WD 2011/ 025588PCT/ US2010/ 041320 TI TLE | NFRA- RED REFLECTI VE OCCLUSI ON
SENSORS BACKGROUND [ 0001] The present disclosure generally relates to
heal t h arwloratwaz2sisen. More specifically, the present di eciraseeie/ossbates to
devi ces and nethods for detecting occlusions in the tubing set of fluid
punp systens. [ 0002] The delivery of nutritional conpositions to
mammal s, such as human patients, that cannot orally ingest food or other
forms of nutrition is often of critical inportance. For exanple, enteral
bottl es and contai ners having feeding tubes that deposit food directly into
t he gastrointestinal tract at a point below the nouth are often used to
sustain life while a patient is unablldLEor refuses, to take food orally.
Bottl es and containers, feeding tubes and ot her artificial delivery systens
and routes can be UNERA- WR&HM@WEW?W&IQ%$E§SQ%? acut e nedi cal
conditions. For chronic nedical conditions, such systens and routes can be
used as part of a treatnent regi nen that Iasts for the remai nder of a
patient's life. No matter the duration of use, these devices often provide
the only neans for feeding the pBAWHROUND [0003] The use of enteral
feedi ng punps, in conjunction with an enteral feeding tube set as part of
an enteral [ﬂ‘élaldliTrhg p$§8§n‘redir$cl¢sare gdm@raéldrﬁilﬁtest@hftadig apfl npertiopaMdrk wpebsti¢adlyal so
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ot ude Bl g Pals e e T aRR Ror s ol St oudR pelbng O£ Y
short gruigpehp yktéhs. t ubi ng that can be incorporated into a punping device.

One common concern with the enteral feeding tube set is that it may becone
bl ocked or [8RQI ddeddbivery ef WH%PMWPPH@O@%@Q grmsalingh e Juimaps patigats,
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whi ch egoipid, betael bonladuﬁat saltb]i@aﬂstlfavprgoﬂabcﬁﬁ@ tiites thhrelepadii ot .directly into the
gastrointestinal tract at a point below the mouth are often used to sustain life while a patient is
unable, or refuses, to take food orally. Bottles and containers, feeding tubes and other artificial
delivery systems and routes can be used temporarily during the treatment of acute medical
conditions. For chronic medical conditions, such systems and routes can be used as part of a
treatment regimen that lasts for the remainder of a patient's life. No matter the duration of use,
these devices often provide the only means for feeding the patient.

[0003] The use of enteral feeding pumps, in conjunction with an enteral feeding tube set
as part of an enteral feeding system, for the administering of medical fluids is also well known in
the medical arts. The enteral feeding tube set will typically include several long sections of
tubing, connected to a centralized, shorter section of tubing that can be incorporated into a
pumping device. One common concern with the enteral feeding tube set is that it may become
blocked or occluded over time without the patient’s knowledge. If the feeding tube set does

become occluded, the enteral feeding system may malfunction, and the patient will not receive

the necessary nutrition, which could lead to adverse health problems for the patient.



WO 2011/ 025588PCT/ US2010/ 041320 SUMVARY [ 0004] The present disclosure
rel ates to occlusion sensor systens and net hods of using the occlusion
sensor sywWDensl/025388a general enbodi ment, the present di eclramserie/opr3ovi des a
sensor device including a tube and an infra-red reflective sensor including
an infra-red light emtter and an infra-red phototransi stor receiver and/or
phot o-di ode. The infra-red reflective sensor is positioned so that an
infra-red light can be transmtted to a portion of the tube and at |east a
portion of the infra-red light reflected off the portion of the tube can be
detected by the infra-red phototransistor receiver or photo-di ode. The
infra-red light emtter can be a light enmitting diode. [ 0005] In an
enmbodi nent, any suitable portion 6ﬂ%ﬂﬁ@ARﬁbe i ncl udes opaque walls. In

anot her enbodi nent, at |east a portion of the tube includes an infra-red
reflective [8QM dde.praveat diggleswrariclpies v necdisherd sapisethsyiteamst andemetbods eigusineat
defin openj or .wi nd f infra-r i.ght.. r h t.h

{00617 fARBT S i ils bPent SFloRlrh iy S plblaiss ol RAEEV R o SR on
sensordesiys iMadineh tbicn@d an Gadsedd e flcae\saidoy imfidehablnfrated dightidiitiagatteVvi ce
with the cassette including a tube and one or nore infra-red reflective
sensord8 MHRITEHiMGIOARNSIHPT 4CGoaeT |angior Rhefa-fiodg di ekl énfiamerdareficaiyo sensgr is
phot ot r ansi i:ver. -phot a-di . i -re f i spr is
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[ 0007] ,In an enbodi.nent, the cassette_inc es qne or nore bias.bunp

adj ac PHPIOfTENESIBLICLFIYNET BPhpiedipdihelhg lﬁﬁaﬁeiﬁg%&%?ﬁqantbﬁ@ %Bhﬁmﬁg%@ea%e is
an enteral [HERYIAUPUAR ARG, LIE shitlf pafioRSMAL iRl ildhdeNbeidlk WARdi ng
tube set. [0008] In an alternative enbodi nent, the present disclosure
provi desthancwbadimshiont Bestsoporgys vé thei nbé udiudgs an ie-dakcflfd@bdisngfagaunphe

havi ng .one qr nore infra-r refl ective nsors. The infra-red. reflectjve
cons oduBLsinits el itn LB b T B A Semdico LR FhitkahpEatd
phot otjfgBn®irsi@Ithé a®el ver or photo-di ode. The occl usion sensor system
further includes a cassette renovably attached to the enteral feeding punp
and a tube [8QQ6ddnenothst tamebademeniabice peessriediselosurp eprpyitiesh ap eepchustdne 8¢risoe
sensor__| i t..on n.i.n r i gh n . ] a
o ¢t ox SR bEREHERe R eBR BB e RO Feh PN YL o,
or phattobdar@idehe oFore infra-red reflective sensors including an infra-red light emitting diode and

an infra-red phototransistor receiver or photo-diode. The infra-red reflective sensor is positioned
so that an infra-red light can be transmitted to the tube and detected by the infra-red
phototransistor receiver or photo-diode.

[0007] In an embodiment, the cassette includes one or more bias bumps adjacent to a
portion of the tube. In an embodiment, the pumping device is an enteral feeding pump, and the
tube can be part of an enteral feeding tube set.

[0008] In an alternative embodiment, the present disclosure provides an occlusion sensor
system including an enteral feeding pump having one or more infra-red reflective sensors. The
infra-red reflective sensor can include an infra-red light emitting diode and an infra-red
phototransistor receiver or photo-diode. The occlusion sensor system further includes a cassette
removably attached to the enteral feeding pump and a tube attached to the removable cassette.
The infra-red reflective sensor is positioned so that an infra-red light can be transmitted to a

portion of the tube and detected by the infra-red phototransistor receiver or photo-diode. The



WO 2011/ 025588PCT/ US2010/ 041320 infra-red reflective light emtting diode
and the infra-red phototransistor receiver or photo-di ode can be positioned
on the sawe2i1des®wB8t hin the enteral feeding punp. The t eo@/usamobelpart of
an enteral feeding tube set. [ 0009] In yet another enbodi ment, the
present disclosure provides a nethod of detecting occlusions in a tubing
set for an enteral feeding system The nethod conprises detecting an
occlusion within an enteral feeding tube that is part of the tubing set by
transmitting an infra-red Ilght to the feedlnggtube and detecting an anount
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e can e i ncor por at
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stopped if clusio etected in the tupe. . 0010] ,An .
advant age 4p00g 4 pf%ag@ er &Fgeﬂl&ﬁm dhg prepept GFSG&SEHS PAAViAgHR %vgvegiqﬁ ﬁﬁﬁeﬁféng
Senso roc&lﬁ&oﬂ@ E? & tth‘tﬂﬁg QECoy %h%%erhlnfe@dlhg' B{#68mS efhe method co éfiﬁésl]iet@ﬁ

advant age of e present disclosure 1s°td provide an inp ed net hod for
det ectocelgsion @\htlnsn amsnteml &:ethmgltnlg: et isfpert of thcetubingfsetell trgnsrmttlng an infr@@P]
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Still papRkhedistaeasivads fhbtoM8dPbRSEBh aflleRFdnARIL & dofitrA@inB 0P iR ed@hg | 'td‘ﬂér oved
sensor_for detecting occlusions that is sinple to operate. [ 0014]

Addi t iTdsalecding tuhceeanabriingexparmted as pait ©f degpssatiodbatheandimattaghed i b Ipupwing
appar ed%VlCE F QMg hl%bB&’ nle%Waﬁ%nP?&l%‘eécﬁgg pec%: {sl s%ﬂp%a 4 oé 1?51511' QYefRted in the

tube.

[0010] An advantage of the present disclosure is to provide an improved in-line sensor
for detecting occlusions in a tubing set.

[0011] Another advantage of the present disclosure is to provide an improved method for
detecting occlusions in a tubing set for enteral feeding.

[0012] Yet another advantage of the present disclosure is to provide an improved sensor
for detecting occlusions that is cost-effective.

[0013] Still another advantage of the present disclosure is to provide an improved sensor
for detecting occlusions that is simple to operate.

[0014] Additional features and advantages are described herein, and will be apparent

from the following Detailed Description and the figures.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 shows a pumping device and cassette having an occlusion sensor system in
an embodiment of the present disclosure.

[0016] FIG. 2 shows the pumping device and the cassette of FIG. 1 with the cassette
inserted into the pumping device.

[0017] FIGS. 3A-3C show the detection of an occlusion in a tube in an embodiment of

the present disclosure.



BRI EF DESCRI PTI ON OF THE FI GURES [0015] FIG 1 shows a punping device
and cassette having an occl usion sensor systemin an enbodi nent of the
present dWwechu263ss [0016] FIG 2 shows the punpcmgsdevioes2@and t he
cassette of FIG 1 with the cassette inserted into the punping device.
[0017] FIGS. 3A-3C show the detection of an occlusion in a tube in an
enbodi nent of the present disclosure. WO 2011/ 025588PCT/ US2010/ 041320
[0018] FIGS. 4A-4C show the detection of an occlusion in a tube contained
wi thin a tube housing in another enbodi ment of the present disc|osure.

DETAI LED DidHS8] pToSnFA-4C show the detection of an occlusion in a tube contained within a tube

housing in another embodiment of the present disclosure.

DETAILED DESCRIPTION

[0019] The present disclosure relates to occlusion sensor systems and methods of using
the occlusion sensor systems. The occlusion sensor systems utilize infra-red technology and can
be incorporated in pumping devices. The pumping device can be part of an enteral
administration device or system that administers nutritional compositions to a person or patient
in need of same.

[0020] As used herein, the term “nutritional composition” includes, but is not limited to,
complete nutritional compositions, partial or incomplete nutritional compositions, and disease or
condition specific nutritional compositions. A complete nutritional composition (i.c. those which
contain all the essential macro and micro nutrients) can be used as a sole source of nutrition for
the patient. Patients can receive 100% of their nutritional requirements from such complete
nutritional composition. A partial or incomplete nutritional composition does not contain all the
essential macro and micro nutrients and cannot be used as a sole source of nutrition for the
patient. Partial or incomplete nutritional compositions can be used as nutritional supplements.

[0021] A discase or condition specific nutritional composition is a composition that
delivers nutrients or pharmaceuticals and can be a complete or partial nutritional composition.
Disease or condition specific nutritional compositions are those designed to aid with a given
situation, such as Impact® sold by Nestl¢ Nutrition to decrease post-operative infections,
Diabetisource AC® sold by Nestl¢ Nutrition for people with diabetes or hyperglycemia, and
Novasource® Pulmonary sold by Nestl¢ Nutrition for those patients with pulmonary disease or
those requiring ventilator support.

[0022] As illustrated in FIGS. 1-2, in an embodiment, the present disclosure provides an
occlusion sensor system 10 including a cassette 20 removably attachable to a pumping device 30.
Pumping device 30 can include one or more infra-red sensors 40 and 50. Infra-red sensors 40
and 50 include infra-red reflective light emitters 42 and 52, respectively. Infra-red sensor 40 and

50 further include infra-red phototransistor receiver or photo-diodes 44 and 54, respectively,

4



[ 0019] The present disclosure relates to occlusion sensor systens and

nmet hods of using the occl usion sensor systens. The occl usi on sensor systens
utilize iwbnratwessssechnol ogy and can be incorporated i nPplgs2eg/0dse ces.
The punpi ng device can be part of an enteral adm nistration device or
systemthat administers nutritional conpositions to a person or patient in
need of sane. [ 0020] As used herein, the term"nutritional
conposition” includes, but is not limted to, conplete nutritional
conpositions, partial or inconplete nutritional conpositions, and di sease
or com@pitipess apRsEt of hic RGEIFIEN GRRNOT sV DrWiEHE an ANRSE rettneo finHIIRgG derdre
composiol iy (et e LGRS, WOLANS LR Midhh ot GR7ENT 1@l maCTO and i cro
nutrients) can Used as a sol & source of nuerition for the patient.

Pati ents cg0023¢defry-ecdl0%rei40tdndiS0 cantbrel dniycsnithble enfid-reeneens Havmm siiatra-
conplete nutritiaonal conpositign. A partial or inco ete nytritional
conpog?(f F@HU%%Vlﬁ%ﬁmﬁ6ﬁiﬁfgp%orhgﬁww%eﬁe%-i@mm%mxm?gg%wéraﬁﬁ PEPsALT 10 @t s
and capNALuREInAaGEd hsBrsIRVAoFAMERRT e OWDsbidssy FfFchll 8 hRongitor. AaRLI 2l
or inconplete nutritional conpositions can be used as nutritional

suppl eekhglg.emitters 42[ap0 22]and infir sealsghomtrapsini tdcorves pegliotd-diodas #4 tidhkan

conposition j§ a caopposjition th delivers nutrients or phaypaceuticals and
can’ b sURBHsR of aSgRoa &) Hildhr skl Zontbeimine fAeadl or “condi ti on
speci fic nypei4) iR cCOTRARhARGsAIBe 2NASRrdSFThOp&Iusich @hsbrWyitBma Whaen
situation, such as Inpact(r) sold by Nestle Nutrition to decrease

post - Gpwete L0 és ingeréask intmpumping slevice dlr méraaey ryfloshvel lipht quaistetsed2Nudr §2 psh f or
peopl e i i - h en rceQ. P nary, .sol d. by
oot 1 ariited MloBESRof s S BELBARETloes APl BE AR GRLISRL BT s 3 o
requi ahdGotgnihicl ldh@h EURPORL. at different PORIdhs A drd Usticaicedvdlp, &ff be 22-2s in
an enbodi nent, the present disclosure provides an occl usion sensor system
10 i ndllyidaied mFéGEskette 20 renmpvably attachable to a punpi ng device 30.

Punpi ng deyj . i r re i S S .
i o Ped SU i3 MR HAGAN R B Wit REneAREBPTORR AN 42
and 53prticasiye cTubeeldycanl axttena- fr@d peetivmd4 @lbeagvain&ded tor hdperontamohg denutritfonal r ed

phot ot ransi.stor recei ver or photo-di odes 44 and 54, respectively,. .
2011/ GQ@QB@@@TF%@%&@W&%P%’%%%HO&%S%EO prarennggted R R 18 l‘élég\g&ﬁ
syst emydio oipdsi@Bni Nner section of punping device 30. Infra-red |ight

emtters 42 and 52 can be a light emtting diode. ' [0023] Infra-red
sensors 40 [80%6] 30freaed bansansy4sand 20| eni bd pasitientdsemsahethside g anuinnf(nat ed

emtti evice and.a detecti device.,.Non-limti anpl es infraz=red
sens or it i s8Rt LS A S 1o PUa sl Sla R AR e S oqap S8 | o
by FaipueipidgddSerd gonddcieild ihlfdcarash b ipaRioneds tofiilse 42 180k én apgheitaR0a- r ed
phot ot ransi stor receiver or photo-di odes 44 and 54 can be supported or

posi t i‘nsedlingly.ainfraged senspe 46 upiseacts vih gortigne P of puhepit fpcdisdi westram) of the
pump (e.g., receive a nutritional composition from a container or bag). Infra-red sensor 50
would interact with portion 26 of tube 22 located downstream of the pump (e.g., sending a
nutritional composition to the patient).

[0027] Pumping device 30 can be an enteral feeding pump. The pump contained within
pumping device 30 can be a peristaltic pump. Non-limiting examples of pumping devices are
described in U.S. Patent No. 6,659,976, which is incorporated herein by reference. Pumping
device 30 can include a monitor/information screen 36 and a control pad 38 for operating
pumping device 30. Monitor/information screen 36 and control pad 38 can also be used in

conjunction with the occlusion sensor system in embodiments of the present disclosure.



[ 0024] Cassette 20 further includes tube 22 as part of the occlusion sensor
system When cassette 20 is inserted into punping device 30, infra-red

refl ecti weol2ogh2ssssi tters 42 and 52 and infra-red phot oPcariseeon13e@cei ver
or photo-di odes 44 and 54 can be positioned to |ay side-by-side and al ong
the length of tube 22 at different portions 24 and 26, respectively, of
tube 22 as illustrated in FIG 1. [0025] Fluid can flow through tube
22 in the direction fromfirst portion 24 to second portion 26. Tube 22 can
extend from portigon 24 to be connected to bag containing a nutrjtional
conpodiumipie deiFea0ai# MEACICErE § PEIFHOPEDAZ 28di b rgedss oRpRERER 89 fohe
perso sition. [0026] Infra-red sensors
40 an e%%ﬁ@%%ﬁ%ﬂt ?gy?#%ﬁb@h%gmgﬁ?ﬁgr side of a punp (not shown) within
punpi ng de\0a2s] Z{Dlsselﬁﬁl’meoaarm&lede 4 heuspmg‘rpr suppohiestluowed kel iad argy mﬁeﬂabreaslhape

| ocati on of punpln devi 0 and woul d int ract th a porti f tube
25 Tochiieth B TBcBarEanI40. Aok %ﬁ%&@%bﬁ o SeomsSidigmidberubain ¢ h

porti Quad pif Ing bevZ? dosaled u&'P?@rﬁfaﬂ“thde&lEﬁ oPHé@et(eez@ can ﬁ&ﬁ% Yé&adéh
nutrltlonap cg osition froma container or bag). Infra-red sensor §% woul
i nter aotera/l/iftdniit}g)mbe ot 116 pomptngIEVEz 30o¢idtomtl hdon\glslt oerguade thhéubgs npstfachy. |
sendi n

Sovt caloBilonehSABE AR KR, Pt AEe B 5ﬁ%ﬁﬁmebmna%iﬁ%ﬁ27ﬂﬁﬁppﬁpi g

devi celede GAN KEn-HnkEld éiaaﬂqslwopwm@natNQ%aksem?etdoﬁﬂ%@éml &8 Rbcrivéanhngs.
devices are described in U'S Patent . 6,659, 97 which is incorporated

her ei Patst Neb ePadh806, BT 199, 85 489.305¢k9 4 med DIBT.44 Frowhicherd mceipeatedn
scree ntr r t n V,

vori t OFFTnay Rarron sciredf yptu B¢ BBk 1P ERF SRRl g ot

conj Umgdtergd, \@amttteme Q6 QoS0 aSEiS pf nSns h@dﬁdl t6 igrfagatiare rtssafc Zm@n}i)d’lﬁﬁent
di scl osure. WO 2011/ 025588PCT/ US2010/ 041320 Punplng device 30 can further

i ncl udévaapaion Wagk Bt addedforigy massahdansiesit gm #lop hpv edatnpicewaset t e
20 11 oy IRt WatdE Y 6 %bgtgb light. Cass A2 %q caqa%&eﬁév% Z%r%%rbl Eﬁix@n dag¥s ng
or support structure having~any suit ape such as t shown I n
FIG 1its @saﬂttbmbﬁ&bdeght bEadetsd 2 cho alse hans ardaeld pigpmidnit atidiqd or itsvhnateriyl v t hi n

F| G, 2. Th i f 20 hel
Foadi HGeih seiiter Beby domnriy RLBS Lt e heoBanp A HEUREe-S00 i (hOUHeTHAM ng
to royphelguhfint nghtt UBRStRM05tah &iobel dGightPGchithAM Eded HBS 8 8hito P Rpirke

rotor (e.g. part of a peristaltic punp) contained wthin punping device 30.
Non- | idevict 3G oelyamelvesy. of alternatlve cassette conflguratlons are descri bed

i ohar o e obs o2t bR 8 AR By RO ael RS 5 sem BRo e o

any sihh dBlaefebdigl dubeSHH bé béﬂsﬁu@ﬂ’ed fah@xifah e d @t 18 indbrpokad&s Rith@h& Pot6RMNofal SO
have a dark pignment added to its material. Cassette 20 can al so have a

car borPublipdeie. mrgsmeémpmm)elapmmmgdwmeeiq al . Cassette 20 can al so have a

dar k plgne g

have a car :ﬁﬁlacgg(ﬁmﬁgmﬁ%gg%%ﬁl ﬁﬁg%na?% A§@£?6&§%§§%%) &gﬁﬁ%ﬂghééette
20 canlesicsd 0 hl@dae:daledﬁp(krtl@h gmnmpadcbadm@oﬂan Smﬁp@@ﬂidmﬁomm laatgstblrobghl hyseted
light. Cassette 20 can al so have a carbon bl ack gnent added to its

mat er .29|V1% albﬁb?szdpﬁl I%?ﬁ‘ﬁmenltf therey it no egcdusaqn eithsp be%%ﬂs%%&@é&% GHBE %
t hat % %dbcﬁe Qsld@g‘alhs"&}m'bgézda‘?)?bﬁ% 39490l %6906 Watlona ge d 0@329]
Tube f an be eX|b e an ave portio at are rig 8

Tube 22t cgnnber aorteet)i Myrtians&Oznd Mmfahnwsatssanem)ot:oaaﬂn@mbaﬁ@em dltdlelbﬁde of
|ncorporate

devi c&° gtb)ns 4V\gmtdh2é r}gspregttlgeﬁi a%t[ asa tlﬁ)%nt'%te%g'og mégﬁarulngr%sa Itﬁalt %eﬁ) r%?e?m tlrl]Z)epM | ng
position within cassette 20.
[0031] If an occlusion in tube 22 occurs upstream of the pump (e.g., between the bag and
the pump), the pump will continue to attempt to pass the nutritional composition through tube

22. However, because no nutritional composition is passing through, the sidewalls 62 and 64 of
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[0030] During operation as shown in FIGS. 3A-3C, a punp (not shown) within
punpi ng device 30 | ocated near portion 28 punps the nutritional conposition
froma bayothrigagisscassette 20 via tube 22 to a pati ent PCIrfustéiene1sze no
occlusion either between the bag and the punp or the punp and the patient,
the sidewalls of tube 22 at portions 24 and 26 renmain stationary (e.g., do
not expand or contract). Portions 70 and 72 of the cassette 20 covering
tube 22 on either side of portions 24 and 26, respectively, act as tube
retention nechanisns that help retain tube 22 in position within cassette
20.  portion 2rhgf fubpf225pillbbeginse eontrast {ubem@ye devdes atipharyein 8t tthe Ab g
(e.g. ’Sﬁllﬂgttﬂﬁee, .rlnﬁg-?e(f) ﬁgh@&ﬂit{et‘ﬁzp&ﬂﬁlmitt' ﬁaﬂgcmﬁggf 1[4_‘w0a?&) @{dewg 4L AP tO
pass the nutritional conposition through tube . wever, because no

nut r i tthanglinfesrgdosght icarittérsd paBstaige shicoulilod wilkbsiogeyr! drsinbdand ibfra-oéd WO

2011/ 025588PCT/ US2010/ 0 0 portion 24 of tub 2 Wl egin_to .contract
(e.g. reflstine imaferra) Slgwiﬁgf i ﬁeﬁf'f%th%eﬂ.frap&edﬁ}@t 5394%40( éeng?tg'?tﬁql fba-lp #r¢q ght

em tt ehofhgaidiltbr RBiled d¥phdel&ddd 414ht toward sidewal | 64 of tube 22 facing
infra-red light emtter 42. Because sidewall 64 will|l be opaque or include

an i nfra-r 400324 fArenitins gy watmoinal of th¢ deflvatad i6&a-wed lightefilldet propertiondlrtathed

i ght back to be d t. by. i.nfra-red t i : i

phot o< gie 194 Seenn Sip gy inirr s £0) D5 “agingt (BY TG Bf [hedeBgeted

i nfrao8e chdr@Bd beéduke RRICRBRPRN tsi ARdbr bRay MRliishaResdnidt 461 BeWedwsOthat S
frominfra-red sensor 40. As a result, it the intensity of the reflected

| i ght stleaial et bascepunsractsd dlesnelyl signifyisg fthgttthe pcelusgn has aequatcd aupseere @hdlesr 40,
this sh a i dewal .cont r . her eb ignifyi t hat. .t
ocer udiiol iR ety 8 e S IR RPHATER OB VPR Sl P A EL  ca
i nf r astdedafirgdtdag belnh@Birc@tind a4libeatsd §¢ B@EthcAimduandf @dtrdaoibrofe. ¢S, rdRvaltb thd can
be nmeasured and calibrated so that the anount of contraction (e.g., related
to thétrengtermit e oroctmionpcan i edymeas Bainger SPRPHEH NIRICHY a i oRsiRnds. on
chang %@ﬁ?g%%$gﬁxlé 2%%n gﬁt up%%h?ﬁg&%%§9993%}%#QPﬂggﬁﬁﬁ%ﬁgﬂfhgéé?%gfon

t 0 t o tlptubingl infrala@dn fotiorptifrrh ficabpdiot (nphxaho fatgthett dateatetr querhi) o thet deasor.
sensor, |If the initial spacing is |ess than the npxi ojnt, then as the

t ubi ngf & I YRENE &R doehen glfq_ BEE IR BREHgY i e ﬁ@@&&lmﬁ%t&hei et
occur %eﬂé_ctéﬁ%n%?@f vilMdcfeatdre Thel BhaskeRAS firstiP & cNRart WBhPAE Rlibing E&st red hacied
energy wll i1n tThat case decrease as the tubing contracts. Either node can
be usebult, thatcltdiedsmbegytwidinn dlat chee decfaascas tha tufing bentrmeshdmtheamodooat bai nt s

i mposed in. integrating the sensor as part of .the |arger.system . .

roosarsrhl g e SR BRedn 5 §5URSEn 3R i BegGinidel Fen iR i, intpergyine
bet weehe §cngorid Fartdf chet IR ePRistegnt ), the punp will continue to attenpt to
pass the nutritional conposition through tube 22. However, because the

accunul at i A803MLLf eniasplabionorpuls ERoreckss daynstpany Qrtbe Dy (AL hethgbe o by
passi th ,t-he.side | s. nd 6 f rti -t i -
begin?%gq%éggﬁ@]%%eﬁ:Y%gI%%hb%@?§8®§ggdﬁﬁg$gggtéfgghég§§%gkﬁgﬁﬁgépﬁ$?%1red
| i ght tessuglh eibb22W Howeret, haahiisa- the dadcuginiatibgwartetisial eyvadpgosBidn ofs builieng? 2
facing infra-red |ight emtter 52 intensit% or anpunt of

, . , 0034] An , .
the r Oresseead ipdeheads Barasigaithigueh. the Slﬁﬁ‘d[@lé% 3 %mﬁa@“ phpertan gp of fxhee’ Wit
si dewal.].: I r infra-r 5 [ i . i i of
The 1 oppincd skPyrld B (& ARG ERR 8 "o iyt Bt ihfraired hAR chilhTS2 W
sensorenbOnfinhed ligihtawsardhsatewai lddvelthb 62 faaimg exfipardddcht beiteby2si gni fyi ng t hat

ot ect ed 1 PN PHLTEAPLY B0 PLHObe FeesanGEAgbUe Bl e Bt da b
meas UredandO 2R 1cA4R 938 PEIMURAALOd 04L8280. As a result, if the intensity of the reflected

light changes because sidewall 64 is closer to infra-red sensor 50, this shows that sidewall 64 has

expanded thereby signifying that the occlusion has occurred downstream of the pump. The

intensity of the detected infra-red emitted light at various stages of sidewall 64 can be measured
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and calibrated so that the anmpbunt of expansion (e.g., related to the
strength of the occlusion) can be determ ned using a conputer processor,
for exanpWwe,20om2pisapi ng devi ce 30. [ 0035] As il | ugcratseaoiom3sd GS. 1
and 3A-3C, cassette 20 can include a bias bunp 60 that is adjacent to tube
22 at portions 24 and 26. Bias bunp 60 can be used to prevent sidewall 62
of tube 22 |ocated on the sane side as bias bunp 60 from expandi ng past

bi as bunp 60. As a result, sidewall 64 of tube 22 opposite bias bunp 60 can
expand further toward infra-red sensors 40 and 50 than woul d be possible

wi t hodd splaatsd sp thed themipaun ghexnipiende s Flatse i theisgrrgth of therechsionysiton
det ecty] . ] | in: ElIGS. 4A-4C, a tube
100° oLk PBrrmined st d48huolib- BRREGE, (EEAQMME B, rARBIE dRick B 0 oh &
portion 12Q06d5] A citiasedtédint NS, hoind S A-30ecakite Z0ube ihdudé adiakAnfpuea ther
defi nes w ndow 142. Tuhe housing 140 can be made, for exanple, f

mol ded’ 2PRest toctul%%%ﬁﬂwm%ﬁ%%%}@t iy bump éﬁ@é’&lg? Bsqﬁioth’r?‘@?gES@Wﬂ &_?PP
exanpligye SARZRAUSH B AR GADD8iRBAG 6@ TR ez@;pdﬁlﬁfﬁ PR ¥4k %hlpC&ddowsdﬁ

material. Any portion of tube housing 140 can include an infra-re
t r ans pesugnsidswalf 64 ef tibe 22 pbositcsuasf tamep 6@ cpr @pend fitrthen s asd irdre-wfl semdoraa- r ed

i ght b infra-red Jight so that infra:red |ight ol t hough
ui o4 30 héh WOy e i biaPhogh ML TG irohaecle YolRTRaS o o

(not sekibn BERPSor he nutritional conposition froma bag through tube 100
to a patient. If there is no occlusion either between the bag and the punp

or the puni0@3fd Inaeotpent drebndimenishewvn enblGS 48-4€ubaibe d00 cambe posstiencdority y
(e.qg.,.. d t . ex I Cct. he. i Qns 0 sette
Cover g5 DR EBRRCE FEBRLAN M A IO ST €Nt mhEfafte 1B FERE"1
posi t ihetsiMg 140 filrethet dsfis aBvindow 142[ AAB8holdingaMoemlieshade, for ekbplel fOmaccur s
upstream of the pu bet ween the bag and the pu unp wl |

.g., , th
cont i mddeds plastie Eﬁnnebegecsg%wfq%anﬁwng?doﬁqd}olé 88 IOt iF@gE%méiegwg% HeeIND0.
o i ‘ rofal T Lror ;
o dovarp S EGHERS Hhoh bbid 81 FATRARKL Hhicrh PASS oGO nolii 10 .

t o cortn acludecengnfra-naivteanspavantdirfase areosuhidisnrfbdcGo pd8enPtraishasssane ihfrasecd
infra-red light emtter 112 will emt jnfra-red |ight toward sidewall 152
of tuB@ﬁ&ngwﬁﬂdﬁgﬁr Felap mlr@ra-rtedﬁa@ilh%% PRYCIROUISBEELGR! G dewal | 152
will be opagyey PyridCopdstidanad Sidvar i€ F16ST hRCAd Ve piBpeliotlshowh pWabs 1152
will reflect the infra-red |ight back to be detected by an infra-red

phot otuar®ingt amposgwinvieom arbaghtoogld tubdel 00 1d agfatiamt. iIhthcse sew awhswon «@hst em
110. The intensit r, anopunt of the reflected infra-red. light i .

ot opoRERsl 1 5t Had Vs BEHH o2t YRR LB0 R 190 G el aAERTERT retiual |
152 i stafioRanyi (B!, aol R ctFitRIdr chbhftactRNThE RErtoA8NAE ah 1DNHLERT Eakscte Ak EriRs

that the occlusion has occurred upstream of the punp. ' [0039] If an
occl ugitenl Q0rpct gblaba oierdiosureshamsms thabeatain fubeH0 piy ppsitien yith thyegaggetia. t he punp
and the paty W |1 ntin t t sth i.f1ona
conpositioAbﬁﬂﬁgﬂéﬁ%?ﬂgég€6£%ﬂﬁb§@¢5¥?&§l%%ﬁ%%ofﬁ§3%%%%ﬁ%éa?%ﬁﬁmﬁgﬁép%ﬁonal
conposind itk puspRuhd gumg willesmtinge up aftdnptuldepatd hebyutpassil RGmpbsitog throtigte
sidewal I s 150 and 152 of tube 100 downstream of the punp will begin to
expandulsy 1Yl Fewercty becayps; 8 dytrifanal capesHinisinasingthraegh, Ahe sidewaliint>q i me,
infra- [ It i pf as : i) A -

| gnt PEuar 47 aeson) pearigy ol CRIAR R IER (€ et (e Byt B L

r ef | echewn lin §iE. 4B1cAe deesanreasey nefda-od light eadtteed 1P vatl ahriaindiast dtightetosiawkr or

phot o- dj od 4 sho t hat sidewal I, 15 as, expanded t hereby signjfyi
Phat  SHEvaldadrarn iy Blugruaiasidsar i s fe Buretaisctioutol 2wl
housi g obdfie @ h¥iude ROTHHLRIFENIHRE nkRQial AsRled B WiINdawsdALintalled gxpand
or pass through w ndow 142 thereby providing a nore conci se expansi on of

t ube D1ACk to be detected by an infra-red phototransistor receiver or photo-diode 114 of an infra-red

sensor system 110. The intensity or amount of the reflected infra-red light is proportional to the



[0040] Infra-red sensors 110 and 130 can be positioned in a suitable manner
Wth respect to wi ndow 142 of tube housing 140 and with respect to each

ot her so whabtiz26s8i red anount of the infra-red |ight seont/usadiolyisenfra-red
sensors 110 and 130 and reflected off of tube 100 is detected by infra-red
sensors 110 and 130. Infra-red light emtters 112 and 132 and infra-red
phot ot ransi st or recei ver or photo-diodes 114 and 134, respectively, can be
pl aced side-by-side in contact with each other or spaced apart.

[0041] .In an alternative enbodi nent, the present disclosure praqvides a
cassetdistancp dhatisleyrl dpadegomnnfraredisqnser 1l ped the\cbargenigdptepyie signifes Hat

i nfra- aht ! rpfra-red phototransi stor receiver or
photo}%ﬁgggFQFHﬂﬁE%éﬁﬁgﬁgggéggﬂgﬁ%éﬁgﬁhg devi ce does not house the
infra-red 1M@039%df arvecslasisnrin tidavedebecurd downdtreanr efitheeiunge (d. y.e bsteweso thon

t he cassette iﬁn be onstructeqrand,arran ed to interact with the gg. i ng
devi c@U8W HHaCHIFECREsF g MR EOTHRICHOr BETPEA BB 118 WEHIGR! comppation

di spl ayedoenuik TR 1R5weer! BERWRNcIEK IS nutritione{lo&ﬂmf}}ositf&n}’%t bARter
enbodlnen%, the present disclosure provides a nethod of detecting

occl ugpronsreiup ia tolibl Hgby passeng through.ahe Relewiliyl 5/ sndk 2 dhebeddhddwostnpm ses

provi di an _occl,ysi on sensi stem incl udi n feedi ng.t d

o 2o & Pirb ol e o SBind e PYaF Geam i apy oy St it 1 R aFdte and
an i nfshae ltRek, RMRL-Sd BAST $hidbr 18 6F VfiTa-RU Rhror3di WilEemitNBYAd light toward
2011/ 025588PCT/ US20107 041320 feeding tube can be incorporated as part of a
cassetstdswaHat>2cdriulre 104 t Aot elange i igenrspiyrag the vitlested flighh énceqasesr mbastiesddishg
syste 0 The..net ho rther | S8S ecti ccl yusjon
ot e e R Fle By TE SREHIRE LR TR SRRLIRRGh NE AR St

f eedi nigertsbsighifidingeb#ahé Becliigdn @ad ectuimal rddwhetlednh @hthcupirhg Breausdfofaubed
phot ot r ansi st or recei ver or_ phot o-di ode, for exanple, based on an anobunt of
t he ebguHag Ag0opnlygnpertieniohduby 196 doicd@tnyindawel 42| wilbexrand @ rgsy fhrough

det ectadyid 14 ﬂleie%?éjrgﬂd@ggﬁgorg anaw@{pgﬂsi&?w fube Fg(?mbe st opped, for

exanpl e, during an“enter eding cyc 4] 1t shoul d be
under st ood [00MX] [w@as-ralensdranf@sndhdd candhd pasatanod én & suitdbée paese mtithyrespect

preferred enbodj nents descrjbed herein will be apparent to.those skilled in
the ar® WI@@%?&%@E@%W%& P gt r&%&@_%f&?%%t@ﬁﬁ@ R%@ftah_ rediapartiHg" r om
the spifd tedandh SGRRGt BY idfiereRSERBRA 1 DURIIES0 478t Bcrdinghr W Lpeubo & Mitit&hi ng

its intended advantages. It is therefore intended that such changes and
nodi f ibyatiforsdbscnsavet HH dngd 13k appendddlightarmsters 112 and 132 and infra-red

phototransistor receiver or photo-diodes 114 and 134, respectively, can be placed side-by-side in

contact with each other or spaced apart.

[0041] In an alternative embodiment, the present disclosure provides a cassette that
incorporates an infra-red reflective sensor including an infra-red light emitter and an infra-red
phototransistor receiver or photo-diode. In this regard, the pumping device does not house the
infra-red reflective sensor. However, the infra-red reflective sensor on the cassette can be
constructed and arranged to interact with the pumping device so that the results of the infra-red
reflective sensor can be displayed on a monitor of the pumping device.

[0042] In yet another embodiment, the present disclosure provides a method of detecting
occlusions in a tubing for an enteral feeding system. The method comprises providing an
occlusion sensing system including a feeding tube and an infra-red reflective sensor including an

infra-red light emitting diode and an infra-red phototransistor receiver or photo-diode. The



CLAIMS The invention is clainmed as follows: 1. An occlusion sensor system
conprising: a cassette renpovably attachable to a punping device, the
cassette worepri/esis§ a tube; and an infra-red refl ecti vePSENSI100013R0 i Si NY
an infra-red light emtting diode and an infra-red phototransi stor receiver
and photo-diode, the infra-red reflective sensor being positioned so that
an infra-red light can be transmtted to a portion of the tube and at | east
a portion of the infra-red light reflected off the portion of the tube can
be detected by the infra-red phototransi stor receiver and photo-di ode. 2.

The od®qdifg AT sehkoingoppratethasgrartyfa gepsettc iné ce be pttashed®sepyrapipg #pyireses a
bi as q&ya%ggaﬁgﬁﬂ S§§%ﬁ portion of the tube. 3. The occl usion sensor system
arm 1,

of C erern’the tube conprises opaque walls. 4. The occlusion
sensor syst[edM3dfThel méthod furtitee cemprisds deersihg an poclusion wathit He feedieg ey ses
an | nftlra?i;r{ﬁ%t?né‘ glfl lig ratl-lrevdeligﬁ![r Jo%v%?d the feeding tube and detecting reflected infra-red light
using the infra-red phototransistor receiver or photo-diode, for example, based on an amount of
the expanding or contracting of the feeding tube. If occlusions are detected in the feeding tube,
the pumping device can be stopped, for example, during an enteral feeding cycle.
[0044] It should be understood that various changes and modifications to the presently
preferred embodiments described herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing from the spirit and scope of the

present subject matter and without diminishing its intended advantages. It is therefore intended

that such changes and modifications be covered by the appended claims.
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5. The occl usion sensor systemof Caim1, wherein the punping device is an
enteral feeding punp. 6. The occl usion sensor systemof Claim1l, wherein

t he tube we 2pari2s338 an enteral feeding tube set. 7. ThePotalSasioom3zensor
systemof Claim1l, wherein the tube is contained within a tube housing that
defines a window. 8. The occlusion sensor systemof Caim1l, wherein the at
| east one infra-red reflective 11 SUBSTI TUTE SHEET (RULE 26) WD

2011/ 025588PCT/ US2010/ 041320 sensorCLaIMBnprised in said punpi ng devi ce.

The invention is claimed as follows:

1. An occlusion sensor system comprising:
a cassette removably attachable to a pumping device, the cassette comprising a tube;
and
an infra-red reflective sensor comprising an infra-red light emitting diode and an
infra-red phototransistor receiver and photo-diode, the infra-red reflective sensor
being positioned so that an infra-red light can be transmitted to a portion of the tube
and at least a portion of the infra-red light reflected off the portion of the tube can be

detected by the infra-red phototransistor receiver and photo-diode.

2. The occlusion sensory system of Claim 1, wherein the cassette comprises a bias

bump adjacent to a portion of the tube.

3. The occlusion sensor system of Claim 1, wherein the tube comprises opaque walls.

4. The occlusion sensor system of Claim 1, wherein at least a portion of the tube

comprises an infra-red reflective surface.

5. The occlusion sensor system of Claim 1, wherein the pumping device is an enteral

feeding pump.

6. The occlusion sensor system of Claim 1, wherein the tube is part of an enteral

feeding tube set.

7. The occlusion sensor system of Claim 1, wherein the tube 1s contained within a tube

housing that defines a window.

8. The occlusion sensor system of Claim 1, wherein the at least one infra-red reflective

11
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9. The occlusion sensor systemof Claim1, wherein the tube is part of an
enteral feeding tube set. 10. A nethod of detecting occlusions in a tubing
set for awmoentienaissf eedi ng system the nmethod conpri si n@CTASR@OOITIZ an
occlusion within an enteral feeding tube by transmtting an infra-red |ight
to the feeding tube and detecting an anmount of reflected infra-red |ight
using the i nkhsr isdbnphistdinrsaidgusipiig deevel ver and phot o- di ode based on an
expandi ng or contracting of the tube. 11. The nmethod of C aim 10, wherein
an enteral feeding cycle is stopped if an occlusion is detected in the

tube. 12 nethod of O aim erei,n th d|n be is ,incorporated
as part of- ateqeshepn Sendt Sod SOt avies BeATE g Hont. 13, " The
met hod of Q@édﬂl Rbe g\?er ein the cassette is r em)vabl y attachable to the
punpi ng devi ce. 14. The method of Caim 12, wherein the cassette conprises
a bias bunp adjacent to a portion of the tube 15. The method of C aim 10,
wherein the tube conprises opaque wal |l s
10. A method of detecting occlusions in a tublng set for an enteral feeding system, the

method comprising:

detecting an occlusion within an enteral feeding tube by transmitting an infra-red

light to the feeding tube and detecting an amount of reflected infra-red light using the

infra-red phototransistor receiver and photo-diode based on an expanding or

contracting of the tube.

11. The method of Claim 10, wherein an enteral feeding cycle is stopped if an occlusion

1s detected in the tube.

12. The method of Claim 10, wherein the feeding tube is incorporated as part of a

cassette that can be attached to a pumping device.

13. The method of Claim 12, wherein the cassette is removably attachable to the

pumping device.

14. The method of Claim 12, wherein the cassette comprises a bias bump adjacent to a

portion of the tube.
15. The method of Claim 10, wherein the tube comprises opaque walls.

16. The method of Claim 10, wherein at least a portion of the tube comprises an infra-red

reflective surface.

17. The method of Claim 12, wherein the pumping device is an enteral feeding pump.

12
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16. The method of C aim 10, wherein at |east a portion of the tube
conprises an infra-red reflective surface. 17. The nethod of C aim 12,
wher ei n twe 2punps3sg device is an enteral feeding punp. P2TSIBE0I0IITE SHEET
(RULE 26) 18. The nethod of C aim 10, wherein the tube is contained within
a tube housing that defines a wi ndow. 13 SUBSTI TUTE SHEET (RULE 26)

18. The method of Claim 10, wherein the tube is contained within a tube housing that

defines a window.

13
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