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WO 2006/065683 PCT/US2005/044763 ELECTRET ENHANCED
AUTOMATIC IV DRIP CHAMBER SHUTOFF Background of the
Invention The invention relates generally to medical fluid flow valves and
Wi dpac@arteularly, to valves that automatically shut off wherPfiliiflSas8shes63
a certain level. 5 During hospitalization, a physician may desire to infuse a
megicalfiidsinteupatients Ropdsrsart TveReric AMBIRE BRI TOFF
therapy, the replacement of body fluid, or for other purposes. During the
administration of medical Blatgteouadaefithet litvienfimportant to avoid the
infusion of air in amounts exceeding a certain quantity threshold. If too

large Brgirrajonialates srowakvts srdicthE el Y Biss ddreqrs pariculatly,
wprRelismComith R8s yiuvvpicheanie Aasdoussenditian: In infusing
medical fluids, many times a medical fluid reservoir, such as a bag or
bottle,.is hung in. aﬁzintverted ﬁgsition and.its conte@ts are alc&?(ﬁwplqut%
0

. ! ‘ t
mfusé)llilﬁg gtk}llesﬁ’ | ient - either Fgﬁ%rhnéar%\éﬁilugrt\?v% the ald of an In ujlsnlé}na

patis flavdcrarateBhe omviatsl thedlowy tatéoirthapordemueplatgment of body
ﬂp£89§9§§5?&4%%;§&§é%&iﬂg il AminiSIAton AShisSPAAD SORIMEL it is
tlﬁe fluid from t a

e bag to the patient and comprises a fluid line that is

imppriattcersidiboinveren phyrdp SMOURHCTErRsHad feasiis proiiapespld. If
1 HRAIEAMERH A S IFONRL SRR BohSkes HISEHIO HNBMBYEGH could

a patient at the other end, referred to as its distal end or downstream end.
IRy FARRS G SMNMTSRAHSR- sets include a device known as a drip
chamber. 20 This device may include a sharpened spike at its upstream
end fdn pensitratingiitee Stopperagy Smpstrmedite fosbrewiryouhiskeinmya bag or
fake the form of an Inverted bag . betlle, Qr.other. YRSAHGENARE IS @R Patien:
bga(%:ceééi 0 the éonten segﬁcf%ﬁ%:goﬁg%e?%ﬁe spiﬁe has a Ierllgth tr?at phien
edthtetittougtogthe fiiid wiithde eikelelr afitsion e Sl pCortieictsapeols the flow
LR, RLINE JesenairiaA-RresiRe MiRR fRrmel ietatedakilts laleh Qked o

upstream end of the drip chamber. 25 The drop former forms drops
cpadwsh e HEN A0 AbriBR SN @A O P TR EWN St dRcHE 5t tRRnected to
iR ehanber dusdeganiy-dhe diopSroRaeSRURtesReItBHO brigwe to

determine the flow rate of fluid into the&atient. The dro form%: IS Ioca?tedaS ”
SRR BRAMEBFHHE RIS Sharier At Arthe Hi5WHS SAfm BRaPGF iR !

@&hanshetridowhickdbeefarmed drops fall or "drip," an outlet exists that
connects to the tubing of the

Many fluid infusion administration sets include a device known as a drip chamber.

This device may include a sharpened spike at its upstream end for penetrating the stopper

- or septum of the reservoir, which may take the form of an inverted bag, bottle, or other

type of container, to gain access to the contents of that container. The spike has a length
that extends into the fluid of the reservoir and consequentiy conducts the contents of the
reservoir to a precise drop former located at its inlet or upstream end of the drip chamber.
The drop former forms drops having a known quantity of liquid that fall to the
downstream end of the drip chamber due to gravity. The drops may be counted per unit of
time to determine the flow rate of fluid into the patient. The drop former is located within
the chamber of the drip chamber and at the downstream end of the chamber, in which the
formed drops fall or “drip,” an outlet exists that connects to the tubing of the
administration set. That tubing provides a conduit for the medical fiuid to flow to the

patient.
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30 administration set. That tubing provides a conduit for the medical fluid

to flow to the patient. 1 WO 2006/065683 PCT/US2005/044763 Nurses

monitor the drip chamber for the presence of drops to be sure that the
wtigdisalofiesl reservoir has not emptied. As is well known to Huosesskileds7ss

in the art, drip chambers are designed to continuously have a certain

level of fluid within the chamber .when the flow of flyid into the patient is

p rocecti,f\él{llﬁséjgsisrfcg?D m é?rrngée u%?‘npé% %p%}lfr\?%gr‘? &5 fél% i%?ﬁ@ ﬁol(;lg% P B dbe
mm&oabfévé_ twmy;r l;han@lbemustieih mwedhktldmps) ceaseskilfallin the act, drip
éﬁ!ﬂb@f&f 'éi@déki‘é}?q@E@q%ﬂﬁ%ﬁ&%%qgﬁr%%ﬁn Qyézlecy L%Jda %thi%lst én c%%hber

Unless the administration set tubing is clamped or other action is taken,

wiie Hip e erflaidio daniiristiatichoesniga oavmidhytivackiris ShaimBres the
£ORNAGIRG RSy BRIGMBNLINIC eSOl MRY KeSUlLin Al NRIRG, Srawn. ( fa1,

intg the drip chamber and tubing and consequently 10 being infused into

e paticht Hif s St rbemp R AT aeat sl A alKdhis empty. Unless the

Aaditionalty, ikthebtvidslevehindhe clrigr chavnhetdrepermitied iR Jesigase
pty fluid reservoir with a full

%80 .fnalgt_tpe nurse anrt}[lot rc%gla e tt}}e egw : )
feseo LMICsS TR SRR RaMTMSIEROH SeofRptined Ly snto s fuid
@iretivalr ey foswid itsinbyiintortiven line, tiRrimnghtiebinen@kesdine bashibigent]y
' - ' ' cantrol the entry of 15 air into, the fluid
R B I Rl M e
desirable that enough fluid remain in the drip chamber when the present

reservOffGiERHs S ide Euithavel Hethermiia ifSrRggRBécedneetentadoo far,

thendrip chambepianciibetiov rafinewdivist ithe patieRtheginnitiont the .
need.for re-priming the fluid administration  set, 20 In another application,
SR PR OPATE FLFae Ko e A8 e et B dete,

Trirdowytisireamgleadiob thel b issttsielamberolndsLiiviassase;, dhen@lide entry of
Eﬁh%%bt%\goglﬂn%ostoiralcly %a_shaé{lgen?d spike. bcyt would include the other
elements "discuissed above TRyet s firth F%&é}ﬂteﬁﬁﬁ%rgﬁég particular, it
isasirebierrayamot tiafisid spileenbuthméypinstesshetadiat iteapstreamoir is

' inte ike for 25 establishin
Tt e e SRR Hpig T

o prgelid o thoratiensdrair wibotidhiuiee dwsebughattie Shottaéngtistofion
dybing into the

In another application, the drip chamber may form a part of a burette and be
located at the distal, or downstream, end of the burette chamber, In such a case, the drip
chamber would not include a sharpened spike but would include the other elements
discussed above. In yet a further arrangement, the drip chamber may not have a spike but
may mstead be fed at its upstream end by a length of tubing that has an integral spike for
sstablishing communication with the container of medical fluid. The spike on the tubing
is inserted into the reservoir and the fluid flows through the short length of tubing into the

drip chamber.

1t is desirable to provide a device that automatically shuts off flow when the
medical fluid reservoir becomes depleted. Therefore, those in the development of medical
fiuid infusion devices have created various shut off valves that have been incorporated

directly into the drip chamber device to automatically shut off fluid flow through the fluid
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drip chamber. It is desirable to provide a device that automatically shuts

off flow when the medical fluid reservoir becomes depleted. Therefore,

those in the development of medical 30 fluid infusion devices have
Vigraaedevetitous shut off valves that have been incorporated mingCHyoiatm:s763

the drip chamber device to automatically shut off fluid flow through the

1HMIGhcl W2 ARG  MRRPRIP T/ b 200w A 63 eroncs tanadicahfiuig,

reservoir has emptied. Some of these systems are relatively complex

COPRHIE™SHIHE SPEsiARpHIEPIsHe CRecdah Sl errhclitesssss adguiFe i Boats in the

lif|orts NG Hignisheétheddiip sharmbenand has A ¥alveweddasatedoaitberp
downstrggm end of th%drip c,hamt\)l}(\ar As is typical in these designs,

, the
BRRaRTTy SRR REAL APBLaTEAR S S RAPRES TiE HOBS G A ETPS THe I the
flolioyaradeat hed aating dewice! THeeibaatindaedicdin designede viesRalesigned
vhen the fllidin the chamber decteases, o a gertain loy level As the
96V81 Ya&tresset e foa approaches nearer an nearet the Vale So&
demtibsedinbdlyl seaspamghshutgroffafidwethver €y alovidhinigran! #ufioniytieshand

silfvavethat dogs §8%{£Hg e SABSIANt smeBroring. 49 RIORIGISHANE «onstant

arisen with such devices, one of which is that the floating device may not
msreEmEseat and completely shut off flow. Under adverse conditions,

such as where the administration set may be moving from side to side or

orienteistan Bngleretherithsuch deciysy eritas Wb lvalvieatier cpmay disice

slow in seating and fluid s ff may delayed, thys raising_ the
AR LT i R TRG Sono Tl G, SR T D gt o
wherditioadhatisrises: isivhgnte pumipgipenating @t adowr foantateisn angle other

en ith.. luigl line IS [ Jlses in the flyid upstr
B e Lo O B Ry v
delalss’s iy Hengibpgasabilgl thabvsroeientbrethyg rdptansriido o odtkhther
2H02U08ARNIGR AAfIEmay Dekredtnhenaaaied: ANar @R a 1h l%é}é@téd%zh

automatic shut off valves has incorporated magnetic 20 force to assist in
the feichiansrad dsrr e Srimiig BtE BRatseaB AT teddpharrssths frating
alecated iy thetiip chamber anda stationaly PErSHEBRSA Yoo seale 18e

shut off fluid flow in the administration line. Such an approach has an
ERVAHERGE R haR iP5 HSPHRROTER AT &/ PR bRoLTvR: Tt 1651 magnetic
field or fields used have a field strength that '
A variation in this type of automatic shut off valves has incorporated magnetic

force to assist in fluid line shut off. The force of magnetic attraction is used between a
float located in the drip chamber and a stafionary part, such as a valve seat, to shut off
fluid flow in the administration line. Such an approach has an advantage in thatitacts as a
latching-type of valve. That is, the magnetic field or fields used have a field strength that
increases non-linearly as the distance between the magnetic devices decreases. While
some attraction exists when the magnetic devices are relatively far apart from each other,
that attraction increases as they near each other until finally, the magnetic force provided
by their attraction overcomes the buoyancy of the float in the drip chamber and it is drawn
into a seating position in this magnetically activated valve thus positively shutting off fluid

flow,

This magnetic force developed between the two parts tends to hold the valve in the

closed or shut off position better than other valves that rety only on gravity. Where prior
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increases non-linearly as the distance between the magnetic devices

decreases. While 25 some attraction exists when the magnetic devices

are relatively far apart from each other, that attraction increases as they
Weezeagiesther until finally, the magnetic force provided byettsirs2005/044763

attraction overcomes the buoyancy of the float in the drip chamber and it

ls. drawn into a seating position in.this magnetically activated valye thus

B o e e e Rl e o o we

pelivcEn ghicofiies puabrtenidsnto bester ttiena Vieriritth Soatosdiccomphulpfieal and

it] 4 \/ . e %vit .Where prior 3
D e DI RS ety o

terschrtHea dneriiie seabvise Sradmmgratiectdrddliad ove i asrtinelwbigimat. Once
tbedioatsoauit i adgiter ﬁba&e%&ﬁ&hﬂ@&&k@@%ﬂk&@ﬁ@%@{xa%%%aagd by the
|

shut off flow before air enters the fluid line. The use of a magnetic force

THSE PR Qi Hoatmsiorsig Resiiafder Rl direanirabis senarete the
ot dfore micaizlfaﬁ%e}meﬂhg@ ﬂﬂ@g@ hﬁ@fﬂﬂﬁ c_téaﬁévgzl\whiﬁ ﬁhﬂ@hﬁ@'ﬁiﬁi&ﬁ@& not

0 chanical force ond that provided by the mere buoyancy o
R SR e M SR e A
ffomtitsvalire sevt:Eved filifgrteedipdethamberbuitmfeyciiltypicaty 8ok

' float in these.devices. . The force.of the
e e R N VS A 438 e
Gy &by siavasoatdriddsorthe foehfevhdhical forsmismiboeisany tise to the
diglogaadhefyvo. Typically, the wall of the drip chamber needs to be

squeezed to dislodge the float from the valve seat so that it may rise to the
luid. While the use of magnetism is drip chambers has been

level f y )

an im%%rﬁ%n‘ﬁm B ap e iR AR RET s BaR e Th & A RTRERSn the art,

dignetizdendces iconiprisitg wiatiic)dlement g1 shomgnot beaxmeseshents
ical fluid in the infusion.ine. Additianally, some prior devices have

B R P e S ietnapme P

diEstetion Unigiel dnkapbd e dad dbretits vivstisaamifat ture dafaillsteottentation

D . Qfl t i fure.can result in a. valve that

P A Ry R b e b NG

FeiREEEHISTIHE reBTE THAHUIAEITA R oIS P enheidldyices), :20 they skakfore

stormec hapyeengelatvely-daid surfaces ARt IS CoRNIUAtAN M@ devices,

t tlavseeaﬂsiSft{?med between relatively rigid surfaces, and this configuratic;n may give rise to
the problem of leakage at the seal due to imperfections, or lack of fit, between the sealing
surfaces. In yet another arrangement, the two devices comprising the valve, at least one of
which is 2 magnet, may not be aligned so that the lines of magnetic flux between the two
devices are then not optimally effective. In such a case, a larger magnet is used, which
can increase costs, Magnetic shutoff valve devices are further subject to other troubles.
The valve's emission of a magnetic field may negatively affect things such as whole blood
containing iron. Also, strong external magnetic fields may influence the valve seal, sither
causing premature occlusion or preventing sealing when it is needed. Moreover, a

magnetic shutoff valve device would not be suitable in an MR environment, thus limiting

its range of applications,

Hence, a need has been recognized by those skilled in the art for an automatic shut

off valve usable in fluid administration lines that is efficient and reliable in'operation. A
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the problem of leakage at the seal due to imperfections, or lack of fit,

between the sealing surfaces. In yet another arrangement, the two

devices comprising the valve, at least one of which is a magnet, may not

be aligned so that the lines of magnetic flux between the two devices are

then not optimally effective. In such a case, a larger magnet is used,

whjch 25 can increase costs, Magnetic shutoff valve devices are.further

s TSR TEORR 1 St S e AHST Lo Re g s o

afteqgditiedly affectvtismys stickmsnisio ke bib ol 2contaikipeniidric Allsd pEteotign of

el e el mayiea6a R AN G SR8l AHEl.CBHNAG: an Mr:
premature occlusion or preventing sealfing when it iIs needed. Moreover, a
ARSI 90 Wifoy apdierd vivespaiRnh oY Bee duithpladacampiren recognized for a

fﬁﬂd@ﬁ‘&’ﬁﬁ'ﬁa@%ﬁﬂ@?&%@ﬁ@a@ﬂg%1%@@9&&@%@%&?‘%1&%&9@9@

been recognized by those skilled in the art for an automatic shut off valve
COSEbIENH BIERA KRB AR hnser arcRthiand reliable in operation.
A 4 need has also been recognized for an improved automatic fluid shut

off valve that uses an attracti¥eventiexbBtwesaryalve elements to result in
a more dependable shut off action of the valve yet, does not interfere with

the cOPASENERES BREMSERE EITSdEC RSERN A7 WRRAR 5 SHOHGA et 2Bp Bt and
sRedicabenviranmentvyala fdhssnesdhrshaanieroanized fara-2-4uidiorce

shut off valve that is relatively easy to manufacture and has lower

OHERERABEYIY CHRBROPPRE BTRSSRGVEHIToRERAIY snereramtalirativeids. In
a:jmiﬁfﬂzl'(gi&t&w@mw@efzﬁlyo&aﬁlfbjlfiﬁﬁggfjﬁbi&ﬁmﬂh%%ﬁ{%ﬁ@megmﬂﬁéhﬁ
irected tqQ an aratus and .metho for a shut off valve used in a
R D o Th ey RSt SEE SFEEC 16 R B Qe
coalpeneors pmuhn_&s geciecaiea ﬁyldmnmmﬁ;@mbmﬂefaﬂﬁmmaﬁe rigdectric
%%%%QS&&'?&%H@%Q&BS tﬁ%ﬁﬁ?&%&%@‘%&'g éﬁ;ﬁéﬁ%&%&da@%&a&tr%%%hte@ or
components together to shut off flow. In yet a further more detailed
eagpesoneat leabuioné igfwh énc@nmmﬁmtéem@hwsm@mﬁmaﬂi d@ddiscproduced
g %EBEMQ{‘E% é1é9£f&‘?°h?r%@a diglechiehat %ﬁé&?ﬁ{%ﬁ%&ﬂﬁl field s

électrical field so that the two cormponents attract each other for 15
PERyEge e feBRNRTG AL 2(ieietlapbthBpidEteiled aspect, the electrical

field is produced by a component that is an electret. In yet another

detailagrrspeet: hrieleptical firihisoRiodurrd Y REMRRRENE dratds afor use in
ferroelectric polymer. . . . - ,

regulating the flow of medical fluid, comprising: a container having an upstream end, a
downstream end, and an exit orifice at the downstream end; a stop member disposed within
the container and formed of a non-magnetic and dielectric material; and a valve seat
disposed adjacent the exit orifice at the downstream end of the container and formed of a
non-magnetic and dielectric material; wherein at least one of the stop member and the
valve seat produces an electrical field that exerts an electric field attraction force that attracts
the other of the stop member and the valve seat tending to move the stop member and the
valve seat into contact with each other to shut off flow of medical fluid through the
container; and wherein the electrical field attractive force exerted between the stop member

and the valve seat is produced by an electrical charge permanently affixed to at least one of

the stop member and the valve seat.
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One aspect of the present invention provides an automatic shut off valve
for use in regulating the flow of medical fluid, comprising: a container
having an upstream end, a 20 downstream end, and an exit orifice at the

VabWeENEETh end; a stop member disposed within the contafif8yiERIe05/044763
formed of a non-magnetic and dielectric material; and a valve seat

dispoged adiacant heRxit alifiesrabdhertawnsiteamepnd ef theigontainer

and formed of a non-magnetic and dielectric materlal wherein at least

CleFE O PRSTSOPE RIS AR R4S Bat rBHiRQURCs ASBRSC S fraRprent

cﬁh’{’qb@&ﬁé@@&rﬁdﬂ%@!ﬁflﬁwaﬁ@aﬁﬂmm foreedhatatiasts 2fihd ethersofftbe. In
stop member and the v& gseat te dln%to move the sto emb %: j "
C

e A T e T A

fdhreugl thenpontapobmanihay Emermtb@@leb@rtﬁatmeﬁ ﬁtﬁrhcln/enfdhee aspect,
s Eehreteen s onmenielAah iR A seal s B OdURSH Y B

arge p rmanen y a ast one o e stop member
aamdt,tldmwaawsbaﬁ@@gsﬂw@m%@mw&@m@m?@@lSmltmore
detailed aspects, the component creating the electrical field has an

electrigalhatgpnepananty affbseivikinils bulkidaanothed aspesteile
component creating the elecmcalﬁkﬂ}%é n electrica !char}g
A L N R DS R P s%OWﬁlé‘Fé FOIRBPH IR &R e

wathviobiel seailtiops:noliaraate. dn ededitcattiid isped, ihrmethgfant creating the
R RoN e hoks BACIeR Y e edRLIRl M el eh Sehe Rl

creatlng the e?ectrlcaﬁ e comprlses an electret. fln ye
nmaﬂmmétaat@dt dspertntite nidberdbrrectiher ths! diebmigahfichde selected to

SOTPSS ﬁ} ﬁ‘i ol qg'?eﬁﬁ%m 'ﬂly%g DL ASRECH IR CAMPOYERE shuts

creating eld 1s physically 1solated from any medical fluid
ofiofvig through the container by covering the component 10 with a
biologically inert substance. In another detailed aspect, the component

creatimym%ﬂmmkéie@d&@@@e& wilithsBanytens T gesthar ﬁaﬁqsmduced by
resistant material. In yet a further de |Ied as
Oﬂ’?eméfBﬁrﬁ?gﬁ% g R N T AR %1 Tgcf’e%?%p % tFro\)i’eine i t%f’ Gt and
tlfbmdlnemzmm@meﬂfemhhpmhgnfﬁ@pwwéwmmeahm aiclallishutsaod in the
By B ARGHREL AL SSHHeSr BRPAEL R IR LRLP SRR R s
member will more readﬂy align itself with the valve seat for automatic shutoff when the

container is disposed at an angle other than vertical.

Other features and advantages of the present invention will become more apparent
from the following detailed description of the invention when taken in conjunction with

the accompanying drawings.

Brief Description of the Drawings

FIG. 1 depicts an overview of a fluid administration set interconnecting a medical
fluid reservoir with a patient, the administration line of the set having a drip chamber
located at the downstream end of a burette with an electret enhanced automatic shut off

valve formed as an integral part of the drip chamber;
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one or more of the components is selected so that the components will
attract the float and the valve seat together for shutting off flow when a
selected level of fluid remains in the drip chamber. Furthermore, the
weiriigffiaSe$ihe electrical field is selected so that the stop meauesamiln44763
more readily align itself with the valve seat for automatic shutoff when the
20 copraInehis dIsRosreal R ApEleAINRLIMANNRIEAL dRIhBHIEBl BSunted at
and advantages of the present in erPtlo will become more apparent from
tith ddfotontay dedaioduestsipitnadtatisianertrsimhe megien Hd of the ddp
Cﬁ&%&ction with the accompanying drawings. Brief Description of the
Drawings 25 FIG. 1 depicts an overview of a fluid administration set

interconnecting. a medical fluid reservoir with a patient, the administration
ine of 1o SEERA G TS LRI G188 St Ure SRSt Sany Eae Bhacr
vhiveettewitih di@|Gotist énrtiangectawfchadlicashanaff itatvi darnvedths sirface of

t%é%%@@%%@%ﬂﬁ%%@nﬁ%%@ b s%c}%g 0289{5{ e6§9§§ seat includes an e:lec_triéal

2 depicts apartially cutaway, perspective view
chirgatipt ciaantsehmibelntett dlogientommssgeanicaridhoha tiveeaniitphgt off flow

JHoat suspendadsinthemedical fluid of the drip chamber; FIG. 3 depicts a

cross-sectional. view of the electret enhanced automatic shut off 5 valve

shown in FIG. 2 with the buoyancy of the flogt caysing it to float e.
SUrtadB bt ALBEHBACET RN TG GOl St RO A R Vv o

rRehinciudesaggtdotritathchdrga dhamdithacts thbudisle officlflwdtintahe drip
FRSREehe e s eenin e oot of e med sl e 8ied e

epicts a cross-sec al view o

frhambeiuihmgnemBiGw Bhwith thize 3G float now fully engaged with the
valve seat and thereby shutting off flow from the drip chamber, the

electriggt chatge ftbayalvaisaal Geating aipeleciicakfioldithal-atiasted

the float into full engagement with the valve seat; FIG. 5 depicts a
ETBRIBERtIBhA Mo BT A GHP R AMBE RhACH HetRs S 1 SRR e
e QavdlieSeatmouningasrange nentAte sbnivnal, fs welastbathttheifiaaind

and 15 the valve seat gavi opposite.charges to create electrical fields
th?avtagf?r a%a[tt‘i?ég%%%ﬁ tg sguto oapf?om the gn% c%amgcr,

FIG. 6 depicts a perspective view of the outer surface of one embodiment of a

valve seat; and

FIG. 7 depicts a partial schematic view of the downstream end of a drip chamber in

which the valve seat of FIG. 6 may be mounted.

Detailed Description of the Preferred Embodiments

Referring now to the drawings with more particularity, wherein like reference
numerals in the separate views refer to like or corresponding elements, there is shown in
FIG. 1 an overview diagram of a medical fluid administration system 20 terminating in the
vein of the arm of a patient 22, A medical fluid reservoir 24 is hung on a standard hanger
26, only a part of which is shown, above the level of the patient 22 so tha{ a gravity feed
system is provided in this embodiment. The reservoir in this case includes a flexible bag,
however, a botile or other type of container could also be used. An access device 28

nenetrates the stopper or septum of the bag to establish fluid communication between the

7
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the valve seat together to shut off flow from the drip chamber; FIG. 6
depicts a perspective view of the outer surface of one embodiment of a
valve seat; and FIG. 7 depicts a partial schematic view of the downstream
wen@fesdsi chamber in 20 which the valve seat of FIG. 6 @y ime005/044763
mounted. Detailed Description of the Preferred Embodiments Referring

bRt u”;%dﬂﬁmﬁ%%%hm%ﬁlﬁa g&%& gayaaaﬁegst%k%nrﬁ{%rm%ea medical

merais In the separate views refer tO ike or correspondlng elements,
fhhé@wsmw:pmsq:@ 19 uysadoverelidaidg partrasadnyictichleflingiream tubing, a

bafé%é@étfaaaﬁﬂ Sy 39 {smninatinginithe 25 veimot themahaRatient, and

2. A'medical fluid reservoir 24 is hung on a standard hanger 26, only a

aﬁarxrrévwﬁ.éﬁ%%ﬁ%m 2 6TRHAR JaVEH B PRk ShatEnUsids ma%%@ejré\ﬁgﬂm'

vigednS¥slansis ﬂ&iﬂ/&ﬁ@ﬂﬂrﬁbﬁlm@dﬁﬁmm&*&&&mp kRIS T@aseng access
|ncludesaerX|bI ag, h Wever a ttI or other of container could
CHIGEP S TR RO L BB D S  GELe I RO G B of
ftbeduag thicateiiitimbnid ”Ebmmmmc&tmmbmwmémmmlya 2B0GHEE638e
PCT/E?%QQE/Q%% ba atrl1d upstream tubing 30 of the fluid

PARRii&rER0R syéetgm RIS case, a medical fluid administration set 34

is used and includes the access device, the upstream tubing, a burette
36, a HHp eramprsBsiivery sy aﬁf&w\a@é%meaﬁ%%%ﬁg%@a%ﬁ that

iHuhing 4Q. ARdracoRBERIPN JeWicR: A2 ik & SRARRRRMSRE BHBHBOk increase
shown) used to &mﬁetrate the patient's 5 vein and establish fluid

%Fﬁﬁﬁ@ﬁﬁ R g ALVEr RS REORA IASTEYB AT BRI ARy naRRagnetic
28 maiekethefosonafa dhakpeneshainckrentdehspie thatpenaisalas form the

I f the th di t. Th | fluid 32 within th

P LMoo T T S GD AU Tt AR e e o
E_ﬁnﬁiﬁ ;m@fspﬂmtmpphmmf dﬁea@h Iptwiel ﬁmmttreqmectiriin ahaﬂndmmﬁ&dha@rlothe
c{g L&E‘h Sbthe usem% ea tllgé(ggigg] g‘n Sr‘é%W%eCfS{’HQ a{f&f&@n end for

er tO In ease OI’CG e valve. An electrical attractive

&mc@mscgemat@d bycmari ﬂm@nﬁ@%n&%ém@@@m@rﬁ@m@m pbgARDers
Smbadiment aheasions eifclieldainsad Rforpdbe shut A MAINER HBof:

shown, the drip chamber is mounted to the downstream end of the

e itd 6 6T EaHBReAItRGISHoh @?SSHGFFé&H’i}%%‘PeﬁWaH&H‘é}m be used
ienbedimeetiners or conduits as well.

The drip chamber 38 includes a precise drop former 44 located at its upstream or
proximal end 45 operating to form drops 46 of a known size from the fluid in the burette
36 and permit those drops to fall into the transparent container 48 of the drip chamber. A
stop member, in this embodiment a float 50, is floating in the medical fluid 52 of the
transparent container due to its buoyancy. Downstream of the float is a valve seat 54 ia
which the float will seat when the fluid level within the container lowers sufficiently. The
float and the valve seat form the two components of the shut off valve in this embodiment.
In accordance with an aspect of the invention, at least one of the float and the valve seat is
formed of an electret or other non-magnetic and non-metallic material that has an
electrical charge that creates an electrical fisld to attract the other component of the valve.
The other component of the valve in this embodiment is formed of a non-magnetic and
non-metallic material, such as a dielectric, that is attracted by the electrical fieid created by

the other component of the same valve. Because of this electrical field, the float and the
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15 drip chamber may instead have a sharpened spike or other device at

its upstream end for directly accessing the medical fluid reservoir 24.

Such configurations for drip chambers are common. Additionally, in this
Wéhitiedieheidt, the electret enhanced automatic shut off valveqgeatedinTes

the drip chamber. However, the electret enhanced valve could be used in

ALY CoNIRIng 1 g%'ﬂfe‘? GG a5 Wel I he A0 ambeeS8inaludes

a precise drop former 44 located at its upstream or proximal end 45

eopeditian tbfdrihediopsas be a Nrowa SR HBRARE ARG MY BERARSHS
<RBLiPANRIL-those Arapsde fal iue thedipnrpay esiaanptainer 48 of the drip

chamber. A" stop member, in this embodiment a float 50, is floating in the

dical fluid 52 of the trar t contai tQ.its b .
Doun Dol b AT S CAreR AR GtRatle QLRI of puic
rwlsténiﬁgenfhhhzlr&smedﬂiwiﬂﬁrﬁméfcmmerﬂ@NQ§%uﬁﬁi&ﬁ@rﬁt?.bvr@tef@ai EKa D).
%ﬂﬁggé.@ seatfarm he vgscompons s ahibe shuiaff Yalve ndhis closer and

iment.” In accordance with an aspect of the invention, at least one
clifstéoffbatvaive shet il seaifperieeon A sreered spBtingoff fluid flow

tﬁ%ﬂg@ﬁgfﬁﬁfe}fcﬁ&%wn*ﬁﬂ%@%;dﬁﬁ%@@h@ﬁ%@ﬁ%&@@@%ﬁ%ﬁh@mmm@hd 57

creates an electrical field to attract the other component of the valve. 30

2 @SSRS ABCTRHOHERE oP IePYARIP R it ARYGRAITERY TR 40 Pidecbra
Renvrnagnetisand Rof-Relalicomadeliakiswel ayeeditledisia,ithabisd in the
attracted by the electrical field created by, the other companent.of the .
B TaiVE R ST ICH Y, SR BV g
2060 GEPIRAET/ UE2 0BS54y 63 Yddvenshat erdaitrasteditogetbesitased to
shut off flow through the drip.chamber, In anot i , the ..
OIS e T i o e SRS e he AR e
dharghsteatiracgthetsonabe semtiponents together. The fluid level in

the drip chamber will vary depending on the amount of fluid 5 remaining

in the 8RNI AbriRHERLRSHIEA tiking $4darshiniheuette (seensIBrough

1). As the level of fluid 52 in the dri ber di . the float will, -
RS ADEBE AN SU8 45 HEFUER SESE lFRE Ry B g T e evel

Theiseatand shwting aféiluidstiowndhie diphdtee d tipreidnaberxilivetdifm! the
chamber also,includes a downstream.or distal.end 57 and defi n exit
SFRGEA06 P ST OIPLC I ML AER Bt to R et o
maesisebireiand tirbinghdOrisattachentdd dhibianbdd irnafit tvthedetie dldarisate has

b%%%tgs%lﬂigggd with a variable clamp or other means (not shown). When the fluid level

in the transparent container 48 is high, the float 50 floats near the upper surface of the
fluid in the container and is above the valve seat 54, thereby allowing fluid to flow out the
exit orifice 56 of the drip chamber and through the downstream tubing 40 into the patient
22 (F1G. 1).

Referring now to FIG. 3, the elements of FIG. 2 are shown in cross-sectional form.
More detail is also shown of the downstream end 57 of the buretie 36. The vpstream or
proximal end 45 of the drip chamber 38 is connected, in this embodiment, directly to the
output, or downstream end 60 of the bureite 36. The float 50 is shown suspended in the
fluid 52 of the drip chamber above the valve seat 54 due to the relatively high level of the
fluid and the buoyancy of the float. The float, as shown in cross-section, defines a sphere

or ball-shaped body. In other embodiments, the float or stop member may be oblong, and

9



valve seat, the electret enhanced shut off valve 55 stops all flow of fluid,
including air, from the drip chamber into the tubing 40. Also in this
embodiment, the material used to form the transparent container of the
WitiprediepadBer is also used to form the exit orifice, although GHBES2605/044763
arrangements may be used. 15 In the operation shown in FIGS. 1 and 2,

A dremhiie feseryeih ot Jonsdhuaiy e URsiRaam;t &ﬁg@%ﬁgﬂo -

the burette 36 whiere it is accumulated to the’desired ie¥el. The ini

diee Birsfenl YHERRERI3RE SiFl e AOTIExTEs Mgt atiteRitdp ditsOmaomnt that

theIEats: IBtaHh s apdosnenddiahihe din RN P er-38: T HropfOsRsF 1o form
f?rrg(iﬁgrecisel -sized drops that may be counted and timed to verif%/ that .
it}

Y it FREE SO BEEPEStBRAS B With 4 Varrible R i 58P utias
5 theeansiteeishoawmdddheritiethiddsieels mdheptransppigst. CORAINGA Y Sidhe

igh,.th at 50 floats near the surface of the fluid in the container
R B R R R O g dpcaly
trificesBp wittirdldriprotydmberdaiet thyonghith ¢hd Glwaidtrdam tubingeifanitg the
Abe patent. 22, 4G, 1). 25 Referring now to FIG. 3, the elements of FIG. 2

are shown in cross-sectional form. More detail is also shown of the
downstream end 57 of the burette 36. The upstream or_proximal end 45

of the thp"éhErmHE P 38 EoHRREETEH, s e metunhe At lanaicyueh tica
10 routpild: polgaunstienm enmhaoatibehyistienddsFheflaat-sRiseat®Vibrmed into

ded in the fluid.52 of the drip chamb th 54

B e S S e o e
fahetflodn gsliowriincfols-sesterhdefive saisplicteraohaihshagatng
ly_In oth bodi fl b be aplong, and

S A et e R B e & ey

bsirepesnimély difiged ipticas poipin g ded, vedri saht o Framnc thrdeditirangionalve seat

15 HROYEANALINERE SUED asdarnd ‘ﬂé‘ESnfﬁEIE%}QL?y oF puFape Hdéri{BP@J&ﬁQt

that the shage of the stop - member compleménts the shape of the valve

e iiie e F e rPaf iRt ightseantigheni R Sibp itamiser magawrstio be

aiR:1Be Y alva st tithisgmiadisnent Hihe sleprmeRar is made of a
dielectric, such as a nonpolar polymer. The density of the float should be

o SR S S e e R St Al
chegseddmydtieglehwet valve seat 54, the float and valve seat will atiract one another. The

20 attractive force between the float and the valve seat need not be large. In one
embodiment, the buoyancy of the float would be large enough to break the float loose
from the valve seat when fluid is introduced in the drip chamber and the leve! of fluid
rises. In another embodiment, the atfractive force developed between the float and the
valve seat 1s so high that the float must be manually dislodged from the valve seat before it

25  will float to the surface of the fluid in the container of the drip chamber as shown in FIG 3,

When a lowered level of fluid exists in the chamber, as shown in FIG. 4, the float
is attracted into a fully engaged position with the valve seat at the bottom of the chamnber.
As the fluid level decreases to a predetermined amount or quantity, and hence the distance
between the float and the valve seat 54 decreases, the atiraction between the float and the

30 valve seat created by the electrical field will overcome the buoyancy of the float in the
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float with an inert gas. The valve seat 54 in this embodiment is also made
of a dielectric, such as a 10 nonpolar polymer, such as a syndiotactic
polystyrene (SPS) or a Teflon PTFE, formed into an electret having an
Vilagtndabdiiarge 70 permanently affixed in the bulk of the vaUg/seza0F044763
attracting the float 50 to fully engage the valve seat and therefore into a

RRRlRY ReSItAD MRS Yalvesealta, sttty kﬁl&eﬂ(\g éﬂuﬁgfg*a@fﬂow and

embodiment, the charge may 8 permanently affixed to the Surface of the
sgalpg ety i Brigdnsbdaimestofs valve seat 15 has a rounded form for
the seat that is complementary to that of the float to readily accommodate

the roimdsshagediticat, Theadnigurationofitlieratve seatighayenede oat 50
altered.if th of the member ar float is other n round,
G e B e e R R PR Yome
53 agleutricaldistdesrbatediby ahbeletietorb o gdat® e tive floah antiial\ that the

SeFh il atpstaue anatbsr wEhe Rl atrastive force %%%%@&Jé%ﬁ%@é}ged

the valve seat need not be large. In oné embodiment, the buoyancy o
b HEURIBE RIS SReUGR e BrasKhn EHadc fuse Rbethraly d értewey. the
e arflvich gsiatrrduses in thevdripchambenanghite-levabofiflid fises dRated

another embodiment, the attractive force developed between the float and

b e EHAkeRes PidEIRgR R te fLSEHRI IR (P anschged figq has o
10 riaewvabe SEatheirii@bwilHeat @ thestriaceokihadluiddather 0.62 ¢.

ontainer of the dri amber as shown in FIG 3. en a lowered_ level of
e i N BF BOARO A B e oS i Beon
vitilly érgaigedigositiothwifmthievatite sdatstythe ottt of the/chamkermal
the fluid level.decreases to redetermined.amount o antity, and ..
T B e R D W Sociment
tehféoatraeidrobetiveahvinis flodiuaihdrtivalZe smhvelisesat cieatochbye thithe valve

15 seiegicAldisld wih avercame, thehugy enosatdne 6'.@@@5}%1}?&/%’&5 the float
2006/065683 PCT/US20051044763 fluid and cause the float to fully

Feaipy aeflinB & einek GeaneraraIsy Srrutting Srtia iy s ainpine dystdes of the
+a0RIBsLRErSRITY haitni eascembadimant & MmN PIesSUreARNd. This

create a gas tight seal, the float 50 has a radius of R, and the opening of
RO TR/ ST S AT S 9P Ta R BTRRGE2BOE BleasahthBistaipdhelow the
fleditiselidher valvenseatshetinorbe o0 mushismaller, so that the

20 It should be noted that the electrical charge 70 of the valve seat 54 may be
physically isolated from direct contact with any medical fiuid that flows through the drip
chamber 38. By coating the valve seat with Parylene™ or other water resistant material to
prevent fliids from reaching the electrical charges embedded in the valve seat, such fluid

does not come into contact with the electrical charges,

25 In the embodiment shown in FIG. 3, the transparent container 48 portion of the
drip chamber 38 is relatively full of fluid 52 and the float 50 is buoyed to the fluid surface.
It should be noted that the float has a diameter, designated as 51, and that the bottom of
the float is submerged with some volume of fluid 52 above it. Therefore when the
submerged bottom of the float seats in the valve seat 54 shutting off fluid flow, the fluid
30 above its position at the valve seat will remain in the drip chamber, This is shown in

FIG. 4. As is apparent, the diameter 51 of the float (FIG. 3) has an effect on the amount of
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distance below the seal between the positively-charged float and the
negatively-charged valve seat is minimized, thus maximizing the retention
force of the seal. In this way, the force drawing the float into the valve

Vgt igpatdtational force plus the attraction created by the BXRTER0E /044763

the electrical field. In one embodiment, the round-shaped float has a 10

ﬂ@flﬂén%ﬁég%% éxir?'gﬂagl@eywyéﬂ%%ﬁ)ezz%e?%aﬁcféw%Ja c%ﬁﬂ?@kﬂhbam

of 0.62 g. Therefore, the float would have a density of 0.55 g/cm3, whic

I8 EMBEGH O EPThafioaENIRSPIAHERL B ik iRcHieE ranié oivithid
Lensiy greater than 0.85 g/cm3. Normal water having a density of
approximately 1 g(cm3 would cause the float in this embodiment to float
away from thg \I/}L?IC\,/F@? géElU”h%ﬁtOtﬁQi em od'rgenth the oEegin? of the 1
valve 15 S8ar has a radius of U.45 e andra radive of carvature SFgisgan aiso
mneoiing] pidvethtsstian fibat! frowelcfttion ftd ughatite ofteciniy of thedviahtee
SEALANLAUUS fhiodralandls RAGR01A HMANE RERNE IRUIRREhe noat 50

when a decreased amount of fluid is’in the drip chamber. This

Tithirereynp dobiiarrs pbarear d dedana theoetbdicenetiareeivihiete
dglow.the-fleatin grderyamaximizadhaetantiopderesalite seal. %g%tchamber
ay be

should be noted that the electrical charge 70 of the valve seat 54 m

BEySdanyRORAE FPERfetT et A with Ui ridtreaibrrficherriptieid field
m@h bdhedup tmaim@@as&a@ge@@mﬁag‘n%w%ba? r&@ﬁ%wgé}]&@%!.%&ﬁa{%e

r other.water resistant material to prevent fluids from reaching the
i BT oA e A tF e SRR A b B leed
linvel oH i dtrevithithénatectricaleharges. 25 In the embodiment shown in
FIG. 3, the transparent container 48 portion of the drip chamber 38 is

relatively fullof fidna apdihe BeatR%isdueyed Rdae i sk f@;n&g%%% ay be

should be noted that the float has a diameter, designated as 51, a

HHechstRT At thrdlnaayid Bisnisrdibn alan Sk avibithnaadraenat S apieveatic

dhuldrerpionanvhendhe: sumerded:hatiapaiithe deatsaala infthealve
seat 54 shuttir%]% off fl (igﬁflow, the fluid 30 above its position at the valve

TOARGIM TR B BfigeoRamber PRIERS R GFERT I @ndpr Agvder range of
apparent cthedigmetespihafihe HoatfFithedybasks etteshiencthe ameustse of
f 11 WO 2006/065683, RPCT/US2005/044.763 fluid remaining in the dri
B D R e T B AL T SR B e B ey
wipdtidnct ovidehdf ey die seleote talre slitintatesiced amoouticahfluds valve 55

will continue to function properly due to the strength of the electrical field attraction

forces between the components of the valve.

In this embodiment, it should be noted that because of the spherical shape of the
float 50, the float cannot wedge itself within the transparent container 48 thereby
rendering the valve, of which it forms a part, inoperative. Furthermore, an outer edge of
the valve seat 54 may contain a downward taper 55 to guide the spherical float into a
sealing position with the valve seat. Thus, the float cannot trap itself on the outer edge of
the valve seat when the liquid level has decreased therefore eliminating another basis for

valve inoperability.

As the fluid level 52 in the drip chamber 38 decreases, the float 50 will move
closer and closer to the valve seat 54 until a point is reached where the electrical field

attraction is greater than the upward force on the float caused by its buoyancy. At this
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remaining. The amount of fluid remaining in the drip chamber when shut
off occurs can also 5 be controlled by the strength of the electrical field
attractive force developed by the electrical charge. The stronger the
wélaetnoaifidld attractive force, the sooner the float 50 will OPE€TORIO0RS44763
buoyancy force and will be drawn through the remaining fluid in the drip

fRAMReriRSsal ﬁ@o%%@'i‘r?e?%ﬁh%sfﬁ%)ﬂqg R %%'&é%‘%?{ﬂé%iﬂ Ky of the

drip'chamber than if the electrical field force were weaker. Thus,

remalige Brivéeluenital %&h@iﬁ@fﬁc@gﬁ%@ﬂ%@w&ﬁ@@ﬁwﬁéaﬁ@ﬁw@@the float
s8iisaating thedleak m@ys@ﬁs%ﬁée& deadbatifie-chaagwilh sl agkihefieat

fo the valve seat for shuttin uid flow when a selected level of fluid

RS G SRR S ATAR oSBT MR B b APTET ofect i

tpEogeGRE R e argesdaaysheaselasied aadhaithedloat will more
readily align itself with the valve seat for automatic 15 shutoff when the

contaipe 3isp0sed aARANALS LB VBIGRLThE BIESE outer

enhanced automatic shut off valve 55 wil fore e ef ective under a

dieetcrnagel & edndimabcs it BretiipreptaniidbaBatmarothepnigacr 48, so
(L exaRIEEVER Mdhesase aF et chambaliReingiYSed JdHHRg. may be

transpart of the patient where the drip chamber may_experience widely

Il &HG Hitthsghsslhe Shepditt %rﬂﬁ%ﬁé@ﬁaéﬁrté?ﬁ%@kb@r%%%ﬁl%% ipgnore

dail continueetoifunstimbprapetinsue tadhe so@ngik ahthrelesthical fielk
attra tion force i'fh etween the com onen s of thev Ive. In this

SO, N DG B A AT e A R R e cpbs Sl the
ﬁlnanﬁﬂ;etbbaﬁﬂm cmﬂw@g&iﬁﬂeﬁmﬁkﬂmmﬁ thanapatent eantednéiirip

herﬁblyal{&%%{ﬁ% %H d"’ ), "5¥1§‘['%%'t (Orms- 2,08 g ve§ ve.
grmore, an outer e ge of 25 the valve seat b4 may contain a
downward taper 55 to guide the spherical float into a sealing position with

the valVEISeHiTHIE [HETMGATR ARror BRI IPORIIRS Suiet SdbelreatRS i this

sybve:aRat wbradhe lbavickleve! lnassleeaserktheeferg ebminatingansparent
another basis for valve inoperability. As the fluid level 52 in the drip

RREMBET B8 IEdP T G TS Wmafﬁ&/?%%l&%?%‘h’&ggﬁ?%ﬁﬁﬁ@l but
ivabrp-adanbd mbawmm&aﬁemhﬂmlﬁem ammmmme Rlraeting isto

%ﬁ%@%@é‘ 1} 405 HBYaIE 1016200, 08 oAt CANSEH BY IS DHOYANEY: AR ciing
ring during assembly, and the base will be held in position as shown in FIGS. 3 and 4 by
the locking ring. The locking ring 106 may be a part of the transparent container part of
the drip chamber or may be a separate piece added to the transparent container and held in

place through adhesive or other means.

In use, operation of the electret enhanced automatic shut off valve 55 may
commence with the fluid reservoir 24 being accessed and the administration set 34 primed.
A selected amount of fluid is allowed to flow into the burstte 36. The burette is then
closed and fluid is permitted to flow from the burette exit port 60 into the drip chamber 38.
With little fluid initially in the drip chamber, the float 50 will be in a sealing position with
the valve seat 54. However, as the fluid level rises in the drip chamber, the selected
buovancy of the float wili eventually overcome the electrical field attraction between the
seated float and the valve seat, causing the float to dislodge from the valve seat and buoy

to the surface of the fluid away from the valve seat. In other embodiments, the float may
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WO 2006/065683 PCTIUS2005/044763 point, the float will move into the
position shown in FIG. 4 to seal off the fluid flow of the remaining fluid 52
from the drip chamber 38 through the exit orifice 56. Because the float
WIS b3 valve seat and seals the drip chamber before threcfiaidzinthe: 763
chamber is depleted, it prevents the entry of air into the downstream

b%‘?éﬂ%\éé% f@bgeb?seg%'ﬁﬁngggﬁh&%gﬂﬁg%agi;\;hgsggeﬁygr%cﬁ%ﬁ%@gmeaﬂs, such as by

ownstream tubing remain primed. The 4'includes a

sgyipeirie Ay sStapedbasesBE TSR Dutb el itaive taab dheiPhy oFjisiming
nalies hanithednnecdirmetereh hadtarsparsib RN RINeE 48 with thakilia

may be slid into place within the container. The cylindrically-shaped base

INal D lig MR WMErHARESke G @eap 1 b Swdrpediey istiqpaient 22-

zﬁ&ﬁamd i@@i‘ﬁﬁﬁéﬁﬁﬂ@f@ﬂi@ dﬁdl&?d'|bhi@ﬁtéei&{%lkﬂh§di&ﬂ|€!1@ﬁﬁ@rt]@deﬁhﬁttﬂ% thig
mbodiment, the base 88 must make en contact with the transparent

oA HBE RO B B AU 28 St e HERHCRT 8 St nd

sehfarm beroanmhohdiges é&mraid?_ﬂmiiﬁ_lmiskemé ﬂhmhasedbeﬂﬁr&e@iﬁt&niﬁﬂ&enf the

%?%%@rba%daf?odw% tﬁg‘?ﬁg é'%-f RS tﬂ?&?bggfﬁgm W Sct%’%'é’ Bt the

continuing reference to the embodimen &S, 5%Rd
sbhedc8Sinnhiel ths Beabidindeeminelingss. & lwdkimy bipyme 6vicigedthdirethe

HRSWAH LOBAEINE MR asRA el SPRBINe B aT N EnlORKING NG 1S LADIRE S ing

inwardly towards the downstream direction but is perpendicular to the .
TRied OBeity PRE SR SIPERIY Qi Benner nedgiiaedy g isatsipmmad oftfedielectric

tHANS RRFRS L OPIRINGEAB JEom i s Pnaxsal e he ARLldhe: raﬁ@ﬂnem with
over the locking ring during assembly, and the base will be held in

e BRESH EL SHIRAT I EING 6% JRUTACER oI the fociamgiihyteprisdaimgdesgt the

vh0G Beayvae heppiafdhie: Manspasenheeniamanpantefsthe dip Ehambsiegeal
ay be a separate piece added to the transparent container and held jn

DR SR AN B GTHBE A EATE T TREoop O o BhGE Bt he

fent atedd ssatomatic shusaffedbive 5 frajure@hibrenceratic thepfluitie 55 will
seryoir 24 bei the administratian set.34 primed. 25 A .

e D B gm0

rispiEs dlosddiamddrfiing kspermitted to flow from the burette exit port 60

into the drip chamber 38. With little fluid initially in the drip chamber, the

float SQeréHig #o R SSRGS POsHioNsIiint e ¥AINE SeAkGbrhOMBNRN, A% drip
i vl e e e, e st oy of o
including inward protrusions 156 from the inner wall 158 of the drip chamber with
selectively located grooves 160 formed in the outer surface 162 of the valve seat 154. A
first distal groove 164 is formed in the valve seat that coineides with a first protrusion 166
on the inner wall of the drip chamber. This, along with a second groove 168 on the vaive
seat and a second protrusion 170 on the wall 158 serve to engage two protrusions from the
drip chamber wall and retain the valve seat 154 in the desired position in the drip chamber.
The protrusions from the drip chamber wall take the form of rings in this embodiment.
The grooves of the valve seat are also formed completely around the valve seat so that
ease in manufacturing results. With such an arrangement, the valve seat can be inserted in
any rotational position during assembly in manufactoring and will function perfecily.
More or fewer protrusions and grooves may be used in other embodiments and they may

take different shapes.
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30 seated float and the valve seat, causing the float to dislodge from the

valve seat and buoy to the surface of the fluid away from the valve seat.

In other embodiments, the float may 13 WO 2006/065683
WRCTHIB2095/044763 be removed from its sealing position Reithttsrosaiias 63

seat by mechanical means, such as by squeezing the side of the

transpaggAt sONIAIRELA8RINE MaE: SeRl. IELSRYI QUAIGOMINGHDELRMEESes 2

holding it in a sealed position in the seat. Once the float rises with the fluid
reisg rinethédiphsmitsec ABa b ATRIac 626 ftes WaltHabirli B rRProREer

atheRatientid2e o AsHhaimeassred ameunt ifdHn 166 PUredads the ouside of
exhausted, the fluid level in the, rig Qhamber will become depleted and
i %28 SR AP BIEPRER AR GA bREERRthe first and second electrical

charges 66 and 70 will cause the float to seal off the exit orifice of the drip

chamblse anthélomitprisngh (EHGIA, awthifie fiasb Asedahaviilteass 54 have
IBEAAHSS QL Ie BRNgIIER Wﬁfh@ﬁnﬁ%ﬁé@i% SPRRAPERL I WIS the

become wedged in the 10 transparent container of the drip chamber even

vl thacaris EATREE DAY HG RE/SPRASICIERGCR GDEU S 1B atierrcat BoR)yE
sltansRAstAdditionaths iheflaat derard af.a Miclecinss thahis attrastadRyind

the electrical field, will strongly be attracted into proper alignment with the
DB GERRIR RIEH AR i i & Sate AR R Ge ehs aﬁﬁﬁm%ﬁmﬁéﬁ%w the two
vautesoedeesidhe. valy@seahwilldrelprgride theafloatcintodentact fivith the

valve seat. The fI%afIAl's spheri aI%i_? shape also.assists in properly locating
eﬁ“@ﬁ%‘?ﬁ?&?&&% ‘5"%% . %Wa%grsnu e hed pcrl?r%%%ﬁ fsl'ng)e2 “fluid administration set is
preserved and this feature of the automatic stop-valve 55 will allow the

buretfd¥o heveesiNe AMATHIRAY REFPE TATUISTE P 1B &giNcagaid WiiduiC. 5

SHAVIRGHR Jedvinesthenadeiinistiaingsel ReferingRan: e GhatiR CkOsSered
sectional view of another embodiment of a drip 20 chamber 152 is shown.

frargy girssse diamic R AP RIFEIEGRY A A SRGER SHITS ShaWhe ARSTHRG™ eod.
TiWakdREtEAseNEAGE Hemstbaimer wallalva8-af thehdripishnmbes it g

selectively located grooves 160 formed in the outer surface 162 of the
HHECER, 1R T HERal G OVE eI R LA SRRt
andinildespithratirstprotiosi A A 66 pomtiein neruvadicahtthe drip dizamhber.
This, along with a second groove 168 on the valve 25 seat and a second

protrysign; L7 8.0auihe. walb 158:setvey I SNgRYs: WO RIPEMEIans Mmmyibs.
drip chamber wall and retain the valve seat 154 in the desired position in_
c@ﬁ@éﬁmﬁ% arpapgle of taper is indicated by numeral 190. The taper not only aids in

molding the drip chamber but also aids in inserting the valve seat 154,

A dielectric usable for the electret is a syndiotactic polystyrene (SPS) from Dow
Plastics, Midland MI, U.S.A. 1tis a nonpolar, non-metallic, and non-magnetic material
that will function as an electret. Although the electrical field has been described above as
being formed by an electret, other non-magnetic and non-metallic materials that can
permanently hold an electrical charge may also be usable to accomplish the desired effects
of the invention. For example, materials known as ferroelectric polymers may also
function as non-magnetic, non-metallic materials that will permanently hold an electrical

charge. Other materials that exist or that will be developed may also work well.

Thus there has been provided 2 new and improved medical valve device and

method by which an attraction exisis between the components that tends to close the valve,

15
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The protrusions from the drip chamber wall take the form of rings in this
embodiment. The grooves of the valve seat are also formed completely
around the valve seat so that ease in manufacturing results. With such an
WarPapgeiTeht, the valve seat can be inserted in 30 any rotatiBfSo®isien 763
during assembly in manufacturing and will function perfectly. More or
yEEWE T RIALEIONS. A0 BHARV RS sed B Rthar empadimentsentse of the
they may take different shapes. 14 WO 2006/065683 = . .
ST PG ZORBITE I s, vt AT GPIB0Ee IV rBr B et T & DO
d680kef thecyaivesral iaaves avaispadingnttanibacmieraaatihaiiol are
contact the inner wall 158 of the dri ,ctlaﬁinber and form a fluid seal. This
VR RN 5 RO SRERRTCR S HBREG St the outside of the valve
seat and through the exit orifice 56. 5 Also in the embodiment of FIG. 5,
both théiftoeh50efemtthendaliermsive Smbediancelscitits ioharges ITrrireat
dga?&w@lﬁﬁﬁ@s\ffeg@ pesitiveslaqrical shage SRMME. s Valygassatishs

own as having the opposite electrical charge 70, in this case, a negative

vetbintiearbiiar ge UEse tHic dathaa i vake e ar sreTalec e mritirs faculty.
Tembadispentans ke sreatealestticnkfields: Becadsaithenglesipeat fielgsesent
_are gpposite in polarit}/ the two 10 valve components, i.e., the float and
NG B RBA A DRE ARBEP T E N BbEIcHeYS BhiTEaR ABH™
Acovading! dripichanitendslhk G Gnpresentsedimedbraalepe s poctivenpended
. afithse valve seat 154 of FIG. 5 showing the grooves 164 and 168. In a
prg}e'rred embodiment, the drip chamber is tapered from a larger

diameter at the upstream end to a smaller diameter at the downstream

end. 15 This arrangement will facilitate assembly of the valve seat in the
drip chamber during manufacture. Additionally then, the valve seat will be
tapered with a complementary taper and will snap over the protrusions

156 for permanent mounting in the drip chamber. FIG. 7 shows in an
exaggerated way the taper of the drip chamber 152 in one embodiment.
The angle of taper is indicated by numeral 190. The taper not only aids in

20 molding the drip chamber but also aids in inserting the valve seat 154.

A dielectric usable for the electret is a syndiotactic polystyrene (SPS) from
Dow Plastics, Midland MI, U.S.A. It is a nonpolar, non-metallic, and
non-magnetic material
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that will function as an electret. Although the electrical field has been
described above as being formed by an electret, other non-magnetic and
non-metallic materials that can 25 permanently hold an electrical charge
may also be usable to accomplish the desired effects of the invention. For
example, materials known as ferroelectric polymers may also function as
non-magnetic, non-metallic materials that will permanently hold an

What iseé&g{t{r}ygﬂszcharge. Other materials that exist or that will be developed may

aiso work well. Thus there has been provided a new and improved
medicalvalyengeid seuaind 38 nedimatidin wduelatar ditr detion faxisteal fluid,
ween the components that tends to close the valve, 15 WO
6/065683 PCT/US2005/044763 yet the attraction is generated by
non-maghekenanteEras-matpslicanbadaisi Bovagem shthendse oxit orifice at the
downstRaR BRgnetic materials, the valve in accordance with principles of the
invention does not adversely affect an MRI environment and because
non-matEnRheatRF s rreed isddinbe s auiniper wg dritsrardishavien-maghesr and
dielectrfligseRAlthgugh preferred and alternative embodiments of the invention
have been described and illustrated, the invention is susceptible to
modifiéalfors SRR Ao RS ithfrrifbosbiffAbthh dewrsman rnthe e
contain@nhivitheiet theaaxareiseretinyed tivedanyiyatdhis, it should be
understgod that various changes in form, detai|, and usage of the present .
inventBASTE B TLE RGO BETIRG A iRS At AoAneratigs Bt stical
field thaneeatiom diBcatchetinglycitiis fatcntencdechthatithetinyeftionshs inakadr and the

comprlgg

' except.as.by the nded claims.. 16 What is claimed is: 1. An automatic
valve se t%eixgalﬁp t ¥n ve?l?ep s%op menil er antqu]e ﬁ g\%}voefsea dnpc} c}gmlt ?t (‘:"g%m ﬁél?noégg 10

shut off valve for use n‘regulating medical
shut offdbrmaidenddasshfuachtinssigbde emtpmetowndstream end, and an exit orifice

atthe g downsfream,eng ﬁ%}ﬁt%ggﬁ{?é%&%ié%’é&ﬂbv‘%g‘e@ e Sf%rét%{Qe%er and

and formed of a non-magnetic and dielectric material; and a valve sea

the vaivgisprssearadjaeént wiestsdtrdfichaagaimerdunensivealiired thaf thast one of the stop

member and the valve seat.

2. The automatic shut off valve of claim 1 wherein the stop member has buovancy
and the attraction of the stop member and the valve seat to one another by means of the electric
field is selected to overcome the buoyancy of the stop member when a predetermined levet of
medical fluid remains within the container.

3. The automatic shut off valve of claims 1 or 2 wherein both the stop member and
the valve seat produce an electrical field that attracts each other tending to move the stop
member and the vaive seat into contact with each other.

4, The automatic shut off valve of any one of the previous claims wherein the
electrical charge is permanently affixed to the bulk of the at least one of the stop member and the
valve seat.

3. The automatic shut off valve of any one of the previous claims wherein the
electrical field is produced as a result of the stop member comprising a first eiectrical charge and
the valve seat comprising a second electrical charge, the first and second electrical charges being

opposite and attracting each other.
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container and formed of a non-magnetic and dielectric material; 10
wherein at least one of the stop member and the valve seat produces an
electrical field that exerts an electric field attraction force that attracts the
other of the stop member and the valve seat tending to move the stop
member and the valve seat into contact with each other to shut off flow of
medical fluid through the container; and wherein the electrical field
attractive force exerted between the stop member and 15 the valve seat
i8 prod Qe P BB S IIMHRAN NS §8 Pamhandivg ke dho Hpl @ad sarme of
electrldilalsdq&s mepheiassithenabd saal balkldraRumatienslthaffMalvg i seat
ajm 1 wherein the stop member has buoyancy and the attraction of the
Hmember and the valve seat to one another by means of the electric
field is $eleataditaiovbucoffiedhe Mm;gamm/aﬁtﬁaqjﬁdommemlﬁ&fwﬁeﬂrﬁthe
matei_i#re%% 1tjegmlq%ed eve{co 0 rrgedl % (f)éjé%l a|n dv(\)lflztshlrétt e container. 1:3 ¢ with
e automatic shut o al\/’% ot ¢l erein e 1?%“’“ act wi
medicaprfbblercand lmhbﬁvaimlseat produce an electrical field that attracts each
aher eAdNG MR INErPIAR SIPRRELANG e HalE SERL IR NGk, o

with each other. 4. The automatic sh va ve any one o previous
least onqaihiBagiereipraher 2addieciabet stvarbe i pdimmatelycafidd doametikan
elecireOf the at least one of the stop member and the valve seat. 5. The

automatic shut off valve of an?/ one of the previous claims wherein the

drectricalfidtiae i duredasy s edanoprre Stbphiteifperlabripriaringboth the

stop métiseelactigal.eRargaaaehjhe alve &eat comprising a second electrical
a{éarge éhe first and %econd electrical charges belgﬁa 30 opposite and

1'espectt

racting LN BIHE 708! e A ANE Shitedhs,kiba Bieiaifhes: least one of
the stopuneneiorbathiibe diket @actisegeodu @leatterl-charges aeperyanantbleciric
affixed to the bulk of the stop member and the valve seat respectively. 7.
he automatic shut off valve of any one of the previous claims wherein the
5 matefibt pmaﬂnaii@gsmheoéfemiﬂeaif(}imargmisfdlmmdasocﬁla&hit\dm&ﬂ@te stop
membeP RS LU COPAR Wy MeCHERL IV IREHRR (G CONRIRELRia Tl whereby

automatlc shut Of valve or any on€e o e prewous C alms w e
the stop member floats with the level of the medical fluid in the container.

polym

12, The automatic shut off valve of any one of claims 1-8 wherein the stop member

and the valve seat comprise a nonpolar polymer.

13. The automatic shut off valve of claim 5 wherein both the first and second
electrical charges are permanently affixed to the surface of the stop member and the valve seat
respectively.

14, The automatic shut off valve of any one of the previous claims wherein the

downstream end of the container is tapered to guide the stop member toward the center of the

valve seat.

15. The automatic shut off vaive of any one of the previous claims wherein the stop

member 15 hollow,
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least one of the stop member and the valve seat that produces the electric
field comprises an electret. 10 9. The automatic shut off valve of any one
of the previous claims wherein both the stop member and the valve seat
comprise an electret. 10. The automatic shut off valve of any one of claims
1-8 wherein the at least one of the stop member and the valve seat that
produces the electric field comprises a ferroelectric polymer. 15 11. The
automatic shut off valve of any one of the previous claims wherein the
dfdp mERBEIONRLIS Gehelfy ihut i RSsnfarl HaeRsywrHhEiiderein the stop

membe@@MiAIdetaN; e gastainer whereby the stop member floats with the level
of the medical fluid in the container. 12. The automatic shut off valve of
any one of claims 1-8 wherein the stop member and the valve seat
comprise a nonpolar polymer. 20 13. The automatic shut off valve of claim
5 wherein both the first and second electrical charges are permanently
affixed to the surface of the stop member and the valve seat respectively.
14. The automatic shut off valve of any one of the previous claims wherein
the 25 downstream end of the container is tapered to guide the stop
member toward the center of the valve seat. 15. The automatic shut off
valve of any one of the previous claims wherein the stop member is
hollow. 18 16. The automatic shut off valve of any one of the previous
claims wherein the stop member includes an inert gas. 5 19
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