2 9 DEC 2004 1 Medium Cracking Pressure Val ve Arrangenent The present
invention relates to a val ve arrangenment for providing clinical haftl2ién,
a flow set conprising the valve arrangenent, a nethod of production of 5 the
val ve arrangenent, use of the valve arrangenent in providing nutrition and a
met hod of treatnment of a patient that con‘gri ses adm nistering an effective
anmount of a nutritional conposition through the valve arrangenent. Wthin
the context of this specification the word "conprises” is taken to nean 10
"includes, anong other things". It .is not intended to be construed as

"consi sts of Mediupi Cracking sured Valvekdnrangememt flow of fluid in a
direction away froma patient. 15 "Free flow' is taken to nean flow of fluid
whi ch occurs passively by gravity, generally without the_ interyention of a
mechani cal d&he peesentinvastion pelaiss to @ viabve amangsaent feeprayyding $ligical of
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to meanSthe thervadyeaaangements uscef heivalve amapacsentin gpsdding IEBHPN apd a; he
pressure of jlpidl Fefeimeht vih\Watibst et QpRids ddmiassiering an effeetive not

permtted. Hospital patiepts _are routingl rovided fluids for maintaining a
good state ofmoYNtQkg atltrttmnaice?mﬁeﬁlﬁlspéﬁr%ugﬁitge &3 cé’&an%mﬁngarri er for
nutrients in order to provide a patient with adequate nutrition, for
exanpl e, foll.ow.ng, surgery. stens.fQr a}gm ni styation of. fluid

patient are W‘\gépgh?ﬁ‘a ?‘Y?E@{Wéﬁca?w P SFEL icﬂﬂ"ﬂrﬁgsﬂstfﬁgcqg’@?%@tent
may be gy gr Siq‘lbhﬂiebpmhobg otienbingt”.phtds aot mtédiedplbeamnstrued def'consits of
contai ner; or_ by nmeans of a punp. In punp- operated admnistration systens,

the punp musP™e- capabl e of admnistering the fluid in a controlled,
general ly continuous manner. Punps are enployed to neet the need for a high
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15 “Free flow” is taken to mean flow of fluid which occurs passively by gravity,
generally without the intervention of a mechanical device such as a pump. Itis
characterised by a state of inactive pump operation. Free flow can be very
harmful to patients as it can lead to aspiration of fluid into lungs.

20 “Cracking Pressure” is taken to mean the threshold pressure at which flow is
allowed to occur. If the pressure of fluid across a valve is below this threshold,
flow is not permitted.

Hospital patients are routinely provided fluids for maintaining a good state of
25 hydration. Furthermore, fluid can act as a carrier for nutrients in order to provide
a patient with adequate nutrition, for example, following surgery.

Systems for administration of fluids to a patient are widely known. The manner
of propelling the fluid to a patent may be by gravitation; by means of pressure

30 applied on a deformable container; or by means of a pump. In pump- operated
administration systems, the pump must be capable of administering the fluid in a
controlled, generally continuous manner.

. Pumps are employed to meet the need for a high degree of accuracy in the
35 administration of fluids, to protect the patient and to maximise the effectiveness
of medication.




An exanpl e of a punp presently used for punping fluid along a tube to a
patient 1is a rotary peristaltic punp. This type of punp suffers,fr t he
problemthat if a flow set is not connected properly or di sconng&[&g}m{om
the punp, free-flow can occur. Furthernore, in general, this type of punp
does not have antifree-flow 5 protection. 2Uninhibited free flow of fluid to
a patient can be dangerous for the patient - it can |ead to drowning.

Anot her exanple of a punp presently used is a linear peristaltic punp. This
type of punp suffers fromthe problemthat if a flow set is not connected
properly, i tAh(bmampﬂelbfaqium;Dp(qsmmquedaemﬁn jpufriping fiuid alpaigad fubedo dipadiert on
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f1 ow through étF] nt Thi nﬁhﬂ@@am wor ks, but it has been found that it
suffers fron? e problens that, if~ an elastlc part of the occluder (for

keeping a resilient tube folded) Is over 20 stretched, it can be broken
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critical naruanshechedgit oin be dangérogs forespatientcan prevent flow of fluid froma
patient and restrict free flow in the opposite direction. This can provide
a high level of safety for a patient. Suprisi n(i';ly, it has been found that
this can be Eomopeedtlbﬂlermblnmgfﬁeedldw,mpleoea apparatus\iriostn asamot

low et el Jecipibn B8 vech ElIOyeL ST RRECe OREAERNSppdiad? PEIBYC ¢ Wk 5
fo]dmg a length of resilient tubing, thereby pinching the tubing and causmg its
internal diameter to be reduced, thereby inhibiting flow through it. This
arrangement works, but it has been found that it suffers from the problems that, if
an elastic part of the occluder (for keeping a resilient tube folded) is over
20 stretched, it can be broken easily. Therefore, if an operator disconnects the
pump, but fails to close the tubing, for example with a roller clamp, free flow
may OCCur.

Therefore, a need exists for an apparatus which permits a good flow of fluid to a
25 patient, but which addresses the problems presented by uninhibited free flow and
flow back.

The present invention addresses the problems set out above.

30 Remarkably, it has now been found that a valve having a critical narrow range of
cracking pressure can prevent flow of fluid from a patient and restrict free flow
in the opposite direction. This can provide a high level of safety for a patient.
Suprisingly, it has been found that this can be achieved by reducing free flow to a
level which is not dangerous. In contrast, previous attempts were made to

35 eliminate free flow entirely. It has now been found that this is not necessary.




Consequently, in a first aspect, the present invention provides a valve
arrangenent which is suitable for use with a rotary peristaltic punp and
which is capable of allowing flow of fluid in a first directio 6-%ﬂpable
of preventing flowof fluid in a second dgirection, wherein theqbgp %’
arrangenment conprises a 5 valve having a cracking pressure of about 0.10 to
about 0.20 bar and the valve conprises a flexible nenbrane which is

def ormabl e under pressure in a desired flow direction and the flexible
menbr ane has perforatlons through it which open, at a sel ected extent of

def or mat i on epnsaquentlying Brstaspachibe peessat }ﬁvﬁnﬁpﬁﬁw‘lﬂdcﬂ avalvgecond aspect
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exceeds a predeterm ned cracking pressure, flowis permtted, but unless

the cracking pressure is exceeded, for exanple by aﬁa , flowof fluid is
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| eakage by the val've presents no ris or a patTent. I'n contrast, known

val ve arr angtheedeliveraoba §lwid & agatiedm t he probl em 30 that they have al | owned

a highklowrate of free flowto occur froma container to a patient if the

set is msloaded or, unl oaded, fromthe associ ated . Anot her a vant age
provi ded by imhe tourth aspect HeVEBHOR BTQHAES Y55of \P()Yﬂﬂﬁ%agﬁng?}?’%tr ng fdw by

the punp is peknolifabeCofthe iRcentRnRr pidvdame Ritkitiod b @ patieB® a result of a

reduction of 1 npedance of the valve arrangenent.

A valve arrangement according to an embodiment of the invention provides the

20 advantage of permitting simple and safe administration of a fluid from a
container to a patient. If the pressure of fluid across the valve assembly exceeds
a predetermined cracking pressure, flow is permitted, but unless the cracking
pressure is exceeded, for example by a pump, flow of fluid is not permitted
through the valve assembly. During normal use, the height of the container may

25 be such so as to generate a static pressure that slightly exceeds the cracking
pressure of the valve. If, in addition, the set has been disconnected from the
pump,flow of fluid through the valve assembly is restricted — ie free flow is
inhibited to a degree so that any leakage by the valve presents no risk for a
patient. In contrast, known valve arrangements have suffered from the problem

30 that they have allowed a high flow rate of free flow to occur from a container to a
patient if the set is misloaded or unloaded from the associated pump. .

Another advantage provided by the present invention is that the volume of
programmed flow by the pump is not affected by the valve arrangement. This is
35 a result of a reduction of impedance of the valve arrangement.




2 9 9 EC 7004 4 Anot her advantage of the present invention is that no
di sconnection of tubing, no nmanual adjustnent of valves or use ?fg B)E(]Chﬁmu
equi pnent for blocking nowis required. Therefore, the flow of fl'urd Trom
t he val ve arrangenent can be accurately controlled. Furthernore, in view of
the fact that no disconnection of 5 tubing is required during use, the risk
of contamnation is lowered. In addition, no special software or nechanical
nodi fication of a known punp is required. 10 Yet another advantage of the
present invention is that it provides an arrangenent, that is easy and
i nexpensi ve Avothekadvantagerpf thecpresentinyensionis thas mocdiscpmectian P%@tblﬁgbtno
conpri si ng Lal £ | héhe 14hd ci ty adds
anﬁnﬁ%’lmalfdéﬁﬁﬂﬁp nef Qme%WE%ﬂfotﬁ@Pe@@B&éﬂ F61918ERing W hid

to the speed at roducti Qn can_be échl Furthernmore, _if a valve
arrangement eequiredi dderefore;dhe Hosnet Bwid o@rép yobig arrangement ganbeor 15
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I al { hoygh a val ve aryangegent in
accor dafice wiubmng wereﬂuggédpnngweﬁhpaﬁﬂi @HFW‘&‘BP@O‘F&fQB@&e%th a rotary
peristaltic punp, it is not limted to use 20 with only this type of punp or
any particular type of flow.set. In contrast,. Kk arr ement s _hawe been
limted in tlﬂ%&ﬁﬁ%@&%@m%%% ﬁm'tmeﬁﬁﬁ”aygwﬁ“ HTONT BHBY 1S
accordi ng t ordgufrefd! esent invention includes a valve having a cracking
pressure of about 0.12 bar to about 25 0.18 bar. Mst preferably the

cracking pressure is about 0.15 bar. Remarkably, it has now been found that
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val ve t0 a patien unt o Ther ef or e,
are required.

Furthermore, although a valve arrangement in accordance with the present
invention is suitable for use with a rotary peristaltic pump, it is not limited to use

20 with only this type of pump or any particular type of flow set. In contrast,
known arrangements have been limited in this way.

Preferably, an embodiment of a valve arrangement according to the present
invention includes a valve having a cracking pressure of about 0.12 bar to about
25 0.18 bar. Most preferably the cracking pressure is about 0.15 bar.

Remarkably, it has now been found that the specific cracking pressure of a valve
according to an embodiment of the invention is critical. It is not merely a result
of optimisation of known apparatus. Indeed, the specific cracking pressure could

30 not have been arrived at logically without first making an inventive step by
realising that a cracking pressure could be important specifically in the
administration of a fluid to a patient.

It has been found that these cracking pressures provide the advantage that, if a
35 pump is disconnected from the valve arrangement fluid is not able to pass
through the outlet valve to a patient (or only a small amount of fluid). Therefore,




29DLL20U4 5 uncontrolled flow to a patient is prevented. It has al so been
found that these cracking pressures provide the advantage that tg Dtcto not
alter a punp's operation, as they are sufficiently lowto avoid f}t%// 20Nk
slippage in a peristaltic nechanism 5 Tge val ve which conprises a flexible
menbrane which is deformable under pressdre in a desired flow direction.
The fl exi bl e nmenbrane has perforations through it which open at a selected
extent of deformation of the flexible nenbrane to permit flow The valve
assenbly may be provided with a support 10 associated with the f]exible
menbr ane f or upcomizsiledrflow e afpatiznbisreantedinl has alse brendonnd ghagtheseci ent | y
in a directi | i | f | tsflow. In
accordance WQ@HE%%?E#S?F ‘%{-@fgw}é‘ |g rfalrgl ﬁtﬁﬁﬂgg@ tﬂﬁffze? th?)ﬁ{i/(gﬁtsy%')lﬁé}% ﬁgﬁgl%nbr ane of

the val ve debperationtasshpy stswiiigiendy lewddeiavarl any dippage In APepisEAEs apl y, an
enbodi nment Ofnegh%ﬁlsﬁ‘l‘? arrangenment according to the present invention is

obt ai ned by nodification of known apparatus. Suitable starting naterials
are forJexanpl e: a housing manufactured of metal or plastics material,

preferably r *rﬁk/gawea@mcﬁscomweb al fléxisleurlémbradéSwhichliy deforambleundeyC,

acrylic or 20 BS;. and a ve menbra nufactured of ,a resili.ent
material i ncPIEGFY mﬁdf%msét Q!regqqu-gﬁhgﬁﬁf‘l @ BKEROTapy Q?%PQ%J TAHOLS et hod
0‘; treat ment {366 ! Qi\gﬁifch%ﬁeh%t arseketid éxneetrif defornmatiomeftheftexibleeps of
adm nistering a,fl ui roma co iner to a patien '
propel the f%@nbbra%t%lﬁ?ﬁaﬁ“\f/@%- ﬁﬁaﬁ@ﬁ#%\%@wd?%{’? g’%ﬂg@%ﬁ@%@% t he
i nventilgn. Aagssoiatel wathnhaflexitle meambranp feripteventingy theaflexiblpemembranica t ubi ng.
The punp is ref,exabl.y a Listaltic. t | ig.able to
pump fluid af‘%%dﬁm%ﬁ F‘é‘giecf?@f)d 4 (ig&% %ogﬁg?(%@ggﬁ%%cggpo@rcl i ni cal
appl i cat i onspreventing baekl flowlhin guoopdancetwitlng prefetmed emebashimentof théi ¢ . The
control wunit.typi.cal .S t ' ] el ay and a
key pad. Th e“k‘é’s‘ 83!1%%8@{‘41}15%&3 t?ﬁg I]V%.Ri% JPbrReRE] préldefdimiAcd Erallkinig
pressure.
15
Preferably, an embodiment of a valve arrangement according to the present
invention is obtained by modification of known apparatus. Suitable starting
materials are for example: a housing manufactured of metal or plastics material,
preferably rigid plastics material including ABS, polycarbonate, PVC, acrylic or
20 MABS; and a valve membrane manufactured of a resilient material including
polyurethane, silicone or rubber.

Preferably, a method of treatment according to the present invention includes the
steps of administering a fluid from a container to a patient using a pump to
25 propel the fluid and a valve arrangement according to an embodiment of the

invention.

A pump of a pump unit is coupled to valve arrangement via tubing. The pump is
preferably a peristaltic pump but any pump which is able to pump fluid at

30 controlled flow rates and which is suitable for clinical applications may be used.
The pump unit may include a control unit. The control unit typically comprises a
control panel which has a display and a key pad. The key pad may be used for
manual control of the pump, data entry, and the like. The control unit may
include a microprocessor for controlling and activating the pump. A memory

35 may be associated with, or be incorporated in, the microprocessor. If desired, the
control unit may include an audio, visual or dual alarm signalling means.




manual control of the punp, data entry, and the like. The control unit may

I ncl ude a m croprocessor for controlling and activating the punp. A nenory
35 may be associated with, or be incorporated in, the mcroproce3§dtl
desired, the <control unit may include an_audi o, visual or dual alarm
signalling nmeans. 2 9 DEC 2004 6 A flow sgt conprising the val ve arrangenent
Is typically mounted on a stand wth a container for fluid being held by an
armat the top of the stand. Drip chanbers may be provi ded adjacent the
outl et of the valve arrangenent or 5 between the container and the inlet of
the val ve arrangenent. In use, a punp punps fluid froma container to a
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of the chanmber and flow ot fl uigch’throu the, valve arrangenment fromthe

inlet tabe iBetveeRdhegontainer gnd the mlet of the yalvearangement, Jngement accor di ng

to an enbodi ment of the invention conprises a 15 housing having a channel
and a chanmbey. A flexible nmermprane is held acgras I exi bl e
nenbrane is HhHE GPUNR Bgmpﬁgﬁ’tlgﬁoﬁ Pﬁogk%?repiaﬁét}%p%}@ pugqigﬁ%ﬁo&l i sabl e
mat eri al sucthegsurap, the piston ibirea rast statey Wherefluslistpumpedthreuglathe imlet

menbr ane has pl ural it L4l e . ' ' r est
state aro . oibsdnd Zxitdist yBhiIR arpSprE AR fid toatEE e pORR TS
i s desilgned stoetzhed amd/or mwvediaxsally inl the ghannel lapd{gidhe ﬁn@d of depipten

di fferenti al t he. : T{HeS
prevent s. undderng: FHisIHERAR he BIEFGHheFhaltiocEand (R of Auid ftdnalllle
punp punps f valve afrangement from therintes tubepiate therouthetitehe spesmsitichg by 25 the
punp, the flexible nenbrane is in a rest state. Wien fluid is punped through

the inlet tube, the flexible nenbrane is stretched, ,Once a. sel ect ed
threshol d pAevalue errangemertagearding to ap embodiment oithe IBVSTHION CAIRPRSETE | s

sufficigntly hoﬁéfihg%ﬁ@_ a tharR] RAdR chBfbet.iA flekiblé RfeniBrahe ankeldiadesssahel open
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a sterilisable material such as silicon, rubber or any other suitable material. The
membrane has a plurality of slits (for example two) which, in the rest state, are
closed and do not permit flow of fluid. Typically, the membrane is designed so
20 that its slits will open only when the pressure differential over the membrane
exceeds about 0.15 bar (15 kPa). This prevents undesired free flow of the fluid

from the container.

In use, a pump pumps fluid from a container to a patient. Prior to pumping by
25 the pump, the flexible membrane is in a rest state. When fluid is pumped through
the inlet tube, the flexible membrane is stretched. Once a selected threshold
pressure differential is reached and the flexible membrane is sufficiently
stretched, it deforms and slits in the membrane widen and open to allow flow of
fluid from the inlet tube into the outlet tube.
30
The system provides a safe and rapid means of administering a fluid to a patient
which is extremely simple to operate.

It will be appreciated that numerous modifications may be made to the preferred
35 embodiments without departing from the spirit and scope of the invention as set
out in the claims.



The system provides a safe and rapid nmeans of admnistering a fluid to a
patient which is extrenely sinple to operate. It will be appreciated that
nunerous nodifications may be made to the preferred 35 enbodi nents &AE out
departing fromthe spirit and scope of thi invention as set out inl8H&l 2004
claims. 7 Cains 29DEC2004 1. A valve arrangenent which is suitable for use
with a peristaltic punp and which is capable of allowing flow of fluid in a
first direction and capable of 5 preventing flow of fluid in a second
direction, wherein the valve arrangenent conprises a valve having a
cracking pre€taims of about 0.10 to about 0.20 bar and the valve conprises a
fl exi bl e menbrane which is defornmable under pressure in a desired flow
direction and the flexible nenbrane has erforations through it which open
at a sel ect ell. dwalve asfangefsnimthichnissuitabls foouse withos pemstalticanunp anger ni t

flow 2. A val : FW | t 710 idh ddEc \Ng
pressure is a\é@'&?ﬁ(ﬁ ar?)f?@%{&Aﬂgvgld&e@ééfﬂhggﬁ%ﬁﬁéﬁc@o‘rdi ndgateﬁfrai m 1
or 2 whérein t peeventing flow of fluid ppasecendsdisecitons Whersinthe velve,armngemerbr ane
for preventing dyfghide§si vl hath had?scﬁiﬁg?}éigﬁ&rdﬂa{wuwnfo 1ol bt 9.20rbad
direction opposite the flow direc IQQ fo Brevenltlj Bg afk flow. 20 4. A
flow set for taddhevalverGomprases grilgrbleanembrne whighds dg G ¥RECTwhi ch
fogpricses a Va?tféssﬁf'é ﬁﬂﬂﬁ?ﬁfﬁd %ﬁ%i%cﬁﬁn}aﬁ?&ﬂdﬂ?ﬁﬂ?@?ﬁhdﬁﬂn@h@hﬁs an inl ett
ube for connectipg a container taq an inlet port .o e.valve arranggnent;
and an outl et He&ln?éatﬂ‘lﬂs tg’é?#&b‘tti"\‘}'ﬁdl‘BP%a%Fﬁﬁ?teéfexf%q;QFMﬂ& ﬁ%nt for
the 25 igel i ver bl rhémbehreqodep@it fow. 5. The use of a val ve arrangement
according to any one of claims 1 to 3 for providing enteral nutrition to a

patient. 30 - .
2. A valve arrangement according to claim 1wherein the cracking pressure 1s

about 0.15 bar.

15
3. A valve arrangement according to claim 1 or 2 wherein the valve has a
support associated with the flexible membrane for preventing the flexible
membrane from deforming sufficiently in a direction opposite the flow
direction for preventing back flow.
20
4, A flow set for the administration of at least one fluid to a patient which
comprises a valve arrangement according to any preceding claim; an inlet
tube for connecting a container to an inlet port of the valve arrangement; and
an outlet tube for connecting to an outlet of the valve arrangement for the
25 delivery of a fluid to a patient.

5. The use of a valve arrangement according to any one of claims 1 to 3 for
providing enteral nutrition to a patient.
30



