WD 02/ 055137 PCT/ US01/ 45622 1 AIR I N-LINE SENSOR FOR AMBULATORY DRUG

| NFUSI ON PUMP DESCRI PTION Technical Field The present invention rel ates
to an ai won/03isme sensor for use in a nedical device andpCTR®/45622
particularly, to an air in-line sensor designed to detect air bubbles in a
t herapeutic solution flowi ng through a tube. 5 Background of the Invention
An infusion systemfor delivering a drug qr other liquid into a patient
often includes an infusion device that operates to deliver the liquid at
an adjustable rate or dosage. Prior art infusion devices include an air
detector using an ultrasonic or an optical sensor for detecting air
bubbles in the liquid flowing through a tube. The air detector is 10

| oaded in a part of the tube. Two types of the air detectors are known.
More specifically, in the separate type as shown in Fig. 1, a signa
emtting menber 1 and a signal receiving nenber 2 of the detector are
separate conponents in such a structure. The signal enitting nenberl is
nounted on a stationary unit 3 of a punping station, while the signal

recei ving 15 nerm IN-IINESENSOR PORRANMBERATORVIDRUGENIUSION pAp.  \Wien
the door 4 is closed, a channe s defined between an upper surface of
signal emtting nenber 1 of stationary wunit 3 and a | ower surface of
signal receiving nmenber 2 of novablegﬁgkggigygﬂfo which a tube 6 is
accomodat ed. Accordi ngly, when nova is closed while tube 6 is

| oaded into an upper _recess 7 defined in signal emtting nenber 1 of
stationary unilgcmicabBieldibe 6 is deforned into a flattened configuration

within channel 6 to V] r f j t. W
o gnal et ting and FIRdEsaEERIA @Rk @bl RS Sersth BV o HchibaL )
2 receivi ng maghes énd] mendpatticullye tieckieia-line sepgoo designetiab detectfairdiubblegiBa The

unitary type is mainly used for detecting relatively short air bubbles and
t heref ore t hethetapgatic glution flowing through a tube.

5 Background of the Invention

An infusion system for delivering a drug or other liquid into a patient often

includes an infusion device that operates to deliver the liquid at an adjustable rate or

dosage. Prior art infusion devices include an air detector using an ultrasonic or an optical

sensor for detecting air bubbles in the liquid flowing through a tube. The air detector is
10 loaded in a part of the tube.

Two types of the air detectors are known. More specifically, in the separate
type as shown in Fig. 1, a signal emitting member 1 and a signal receiving member 2 of
the detector ére separate components in such a structure. The signal emitting memberl
is mounted on a stationary unit 3 of a pumping station, while the signal receiving

15 member 2 is carried by a movable unit 4, such as a door. When the door 4 is closed, a
channel 5 is defined between an upper surface of signal emitting member 1 of stationary
unit 3 and a lower surface of signal receiving member 2 of movable unit 4, into which
a tube 6 is accommodated. Accordingly, when movable unit 4 is closed while tube 6 is
loaded into an upper recess 7 defined in signal emitting member 1 of stationary unit 3,

20 tube 6 is deformed into a flattened configuration within channel 6 to provide an enlarged

surface area in contact with signal emitting and receiving members 1 and 2.



tube-receiving groove 8 is relatively short, exerting | ess resistance in
contact between the groove and the tube. Accordingly, the tube nay be
fitted i woogossosze 8 by pushing with 5 one's fingers. |nPeh®so1/45622
above-descri bed separate type, it is difficult to maintain a constant,
specific distance between the signal emtting and receiving nmenbers so as
to stabilize the performance of the detechor, because the separate type
sensor systemhas nore tolerances than a unitary type system Wen nore
tol erances are invol ved, distance 10 control between the signal emtting
and receiving nmenbers becones nore difficult. Nuisance alarns result when
a punp alarmis activated when air is not present in the line. As a

result, air sensors are often deactivated in the punp' s _configuration.
Accordingly, tereiyingpembarsd ast2 g aphedded inyepnosing tradls of gxaave 8- Jiheamitary,
the line. Moreover, . 1.0 of : |l @ s I } S
in many prior tgé)etlg%apﬁgﬂgeﬁé@gaggé\}}n oS Eg‘?g&%‘?‘ %%léﬁ'%tfl ratggﬁ%rgg gli %gg?‘%ﬁgyf]ot
fully transnm tthiRerecéividgghodvies is rebeively@hort,exearipg kess @sistahte insomtact bsivgrealthemay
work its way around the bottom of the channel and trick the punp nechani sm
i nto bel i evi ngredvstang thembe. i Acqopdipgly, the fibeipayrbe fittpdrintergrogye hY§qShlngtVt‘i§1
l'ine. Thg' S no%%gtsefﬁ;t iel%n or "short circuit" is undesirable. Sonme unitary
type air” sensors have i ncl uded a pocket underneath the channel 20 to bl ock
the ultrasonic signal In éedbbVeidescrb&l sphratdgpell it isadiffivult toirgaiatair 4 oonstant,
circunventing the correct path through the tubing set. However, these
pockets can alspesifigidistangg Betweer thei sigpak enitting ard KeeCIBnE IRETRETs §hascly stabakzent s
t he sensor fr ' r il i Lqui d,
the ui tr asoni AP eS g of P Atectbl ebflsg PRE e 3 kb ol b bfé
present in theaoletddicegthhh Beunitafy fyipe spsten, Wheremond toléryndey pee mivolvedndistance
systens do not maintain optimal contact between the tube and the channel.
For exahbl e, ioonokbespees the sigaalppiime agd recgbdng memyers IbF%‘éBeStrBorﬁtﬁléﬂﬁcPﬁe t ube
into a V-shaped, uppe ' ] :

di sl odged fromthe chgwﬁé&k%%H?§%§P?gﬁgﬁgg@ﬁgg |§§Hg?§% aégﬁgﬁgﬁgﬁn?ﬁg
tube. WO 02/ 055187 1iRCTA 45004 562 Zensdrs Adtlo fténodeattivated inahéd pivap seynfigattien or

col | apse di sproportionately, causin oor. couplin .. .
P P A(Pcordingly, the glump would xglotpbe able to Fzietectgthe presence of air in the line.

Moreover, nondetection of actual air in the tubing line occurs in many prior art infusion
15 devices because the ultrasonic signal is not fully transmitted through the tube. For
example, an ultrasonic signal may work its way around the bottom of the channel and
trick the pump mechanism into believing that liquid is in the line when, in fact, air is in
the line. This nondetection or “short circuit” is undesirable.
Some unitary type air sensors have included a pocket underneath the channel
20 to block the ultrasonic signal, and thus, prevent the ultrasonic signal from circumventing
the correct path through the tubing set. However, these pockets can allow dirt and
cleaning solutions to build up, which prevents the sensor from working properly. If the
pocket became filled with liquid, the ultrasonic signal may travel around the channel
even when air is present in the tubing line.
25 Moreover, some unitary type air sensor systems do not maintain optimal
contact between the tube and the channel. For example, if a flat closure member surface
is utilized to push the tube into a V-shaped, upper section of the channel, the tube may

become dislodged from the channel by rotational or rolling displacement of the tube.



bet ween the tube and the channel. U S. Patent No. 5,102,392, owned by

Assi gnee of the present invention, discloses an air detector for use in

i nf usi on wonpess(zee Figs. 2 and 3). The air detector 5 upPCTiUs@sse22unitary
type sensor for detecting air bubbles in the tube. The upper section of the
groove has a first side wall which tapers upwardly and outwardly fromthe
tube fixing section and a second side wald is perpendicular to the base of
the groove along the length of the tube fixing section. Wen the door is
closed after the tube is |oaded in the groove, the tube abutting nenber
forces the tube against the second side wall and into final 10 position.
The present invention is provided to solve these and ot her problens.
Summary of the Invention The present invention provides an air in-line
sensor for dePdditionallnithe yhempar datienprgollapse disprrporiangtel caysing RARF AFRIMEough
a tube. 15 AC%Qt%EH%éﬁbQ%?tﬂ?Q%& pf the present invention, the sensor has
a channel for “recerving e tube having a tube | oading section. The sensor
further has a signal ©8. PaicRONoNB10239P0swihddobe ssignenef thedeeseht irventictye
and a signal receiving nenber positioned on an opposite side of the tube.
A first air béfstlosesian aidatectes faussdn WEesion PMBS Graaliger 1d Hg Theakisstectond

t he signal reggj.vi ' i e .
nvent o, ¢ hotisddRH S e seher 6P g oBuBORE fihe MRS The BhodrEerion of
portion of a thdgborindesatst sieé whlhehivhaapes) upwhbdly bid @itwheitgfrom thestabé fioifg

tapers upwardly and outwardly froman internediate portion of the first
sidewal | to sertionppde sgsend sigewall isnsependicalar ythebase of the gravgaloge thy lgngth
further aspect Qf J: ] A

ection posi t P TURY FbbEVhIEe SFIEEO N R, B, oRBr e dtlone, |

section is deid fabe aburtiaF mupiter fqroés the nutef agairse dendcendiddamallaindtife final
channel, and the second lead-in section tapers upwardly and outwardly from
an i nt efnedi aPesigort i on of the second sidewall to the upper portion of the

second sidewall. WO 0?1495’:@3&? inV SS9 botRfA%0 séive these and other problems.

Summary of the Invention :

The present invention provides an air in-line sensor for detecting air bubbles
in a therapeutic solution flowing through a tube.

15 According to one aspect of the present invention, the sensor has a channel for
receiving the tube having a tube loading section. The sensor further has a signal emitting
member positioned on one side of the tube and a signal receiving member positioned on
an opposite side of the tube. A first air baffle is positioned between the signal emitting
member and the signal receiving member. '

20 According to another aspect of the invention, the sensor has a first lead-in
section defined by an upper portibn of a first sidewall of the channel. The first lead-in
section tapers upwardly and outwardly from an intermediate portion of the first sidewall
to the upper portion of the first sidewall.

According to a further aspect of the invention, the sensor has a second lead-in

25 section positioned opposite the first lead-in section. The second lead-in section is
defined by an upper portion of a second sidewall of the channel, and the second lead-in
section tapers upwardly and outwardly from an intermediate portion of the second

sidewall to the upper portion of the second sidewall.



According to a further aspect of the invention, the sensor has a second air
baffl e positioned between the signal emtting and the signal receiving
menber s. w@oreisdi’ng to yet anot her aspect of the inventi oPCT/@R0IAISE22 n- |1 ne
sensor i's provided for detecting air bubbles in a therapeutic solution
flowi ng through a tube. The 5 sensor has a channel for receiving the tube
havi ng a tube | oading section. Preferably,4the tube has a first lead-in
section. The tube | oader has a stationary section and a novable section

hi ngedly connected to the stationary section. The novable section has a

bl ade having a radius of curvature for positioning the tube in the tube

| oadi ng section. Preferably, a signal emtting nenber is positioned on one
side of the tube and a signal ecei ving nenber. is positigned on

10 n.
opposi te side of the BGHRI mﬂc‘&@rf&}}"ﬁi{ 3spect of the ipgrntionnthe sepser pps2 F"rﬁ?@&ta?ron,
an air in-lin . L i i - al sin a
t herapeutic s%aﬁfﬁr}%ﬁh‘f@gﬁjﬁtgﬁ:’% ﬁf—hg%@gga?gg%é deotggtggg‘rﬂi rﬁ&éﬁ% nrr%#ﬁ}geke
mechani sm The tube extestdimgftoort ancth@pdspediad thé inveation) enagpeint-lite sesbuis on

to a patient through the system e.system has chapnel for recejvi t he
tube 15 havi ngrevided for dFtéﬁal&%r‘@@H]%‘h;Xt FrpeutiG %Pgléthngfﬁwﬂgﬂg%‘t&h abe. A e
signal emtti i LIk L : : hwnal
T eao; vi g memBer BAgiefine RSkCoHERe AbcRRfing a (fbgibadifieL o e Bs
air baffle is tpeshdsiaofrerleldbinerion. HEhestubmbladerias b istatjonare séxtion and a tnfmevableg nal

receiving nenber. Myreover, the tube | oader has a.statiopary .secti nd a
movabl e sect i dsctifinyeEdly egmseied &yt étaE‘HEa@tsﬁ‘quanﬁ‘? r%‘é’ég‘aeci“ﬁ?noﬁﬁ@s .43:@%% e
20 section has _g. bl havi i : i | {daQiHoN&ch

fube i n the taBginh SIHAEE SHnAkE My BoMofhl ¥R NILE indhe RR LM elOF,
invention, a rtfeedbly,a siirattraithe fmember is pdsitigned dnudne sidetad the wheamdkh sighala

nmedi cal punp. Preferably, the chanpel is provided. having a first |lead-in
sectionl@nd a TEeRENE FEAYeH IsROSIIOPFA onraoRROSHE Bife PEths RS- oy ovi ded 25 havi ng

a signal emtting ne"%%[:oﬁﬂ%itsid%ﬂ%r e QN 1R ifl Gerftlon ! AGid i 3B oRsy DR

receiving mnmenber positioned on an opposite side of the tube. A tube | oader
i's provided halijodgsed fostetkétingaaiy bekhi¢s mna dredapgutiosalbtien flevtngothroughea tubeabl e

TR TR A 7 M RN MR

solution to a patient through the system. The system has a channel for receiving the tube

15 having a first lead-in section, and a tube loading section. A signal emitting member is
positioned on one side of the tube and a signal receiving member is positioned on an
opposite side of the tube. A first air baffle is positioned between the signal emitting
member and the signal receiving member. Moreover, the tube loader has a stationary
section and a movable section hingedly connected to the stationary section. The movable

20 section has a blade having a radius of curvature for positioning the tube in the tube
loading section.

According to yet another aspect of the invention, a method is disclosed for
loading a tube into a channel of a medical pump. Preferably, the channel is provided
havihg a first lead-in section and a tube loading section. The channel is also provided

25 having a signal emitting member positioned on one side of the tube and a signal receiving
member positioned on an opposite side of the tube. A tube loader is provided having a
stationary section and a movable section. The movable section has a blade having a

radius of curvature. The tube is positioned proximate the channel. The blade is placed



5 1in contact with the tube, and the blade is then noved until the tube is
positioned within the tube |oading section. O her features and advant ages
of the i wenossmMi || be apparent fromthe follow ng spepCtius@tiserz t aken
in conjunction with the followi ng drawings. 5 Brief Description of the
Drawi ngs To understand the present invention, it will now be described by
way of exanple, with reference to the acconpanying draw ngs in which: Fig.
1 is a schematic front elevational view of a prior art air in-line sensor
of the separate type; 10 Fig. 2 is a schematic front el evational view of a
prior art air in-line sensor of the unitary type; Fig. 3 is
cross-sectional view of the prior art air in-line sensor of Fig. 2,

showi ng the | ogadi ng process of a tupe; Fig. 4 is, a perspective view of. a
tube | oader adB&PRAFigVithths n&ﬁear@rtb%glaég ﬁégffn maedymty fhe tBP*‘e@é’HF‘“PHVgWEJ’Wn;

Fig. 5is a S‘iﬂ@ﬂﬁ%?&adfr{égs’é&icﬁievati onal view of an air in-line sensor

according to a preferr aspect of the present invention; Fig. 6 is a
cross-sectional view Other Heatwres andadvaneagse nf dre iaberfion. will, besippareng fiohe the

| oadi ng process_of_ a tube; and 20 Fig. 7 is anotﬁ_‘h r cr.oss-sectional view of
the air in-|iHellewingspeiicatiog taksn in cHYRCHGN i sgﬂl%n%fim- of a tube.

Det ai | ed, Descry |%§ ?é%] ferred Enbodi ment While this invention is
susceptisol e oBrPetf SR 'B?.tl%rﬁlag%ﬁ% fferent forms, there is shown in the
drawi ngs and wi || her @ nndersdad chid presknt invbatian,| it ik fnew el deskibedrbp dvayesft S

of the invention with_ the understanding that the present disclosure is to
be consi der ed e&3male, BB ApETeNc 10t the AccomPaRWNg Arayangy igavhieh:t he i nventi on and

B

the separate type;

10 Fig. 2 is a schematic front elevational view of a prior art air in-line sensor of
the unitary type;
Fig. 3 is cross-sectional view of the prior art air in-line sensor of Fig. 2,
showing the loading process of a tube;
Fig. 4 is a perspective view of a tube loader according to a preferred aspect
15 of the present invention;
Fig. S is a schematic front elevational view of an air in-line sensor according
to a preferred aspect of the present invention;
Fig. 6 is a cross-sectional view of the air in-line sensor of Fig. 5, showing the
loading process of a tube; and '
20 Fig. 7 is another cross-sectional view of the air in-line sensor of Fig. 5,
showing the loading process of a tube.
Detailed Description of the Preferred Embodiment
While this invention is susceptible of embodiments in many different forms,
there is shown in the drawings and will herein be described in detail preferred
25 embodiments of the invention with the understanding that the present disclosure is to be
considered as an exemplification of the principles of the invention and is not intended

to limit the broad aspect of the invention to the embodiments illustrated.



6 Referring nowin detail to the Figures, Figs. 5-7 illustrate an air
in-line sensor 10 for detecting air bubbles in a therapeutic solution

fl ow ng ™o oues1 tube 12 |ocated in a punping nechani snrPAWUSGIREBS6E g. 4).
Tube 12 extends froma supply bag of the therapeutic solution to a patient
t hrough sensor 10. Sensor 10 has a channel 16 for 5 receiving tube 12 and a
t ube | oadi ng section 18. Sensor 10 al so hag a signal emtting nenber 20
positioned on one side of tube 12 and a signal receiving nmenber 22
positioned on an opposite side of tube 12. Further, sensor 10 has a first
air baffle 24 positioned between signal emtting nenber 20 and si gnal

recei ving nmenber 22 to prevent the ultrasonic signal fromtraveling around
tube 12. 10 Preferably, . punpin chanism 14_js a_peristaltjic¢c punp, a _
rol ler punp, an ex%ef%%g nﬁwﬁ,%etgﬁm %Efg%%fnﬁlgaé-aﬁbisgetsﬁnelasrggtl% ENSRF R
Punpi ng mechanj : L | @Nﬁ% Len 28
hi ngedl y conn2%€ggéégﬂgﬁgkﬁ%ﬁéﬁéh?@%@%@ﬁggggﬁ&kg S a%&PgRéﬁg%ﬁgf.g%%g%fe
section 28 is ppuaphigl mechanism 14 §seaxfiig. 4)n Aulh iZ2ektends fromda s@ipdy bay ofirthe
arrow to close_and open, stationary section 26. 15 Mwvabl e section 28 has a

bl ade 32 havi nige@PFULli SPkution to i Rattent Buraughs EnseIold) + PEPhA0 hag pghannel A6 for
punpi ng chanj 14. i i i

within c annelnlleié()n.’&éﬁu t? gzrj@dgﬁ@gqg&s\%ééc%&g?&? %'eg%%\s)}eﬂtsia%%?ﬁgﬁg na édiig{ﬁllgs

U shaped, and mbabers2® posindnal by mguade of oubeel ahdvai signab nkgeivdng Imeghberr 22i us

where base 36 neets first and, secon i |1s 38 and 40, respectiyely. As
shown in Fig. msﬂmsd\ﬂpaPWPRQS@rS@%%fdrmE? ?g\g%ﬁqrsse@m bhdsinfa 8 bt 24
di aneter 44 of b Sei ' . ' 12
and i1 st and Red bl il (iR ol oo o AehateiRvindshiicd 300
first |ead-in mecdntdre Wasanit sigmaé fromdrdveling arousdettbe @2. 48 to al |l ow tube 12
to be easily | oaded_intq punping mecégani sm 14. Each of the first and second

| ead-i n18ections 46PskEbly, PYRRIRE sgchRINgm Tdnis| 4 partstaltic/Prmg; aJOHFIPYH BHhnel
draft for 25 i pd()ﬁ]g%% . | St 5 %gfstn&' '
formng the ug%! 9‘5;@%?‘?#% rg%lar%gtgpéﬁ}%e%%téfwgf P@mﬁge*n@i . Fi ?22%15156

| ead-in sect i omstdorianpsectionumddnyovabld seaion 28 hitiggdly comeated totationadi setton
portion 50 of £6| r1‘?{[5 sl?cl)vgr? }/ﬁilg. ?, rérgxo;['ﬁ)leu Ee%gcr)n Bgrl;[ }I)i(\)zgtagl% a%fou%c {tsr g}Eis ir? Ll%%\é\glign 38.

indicated by an arrow to close and open stationary section 26.

15 Movable section 28 has a blade 32 having aradius of curvature 34 for positioning
tube 12 in pumping mechanism 14. Blade 32 pushes tube 12 into the proper position
within channel 16. In a preferred aspect of the invention, channel 16 is U-shaped, and
has substantially square corners having only a slight radius where base 36 meets first and
second sidewalls 38 and 40, respectively. As shown in Fig. 6, the width 42 of channel

20 16 is smaller than outer diametér 44 of tube 12. This provides a large contact area
between tube 12 and first and second sidewalls 38 and 40, respectively.

Channel 16 has a first lead-in section 46 and a second lead-in section 48 to allow
tube 12 to be easily loaded into pumping mechanism 14. Each of the first and second
lead-in sections 46 and 48, respectively, includes a V-radius and a channel draft for

25 molding purposes. Channel 16 has a first lead-in section 46 forming the upper portion
of a first sidewall 38 of channel 16. First lead-in section 46 tapers upwardly and
outwardly from an intermediate portion 50 of first sidewall 38 to upper portion 52 of first
sidewall 38.



WO 02/ 055137 PCT/ USO1/ 45622 7 In a preferred aspect of the invention,
channel 16 has a second |l ead-in section 48 positioned opposite first

| ead-i n e@02/0851376. Second | ead-in section 48 fornms the uppERUSOPBs12 on of a
second sidewal |l 40 of channel 16. Simlar to first lead-in section 46,
second |lead-in section 48 tapers upwardly and outwardly from an
internedi ate portion 54 of 5 second sidewall 40 to the upper portion 56 of
second sidewall 40. As shown in Figs. 6 and 7, blade 32 has a radius of
curvature substantially identical to the radius of curvature of tube 12 to
maxi m ze coupling of tube 12 and first and second sidewalls 38 and 40 of
channel 16. The curved bl ade allows tube 12 to be pushed down into channel
16vwﬂ1armmnum%mwntoffomml nparted o

and 10 nd sidewal | s
38 and 40, respect|9élp§2° T A IR R BN Ry R B LR ol
on tube 12 CasefiohlFosiilis Al kiihe sckioh Aecamd 10RL AR de/ppRduRUBber

agai nst fi rst an sidewal I's 38 and 40, respectively. Thus
i s defornmed frpomticn ofcalsecnﬂdaldemﬁﬂ()@ﬂc}aumdri& Sinilarto fivst lead 6nfdctjon 46, secondT he

greater the fqrce of the sides of t 2 on f t and secopd side s 3 8
oG 55 400 ¢ depeiaiestiony 48 et mvatla and oubdl R ap TaRERCtte Py

first ang Sec%@@ondss'lmuosto%ﬁb@ﬂﬂérﬁﬁﬁohggo%@c%h@&d%@?llqgum ing bet ween

tube 12 and channel 16, and thus greater the transm ssion of the
ul trasonic signal tAs shugn iruBigs1@ and e bledg3&r hascamdivsgof ¢wvaterei substentsaly t he

performance of, air nsor 10. /An el ectroni g circuit drives I ting
menber 20 vhi dﬁewafteéﬁ%radw o5 QR SO Gy pe SouRle R B2 st 5

and the tube cg QlsE03: -sidwaNg B8 LAE 20 Y BEhnABIMRL! THZcurAGl RlaRSalRWs S ¥2fo- beThe
strength of the ultrasoni c signal passing through tube 12 is highest when

liquid is pregeshed dowubeo dinnelorb eits elmaximbm snoumhgf foraf inpreeted lonrfarstoamidc
sent i.n .tube, 12. .The, el e circuit

| | t when
conpar ed5t he Seramybavals Hb inddf Rty o fiteRngeUonAe: e RFSHE | s
air or liquid dBtibende12886ket MeSsideddehieri 238 ekﬁ‘arﬁl%?i@oﬂﬁllﬁhﬁd b\fbhlagﬁl‘ﬁst

alarm Wen air passes through tube 12, and thus, the transm ssion path
t he ul trasoni cfirsterdgecorsl siddvealls 33t and 4@: raSpmtlea]sledEhuAptubc di2 mydeformddefrom a

electrical circuit wil] ou t five olts if liquid is present in tube
12, and the elcv(é;’@f‘ e%f}fllguratltonumto an ovglsgon}nguratslon g P

The greater the force of the sides of tube 12 on first and second sidewalls 38 and
15 40, respectively, and the greater the contact area of tube 12 and first and second
sidewalls 38 and 40, the greater the coupling between tube 12 and channel 16, and thus,
the greater the transmission of the ultrasonic signal through tube 12. The higher coupling

force increases the performance of air sensor 10.
An electronic circuit drives signal emitting member 20 which projects ultrasonic
20 energy across channel 16, tube 12 and the tube contents. Signal receiving member 22
acts as areceiver. The strength of the ultrasonic signal passing through tube 12 is highest
when liquid is present in tube 12. Conversely, the strength of the ultrasonic signal is
lowest when air is present in tube 12. The electrical circuit compares the strength of the
detected signal and decides whether there is air or liquid in tube 12, and thus, whether
25 to sound an air in-line alarm. When air passes through tube 12, and thus, the
transmission path, the ultrasonic energy is interrupted or decreased. Accordingly, the
electrical circuit will output five(5) volts if liquid is present in tube 12, and the electrical

circuit will output zero(0) volts if air is present in tube 12.



circuit will output zero(0) volts if air is present in tube 12. WO

02/ 055137 PCT/US01/45622 8 In a preferred aspect of the invention, sensor
10 has aweonosdizi r baffle 58 positioned between signal patwsimgerrenber 20
and signal receiving nmenber 22. Second air baffle 58 is positioned
opposite first air baffle 24, which prevents the ultrasonic signal from
traveling around tube 12. First air baffleg24 weakens the ultrasonic signal
traveling 5 through tube 12, and thus, prevents a "short circuit” when high
coupling forces are present between tube 12 and first and second sidewalls
38 and 40 and base 36. As shown in Fig. 7, the center of signal emtting
and receiving nenbers 20 and 22 and the center of tube 12 are co-linear
and parallel to channel 16 when tube 12 is_ positioned within channel 16.
Channel 16 i s di merBidopwstered aspech el ithe dvepiah sepsopd O1knsca secopd aipbaffle p$
when tube 12 is for ' . : ] 1430 r.
Proper align ipﬁéf}légé@%t@ﬁééﬁ@ gﬁgﬁn# e@ﬁ%jg%aﬁgi Hi’??%nsﬁ‘l I?lglhuéﬂhjr%gaﬁ&{dabe
12.  The wi dt hiHafftds8i8pbsitidhed sppasite Gitse dir baffle@d] winich prements the ulthsonsic signali ons

of tube 12 to optim ze the perfornmance of air sensor 10. Preferably, .
channel 16 is framayslinggrovad gibsder FHst airdaffle 24 weakenstheplasoicsignal tigpelingas a
wi dt h of_about,; 0. 0./5 .i n i .« £ . L ter
of “tube 2 1 s BDYEY CPenE i Thus, breyBASH snbt cHElcE Wh hiett AfipRih Horck) 3P

The thickness Misehitietiedtab & andbfist ud sebeidwidawdllsi3s ahd 40ndd bhse 3. gnal
emtting and signal receiving nenbers 20 and 22, respectively, is critical,
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aspect of the invention, an air in-line sensor 10 is provided for

det ecti My air d0isH texlign vehenrube b ig forced gntor shepngl | 1§and o refuse granufastiring,
Sensor 10 has a for:em Ll Y : @Mgghqﬁgf 2.
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ultrasonic signal emtted through tube 12. Preferablbi(aé t he peans fé)r
detecting is alXtospsmiesethe perfermanse of ghsanserdlei Rreistnbisp shapneb 2o 1s made of an

engineering resin, such as ABS plastic, and has a width of about 0.075 inches at its base.

15 Preferably, the outer diameter of tube 12 is about 0.083 inches, and the inner diameter
is 0.03 inches. The thickness of the U-channel material between tube 12 and the signal
emitting and signal receiving members 20 and 22, respectively, is critical, and,
preferably, is 0.027 inches. The U-channel wall surface finish was also optimized to
increase the coupling between the tubing set and the plastic U-channel walls. Preferably,

20 the U-channel wall is made of a continuous plastic that is free of voids, glass and fillers.

In another aspect of the invention, an air in-line sensor 10 is provided for
detecting air bubbles in a therapeutic solution flowing through tube 12. Sensor 10 has
means for emitting an ultrasonic signal through tube 12. Preferably, the means for
emitting is a transducer, such as signal emitting member 20. Sensor 10 also has means

25 for detecting the ultrasonic signal emitted through tube 12. Preferably, the means for
detecting is a transducer, such as signal receiving member 22.

Sensor 10 further has means for preventing the ultrasonic signal from traveling

around tube 10. Preferably, the means for preventing employs two air baffles, such as



Sensor 10 further has nmeans for preventing the ultrasonic signal from
traveling around tube 10. Preferably, the nmeans for preventing enpl oys two
ai r baf f Ive@ p2/615¢37 as WO 02/ 055137 PCT/ USOL/ 45622 9 fi r st parmsafsbize 24 and
second air baffle 58. Air baffles 24 and 58 are positioned between signal
emtting nmenber 20 and signal receiving nenber 22. Sensor 10 al so has neans
for measuring the strength of the ultrasonjc signal emtted through tube
12. Preferably, the neans for measuring is an electrical circuit. 5

Mor eover, sensor 10 has neans for conparing the strength of the ultrasonic
signal to a preset voltage value. Preferably, the neans for conparing

enpl oys a voltage conparator. Sensor 10 further has neans for outputting a
preset, maximumvalue if liquid is esent. in_tube and a.preset,
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12. For exanpl e, t §ensoydDtad@echasangmms fdomeasurmgtthastréhghh vhittesultrdsonicgsigihal
above 2.5 volts would cause the ?F?{ﬁﬁarﬁt or to_output. 5 vol t?, i hus,
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into channel 16. Preferably, channel 12 has first |ead-.in seéti orf, 46 and
tube | oadi ng sect i &6nses 10 &irthen hasapeansiforpuipifiieg a prgset; Raygun YaHeH ligHiddse
side of tube ' I LM j: Si Ltsls n

opposite Si dei’gﬁs g@ﬂ%?@gﬁ ﬂgg% |énsé{’ %grcl ani gérllug a}lils%?e(c)s\%tdgglﬁ%al\% E@ferably,
stationary segld €8ctdbal 2rcainaviimugiut dive &6} vaits Z8iquiddis givésensimctibe 2 2éhdhthe

bl ade 32 having radius of curvature 34. Tube 12 is positioned in channel
16, andl%l ade eFtrical giroaptayiliontrubzrrg 69) ‘(Mltﬁl‘fJat“dB@ref??t I‘QVﬁi’Sﬂzn&&éET‘%‘nE@C Fon
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modi fi cati ons comperator toi sutputi 3 ook, amidgthing,i indichteythatehquitli in gpréseotrit hibesid.ri t
of the Conversely, a signal below 2.5 volts would cause the comparator to output 0 volts, and
thus, indicate that air is present in tube 12. If air is present in tube 12, sensor 10 sounds
15 an air in-line alarm.
A method is disclosed for loading tube 12 into channel 16. Preferably, channel
12 has first lead-in section 46 and tube loading section 18. Signal emitting member 20
is positioned on one side of tube 12 and signal receiving member 22 is positioned on an
opposite side of tube 12. Pumping mechanism 14 is provided having stationary section
20 26 and movable section 28. Movable section 28 has blade 32 having radius of curvature
34. Tube 12 is positioned in channel 16, and blade 32 is placed in contact with tube 12.
When movable section 28 is closed, blade 32 positions tube 12 in tube loading section
18.
While the specific embodiments have been illustrated and described, numerous
25 modifications come to mind without significantly departing from the spirit of the

invention, and the scope of protection is only limited by the scope of the accompanying

Claims.



invention, and the scope of protection is only limted by the scope of the
acconpanying Cainms. WO 02/055137 PCT/ US01/ 45622 10 CLAIMS W claim 1.
An air i mwoonessznsor for detecting air bubbles in a therpQBUSIIGSST uti on
flowng through a tube, the sensor conprising: 5 a channel for receiving
t he tube having a tube | oading section; a signal emtting nmenber positioned
on one side of the tube and a signal recgqigving nenber positioned on an
opposite side of the tube; and, a first air baffle positioned between the
signal emtting nmenber and the signal receiving nmenber. 10 2. The sensor
of claim1 further conprising a first |lead-in section. 3. The sensor of
claim2 wherein the first |lead-in section conprises an upper portion of a
first sidewall of the channel, the first_ lead-in section tapers upwardly
and outwardly froman internediate porfvléim the first sidewall to the
upper portion ﬁ’fe ;i .first sidewall. 15 4. The sensor of claim1l wherein
the first air bat € prevents an ultrasonic signal fromtraveling around
the tube. 5. The seafair ivlin€kaison for Hetedtingraicioubbies s a thepapeatio salutorn flvaing| e.
6. The sensor of claim5 wherein the second air baffle is positioned
between the sthepugh adube; therfgnses 4HBPIISIAY t he signal receiving nenber. 20 7.
The senspr of cl ai reLl . Js I an ultrasonic
si gnal rom-t ravelnal %gaﬂggofsaﬂn célﬁggﬁ%ﬁ@wg&ﬁ%?@%rll(gdg@{gg%ég@{’rgi m 1 further
conpri sing a seconda kigasl ¢mitee hiedtbep positiomsdecn oappilei dfethehmbé iandta kigaal- i n
section. 9. The sensor of claim8 wherein the second | ead-in section
conpri ses an USpRAYIngmEmksr ppationsd on anppadtesidrrlihe tuge; ande channel , the

second | ead-in secti ARt LR REFR ﬁ&%&lg& Yetween the signal emitting member and the signal

receiving member.

10 2. The sensor of claim 1 further comprising a first lead-in section.
3. The sensor of claim 2 wherein the first lead-in section comprises an upper portion
of a first sidewall of the channel, the first lead-in section tapers upwardly and outwardly
from an intermediate portion of the first sidewall to the upper portion of the first
sidewall.

15 4. The sensor of claim 1 wherein the first air baffle prevents an ultrasonic signal
from traveling around the tube.
5. The sensor of claim 1 further comprising a second air baffle.
6. The sensor of claim 5 wherein the second air baffle is positioned between the

signal emitting member and the signal receiving member.

20 7. The sensor of claim 6 wherein the second air baffle prevents an ultrasonic signal
from traveling around the tube.
8. The sensor of claim 1 further comprising a second lead-in section positioned

opposite the first lead-in section.

9. The sensor of claim 8 wherein the second lead-in section comprises an upper
25 portion of a second sidewall of the channel, the second lead-in section tapers upwardly

and outwardly from an intermediate portion of the second sidewall to the upper portion

of the second sidewall.



and outwardly froman internedi ate portion of the second sidewall to the
upper portion of the second sidewall. WO 02/055137 PCT/ US01/ 45622 11 10.
An air i mwoonessznsor for detecting air bubbles in a therpQBUSIIGSST uti on
flowng through a tube, the sensor conprising: a channel for receiving the
tube having a first lead-in section, and a tube |oading section; 5 a
signal emtting nmenber positioned on one d4i1de of the tube and a signal

recei ving nmenber positioned on an opposite side of the tube; and, a first
air baffle positioned between the signal emtting nenber and the signal
receiving nmenber. 11. The sensor of claim 10 wherein the first lead-in
section conprises an upper 10 portion of a first sidewall of the channel,

the first |ead-in sgction.tapers r q d .

i nter nedi at e 38” i ot &if I Hee %nﬁ%rt%g%‘\%%%&é Iaﬁ{% ngﬁgE%‘%l{oh%%%ggtﬁﬁﬂéﬁﬁb&ﬂ?vr]lgg
first sidewal lgnrohgh a iR, BRREMOr Bdmpiisthgn 10 wherein the first air baffle
prevents an ultrasonic signal fromtraveling around the tube, 15 13. The
sensor of clai m 10 afabaniedforeenepiingtha fubs hewas adirgileadyamestion, and a teheloadingor

of claim 13 wherein the second air baffle is positioned between the signal
emtting menbeF™d t he signal receiving menber. 15. The sensor of claim 14
wher ei n ;éhhe second aagignaaérﬁihﬁlg%ﬁmi podtlontldt 62 9aBistdesoP il tubé a4 signal i ng
around the tube. 20 16. The sensor of claim10 further conprising a second
| ead-i n sect i orcqidsg nieorhedposiignsdionantoppositeside of éhefube; agdct i on. 17. The

f claim 16 ' h | ead- i tion. |
or tion of a second SrLEhAreBP TR Rd nC pRE SRR R R e HHRR

tapers upwar dlpy.c;i@Rg npinibegr dly froman internediate portion of the second
sidewal | to the uppeéer portion 25 of the second sidewal]. )
11.  The sensor of claim 10 wherein the first lead-in section comprises an upper

10 portion of a first sidewall of the channel, the first lead-in section tapers upwardly and
outwardly from an intermediate portion of the first sidewall to the upper portion of the
first sidewall.

12.  The sensor of claim 10 wherein the first air baffle prevents an ultrasonic signal
from traveling around the tube.

15 13.  The sensor of claim 10 further comprising a second air baffle.

14.  The sensor of claim 13 wherein the second air baffle is positioned between the
signal emitting member and the signal receiving member.

15.  The sensor of claim 14 wherein the second air baffle prevents an ultrasonic signal
from traveling around the tube.

20 16.  The sensor of claim 10 further comprising a second lead-in section positioned
opposite the first lead-in section.

17.  The sensor of claim 16 wherein the second lead-in section comprises an upper
portion of a second sidewall of the channel, the second lead-in section tapers upwardly
and outwardly from an intermediate portion of the second sidewall to the upper portion

25 of the second sidewall.

18.  An air in-line sensor for detecting air bubbles in a therapeutic solution flowing
through a tube located in a tube loader, the sensor comprising:

a channel for receiving the tube having a tube loading section; and,



18. An air in-line sensor for detecting air bubbles in a therapeutic
solution flowng through a tube located in a tube |oader, the sensor
conpri si myo oAoxsnznnel for receiving the tube having a tubrCTwadi/4sge2sect i on
and, WD 02/055137 PCT/ US01/ 45622 12 the tube | oader having a stationary
section and a novabl e section hingedly connected to the stationary
section, the novable section having a blade having a radius of curvature
for positioning the tube in the tube |oading section. 19. The sensor of
claim18 further conprising a signal emtting nenber positioned 5 on one
side of the tube and a signal receiving nmenber positioned on an opposite
side of the tube. 20. The sensor of claim 18 further conprising a first

| ead-in section. 21, The sepnsqr of claj.m 20 erein the first lLead:in
section conprises éhe H'B’ﬁelPa‘?eﬁng'ingna ptignary rs\é\,‘%}loé‘i MIWOV&HW W&tl‘&‘hgﬁ}%fi{y t he
first lead-in c%ﬁfféc'té?irto?ﬁeoé%tﬁtxﬁﬁvﬁf:@éry tfRNHovabik QUG NRRAing { 5198 BdVing a radius
intermediate portion of the first sidewall to the upper portion of the
first sidewal lof cAatuféfor pesitioning thecthibé im thO titbgredding seotigm.i si ng a second

| ead-in section posjtioned posj te.the first lead-in.section. 23..Th
sensor of ol aild 22 VieFEIoRof Heim b Birther comprisipetsien smidg meswr Bpsitipnsdy

15 portipon of i : odife SRS on
t apers u%vvar d IO?)l "?‘g%@@%ﬂ ?d v?/ar y dfa%g%#gﬁcﬁgﬁag ?ﬁééné‘?éé? gmggﬁaiqgln&?ggéﬁfe} sec ot1 nd
sidewal | to theetuypper portion of the second sidewall. 24. An air in-line

sensor for detecting air bubbles._j t herapeuti ¢ sol ytion flowng through
a tube | ocat ed% n alhefsesorg E}ém}1%ﬁﬁ'%éﬁ%l’g%%ﬁf%?%a?mQ?Ft‘zgnchannel for

receiving the %wbe Véep&,r ffa'leﬁﬁlt 20 SAlreid et RAd-iR Rk tRn dshfpris@ash Ofiper
section; and, the tube Toader having a stationary section and a novabl e
section hi ngedjoytiorcefmnfirst sidewall dfthe shatriel tlawr firss kead-imsectivh éapewaiwaedlyendi on

t ﬁ\él ? 8 bgo Fggg?wg\ggrlé&? i;‘rqafﬁ Tagi?rlltgrsmed?gte S(I)Jrlii\ég to {hee f{r(s)trm erSalllttlo t ne:I l?p e;[ ;r)]éartl;[)rllJ %? thlen

first sidewall.

22. The sensor of claim 20 further comprising a second lead-in section positioned
opposite the first lead-in section.
23.  The sensor of claim 22 wherein the second lead-in section comprises an upper
15 portion of a second sidewall of the channel, the second lead-in section tapers upwardly
and outwardly from an intermediate portion of the second sidewall to the upper portion
of the second sidewall.
24.  An air in-line sensor for detecting air bubbles in a therapeutic solution flowing
through a tube located in a tube loader, the sensor comprising:
20 a channel for receiving the tube having a first lead-in section, and a tube loading
section; and,
the tube loader having a stationary section and a movable section hingedly
connected to the stationary section, the movable section having a blade having a radius
of curvature for positioning the tube in the tube loading section.
25 25.  The system of claim 24 further comprising a signal emitting member positioned
on one side of the tube and a signal receiving member positioned on an opposite side of

the tube.



25 25. The systemof claim?24 further conprising a signal emtting nenber
positioned on one side of the tube and a signal receiving nenber

posi ti onado onosam37opposi te side of the tube. WO 02/ 055137r@€OUAISGE1245622
13 26. The sensor of claim24 wherein the first |ead-in section conprises
an upper portion of a first sidewall of the channel, the first lead-in
section tapers upwardly and outwardly frqm an internediate portion of the
first sidewall to the upper portion of the  first sidewall. 5 27. The
sensor of claim24 further conprising a second | ead-in section positioned
opposite the first lead-in section. 28. The sensor of claim27 wherein the
second | ead-in section conprises an upper portion of a second sidewall of
t he channel, the second |ead-in section tapers upwardly and outwardly from
an i nt er medi at26. porkhecnsst of daimebndersin tigafinst leadim seqiiopesonysises &h UPRY of

h d sidewal | ..29. An air jnp-Ii . ' '
bubbles 1 a dReret st SpR of BerchBieh B¢ Rl REESE Rt S FRAE Al
punpi ng nmechanysmrdlyForh 4R etemicdna pertibh offtha firstsidewalltaghedippehportibgofirut i C

solution to a patient through the system the system conprising: 15 a
channel for rdudisidengllt he tube having a first lead-in section, and a tube

chan dugisdengll he tube having a first e ‘and 3
Lube and  si gial  VBCBROT Ab bR ruiR R Ehe b T RRLAT Rohbt Fotipdddl

tube; a first @pesileahé fist Ragih knes. bet ween the signal enitting menber and
the signal 20 receiving nmenber; and, the tube | oader having a_stationary
section and a 28pvabihs seesor pbHelaim ggedietein therigeenddead-th seREOR EQMPIATEA AY UPper

recti o he TR SRR O I BT R o Y ©
cl ai m 29 wher ginf ohfiear®y Fin 8n HesthRBiatPorGorb et tRE tekbnd 5iG8WAIN® the upper portion
10 of the second sidewall.
29.  An air in-line sensor system for detecting air bubbles in a therapeutic solution
flowing through a tube located in a pumping mechanism, the tube extending from a
supply bag of the therapeutic solution to a patient through the system, the system
comprising:
15 a channel for receiving the tube having a first lead-in section, and a tube loading
section;
a signal emitting member positioned on one side of the tube and a stgnal
receiving member positioned on an opposite side of the tube;
a first air baffle positioned between the signal emitting member and the signal
20 receiving member; and,
the tube loader having a stationary section and a movable section hingedly
connected to the stationary section, the movable section having a blade having a radius
of curvature for positioning the tube in the tube loading section.
30.  The system of claim 29 wherein the pumping mechanism is selected from the
25 group consisting of a peristaltic pump, a roller pump, an expulsor pump, a finger pump
and a piston cassette pump.
31.  The sensor of claim 29 wherein the first lead-in section comprises an upper

portion of a first sidewall of the channel, the first lead-in section tapers upwardly and



25 group consisting of a peristaltic punp, a roller punp, an expul sor punp,
a finger punp and a piston cassette punp. 31. The sensor of claim?29
wher ei n W@ 01035837 | ead-in section conprises an upper porPCDUS@45622 i r St
sidewal | of the channel, the first |ead-in section tapers upwardly and WO
02/ 055137 PCT/ US01/ 45622 14 outwardly froman internedi ate portion of the
first sidewall to the upper portion of the4first sidewall. 32. The sensor
of claim29 wherein the first air baffle prevents an ultrasonic signal
fromtraveling around the tube. 5 33. The sensor of claim?29 further
conprising a second air baffle. 34. The sensor of claim33 wherein the
second air baffle is positioned between the signal emtting nenber and the

signal receiving menber. 35. The _ sensor of. claim.34 erein the seco air
baffle pr event%g‘é(ﬁrdm rP’QsaBHP@"B?‘B?fSIPO“TOP&WPerEVE?Iaﬁvéa\m"otgﬁHpmﬁé’oftlﬂ?eo.r}d )
36. The sensorgofigddiin 29 further conprising a second |ead-in section
positioned opposite the first |lead-in section. 37. The sensor of claim 36
wherei n the se&nd Tleowdnsor of etz @9 velengin ittseeSrstair baffle preveotstanatrasbniz ssgnabnd

sidewal | of the channel, the second | ead-in section tapers upwardly and
out war dl y fror#%ﬁqaﬁ?lgkgrﬁﬂ‘i‘%‘geb‘ﬁﬁi on of the second sidewall to the upper

portion 515 ofsd he RRCQRt S dRNRID: furthr Lhofilihg hleldaGisgmor for detecting

air bubbfes ina therapeutic so ng ~through a tube, the sensor
conprising: nedns fThe ensdriof ctpimr33uliiarén o secendyaiabaffleriopogitidried betvieen tiweans
for preventing the ultrasonic signal fromtraveling around the tube; 20
means for det e%gnarh@metﬂégmembsgew?@eﬁg@ﬂldﬁcwﬂsw%%ough the tube; neans

o et 18 1S STARMR ok kAt ey B et
vol t age from traveling around the tube.
10 36.  The sensor of claim 29 further comprising a second lead-in section positioned
opposite the first lead-in section.
37.  The sensor of claim 36 wherein the second lead-in section comprises an upper
portion of a second sidewall of the channel, the second lead-in section tapers upwardly
and outwardly from an intermediate portion of the second sidewall to the upper portion
15 of the second sidewall.
38.  An air in-line sensor for detecting air bubbles in a therapeutic solution flowing
through a tube, the sensor comprising:
means for emitting an ultrasonic signal through the tube;
means for preventing the ultrasonic signal from traveling around the tube;
20 means for detecting the ultrasonic signal emitted through the tube;
means for measuring the strength of the ultrasonic signal emitted through the
tube;
means for comparing the strength of the ultrasonic signal to a preset voltage
value;
25 means for outputting a preset, maximum value for liquid and a preset, minimum
value for air; and,
means for determining whether to sound an air in-line alarm.

39.  The sensor of claim 38 wherein the means for emitting is a transducer.



val ue; 25 neans for outputting a preset, maxi numvalue for liquid and a
preset, mnimum value for air; and, neans for determ ni ng whether to sound
an air i woonessa3zarm 39. The sensor of claim 38 wherei n PORUREAISS22f OF
emtting is a transducer. WO 02/055137 PCT/US01/ 45622 15 40. The sensor of
claim3 8 wherein the nmeans for preventing enploys two air baffles

posi tioned between a signal emtting menbgg and a signal receiving nenber.
41. The sensor of claim 38 wherein the neans for detecting is a transducer.
42. The sensor of claim 38 wherein the neans for measuring enpl oys an
electrical 5 circuit. 43. The sensor of claim38 wherein the neans for
conparing enploys a voltage conparator. 44. A nethod for |oading a tube
into a channel of a_nedical_ punp _conprising th steps of: 10 proyidi a
tube | oader h&fi ng Thesenser of ‘}1@é&qﬁﬂﬂ’&r’i@a&s%P%F@l%é?ﬁl%,“”@ﬁgba abl e

section havi n% o%tigﬁiqdl?et@gt%ﬂé%?ﬁﬁal [eﬁlgti‘ig? g%gnbcep LYAL W @‘5‘1 rg&%h% ﬁ@h{i’gﬁt he tube

proxi mat e t he*chann g I'n contdct wth e; and,
movi ng the bl ade umthelsefisoeof ¢lhien 8% wherzirt the necdns\for ldetectidpeis tattaasdueardi ng
section. 15 45. The method _of, claim 44 further conprising the step of
providing an 42r sdhssensongfslaign a8 whsrsibihe maRAnH fPrandasyie SruplaYs an Seeraln
and a tubbe Io%g&&g section, and a signal emtting nenber positioned on one
side of the tube and a signal receiving nmenber positioned on an opposite
side of the tuBe. The sensor of claim 38 wherein the means for comparing employs a voltage

comparator.
44, A method for loading a tube into a channel of a medical pump comprising the
steps of:
10 providing a tube loader having a stationary section and a movable section, the
movable section having a blade having a radius of curvature;
positioning the tube proximate the channel;
placing the blade in contact with the tube; and,
moving the blade until the tube is positioned within the tube loading section.
15 45.  The method of claim 44 further comprising the step of providing an air sensor
having a channel having a first lead-in section and a tube Ioading section, and a signal
emitting member positioned on one side of the tube and a signal receiving member

positioned on an opposite side of the tube.



