬁlzggllﬁb(r?ger gg@’?‘?ﬁ%%&ﬁ’a@ﬁ@?@% cte tolﬁ\;/{n&t ] ?ge\?v a
vari ed anpouwallp268 éxierdling ifward ehrereftom.pThe sigewalishirojpihedas theokdmtof t he
sanpling sit This 15 differs_ in different hospital

8 d 98b. ., |
settings, b geﬁg’ytaafgg%%{Hm%Eém%W%Wﬁeﬂy Pﬁg’qfdb?rffem?ﬁ)amzﬁt and 5cc in

the CCU. Theg,:i JAVSal! e}
ca;e)aci ty of ?eiféf@c&’\?éﬁlgéﬁ}?ﬂzehg’?ﬁﬁ%@?ﬁ%%g%fb&g it(ﬁai gﬁ 3 95%3%\(; eﬂ{&éi ag;lures
13a and 4 3bssbsemtitiepapendirnlarbste ehdbarpudtO©frontwall SHC Fidalpgaipairafs@®p fully

retracted with resgect to the reservoir body 100. In this position, the

pl unger r el 8angesi2dy extend foryardly Eomithelower ord pithe font wall 220+ ThestoPom t he
body 100 byﬂtagngeglz%g(i%%;ag%@ﬁpﬁgé%gg%g?i%g@agggg%%% c{i@%&’bgﬁw ng tooth 192 of

the retractio top rgure"12d) of the

rai sed port RegerdAfiBedcketssemplyl 10. The total travel of the plunger 106 is

shown as T in Figure 12a, and is 25 appr oxi mateI‘%/1 1.73 inches (4.39 cm
¥

in the exenpl ary AepisEutedrearicntatinn of dhes reserveir 301 assemblpd de esnbitacket diy ishe
volume ggawg, [t & EiiGrds P RI'S! Yith WS ol il 1R 552 & & Yi&ical plane at the

back side of the assembiy. The reservoir retaining arms 258 thus extend forwardly

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 furned at a variety of angles about the reservoir axis with respect to the

25  illustrated-orientation.



27 chanber 102, but the small distance is ergonomcally designed to
facilitate ed operation by clinicians of snmaller fe

Desirably, mgﬁl@'?gnce T is no greater than the span of thuﬁ%&lﬁsnmow
forefinger of the smallest clinician vvg? may operate the system The nurse
or clinician is notified of the full raction of the'5 pl unger assenbly
104 by the positive interaction between the tooth and the cap 110. O

cour se, thomm&'sjﬂnhm the art will recognize that a nunber of stops can

be provided for flexibil |ty in wthdraw ng_sequenti i d vol unes through
the first tubi g The asserphledraservani-§ Livispen | g‘érﬁ?élaﬂdg&%‘d@i‘?q’&ﬁ%?Men the

pl unger ass t hat
the seal 11 é\}%ﬁ@%l L%hé%dq%%ﬁg?@lsjpge mb%%efgg\?%\l%#g og’pvva ﬁ?nto t he
region wt h'124 bheaclbody 1006y anghgamentibétwérn the 100k flanges 318 ny tHddots TAS5S ur t her
protect agai nst contam nati naot he bl ood w thin the body 100 bel ow the

pi st on 130, Prinetocengaging ithetdap §|¢néhejb®y610§e@arp&tm 10frisiingeted into teponent s
of the plunger se 04 from he .in reservoir 100, 15
whi ch do coREsHe 2 191“3@76\1\%‘{‘}? ?ff‘ﬂﬁg%f lf?? lﬂ“aerse%ﬂfws V&%#éﬁsgd back
into the pattﬁe‘?x%ugl@fltt@fhefu&ibér én@to'i‘ﬂfetﬁlﬁﬂanlotﬂﬁcdﬁbﬁﬂgﬁ'fe p?&?g%{”?bﬂ add4, the

stopcock 78 1s closed and sanpl es of blood are taken at the sites 98a and

98b. Thi's opistat 1 dithpsprirg bid rgsidesaenceitacaiywiithin shetubmlar bady230 eftheiul a

i | 1 h
syringe, an C1ins|tosn, \di outgﬁl% CoE‘ lthbve.egcljm{e tuge §4é) ' A’g ghown in the figures, the piston

10 latches 194 cam inwardly past the upper end of the tubular body 230 and spring
outward into the latch apertures 242 to secure the two components while allowing
some axial play therebetween. _

" Figures 12a and 12b show the plunger assembly 104 in a fully inserted
position within the reservoir body 100. In this position, the plunger release lever

15 172 is 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 agap G

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



20 art. It should be noted, however, that a single sanpling site may be

used, and other s

used, with |

t he pl unger

the ot her di

ext endi ng widegrmided bpshesxird dzightiof thebihps 1 83 and fsipreferablydigsevber abohe pl unger

| i ng devices such as sharp-tipped cannul as nmay al so be

a

%’é’s”é‘égrity for the nurse or clinician. After saPgEI/gS98/a068
been taken, the stopcock 78 is opened and the volunme within the reservoir
80 i's reinfused back into the patient.22his is acconplished by depressing
assenbly 104 wthin the body 100. 25 . The nurse or clinician

252, 2, 4B S 8 B e AR TR

assenbly 104 is displaced downward within the body 100. The E)l unger

assenbl y 108-098rnehes and Q83hinshes ({71762 man)pang mare prafgrabbiabon

o o e B BRI, 1ie s sl Rl B BBl o oA DR

and
28

Q.0l4e bunps
nmovi ng
onpr essed

by the ogt watileyniaihiengitROfhidansse Rddedftd fushRg thedkderdPB0bitiveer he det ent
186 on the plunger release l'ever 172 l'ocks with the underside of the '
pl unger apestmpkngsequerths Prepndsitioningaf theninlet poitd30 andiogies portd32 elsveral -

A agee | g 828 SR 004k 008 P AR AL,

bunps 158 onpie 208ktarmy @irdet

to flow through the inlet port 130 to the outlet™

10

15

effectively flushes the thin volume under the piston 110, and the bumps 158 are...
designed to minimize structure within the volume which might interrupt dr stagnate
this flow. o | '

A space S shown in Figure 12a represents the éfféctive relative axial travel
available between the plunger 106 and piston 110. In this state, the release lever
detent 186 engages and is biased upward against the _.cap 108 to define a first
position of the plunger 106 with the piston 110 bottoméd out within the chamber

102. The spring 114 is compressed between the corners 200 and outwardly

20

25

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
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
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

First,

the -

dPRrowstioR fidis H{ﬁ@egp&@rmamis g G for fluid



port 132 with the attendant flushing advantages descri bed above. The spring

114 al so el iwp fe8sy t he need for close manuf act uri ng tol eranctg,_sli
hei ght of the conponents of the plunger assenbly 104, which mu’@ggg%zﬁ‘gﬁpvm se

be the case 15 w thout the biased pigton 110 and bunps 158. That is, the
spring 114 enables the size range of tTe gap Gto be determ ned solely by
the tol erances associated with the bunps 158. Any tol erance stacking

pr obl ens i rfaither, 4sindieated by te sphee waictrrathf the peshplod§8r Thes Snislonlylthd i s
conpensated for and covered up by the spring 114. Thus the paris can be.
made with |eSEstveaxipldravekgistanc ¢en thenlupger 106 apd pistop Mk whenteng costs of

the reservqj . 1El: he spring 114 provides a particular frequency
response ofﬂl{l?éeg[‘)ﬁ@r%&%cstg%nbl y 104 so that pressure nmonitoring by the

t ransducer ' ptimzed. That is, the length and character of tubing and
sanpling ports between the reservoir 80 and the patient determ nes a
parti culdar vol unks usesthe raservein$0lis pepnseted imthpsamplieg systemy 49 {ing ag onst ant  of

o af fect (EVEIASIE apereor i fotupukSn tiferdhbaet Bt SRR LD g
factor is ugragieﬁi’s 5196, for exafhphD Unthis réifhrd, TRe REEHS It PIAS 252 RFHRPEr ation. I n
a further enbodi nent” of the present 1nvention, schematically shown in
Figure 14, biaeket 87 iismprmally insertedhin astongwegankttgroney faskion dita somiplimentary t hi s
embodi ment, structure provided on an upstanding hospital support post. The bracket 87 can thus
10  be attached to a portable stanchion or other such post adjacent the patient and at a
convenient, elevated position for the nurse or clinician. The reservoir 80 is typically
positioned in an inverted vertical orientation, with the bottom wall 122 actually
above the open mouth 124. In this manner, the numeric markings 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 turned 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 reservoir 286 includes a plunger 288 whi ch threadlngly engages a spring
yoke 5 290 via a threaded rod 292. A spring 294 is placed in conpression
bet ween t heWps9863%32 and a piston 296. The rel ative positi onPGT/USIBR008K e

292 determ nes the pre-load on the spring 294, and thus the force required
to raise the piston 296 when the plungsf 288 is |locked in the reservoir as

- before. This control. enabl es the clinician to optinmize dynamic response by

Coet 1 ci onts rz?q‘%éié‘sfé 5 leane 199 and ndmvadt emidon R IehiodiS) &7 o e

18 111 Ut 1 35 img O ets R BekiilE] R0 L0 TR bt 000 -sarl i ng

- system The Tesérvolr

conprises an outer housi ng 302 havi ng an oval
Cr 0ss- sect i ¢léars.o6t résiéhril bloot fnmmeeebewumrmmusipsivemmmnng ot btheriar ¥ ow

sides. 15 . The slits receive outward xtenslo of an, in si-ng 306
al so havi ngsush updesirable sartequanceoRf %ﬁcd’ﬁ"qu W}th a?@eazpﬁ% thin the

Out er oS! B 7 e 14 BTG B ao%grt@fﬁc{ﬁcaeg%%a@g:wﬁsr s (10

therew t h Whidfichuseé ititdifiedinftlpfad b2 splagout idially #odithéh slet. Heigiwergbr - housi ng.

- 306 project outward through:ithe slits 304. .The 20..functioning. of the

reservoir 3ilistraestbs predermdrﬂlmaeqmns R28 Qﬁﬁ’@(ﬂmd entening the gap Gafremihe ch

“wi th 11 angoid ppf 18pr dRepETAcH She e heR1o8Rhnddfe s TiBmAR Gl O 70

seen in Fi gg&ﬁﬁnslmht@she%h@fﬂtﬁéﬁfchﬁreEtealdltHe%hgﬂhiﬁl wdll &PRe ehaaer 408, secur ed
over an opeh upper end of the outer_ haousin wi.th a piston 320 rigidly

25  attGchwtile bmnetsaimmd eowed thenaptichpast m/ ahs sﬂsnem Figuerbce ﬂerg@prG 322 of°
the inner is relatlvely constant between the piston 110 and bottom wall 122 except fora
peripheral channel 284 created above the unobstructed penpheral band 159 -
"surroundmg the bumps 15 8. This channel 284 is formed by the circumferential’
termination of the bottom wall 232 of the plston 110 and the rehef space formed by
15  the stepped lower edge of the seal 112 prior to the first w1per of the seal. The -
ﬂushmg fluid not directed to the outlet port 132 enters the peripheral channel 284
and continues clrcumferentlally around the chamber 102 toward the outlet port 132,
 The outlet port 132 opens to the penpheral channel 284 and thus efficiently drains
the clrcumferentlally ﬂowmg ﬂu1d from the channel as well as the ﬂuld commg
20 more directly ﬁ'om the mlet port 130. Moreover, the bumps 158 are relatively
small and thus a mlmmum amount of ﬂushlng fluid is needed to mamtam paténcy
ofthereserv01r80 B ' B
Because the ﬂushmg fluid contlnues along the ﬁrst tubmg lme 74 past the
' samplmg sites 98a and 98b and into the patient, a mlmmum of ﬂu1d is desired to

25 avoid overdllutlon of the patient’s blood stream In des1gmng the proper sized gap

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



housi ng 306. A seal 324 seats on a distal end of the piston 320 and defines
one end o 9é/1d38¢ variable vol une chanmber 322 opposite thepdfi;8és D0
outl et ports 308, 310. A contam nation shield 326 extends between an upper
end of the inner housing 306 and the se 324. The reservoir 314 functions
in a simlar manner as the previously d€Scribed 5 reservoir 80, and is
preferably installed in a pressure nonitoring line wwth the inlet port 308
toward a pre&s&rveirbbdi)nk@ﬂ.)dwﬂmchtéhndpkemwb&heﬂudﬁhglhﬂuiwﬂt]edhleppoﬂ ﬁlo
toward the sanpling sites and patient. Figure 1 6a shows the inner housing
306 in a fi rﬁrg)%%ﬁf%}'ﬁemwt?‘é‘s‘b@ﬁqsel’["elft‘ﬂ‘ighﬁ&?@’?e%githf‘gplﬁw“%erei n the

I st 320 is [n con | t . t . e )
oot rably, nohforiiyein, e, DA Gl Betorid bolterind o e iat 6
chanber bot t Rrsudteitlat 8360 tRincshbe st Fluiiis Aircated reshe nltd porfll30wekdtheugh, as

described previously. In this regard, protrusions may be fornmed on the

pi ston 3%’0 opermbara?wllwéﬂtmmpn l@m:tibtoftm phannel %ﬁﬁp.lnmlgéi,iemm nl et port
The bot ¢ om webodiBisth e Pk G i4)Gsl i (e A8 hent A Sre Wit gl 7, °B°" °

enhance the {{4$0178%uk), b8ECE mdrd dEé?ﬁHya\%Ewééi’:_ ot 063 inﬁﬁeﬁﬂi&%ﬁ%hes

however, the outlet port 310 is sti positioned at the periphery but i's
paral |l el to (bh27-F6Amum) fdratresenvoio8( ha38z a chamber inner diameter of about 0.77

inch (1.97 cm). The inlet fluid pressure range will be determined by the operating

10  specifications of the pressure transducer 90, and is typically no more than 300 mm
Hg, and desirably about 250 mm Hg. As mentioned, this pressure is generated by
an inflatable bag surrounding the fluid supply bag. The flow rate of flush fluid
through the system 70 between blood sampfes is typically between 50-100
cc/minute.

15 When a blood sample is to be 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,



"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 ch®@RM6¥dtt om wal | 328 and a volune of fluid 330 hRGCT/HSWR0BR0awNn
into the chanber 322. The bottomwal |l 328 stops against a | ower surface 331
of the outer housing 302. At this stagsy the clinician closes a stopcock
332 and sanpl es bI ood fromone or nore sites between the reservoir 314 and

t he patient. cl f t-- ! oaded
pi st gn as pr eV| o ‘aervm ! W&H’ f@ésrer?rac%ég% LW if%y@”&xl@fl‘qf‘ spr| ng-1oade
di sti ngui shefihhQMqubeinEsnessiel Het@&n@ﬁﬂﬁhﬂﬁ@stm\éh@ﬂ% plu@érhli@e} ack of -a

bracket for nmounting to a support.pole or patient's arm cour se,
such struct18%k 'Hmﬂodyﬂeopsrmstraimdﬁ'mnupwgrdrmemmtbymt@eﬁmgeﬁﬂﬁ)omhe i nher

or outer housi ng The gne hand eezi.ng operatio e reservoir 314
i s mai nt ai nb8 brackeie/eThegoe °%a?qg me @t‘BPé‘HFQ’PCttgﬁP]It‘F“g@’ference to

f;}g%eaﬁaﬁas%g{e, 1§ 194" gma@g%dé{a@gefo?ﬂle bi 2% 'G48 ke Of - Opposed

toits Secoﬂduéiﬁ@kbt&ﬂhanalﬁt@t&ndxnk&botl@patmnsﬁéeﬂs i idition] 6he néadust r at es
force arrows 336 that opposed thunb-and fingers a?pl to_nove fhe inner
housi ng 306131’@?@)%91'@%“@&&94&! 188 &9 retraet theyplupgerassesd bbé‘? @5 isshormally the .

under stood £hat .5 he CxMRLSRIAYE SHAYLIIE ALsc A FHAR e T5E hledtido

retract the plunger asSemBly 104 is the same as with .the p_ull-type syringe device,

10  butis easier to generate with a squeezing operation as opposed to a pulling
operation. Therefore, nui'ses or clinicians with less strength can easily operate the
reservoir 80; - R R

The plunger dssembly 104 may be retracted to withdraw a varied amount of
fluid sufficient to pull pure blood past both of the sampling 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 12cc when the plunger assembly 104 is fully
refracted.
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

|nne usmg )b fromits first position



10 shown in the drawings represent only the presently preferred

enbodi nent s nvention, and are not intended to exhaust Gl 1 be
in detail "P&gﬁc{gkgf‘{)l e enbodi ments in which the invention may (\f/ﬁ*ge p yS| cal
form Indeed, various nodifications andyaddltlons may be made to such
enbodi nent s W|thout departing fromthe Spirit and scope of the invention.
For exanple, although the present 15 sanpling systemis described and is
particul arl ynuseeid02f Bt tHE RS dRfands {s@kgcHontit AYdesiatnd (o Eciligitdene-bodi | y
fluids such as urine nmay be sanpled, and the dévice may have ot her uses.
such as in \iendet opeaitioagdy.clinici8g oﬂmillctxﬁ"em.lvEer@ly, e distancg Tus @osanpl i ng

t I Si condu' I'ne | Xi ma tlon apted to be
gﬁzpﬁpedc\?mn}[oéeﬁerf‘gﬁﬂ g‘eéﬂﬁ‘ %tltl %F t“i‘%?ﬁo ﬁ‘&ﬁf’@heg& 1ge1quWw. ‘b ni cation
with a flui dog%)‘a?éﬁﬁ] gétexﬂ %E'nﬁfye’or BikieRA Y R AASTA )l rBRYdtHd Fthar | abl e

vol ume chanb n1nlet port oentot e proximal portion of the
condui t 5 neplamger assembly 04 mhb positive interadtiondietween thetdotloandothe ch 1t@ndui t
line; a piston noveable within the chamber, to vary the chanber volune; a
first pair oPfpussesthoge of skilhiuthe gt wilaeqagnize fhat o iimbsnof sfopsranhs away from

provided for flexibility in withdrawing sequential fluid volumes through the first

tubing line 74. The contamination shield 116 collapses when the plunger assembly
104 is fully retracted.

10 It will be noted that the seal 112 prevents blood and other fluid from
traveling upward into the region within the body 100 and around the plunger
assembly 104. To further protect against contaminating the blood within the body
100 below the piston 110, the contamination shield 116 separates the internal
components of the plunger assembly 104 from the inner walls of the reservoir 100,

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. It 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 patient.
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



“one anot her and adapted to displace the piston with respect to the chanber
to increase the volune within the chanber; a second pair" of pressing
surfaces on M3 voir assenmbly facing away from one anot hRET/HE2906pt ed
to displace the piston with respect to the chanber to decrease the vol une
~within the chanber, wherein fluid may 28 drawn into the chamber and

expell ed therefrom upon actuation of the first and second pair of pressing
surfaces, r i 198 f ' eheld reservoir
assenbl y co%ﬁﬁggéwﬁhg&%ignggs q{%%g@%@?gﬂgg@ﬁﬁg@ﬁgeﬁ éﬁl\?mlppﬁ}g[gﬁel nl et
port | ocat ecssemisiy ¢04isi didplaed dotnivhe wikidniierbodpd 00h&he phinger Resnilglyaxi al | y
di spl aceabl e upon actuation of the first or second. pair _ of pressing

surfaces to 04sgatinyes dpynywadusid thegristers b contactsthe buanp &98 on thehottom The

system of d_gj rein. the  ch; is..center uj t LS. and the
inl et port i@ﬂ%&?&ﬁgﬁb ngéﬁ}%@?gmﬁb%’nég@&g gﬁ%ﬁg& ﬁl.‘t- tﬂg‘"ﬁ‘ﬁg&syst em of
G ai m 2, swhejpgidontimifs PThHE SptingAl4uslesmpreydRl by Hachut@aidieeitiddifg flangds port and
partially defining said chamber volunme, and the inlet port is oriented

subst ant i al 1202pad pewetiveall 236 untihiherdetost pRfcen the phuniger felagse leger 172 lotks syst em
of Caim 2, WV\{tH'? {h%iurﬁdctargi%e of ax%rp\fgnigrer S‘pse%%?? H() compr ! ses t _h.e?. Ca e
The provision §f l_the spring 114 provides several édvantage's to the blood
sampling system 70 of the present invention. “First, the spring 114 biases the piston
10 110 downward into dqntact with the bumps 158 on the bottom wall 122. This
insures a cdnstant gap G for fluid to flow t_hroﬁgh thé inlet port 130 to the outlet
port 132 with the atténdf«mt flushing advantages de_s_cribéd above, The spring 114
also-eliminates the need for close manufacturing tolerances of the height of the
components of the plunger assembly 104, which would otherwise be the case
15  without the biased piston 110 and bumps 158. That is, the spring 114 enables the
size range of the gap G to be determined solely by the tolerances associated with
the bumps 158. Any tolerance stacking problems in the formation of the parts of
the plunger assembly 104 is compensated for and covered up by the spring 114,
Thus the parts can be made with loosened tolerances which reduces the
20  manufacturing costs of the reservoir 80. Finally, the spring 114 provides a
particular frequency response of the plunger assembly 104 so that pressure
monitoring by the tfanSducer 90 is optimized. That is, the length and character of
tubing and sampling pOrts between the reservoir 80 and the patient determines a
particular volume with the saﬁlpling system' 70, and the spring constant of the
25  spring 114 interacts with this volume, or fluid mass if you will, to affect the

damping of the fluid system. This control of the darﬁping factor is useful for



syringe-like device and a bracket for nmounting the assenbly to an external
support, thewsysoygssa-| i ke device being attached to the nounting_bracket
and wherein one of the first pair of pressing surfaces is on TYSO82006p
6. The systemof Claim5, wherein the syringe-1ike device is renovably
attached to the nmounting bracket. 7. The systemof Claim5, wherein the
mounti ng bracket includes a retajning portion and the syringe-like device"
has a body optimizingthe peesgiiie measuringoperatiothe body being received in the

retaining portiop apd.held, fr.omaxi.al novement.w th | to. 8.
The system of C ; CWP%‘%WGP{:@@?PEGH%’S%%%O g\glll %’gﬁﬁgﬁ %er![ﬁlcl udes a
body defi ni F&u}@m,%@mgr%wt&@ﬁﬁngmpwad @B |1 e Ebbdintgt,t he
piston on a first 'end and a plunger on a second end extending outside of
t he body, waeeservoirt286 iptludeserplunger 288 which threadinglyf enghgesfa spsingyake of

ressing_surfaces for .coo ti,ng with the o on_the bracket. 9. The
g ystem 85 cﬂaﬁgaﬁas% 'S‘W?Q?‘gﬁ"ﬁ e %Mﬂ%ﬁaﬁ@né’ﬁ@p&sspﬁicﬁ%ﬁ% pair of -
pressi ng su anta pi S i ' i ncl udes a
general ly ré’é?‘g?% oute\gtpgpgs'e@%%%p% bgO?&}?wg)ﬁéggfﬁidﬁdggntﬁﬁgmgt her of

t he second paé-foadionpliessing@9daridahesthe dorce rgpiredita raipethd pistoh 296 wéheon t he

pl unger. 11. A nmet hod of sanpling fluid using_a reservoi senbly and a
sanpl i ng portke plyagar 288 aslogkad; 1n dhereservoiE as befors. shg{ng;oi F‘ﬁﬂ‘biﬁﬁﬁ%ni cation

W th a flui dyaxeh el oBlimeRfhhmil resgdnse Wﬁé}?&nﬁﬁé@ Fle&heldy response test
10  and then adjusting the damping coefficient of the system if the frequency response
is unsuitable.

Figure 15 illustrates another one-handed reservoir 300 for use in a blood
sampling system. The reservoir 300 comprises an outer housing 302 having an
oval cross-section and a pair of opposed elongated slits 304 in the narrow sides.

15  The slits receive outward extensions of an inner housing 306 also having an oval
cross-section which is linearly reciprocal within the outer housing 302. The inner
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



. squeezing a first pair of pressing surfaces on the reservoir assenbly, the .
first 34 Rgbgwﬁaﬁpressing surfaces facing in opposite directions, so as
to displace a piston within a variable volune chanber defi ned perrusos2edee
reservoir assenbly and withdraw a f|LH§beOﬂ1the pati ent past the sanpling
port and into the chanber; sanpling fluid fromthe sanpling port; and
squeezing a second pair of pressing surfaces on the reservoir assenbly, the
second pai roftthe pariabds vajurae chantes 322 oppuogite thedplevand entkét perts 3087310.sA as to -
di splace a piston within the varjable vol unme chg r .and _infuse fluid from
the chamberCqmaminglien M??@?ﬁtﬁw elieam 2R UBPFTId g?gﬁwéﬂw hoysing %% nethod
of Clainrl%m&%ﬁﬁﬁﬁgzihe'reservolrJassenbly_gonprjses a syringe-like device
havi ng an axi's erei'n squeezing the first or second pair-of pressing
surfaces di spl acthke febetveir 314 funatiorslih o sirgildrandp@et aswhé yrevivuslgaiescribeddecr ease ”
t he chanber volune. 13. The met hod of Claim 12, wherein the reservoir -

assenbl Yo coveperveis80;and ispreferady installed in g presamgimanitoringdine with thedolet | ng. t he

A o e B e P T T
surfaces i SyoQard the shinplikBiites AAd patiehh) Fitre168 sBdwsIha et BoustA}EI0Y i o he

nounti ng bracket includes a retaining . i .
first position with respect to the outer housing 302 wherein the piston 320isin.

contact with a bottom wall 328 of the chamber 322. Desirably, a small gap is

10  maintained between the piston 320 and chamber bottom wail 328 to aliow_ﬂgw,of a
flushing ﬂﬁid therethrough, as described previously. In this regard, pro'tl_'usiqns.___l___
may be formed on the piston 320 or chamber bottom _wal_l._328,___t_o_ form the gap. ﬂ
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 enhancé 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 sécond 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.



portion and the syringe-like device has a body defining the chanber wthin,
t he body bei ngoregagisyed in the retaining portion and held from axi al .
novenent with respect thereto. 15. The nethod of C ai m 13, whEFASA824960
syringe-like device further includes a Rody defining the chanber within and
a plunger assenbly conprising the piston on a first end and a plunger on a
second end extending outside of the body, wherein the plunger defines the
ot her of theOFicowse,sach stofctyre ewdd hg pravideddosthe aeserwindesccurgd o the t he one
on the mounting bracket. 16. The, met hod of. Cl ai m.15, erein.t pl unger
defi nes one HF‘%’E PrOuerinYsing o The one %%%8?3%68995 ﬂgergﬁqq gfctgn Tesgrvoir 'ﬁ%hlg met hod
of G aim 16, il biLE S4B AbIR LARRE! Wi réfBidhal dopigue@ad! y

ext endi ng nenber l\ﬁﬁﬁn&%’aﬁg fﬁie/%&?%e t %r % t he seéond pair g?&repressi ng
surfaces for faoeopesws 3Iyshoint the idvatiom andmotémentlofiopgosed fifimb andl fimgees tooi r f or
use in a fluid sanpling system conprising: . a reservoir body defining a
chanber whth mgveéhi)mﬁrgwuﬁlagﬁ% fronpits figsh PORition fodts; srePndROSHISRB ?ﬂg"&ﬁd

di spl bl i tpi f ' ' | gt i t
vary the vor dgg: GPRY ARty ake 168 MhAmet RrePaTigy o & eSERORRRRK, T or !

open to the ghgsiapply to move the inner housing 306 from its second position to its first

position.
It is understood that the examples arid 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 artérial blood
sampling, other bodily fluids such as urine may be sampled, and the device may

have other uses such as in wound drainage.



structure on either the body or the piston which nmaintains a m ninmm gap
bet ween the piston wall and the body when the piston is in the first

posi tion, W9YHAS4efining a volunme to which the inlet and BGETUSPS/HY6E s
comruni cate to allow fluid to fl ow therebetween;" and a bi asing menber which
urges the piston wall into the first m@2ftion.—19. Thereservmr of Claim
18, wherein the reservoir conprlses a syringe-lii an axis
with the i I .at one axial end of ‘] ﬂ imm‘mm;t he piston
bei ng axi aI : ' al ong the axis betvve |nstsan*d second

" positions. aﬂﬁﬂaﬁ] f 9, wherein the chanber is centered
about the aX| s anlgml ge rnl é?y%g@lcﬂﬁls?c%t ed off-center in the one axi al
end. 21. The reemduibline wﬁth@ ;uomﬁhl%portiona@ptedﬂod)ersupplmdwmaﬂﬁuices t he

inlet port-an he -i nl et oriented substantia ndi cul arly
with respecscndt"di‘%talm’"b‘i’%% Pielwmm“fl‘ﬁ@ gpyl%st% i%m 18, furt her
i ncl udi ng alﬁgi Hpger -assenbl y reci procal within: the reservoir. body.

e

~conpri sing p|ston on a. first. end and a plunger.on a second end

extendi ng out si d@reeérvblhessbﬂmy hmhfgfﬂailabh@oMIﬂscmmmranuﬁlet porB6
posi ti oned between-and urges apart. the pl ston and pl urtg
open to the proximal portion of the condul line and an outlet po open to the distal

portion of the conduit line; _ -
* a piston moveable within the chamiber to vary the chamber voluttie;

a first pair of pressing surfaces on the reservoir assembly ficing away from
one another and adapted to drsplace the piston with respect to the chamber to
increase the volume within the chamber

a second parr of: pressmg surfaces on the reservoir assembly facing away
from one another and adapted to dlsplace the plston w1th respect to the chamber to

| decrease the volume w1thm the chamber wherem fluid may be drawn into the
chamber and expelled therefrom upon actuation of the first and second pair of -
pressing surfaces, respectively. o '
2. The system of Claim 1, wherein the reservoir aSsembly comprises a syn'nge-
like devrce having an axis with the inlet port located at one ax1a1 end of the
chamber and the piston being axially displaceable upon actuation of the first or
second pair of pressing surfaces to respectlyely increase or decrease the chamber
volume. _
3. The system of Claim 2, wherein the chamber is centered about the axis and
the rnlet port is located off-center jin the one axial end.

4, The system of Claim 2, wherein the piston includes a wall facing the inlet




23. The reservoir of. Caim22, wherein the body and pl unger assenbly
cooperate towobmasegyringe-like device with the plunger assenbl

reci procal along an axis defined by the body, and wherein the ?ﬁ’éyﬁ??éw“o
menber acts substantially in the axial ¢4rection. 24. The reservoir of
Claim 23, wherein the plunger includes |ocking detents which cooperate with

apertures in the piston to couple the plunger an I.ston together while

al | owi ng r el part ead partially dabipangsad ‘El"r?g&@b‘é‘ﬁmﬂ?n%ég? Pnlet'ﬂ‘?ét ‘FB%@? ir of daim
24, further includi : t he plunger and on the
body whi ch n%ﬁb% Z'ﬂ%ﬁ%@é}%}cunggr@lﬁynregﬁ%cgﬁﬁfggaposi tion urging the piston
wal | into thg fir¥heHRtn bPOlaird @, wherkiiethe esserveiri asseniblZicainpris,thé ur t her

including a trigger on the plunger which releases the pl unger fromthe
retracted posyringedikeZgvice anthe brasketfoymeunsmgthe assembly iqiaacxiernal SBPRATH gger

conprises a ganti.l evered | ever ry.Ri.ased out war ' ' when
t he pl unger syﬂngqiﬁier ‘g?vﬂ%e\é'{eé%r%{ggﬁdit%ﬁe ?’ﬁ‘ém, a%?ﬁ%glh%eé W ?ﬁPrespect
to the body, %ﬂﬂ%fmrsm%mggrgggﬁnt which interferes with the
edge and mamintains the plunger in theretracted position until the |ever
menber is di 6pl acd@te system of Clai@s, wherbinethe syangesiike devicg isremaablynher ei n t he

structure which rr&i né,gi ns ? rr'bni m gap between the piston wall and the
body when t hatiashed ththe mquatipg aracketst ~nosition conprises a protrusion on the
pi ston vall. 729. 1pIlelRIeCNR's, WhefdRit Gl SFRkE: ihbIBd&! 4 efditthg Whi ch
mai ntains a r?1 ni mum ggsp I‘Eet ween t’heef);llston wa nga%“? thle bo%il when The

pi ston i s i npbitivnfand she 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. | “ | _

8. The system of Claim 5, wherein the syringe-like device further includes 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 outside of the body, wherein
the plunger defines the other of the first paif of pressing surfaces for cooperating
with the one on the bracket.

9. The system of Claim 8, wherein the plunger defines one of the second pair
of pressing surfaces. o _

10.  The system of Claim 9, 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.

11. A method of sampling fluid using a reservoir assembly and a sampling port
located in a line attached to a catheter in communication with a fluid system of a
patient, the method comprising:

squeezing a first pair of pressing surfaces on the reservoir assembly, the first

Uy i

L
s *



i position conprises a. protrusion on an inner wall of the body facing the

~ piston wal . PZ.‘;({ The reservoir of Claim?29, wherein there are three

- protrusion o ?‘?é“?ﬁ‘fner wal | generally evenly distributed abopcr/wsgs/zoo(;oe

. spaced fromside walls of the 37 chanber. 31. The reservoir of daim

18, wherein the inlet port is in flui d3‘é:ormuni cation with a line |eading

i froma fluid source, and the .outlet port is in fluid communication with a
l'i ne | eadi ngaif efﬁfeédnsg ﬁrﬁx&tﬁahgin Sbpositd &?éctloﬁs?soast-mﬁsﬁlfc%earzﬁi&bﬁ of Caim

18, wherei n magni tude of the biasing nmenber i-s’ adjustable ’ he-

reservoir owwh‘imamr&ble Vdmnhdlmh%ﬂgﬁiladgvmmhmgmmwsgnwandw g h| n the

reservoir and ed _to the p| ston with axial erebet ween,

wher ei n the Q@%@ﬁ\a@%&ﬂwﬂa ent pastihe saapling pod cfnﬂé‘s)tﬂ%théﬂ&’ %r gi ng apart

t he piston and pEHHﬂﬁ{ ﬂtﬁéﬁomtﬁegﬁﬁlgﬁ%\pbgtfah gshing a reservoir used in a
g

fluid sanpling systeem conprisin I'ng-a reservoir having a chanber

and a di spl aceabls@xepzmgarsedmdlpagoﬁpmsj s orf the resgrvolireassdmbipcthe and

di spl aceabl e within the hody to vary*th fu of the chanber;
second pair of pressing surfaces facmg in opposite irections, so as fo displace a

piston within the vanabl__t:_ volume chamber and mfuse fluid from the chamber past
the sampling port and into the patient. -

12.  The method of Claxm li wherein the reservoir assembly comprises a
syringe-like device havmg an axis wherein squeezing the first or second pair of
pressing surfaces dlsplaces the plston ax1a11y to respectlvely increase or decrease
the chamber volune. - .

13.  The method of Clalm 12, wherem the TESErvoir assembly comprises the -
syri;ige—hke device and a bracket for mounting the assembly to an external support,
the syﬁnge-like. device -b-eing attached to the mounting bracket, and wherein one of
the first pair of pressing surfaces is on the bracket.

14.  The method of Claim 13, wherein the mounting bracket includes a retaining
portion and the synnge-hke device has a body defining the chamber within, the
body being received in the retaining portion and held from axial movement with
respeéi thereto.

15.  The method of Claim 13, wherein the syringe-like device further includes a
body defining the chamber within and a plunger assembly comprising the piston on
a firstend and a plunger on a second end extending outside of the body, wherein
the plunger defines file other of the first pair of pressing surfaces for cooperating
with the one on the mounting bracket.

16.  The method of Claim 15, wherein the plunger defines one of the second pair

AR



connecting a proximal, portion of tubing between a source of flushing fluid
and an inl et wiogyofigssgvari abl e vol ume chanber; connecting a distal portion of
tubi ng between a fluid systemof a patient and an outlet to t RETRP AL
vol une chanber; biasing the piston intqca first position within the _
vari abl e vol une chanber with the piston wall adjacent the inlet and outl et
ports; and maintaining a mninmmgap between the piston wall and the
chanber wheof piessimg srfapes.s in the first position with structure on either

th hanb t i St Qn, h def.i nir .vol i ch,. inl d
Ut ot - por ¢ §7comttnmetiod o (et e Beihep iaslpderd aepmlk e ' Dor i on
of tubing t8ﬁg£h?c}l§'e§feﬂhin$%éxﬁﬂ%? wiichl d&#inBSthe othed 8f A2 seconlifRirBiipreding! C ai m

34, wherein servol I conprises a syringe-like device having an axis
Wi th t he i nkaffages fdr coopaating with theeonanahe plodgef t he chanber and the nethod
i ncl udes axi ally displacing the piston ?.I on? the axis.into the first
position. 3@8. ~ PrEcSeREe &Y use e Hpid sampling syStem, GOMPSHenher i s centered

about the axis a N ts RQLL. 4. of f-center in the one axial
end, the method ir:‘!l(r%g%eg‘gjlnln%u Idg\lfh ﬁlgg’af‘?lﬁlsnﬁlgﬁag’& tid into the chanber through

the inlet port whfistbhBavihgh pidtonSwalhfacing the chamber and displaceable within the

body from a first positioh to a second position to vary the volume of the chamber;

a fluid inlet port and a fluid outlet port open to the chamber;

structure on either the body or the pfston 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.
19, The reservoir of Claim 18, 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.
20. The reservoir of Claim 19, wherein the chamber is centered about the axis
and the inlet port is located off-center in the one axial end.
21.  Thereservoir of Claim 18, wherein the piston wall faces the inlet port and
the inlet port is oriented substantially perpendicularly with respect to said piston
wall. _
22.  The reservoir of Claim 18, further including a plunger assembly reciprocal.
within the reservoir body comprising the piston on a first end and a plungeron a

second end extending outside of the body, wherein the biasing member is

T



~the first position. 37. The met hod of C aim 34, wherein the piston wall
of the pi sto“,(%gfes the inlet port and the inlet port is oriented .
substantial ly ﬁ%ﬁdl cularly with respect to the piston wal Ipct/bs9smb@od
including flowng flushing fluid into the chanber through the inlet port
when the piston is in the first positi¥h, wherein flushing fluid contacts
the piston wall perpendicularly and fans out- within the gap. 38. The
met hod of Gh@itiBndd betweh bl e@aﬂ%&t‘tﬁél Wi thin:the reservoir
body and C%Jpl ed to the pi sit%%n W th agilrsg)h%gagg/&?ﬁller ebet ween, wher ein the-
met hod i ncl 2¥es Tk wwsarivoigof Gkalmﬂ@nwherdmtbébddyearﬂlmmgegassmbbr -2 The

met hod of C aim 34, furthet er ‘ass fec cal within
the reser vof4oPEERLo fommp? FE‘F'P&S%W@CA&‘%F’&W %ggng?rﬁﬁmgﬁﬂ}/eﬂmm‘aﬁﬁ%&ﬁger on a.
second end A4d i's
posi ti oned %g%ﬁ\/\gg% an?ytﬁ}?égsei@yg%%%?ﬁ?r%m% bl%ﬁé gir?g‘ bgfﬁcrﬁgg)ée‘?ﬁfa% V\ﬁb erein the
body and pl the@ggial disetioh) 'y cooperat et a:-é 'syringe-ilike device with the
pl unger assenbly reciprocal _alo taxi's ‘def i ned by the body, t he met hod

i ncl udi ng b%s. nghe yeeerRpis obfRlaim Zshh’hﬂf e plupgeringndeslecking,detents s

posi tion. plunger and

pi st on toge isp c\%ﬁﬁr E‘P@da\ﬁgﬁur g'{tﬂ{efigtonét%%é\&ﬁ éﬁ ?g L%’E&?i&{@t ween. :

The net hod tﬁgeﬁbﬂwmléﬂlomﬁgtadivedmebanaitmeremwaémnger inaretr act ed
25.  The reservoir of Claim 24, further 1nc1udmg complementary structure on the

plunger and on the body whrch mamta S the plunger in a retracted position urging

the piston wall mto the ﬁrst posmon_ B _  he e
26.  The reservoir of Clarm 25, fu T _mcludmg a tngger on the plunger whlch
releases the plunger from the retracted posmon : _

27. The reservoir of Clatm 26, wherem the tngger comprises a cantilevered
lever member biased outward agamst an edge when the plunger is in the retracted
posmon, the edge bemg fixed thh respect to the body, the lever member including
a detent which 1nterferes with the edge and mamtams ‘the plunger in the retracted
position until the lever member is dlsplaced mwardly

28.  The reservoir of Claim 18, wherem the structure which maintains a
minimum gap between the piston Wall_and the body when the piston is in the first
position comprises a protrusron on the pxston wall. :

29.  The reservoir of Claim 18, wherem the structure whrch 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.
30.  Thereservoir of Claim 29, wherein there are three pro_trf'usion on the inner

wall generally evenly distributed ebodt_'e_.'cirele spaced from side walls of the

0 g



39 position urging the piston into the first position. 42. The net hod of

- Claim41, furwbebnsadgl uding actuating a trigger on the plunger to rel ease
t he plunger fromtﬁg@retract ed position. 43. The nethod of CPET/¥S2320060

i ncl udi ng mai ntaining the m ni num gap bf,} ween the piston wall and the body

when the piston is in the first position wth a protrusion on the piston

wal | . 44. The nmethod of C aim 34, including nmaintaining the m nimum gap

bet ween t he ghamiben wal | and t he body when the pistonis in the first

position with a protrusion an inner. wall . qf the.body. facing .the piston.
25, A'resetloi r TheFeseTEe phClgim 18 Whersh FH@G@V&%H%&S‘W@%‘?’HW%

reservoir b £ LAl o vl e I%F{pﬁg i_thign-4 t he body having a
peri pher al %ﬁqgﬁgﬁﬁ%ﬁﬁaﬂl %‘g@f'%ﬂlagﬁi"n et oﬁ{(l)\frs:lﬂg%dendi ng

per pendi cul a¢dnymtuhicaticphwithhe line idadimgua b fluid sytistetn obipatientl open to the
chanber; a fluid outlet port open to_the chanber; a piston displ aceabl e
within the b3y fTbnteservoir of Claim 18 whergin magnitude of thedriasing memberis a second
position spaced rther away fromthe bottomwall to increase the volune of
t he chanber,a‘ﬁﬂségbg?ston having a pressure surface which is spaced fromthe

bottom wal | 89 fOTH feseRbirQVCHAM 320 QiR IR SRng RS edipfoclwitifinithe t he
first position, the fluid inlet and outlet ports berng open to the gap; and

a seal sur rotgseivaig bote apd eupladdo she pistor vathdaxpa playdthengbetweenivcher¢igthe seal

biasing member is a spring positioned between and urging apart the piston and

plunger. _
34. A method of flushing a reservoir used in a fluid sampling systém,_ |
comprising:

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 inlet to the variable volume chambe_r.;

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 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 tubing to the distal portion of
tubing.

* c L L] S *



- between the piston against the peripheral wall of the chanber, wherein

~fluid enterigﬁ)wgle chanber through the inlet port when the piston is in the
. first positio

¥4 ect ed generally in a 360 sheet across thechasvgroosel |
and toward the peripheral wall of the chanber. 46. The reservoir of Caim

: 45, wherein the pressure surface is substantially flat 40 and di sposed
: parallel to the bottomwall. 47. The reservoir of Claim45, including a

protrusion 15 t hendmemss BFCMfﬁ,Cﬁh&@inZthe fé_a&tva'ﬁfc_ambheesmigmgemél and forns

. the gap. 48. .The reservoir of Taim45, incltuding a protrusion on the

bot t om wal | devicefmyingvaniazts withnthe inlet ponelopated stuome agial émbef the dhdmberend he gap.
49. The reservoir. of Caim48, .wherein thére are three protrusion on the
bot t om wal It?‘ﬁé‘?‘Félﬂ ingludgseaxs Y&I?Q¢F 2 e Bistanalengthe axis igo B i nwardly
from periphgrat wall. 50. The reservoir of Caim45, wherein the pressure
surface is spaced between approxi mately 0.005 i nches and 0.030.inches from
the bottom 3@l | Themethbd of Chifar35], wherein! the clidnitser ifsatckédaboubthe axisThe
reservoir of Caim45, wherein the fluid outlet port extends .

per pendi cul @ the ifetneghis lasated off-esntenin the one axial endgthe method including .

ﬂowirig ﬂ_ﬁshi'ng"ﬂuid into the chamber through the inlet port when the piston is in
the firstposition. P
37. | The method of Claim 34, wherein the piston wall of the piston faces the
inlet port and the inlet port is oriented substantially perpendicularly with respect to
the piston wall, the method including flowing flushing fluid into the chamber
through the inlet port when the piston is in the first position, wherein flushing fluid
contacts the piston wall perpendicularly and fans out within the gap.

38.  The method of Claim 34, including a plunger reciprocal within the reservoir
body and coupled to the piston with axial play therebetween, wherein the method
includes adjusting the magnitude of the biasing member.

39.  The method of Claim 34, 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 member is
positioned between and urges apart the piston and plunger, and wherein the body
and plunger assembly cooperate to form a syringe-like device with the plunger
assembly reciprocal along an axis defined by the body, the method including
biasing the piston in the axi_al direction into the first position.

40.  The method of Claim 39, including coupling the plunger and piston together
while allowing relative axial movement therebetween.

4].  The method of Claim 39, including maintaining the plunger in a retracted
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position urging the piston into the first position.

42.  Themethod of Clalm 41, further including actuatmg a trigger on the plunger
to release the plunger from the retracted position. .

43.  The method of Claim 34, including maintaining the minimum gap between
the piston wall and the body when the piston is in the first position with a
protrusion on the piston wall.

44.  The method of Claim 34, including maintaining the minimum gap between
the piston wall and the body when the piston is in the first position with a
protrusion on an inner wall of the body facing the plston

45. A reservoir for use in a fluid sampling system, compnsmg

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

a fluid inlet port extending perpendicularly through the bottom wall of the
body and open to the chamber;

a fluid outlet port open to 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 chamber, 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.

46.  The reservoir of Claim 45, wherein the pressure surface is substantially flat
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and dlsposed parallel to the bottom wall, o
47.  The reservoir of Claim 45, including a protrusion on the pressure surface _
which contacts the bottom wall and forms the gap.
48. The ré_servdif of C'laim'.45, including a protrusion on the bottom wall surface
which contacts the pressure surface and forms the gap. _
49. The reservoir of Claim 48, wherein there are three protrusion on the bottom
wall generally evenly dlstnbuted about a circle spaced inwardly from peripheral
wall, e ST I
50. The reseryoir of Clairﬁ 45, wheréin the pressure surface is spaced between
approximately O.QOS inches and 0.030 inches from the bottom wall when the piston
is in the first position. | ' | _ |
51.  The reservoir of Claim 45, wherein the fluid outlet port extends

perpendicularly through the bottom wall of the body. -
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