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THE | NVENTI ON.5 1. Fiel d of the Invention This jnvention relates in
general to the infusion of intravenous (1V) solutlons In particular, the
invention relates to portable 1V infusion punps for use by anbul atory and
ot her patients. 10 2. Description of the Related Art ‘I nfusion punps are
used to deliver various types of solutions intravenously to patients. A
variety of drugs are commonly adm ni stered to patients by nmeans of the

I ntravenous sol utions. Anmong the types of therapies 15 requiring
this kind of adm nistration are chenot herapy, antibiotic therapy and
antiviral therapy. In many cases, patients receive nmultiple daily
therapies. Certain nedical conditions require infusion of drugs in solution
over relatively short periods of tinme, such as from30 mnutes to 20 2

hours. - I nfusion punps have been developed in the prior art in an effort to
nmeet these needs. There has been a requirenment of providing portable

i nfusi on punps for use by anbul atory patients and the i ke. WD 96113288
PCTI US95/ 12843 -2- The diINEISEON (RUNR WETH (TUBE P IKEHOL he prior art

i ncl ude el astomeric punps whi ch squeeze the solution fromflexible

cont ai ners, su h as balloons, into 'Y tubing for delivery to the patient.
Spri ng- Ioaded §sh§v€°&F§Bu5Eéﬁn in-part of patent application Serial

No. 08/331,883, flled October 31, 1994.
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5 1. Field of the Invention

- This invention relates in general to the infusion of
intravenous (IV) solutions. 1In particular, the invention
relates to portable IV infusion pumps for use by ambulatory
and other patients.

10 2. Description of the Related Art

Infusion pumps are used to deliver various types of
solutions intravenously to patients. A variety of drugs are
commonly administered to patients b& means of the
intravenous- solutions. Among the types of therapies

15 regquiring thié kind of administration are chemotherapy,
antibiotic therapy and antiviral therapy. In many cases,
patiehts receive multiple daily therapies. Certain medical
conditions require infusion of drugs in solution over
relatively short periods of time, such as from 30 minutes to

20 2 hours. Infusion pumps have been developed in the prior
art in an effort to meet these needs. There has been a
requirement of providing portable infusion pumps for use by
~ambulatory patients and the like. -



5 provided to pressurize the solution containers or reservoirs. In ¢
certain infusion punp designs, cartridges containing flexible conpound

conpar twemssas2skat are squeezed by pressure rollers for dpeefassigsgs t he
solutions are provided, such as in U S Patent No. 4,741,736. U S. Patent ¥
10. No. 5,330,431, issued to the inverdor of the present invention, shows

an i nfusion gunpq]iisigf whi ch standard pre- filled single dosage |V bags are
‘squeezed byTffie SFent r bYPEF. ©f UiafupieRnPulps sin4Ehe3oripsoarssued
to the invebholudé elesgoeetitc ipumd iwhick sysedde | theSE6NUREBR ifRokd.

whi ch prepa Vv .are _squeezed by | adder, whi cb_.i ctuated by a
fluid punp ?!P%%fgl%egg;ﬁg%ﬁﬁe? "slpéglr?é S %%O%Vel%\g%nygr.gb‘gﬂgg for

i nt er connecdehgvevyt tdithe patiants | Spoigg-loadad pwike hapenetlsat beklhr ough
di spensi 89 ppsirsakg t ba It f LUh deb infmgﬁ.‘ Ldro t he
tubing to tﬁe gat I ent h?o U %:?eIEDgFSEtQQS 1%%%337%18?%‘: 81|1')1e(son [ sc?%ésjesggj]’spi ke
havi ng a | ocE8BPRYCLFENnge IhiSar tiidt strfusion pumpgderions kcantridgeshe

housi ng of esneabhiagofVekiblLsi COmBONAE Crombertiidris FHat RS kalede¥lCeS
i ncl ude ar rﬁngerrents for 2314‘ sensi n% tae Eﬁessure of, the IV hags to control
the i nfusi oRY proCEHES SRS 1 §PTshELPrAREEtRI Hehs nARIU FSHnATehe
need has bepnovigdedni swechfas im Post.abatéennfNei on, Pamp73d) clU.sanpPaekatt he

i nfusi r@ses ngi 4 ectdl Si o) | r u Wi L hout
intrus?g%pilg‘tgb ﬁ’?%%@gﬂuiseﬁs.“sﬁ 557t di"él?és‘g@%ie) TRk Iep?SSSPBVi.de
such an i nfiRYERt4EFp RACYE Hbvirkwstor apumand nr sl estandangdnpre-f or
~sensing whepiided b¥nB3@8 dboBabR WS HULH Yres UdlldebdliHperive Ngs@OsE LON
wi thin the coppartne of the punp _housi ng and which al'so ensures that the
di spensi ng EPrk8F canndtSpe Patent No. 5,328,539, also issued to the i
inventor of the present invention, shows an infusion pump in -
15 which prepackaged IV bags are squeezed by a bladder which is

actuated by a fluid pump from a _re'servoir._

Dispensing spikes have been provided for interconmnecting IV
tubing with the IV bags. The spikes penetrate through
dispensing ports in the bags to permit the fluid to infuse !
20 through the tubing to the patient. U.S. Patent 5,106,374 to |
Apperson discloses a spike having a locating flange which | o
' assists in locating the spike within the housing of an
ambulatory infusion device.

The prior' art infusion devices include arrangements for
25 sensing the pressure of the IV bags to control_the infusion
procedure, such as for shutting off the infusion flow.

The need has ;been'recogniz_ed' for a portable infusion pump
-which controls the infusion process by indirectly sensing IV
solution pressure without intrusion into the bag itself. It
30 would also be desirable to provide such an infusion pump
which provides a safe and reliable arrangement for sensing
~when the v bag is in its proper solution-dispensing
position within the compartment of the pump housihg and
which also ensures that the d_ispensing_:_ spike cannot be
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accidentally withdrawn fromthe bag's dispensing port when the infusion is
i n progreMoITLI28eed has been recogni zed for an infusion pRAPUSHIIZEM3

obvi at es the foregoing and- other lim_tations .and 5 disadvantages of
prior art infusion punps. Despite the vari‘ous i nfusion punps in the prior

art, there has_he I rpyi de I fabke and attractjve
solution to thae%%{%%rgé%%é Wﬁ%Aﬁ#‘%m&w T‘Iaﬂisﬁ?\ﬁlﬁ\ﬂ?@f’{t Y"Pef‘s a
general objectthd inmfusiomeis imvereguvesso provide a new and inproved

I nfusion punp for dispensing IV solutions to .patients. Another object is to
provi de an infusion punp-of the type described which is of relatively snal
size and is  15TheRpefsihA® JPeeR| FBregnd 28pekar . anndnkusiop ump swhich
provi de an. i nfaisviaeesinp tie t hEokkpeidgsCrahed Windy en1inStatddnast . and
accidental sep aH%on of the %is en5|ng gpuk% fromthe dlSpGQ?quHPOFt of
the |V bag HurtHRALYRAYIITR| OF FOCUPES 28TURIEh FVRT et WS8R Sr 5BPde
an infusion pwsrisdus heinfpeicescputpes winchtkasupeiotrhaarthe thebeg has
properiy In 1 tfes@ldidnl- HAPCAILAO AN A dU altidbfe | AHS! 9P RAGEEHU €
The invention in sunmary provi des art i nfusion punp having a housing I'Ch
provi des a corfRkutier torthese preglemsiV bag 25 in a sol ution-di spensing
position. A bladder nounted in the housing has a flexible wall which
expands and contracts under _influence of pressurized fluid froma punp.

The bl adder expands agai nse¥he=2481 QF ; THE S INVENTIO

e | AP g U EAR R APl RS oM VENSAONS | nf used out
of the bag through a dispensing port into IV 30 tubing to the patient. This

provi des U oRerali 0005808 f9;60L' 8PSLRY bPEaLAE 1 Ebuhe: Bho8 b Sk athe
a new and improved infusion pump for dispensing IV solutions

to patients.

Another object is to provide an infusion pump of the type
described which is of relatively small size and is
15 inexpensive and simple to operate.

Another object is to provide an infusion pﬁmp of the type
described.Which'ensures against'accidental separation of the
dispensing spike from the dispensing port of the IV bag
during the infusion procedure.

20 Another object is to provide an infusion pump of.the type
- described which ensures that the IV bag is properly in its
solution-dispensing position during the infusion procedure.

The invention in summary provides an infusion pump having a
housing which provides a compartment for receiving an IV bag
25 in a solution-dispensing position. A bladder mounted in the
housing has a flexible wall which expands and contracts
under influence of pressurized fluid from a pump. The
bladder expands against the IV bag so that the solution is
infused out of the bag through a dispensing port into IV
30 tubing to the patient.  This provides the operating means
for collapsing the bag. Fluid préssure in the bladder is
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i ndirectly sensed by a non-intrusive sensor which is connected in a circuit
that codeplasgst he punp. A di spensing spike interconnect $dfifso bing wt h
the dispensing port in the bag, and the spike has a strﬁ%turegagéy

actuates a 5 swtch for enabling the epbntrol system when the bag isinits
proper sol ution-di spensing position. Wien the |id of the housing is closed,
t he spi ke isdéupetizd aeused| doyn »l avntintpruadon  apmisost  whiiethended _
Wi t hdr aval cgﬂﬁéaﬁeahﬁn'a(‘fd*!.%‘&ﬁ@rt@f'a‘%dﬁbﬁtroig the é\ﬁf(\ﬁ?o' “afxﬁ n%g.gzgt I onal

obj ects and feat res of the invention w Il appear OW N
speci fi cat PBh ?nlﬂﬁF€ﬁ°FH§°§§vEP§IIgnﬁHHFﬁEnWéthaﬁéebééﬁp§éﬁlﬂsrP@rﬁn

ﬁtE ail in i:ﬁnj;hécblagn wntihthbespﬁkeﬂhaeyanﬁtﬁ‘ﬁa’lﬁlluﬂgsthBhEEc@E§%BhPy ON OF
: ectlve.view 1llu tratln n_I Rfusli on punp
in accord ﬁégh E g'gngkg&ggp (ﬁoqqﬁ?%rﬁ¥ﬁﬁ?%n1 GEh% sggaﬁsa}Pa
section V|EﬁStprapeanB@d@@dqnﬁdmspENmegmpmq;ﬁﬂunI|rnhén2thé Fi& of FIG
3is a crOéﬁeS%txemglv 1 G daken eﬁ&nngkge iy eutba Hidd ferdl n 215 @

fragnentary persgect e viewto an enla scal e omnn nponents of the
di spensi nPEPFReCoeREEYENt AR ITAY mlnmeWhgh@rawmb ﬂhrlusgonhpurrp

- shown in FiﬁﬁhsigﬁdpgocgaurEIG. 5is a schematic di.agram of the contro
system for the infusion punp shown in FIGS. 1 and 2. FIGS. 6A and 6B

conprise a flow chart showing the nethod steps in the operation of the-

|nfu5|bm (Lingp fokegblieg and additional objects ‘and features of the
invention will appear from the following specification in
which the several embodiments have been set forth in detail {
in conjunction with the accompanying drawings.

F_DESCR ION OF E _DRAWING

15 FIG. 1 is a perspective view illustrating an infusion pump
"in accordance with one embodiment of the invention.

FIG. 2 is an axial'Sectibn view to an enlérged scale taken
along the line 2-2 of FIG. 1.

FIG. 3 is a cross-sectional view taken along line 3-3 of
20 FIG. 2. | |

FIG. 4 is a fragmentary perspective view to an enlarged
- scale showing components of the dispensing spike seated in
the wall of the hous;ng of the infusion pump shown in FIGS.

1-and 2. o o )

25 FIG. 5 is a schematzc diagram of the control system for the
 infusion pump shown in FIGS. 1 and 2.

FIGS. 6A and 6B cOmprise a flow chart showing the method
Steps in the operation of the infusion pump of the
invention. ' '



invention. . WD 96/ 13288

PCT/ US95112843 -5- FIG 7 is a fragnentary sectional view of another
enbodi ment WK det ai | s of an arrangenent for capturing tRE/E$95(42843i ng
spi ke. DESCRI PTI ON OF THE PREFERRED EMBODI NENTS 5 In the drawings, FIG
1 illustrates generally at 10 a portable intusion punp according to a
preferred enb al LTS

anbul at ory sygg 3Z|3% e%ggP&éﬁ g?nﬁe%gégﬁ%?o £SS|3%§F§kﬂﬁhd%&bgalment
patients di recﬁhywmam dehgidsdoof cant apKERNPSMSNELi ERTar eaPGUTENG. f itheed
with IV sol uti @dspensinguspeRepunp 10 of the invention is suitable for use
I n ‘homes, hospita Fs or clinics. It is also readily adapted for .operation in
any positiOn such as resting on a table mnth the patient in bed, or it
could be carried by theDBSCRERTIOE 'HES PB : y

box- shaped housing 12 having a lid 14 whi ch plvots open and closed about a
hinge 16. The interior of the housing.is divided into an upper conpart nment
18 and | owed cinpdtheredragdngp,a ROEi zdnt dllusbrapeat gekralliheatpp?d a
conpart nent '?o§t§8ﬂeaﬂﬁfﬁg§3ﬁdgaﬁp S@EEE-E% ?2% Wy erFEQ%:%BZ%n&%ﬁ@Re

of .a standard Targe ) conpar tnent can-
contain a stan@r §n&FVePGG°Ec) FVfH&§°nAE“WEfﬂQtQﬁP@lgﬁﬁdééraﬂ@WL§t°rY

nount ed acrossSybeempwlaurémaé Reall eh2Zame fpfbﬁé@sims ceapaﬁﬂm.
The opposite 2 dder are hernetically, seal.ed to

5
The PP el 1 ¢ o oPrphaptS, Sippatid LESE, slidie ke dohnaine’ taoL FAATe a
fluid und2p presfiltded with TWe sgindsienmis. Infusion pump 10 of the

invention is suitable for use in homes, hospitals or

clinics. It is also readily adapted for operation in any
position, such as resting on a table with the patient in
bed, or it could be carried by the patient.

15 Infusion pump 10 is comprised of a'box-shaped housing 12

having a 1lid 14 which pivots open and closed about a hinge

16. The interior of the housing is divided into an upper

- compartment 18 and lower compartment 20 by a horizontal flat

plate 22. The upper cdmpartment is sized and shaped

20 commensurate with the size and shape of a standard large

(115 cc) IV bag 24, and the compartment can also contain a
standard small (50 cc) IV bag.

An inflatable'bladder 26 is mounted across the upper surface
of piate 22 within the upper compartment. The opposite
25 walls of the bladder are hermetically sealed together about
their periphery to provide a closed internal'volume for
containing a fluid under pressure. In the present
" embodiment, the fluid is a gas, preferably air, although
liquid £luids could also be employed such as a low

30 wviscosity, non-toxic oil.

Lower compartment 20 of the housing mounts an air pump 28,
a two-position solenoid valve 30, a battery compartment 32
and a printed circuit board, not shown, which contains



enbodi ment, the fluid is a gas, preferably air, although liquid fluids '
~could also be enployed, such as a low 30 viscosity, non-toxic oil. Lower
onpakkdBiizgd of the housing nmounts an air punp 28, a - bdaON
_,ol'e‘ng?d vafve 30, a battery conpartment 32 and -a pri ntl;e célggc%é board,
not shown, which contains WO 96/ 13288 -

PCT/ US95/ 12843 -6- conponents .of the electric control circuit 34
shown scheemposgnity | ®IF| Ghes. el entadiaur ¢onswedr - @ ricstiourdided sthawn pl at e
22 and dgpeRmati¢ANINALY WId N, ReprbRkRteCRBRAEEEE! 8 mo essure
sensor includes _a noveable 5 pressure pad 38 which extends upwardly _

t hrough af&emt rRLasfentAg 3Bdi ndppaRds Bownwardixt sid the athiaweship with
t he !OV\Brcbfhbfb.lernghltadderTR@: @W’@nsgago&oniﬁ@ma@s of trdaﬁrd é@bﬁl@eras
its interna i d.pressure, i,ncreases an ecr eases. correspondi causes
up-andgdomeﬁgygﬁerﬁa fgé]hghisﬁ ﬁ’%? e YHRT eélb’r'%gglﬁrg %ﬁg:gﬁgﬁ'

gener at esopendhngc#pi inplkatrrd? dngwaljureaposedveelat howshintwith tdhe
pressure hihg &l i §edir |4 ' o]

Ol Touit oo 1L b? BLGRAEy, 267 TBAAe10h M (Il AN By ¥He O
shown, nobAgddern aRe BESt cipternphrthntd Dresmme olingyeases 34n& al so
connect edgbbi-augls! £8Lrd4pbAdREL ¢ €atidés Ay aPdMBown HEvERERE | S thelr aws

at nospheric air thrgﬁgh,lﬁhet-tube 46 and filter 48, with pressurized air’
bei ngT8i r BEEEFUEE: Rt oughPBuRFeSF TS PP IERIFALSS 98 SISCEHHS val ve
has a nor peekgutikeosédnadl ebspanshwactsd atovément tdE alte prEzsifte pad,a

normal | y n t]et: 54 §s.GO via . t 56, through_filter 48 .and tube
58 to at n%gghé:?lgé éﬁ'rgi(‘)%jf I %? gg%%rgg%sd t:ﬁlrr 5’u§i‘ '[5'L u]br}ee 6§Et 8nP'ﬁe cﬁné&'(?&r. In

t he: circuit 34. The control circuit is powered by suitable dry {

[ 4

_cells, not shown, mounted in the battery compartment. -

15 Control circuit 34 is-also-cdnnectedithiough line 44 to
operate the air pump. The pump inlet draws atmospheric air
through'inlet tube 46 and filter 48, with pressurized air
being directed out through tube 50 into the solenoid valve
30. This valve has a normally closed inlet 52 connected

20 with air pump 28, and a normally open outlet 54 is connected
via tube 56 through filter 48 and tube 58 to atmosphere. An
outlet 60 leads through tube 62 to the bladder. 1In the
normally open position of the valve, the inner volume of the
bladder is opened through outlet 54 to atmospheric air so

25 that the IV bag cannot be pressurized. At the same time,
inlet 52 blocks out pressurized air from the pump. When the
control circuit sends a single'through.the'line 42 to the
valve, inlet ‘52 is opened so that the valve directs
pressurized air from the pump into the bladder while outlet

30 54 is closed. ' |

With lid 14 in its open position shown in FIG. 1, IV bag 24
is inserted so that it lies flat across the upper wall of
the bladder. 1In this solution-dispensing position of the
bag, the bag’s dispensing.port 64 and filling port 66 extend

35 toward the right of the compartment, as viewed 'in FIGS. 1
and 2. - ' '



normal | y open position of the valve, the inner volume of the bladder is
opened through outlet 54 to atnospheric air so 25 that the IV bag cannot

be pressuWwQeaii3288\t the same time, inlet 52 bl ocks out presBUKUIWH2843r from
the punp. Wen the control circuit. sends .a_single through. the line 42 to
the valve, inlet 52 is opened so that tH& valve : directs pressurized air

1< open posi B S Btlmfué‘gﬂ%wﬁegﬁééﬁéﬁ&ién;%f'eé’segc#%w%H‘v’téé "
flat across tHdeppénveatioof twhidch adpeovides t theass| utfioan- diebeasably
posi tion of thgQakhoddi- Oy Scik SP@@&%%E%itﬁ“tﬁé‘dI\‘;'ﬂﬁéng E%Sﬁeﬁém%

extend 35 toward the right Of the caonpart as_vi ewed
WO 96/ 13288 Spbike 68 is comprised of a tubular bodyp#f ggggpgzgmrozpmﬂ.e

4 illust ratfs éiicswaapﬂedswb&e &%elrmacg;oeﬁaneﬁdeﬂt Ithetubmugnt'ﬂzqn Yhech

rovi des n | eas rco ne t n th the IV
BagvI Di spensi r‘tjz)lsstrﬁchkee%g g %g’r%rtl 5G|bb 55‘8& - ngrgreing
proxi mal 5 ersp:lachap’llbdvhmh rm;eadtapﬂged hEoepﬁenéelmrmhghgtHe clb’bedd'endal
end of the t f nt r.Ci.N 4 a ted

ukyg %@-}’ﬁ rgge &% ' T8 Plopletls Qh%pggﬁe cHEhil: ] ég hQﬁB

to pierce through t di spensrng port hi's opens
i nner channel stﬁlltetetgpﬁ@éttt@osb|m¢l@hnmphﬁl Pache bafe dmi@nﬁmngphbe

spi ke 10 tfer efherdd rEﬁﬂé@ébﬁnbb@se%@feﬁ@eotvtt}té”m tﬂbfihg 4n fluid
comuni cation with the SD|UtIﬁ€E the ag h& ng gﬁ?splke 8 includes an
annul us 76 f orRPHHRACIRR ¥ ionT: al has a dianeter
which is sufficiently large to enable the hand of the user to apply
Dispensing spike 68 includes an annulus 76 formed about the
tubular bedy. The annulus has a diameter which is
sufficiently large to enable the hand of the user to apply
15 a force along the 1longitudinal axis of the body for
' inserting and removing the spike into ‘and from the
dispensing port. A diameter in the range of 0.6" to 1.0",
and preferably 0.8", is suitable for this purpose.

It is another important feature of the invention that

20 annulus 76, in cooperation. with housing end wall 78 and 1id -
14, is releasably captured and securely held in place when
the bag is in its proper solution-dispensing -posit_idn.
_'Toward this objective, a notch 79 (FIG. 3) is formed along
.the upper side of housing end wall 78. A U-shaped groove 80
25  is formed in the notch at a position for seating about the
lower portion of tubular body, as best shown in FIG. 4. 1In
" this position, -annulus 76 fits within the upper compartment
with its outer surface seated against the housing end wall.
Outward forces on the tubular body, such as when the IV
30 tubing is pulled, are resisted by the annulus which thereby
holds the spike against displacement from the IV bag as long
as the 1lid is closed. The corresponding end of the 1lid is
formed with a downwardly projecting.ridge 82 which matches
the shape of the notch. U-shaped groove 84 (FIG. 1) is
35 formed in the lower side of the ridge, and this groove seats



15 a force along the longitudinal axis of the body for inserting and
renmovi ng the spike into and fromthe dispensing port. A dianeter in the

range &¥o /i8¢ 0 1. 0", and preferably 0.8", is suitabl e femudosiizsapur pose.
1t is another |rrportant feature of the |nvent|on that 20 annulus 76, in
cooperation wth housing end.wall 78 anfi~lid 14, |s reI easably captured and

securely held .in e when the ba its ro I on-dj spensi ng
posi ti on. ttpltr?’se BBPEL: POEL1G rﬂf(mﬂ’fbl )'70 LFBrF@ﬁ jaﬂ-@rl’gsthe
upper si de cQlodealisi ng end wall 78. A U—shaped groove 80 25 is fornmed in the
notch at a position for seating about the |ower portion of tubular body, as

best shown in FIG 4. In this position, annulus 76 fits within the upper
conpar t nenfbig 24 Lssreleasablyikeld seutids sdasedt poaethousbyugnesmlsm | .
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82 whi ch hes t ha he potch. shaped 84 (F ) is
35 Tor mod PRI ARSPLeRaRLoPOf ndh HERLRS 21t L8 REUgT 6OV EE Bl 2nd af5
96/ 13288 the sl:.debar to urge ‘it toward the rigiCl/48o0iavdsdl Am@Elicist t he
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88.  The ghledabal i FaterNieleise Baelsoﬁmbsf Oééfki@i/eaﬁmthécrélsﬁiéﬁ'&' upper
edge of housin fron wal | 90 A S r|n 92 unte(%Gttho e end of the

sl i debar t B*QP§EYS ousing to (
permit the user to move the sl:.debar to the left so that the

latches release from the lid.

15 Another important feature of the invention is the provision .
of an on-off switch: 98 which, in combination with dispensing
spike annulus 76, generates a bag-in-place signal-' when the
bag is in its pr'oper'solution-dispe_nsing position. The bag-

_ in-placé signal is directed through line 100 into the

20 control circuit for controlling the infusion procedure. The
end of horizontal plate 22 is formed with a slot 102 (FIG.
3) through which spike annulus 76 projects downwardly into
the lower compartment. Switch 98 is provided with an’
actuating arm 104, and the switch is positioned in the lower

25 compartment so that the arm projects into an interference
relationship with the portion. of annulus which extends
downwardly through' slot 102. When the dispensing spike is
out of the position shown in FIG. 1, such as when the IV bag
is either out of the compartment or improperly positioned,

30 then annulus 76 cannot fit fully down through the slot.
This permits the actuating arm to move upwardly so that
switch is operated to a position in which the bag-in-place
signal is disabled. | '

" While an air filter 48 is shown for filtering air from the
35 atmosphere into pump 28, the invention contemplates that the



1. Wth the slidebar urged to the right, the | atches engage 10 |id notches
94 (FIG 3) to hold the Iid down. A nanually operated | atch rel ease button
96 carri edWoOr9613288s| i debar projects through an opening in t RETUSSS12843 t he
housing to permt the user to nove the slidebar to the left so that the

| atches release fromthe lid. 15 Anot her T?eﬁ)ortant feature of the
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the infusion procedure. The end.of horlzontal plate 22 is fornmed with a
slot 102 (FIG 3) through which spike annulus 76 projects downwardly into
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- in another position in which the valve inlet is opened so
that pressurized air from the bladder is discharged through
15 the valve to atmosphere.

Housihg 12 includes a control panel 106 having a power-on
pushbutton' 108, an 'infuse pushbutton 110, and a stop
pushbutton 112. - The panel also includes a light 114
providing a battery low condition signal, and a light 116

20 providing a check-si:atus signal. Pushbutton 108 is provided
with a light 118 for indicating a power-on condition,
pushbutton 110 is provided with a light 120 indicating an
infuse condition, and pushbutton 112 is provided with a
light 122 for indicating a stop condition.

25 The flow chart comprised of FIGS. 6A and 6B illustrates the
steps in the method of operation of diffusion pump 10.
With air pump 28 turned off, the IV bag is placed into its
solution-dispensing position within the upper compartment of
the housing at step 124. The 1lid is then closed at step

30 126, which is followed by the patient, or health care
professional, pushing the power button at step 128. This
turns on the power light at step 130, and the control
circuit runs its system ‘checks at step 132. 1If th_e spike
annulus properly actuates switch 98 at light step 134, a

35 "yes" indication is direct‘ed into the *"system okay" logic
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operation
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pump into the bladder, and turns the infuse light on at step
158. Next, the logic checks whether the pressure sensor

~ senses a bladder pressure of a greéter-than a predetermined

level, for example greater than 6.5 psi, at step 160. If

. that level or above is not sensed, then the air pump remains

20

25

~ 30

on at step 162. When the bladder pressure reaches or
exceeds that level, then the air pump is turned off at step
164. The circuit logic next determines at step 166 whether
the bladder pressure is below a lower predetermined level,
for'example 5.5 psi. 1If it is below that level, then the
air pump is turned on at step 168. 1f not, then the logic
at step 170 determines if the time elapsed since the pump
was on is greater than 5 minutes.f If so, then the air pump
remains off at step 172. Next, the infuse light is turned
off at step 174, valve 30 is deactivated to exhaust air from
the bladder at step 176, the check status light is on and
the alarm sounds at step 178. .

The method then proceeds to step 180 where the patient or .

health care professional checks the status of infusion. If

‘the infusion is complete, the power button is turned off at

35

step 182. - This turns all systems,off'a;_step_184_so that
the patient can open the lid at step 186, and remove the IV

£potikogeRd iGRh; 1485, 8P, Wity ?P%ﬁ?séboﬁ?'sﬁ%% Ahgoms POVl
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35 "yes" indication is directed into the "system okay" |ogic WO 96/ 13288
PCT/ US95/ 12843 -10- step 136. |If not, the check status light is turned on
and an auwmanws/i3essal ar m sounds at step 139. If the "systempduysSeosaosadi ti on
exists, the infuse button is pushed at step 138. If the lid is accidentally
opened prior to conpletion of 5 infusiontiswitch 98 is deactivated at step

140. The congrol circuit respongs and, turns the air pu of f at step_ 142,
valve 30 is dBa8t PtaPEAPal 88t epld AW Gt HIRALIN 11§ S IsFsr FRamdhe

bl adder t hrouphttibatf icahercdr¥ettnitmhasrobldne abeskest 2p0sahdghirelss ttuhened
on at step 14 t | nf u Light S n f S 48 he

si gnal genera 1élga?rgom echeéﬂ:{ n%gsgkggt tltjjg% ‘bei %‘i&g%uﬁ'g’gg’%n‘ﬁﬁ% éﬁgggt es(;'ﬁ-grﬂso
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on at stepsl54ggachi YabRaty&hke i3¢yalich probe@gihi ch directs pressurized
air fromthe 15 punp into the blagder, and turns the infuse light on at
step 158. Next, the logic checks whether the pressure sensor senses a

bl adder pL essgfgaﬁ_angr anines agamnegl fm}%jheiﬁfiﬁi;ﬂlﬁﬂ I;ﬁ\aab esd chexqmﬁi%ntd
greater than 0. si,..at ste : t hat L a e 1,S not sen
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reaches or excéeedmrniedt difvelt, step 20@, athe paoppi 3ightnéd dufrnad siremtl64.
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is below a | ower “predeternin evel , Tor exanple 1's below
that |evel0 t RBf @He 2umpr igutprned RFedabnsheps2d§ -168Ther legic thhan t he

logic at ‘stepgéé@ri@hesTaResteh 208 LENEnPLADSRUi §1 Esipldee PUNDE VRS, Qhd S
greater than E m.nutes. |If so, then_the air punp .
ogic proceeds to step 182 so that the power button can be

‘turned off. If the infusion is not complete, then the

patient can correct the problem at step 210 and then press

15 the infuse button at step 212 which turns the stop light 122

off at step 214. The logic then proceeds through line 216

to repeat the infusion procedure.

FIG. 7 illustrates another embodiment providing a modified
dispensing spike 218 for releasably holding the spike in a

20 pump housing 220 when a 1lid 222 is closed. Dispensing spike
218 is formed about its proximal end with an annular groove
224. The annular recess portion within the groove
releasably fits on its lower side into a matching U-shaped
seat 226 which is formed on the upper edge of the housing’

25 end wall. The lid has a downward protecting portion 227 at
' its front end which is formed with a similar U-shaped seat
228 which moves into register with and fits into the top
side of the spike groove wheﬁ the 1lid is closed. The
sharpened end 230 of the spike penetrates into the IV bag

30 dispensing port 232. A tubular body 234 of the spike is
formed with an internal bore 236 which receives the end of

the IV tubing, not shown. An annulus 238 formed about the
body provides a push surface against which force can be
applied by the user’s hand to insert and remove the spike

35 into and from the dispensing port. With the lid closed, the
. upper and lower seats 226 and 228 fit about the spike groove



remains off at step 172. Next, the infuse light is turned off at step 174,
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20 punp housi ng ZZOMﬂmﬂWLMW g cl osed. Dispensing spike 218 is
formed about its prox® ,”m annul ar groove 224. ~The annul ar

recess pWQMHIB8i thin “the "grdove rel easably fits on itsPCRURASIA284de into
a mat ching U-shaped seat 226 which is forned on the upper edge of the

housing 25 end wall. The lid has a downward protecting portion 227 at its
front end whi ﬁé? fﬁfdi@&rﬁ:{ %§. simlar U shaped seat 228 which noves into
register with™an Its rnto e top side of the spi ke groove when the lid

i s cl osed. The sharpened end 230 of the spi ke penetrates into the |V bag
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wall which moves by expansion and contraction responsive to
respective increase and decrease in the pressure of a fluid
within the bladder; means for mounting the bladder within
. the housing in a position for applying a pushing force
15 against the sidewall of the bag to collapse the bag
responsive to expansion of the bladder wall whereby solution
within the chamber in the bag is infused out through the
dispensing port; pump means for pumping fluid into the
bladdér_: to increase said pressure in an effective amount to
20 cause said collapse of the bag; pressure sensor means for
generating a fluid preésure signal responsive' to said
expansion and contraction movement of the bladder wall for
indirectly sensing said pressure of the £fluid within the
bladder; and control means for 'controlling the pump means
25 bé;ween a fluid pumping mode and an off mode responsive to
- said fluid pressure signal.

2. An infusion pump as in claim 1 in which: said pressure
sensor means comprises a pressure pad positioned in
juxtaposed relationship with a portion of the bladder wall
30 and moveable therewith for generating said pressure' signal.

3. An infusion pump as in claim 2 in which: said pump
means comprises a fluid pump for directing fluid under
pressure along an inlet path into the bladder; and said
control means comprises valve means for closing off fluid
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along an i ﬁEﬁhspéHﬂpkElsgstQesxpi@éiﬁjec’arﬁ% 9 gh@%ﬁﬂnm SRR 1ES

between on gnd ofy condltlons together with interconnect
'means for releasable interconnecting said end of the tubing
in flnid communication with said chamber in the bag, said

15 interconnect means comprising a spike for connecting into
the dispensing port and a switch-operating structure which
is in a position to actuate the switch to its on condition
‘fesponSive'to the bag being in said solution-dispensing
'p081t10n when the spike is connected into the dispensing

20 port.

7.  An infusion pump .as in claim 6 in which the
interconnect means further comprises a tubular body which
carries the spike and said switch-operating structure
comprises an annulus mounted about the tubular body .

25 8. An infusion pump as in claim 7 in which the annulus has
a dlameter suff1c1ent1y large for enabling the hand of a
user to apply a force along the longitudinal axis of the
tubular body for inserting and removing the spike into and
from the dispensing port.

30 9. An 1nfusmon pump ‘as in claim 7 ‘in which the housing
1nc1udes capture means for releasably capturing and holding
the tubular body from displacement relative to the housing
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which is in-5a Blsit Pon infushemiBUPeagwificFhai™ 12 &R wBAah: ithe capture
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tubul ar body V\hijollxt:ca@rolseeb witth spi perebonsafdthei wallopetdimndgs rhoisirey,
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the tubul ar body for inserting and renoving the spike into and

11. An infusion pump for infusing intravenous solution from
a bag through intravenous tubing into a patient, the bag
having a flexible sidewall which at least partially encloses
a chamber to contain the solution, the bag further having a
15 dispensing port for releasable connection with an end of the
tubing, the infusion pump comprising the combination of: a
housing having a compartment for removably receiving and
supporting the bag in a solution-dispensing position;
operating'mesns for applying a force against the sidewall of
20 the bag to collapse the bag and infuse solution within the
chamber out through the dispensing port; a dispensing spike
adapted for connection with said end of the tubing, said
dispensing spike having an annular groove together with an
outlet end positioned distally of the groove for connection
25 with said dispensing port of the bag; said housing having a
structure positioned in register with said annular groove
-when the outlet end of the spike is connected with the
dispensing port; and means forlmoving said structure into
-and out of lockable relationship with said annular groove.

30 12. An infusion pump as in claim 11 in which said means for
moving the structure-comprises a 1lid mounted on the housing
for movement ‘between open and closed positions for enabling
respective insertion and removal of the bag into and from
said compartment, and groove-engaging means on the 1lid for

35 engaging the annular groove and preventing dispiaoement of
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for releasable 1nterconnecting_seid end of the tubing in
fluid communication with said ehember in the bag, said
interconnect means comprising a dispensing spike adapted for
connection with said end of the tubing, said dispensing
spike when connected with the end of the tubing being in a
set position relative to the housing when the bag is in its

solution-dispensing position; and control means for enabling

said operating means to apply said force responsive to the
dispensing spike being in its set position.

14. An infusion pump as in claim 13 in which: the
dispensing spike has a tubular .body; and the housing
inclndes capture means for releasably capﬁuring and holding
the tubular body against displacement with respect to the
housing when the bag is in the solution-dispensing position
and the dispen31ng spike is connected into the dispensing
port.

15. An infusion pump as in claim 14 which includes: an
annulus carried by the tubular body; and the capture means
comprises a wall in the housing having a seat for holding
the tubular body in a position where the annulus is
juxtaposed with. a portiqn of the wall within the housing,

{
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predetermined size; a bladder having a flexible wall which moves by expansion
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said expansion of the flexible wall applies a pushing force against the sidewall
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21.  Aninfusion pump as in claim 20 in which said spike includes means for
15 interconnecting said tubing with the dispensing port for establishing fluid
communication with said chamber in the bag.

22. An infusion pump as in claim 21 in which said means for
interconnecting comprises a tubular body which carries the spike and said part
comprises an annulus mounted about the tubular body.
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