WD 02/ 38204 PCT/ US01/ 45621 1 OCCLUSI ON DETECTI ON METHOD AND SYSTEM FOR
AMBULATORY DRUG | NFUSI ON PUMP 5 DESCRI PTI ON Technical Field The invention
rel at es gemerad2by to nonitoring fluid flow, and nore partpPCcDiUasl/45621t O
detecting upstream fluid occlusions in an intravenous fluid adm nistration
system 10 Background of the Invention Fluid delivery systens for infusing
parenteral fluids are commonly used |n1hospitals and typically include an
inverted bottle or bag or other nmeans of supply of parenteral fluid, an
intravenous (V) adm nistration set and an infusion §umﬁ for controlled

delivery to a vascuP&CHESIININIBETIONNEIHODAND Y m ni stration set

typically includes a i njection
sites anong ot her con%%ﬁ%ﬁ@éﬁU%%gszgg?%gﬁgpqﬁgsﬁ?Nﬂnﬁg%nﬁe distal end of
the flexible infusion tube adapted to be inserted into the patient's bl ood
vessel . Commonly, the punp is of a peristaltic type in which a plurality
of fingers, rollers, or other devices sequentially constrict the tubing

along a noving region of occlusion to nove fluid through the 20 tubing.
f the difficulties of infusion systens is the evaluation of the

condition of the fluid fIOM/upstqﬁ$5qRbekmg punp. Where an occl usion of

the infusion tube exists upstreamao € punp, the punp will not succeed
i n i nf UBdchgicdllf¥eldarenteral fluid to the patient even though the punp may
continue to gperate. Simlarly, when the parenteral fluid supply becones

depl et ed, 25 heHBventiRp tefalps aﬁlgeéalkydﬁtm%wéﬂ% flypieilew .cndppete parichigtizoent er al
fluid Vaeltectlrtl)éa ufosl cErmaﬂf AL§" gau§18n5t 1ﬂ%n 11&?3Ve§&fs fluid administration system.

10

Background of the Invention

Fluid delivery systems for infusing parenteral fluids are commonly used in hospitals and
typically include an inverted bottle or bag or other means of supply of parenteral fluid, an
intravenous (IV) administration set and an infusion pump for controlled delivery to a vascular

15 system of a patient. The fluid administration set typically includes a flexible infusion tube, a
drip chamber, injection sites among other components, and a catheter mounted to the distal end
of the flexible infusion tube adapted to be inserted into the patient's blood vessel. Commonly,
the pump is of a peristaltic type in which a plurality of fingers, rollers, or other devices
sequentially constrict the tubing along a moving region of occlusion to move fluid through the

20 tubing.

One of the difficulties of infusion systems is the evaluation of the condition of the fluid
flow upstream of the pump. Where an occlusion of the infusion tube exists upstream of the
pump, the pump will not succeed in infusing the parenteral fluid to the patient even though the
pump may continue to operate. Similarly, when the parenteral fluid supply becomes depleted,

25 the pump may also continue to operate, however no parenteral fluid will be administered to the
patient.

One previous method for detecting a decrease in the fluid supply or an upstream
occlusion was visual observation of a drip chamber. However, visually verifying the existence

of drops places an undesirable burden on the hospital staff.



One previous nethod for detecting a decrease in the fluid supply or an
upstream occl usion was visual observation of a drip chanber. However,
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the hospital staff. WO 02/38204 PCT/USO1/45621 2 In infusion systens
utilizing peristaltic punps, detection of upstream occlusions has been
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modifications to the pumping mechanism.
15 Pump systems have been disclosed that include a downstream pressure sensor used for
detecting improper fluid communication with the patient. Such systems include U.S. Patent No.
4,743,228 to Butterfield; U.S. Patent No. 4,460,355 to Layman; U.S. Patent No. 4,534,756 to
Nelson; and U.S. Patent No. 5,356,378 to Doan.
In operation, peristaltic pump mechanisms sequentially occlude the pumping segment of
20 the tube, also known as the pumping control segment, to alternately expose the pumping
segment to fluid communication with the upstream and downstream portions of the infusion
tube. The pumping segment is at upstream pressure when exposed to the upstream portion of
the fluid line. When the pumping segment is subsequently exposed to the downstream portion,
the fluid within the pumping segment, which was at upstream pressure, causes a change in
25  pressure, i.e., a pressure difference, as the pumping segment pressure equalizes with the
downstream portion.
There have been pump systems with downstream pressure sensors that have utilized
analysis of such pressure differences to detect upstream occlusions. If a large negative pressure

difference occurs, an upstream occlusion is presumed. However, pumping into high



tube. The punping segnent is at upstream pressure when exposed to the
upstream portion of the fluid |ine. Wien the punping segnent is
subsequem®y2/aseposed to the downstream portion, the fl ui BCWUSHI/43621he
punpi ng segnent, which was at upstream pressure, causes a change in 25
pressure, i.e., a pressure difference, ,as the punpi ng segnent pressure
equalizes with the domnstrean1portion3 There have been punp systens with
downst ream pressure sensors that have utilized analysis of such pressure

11 RSkt U815k UREL ST SSE U3 bRl SARASIRMYE LGSRV .
hi gh WO1@2h 3820 BSpbaldR6d 6#p@2dpsiraart QVISh 6182 %dﬂﬁ@o?ﬁ%lg,eﬁreﬁﬁ&, s%ﬁﬁée fapr essure

wavef orm condi tions, including drops in pressure, at mmc

appear aextgbibsubstantaluifet @eors tet barsdlaneimiddgstréaonaddlysionproadfione Bepsie S may
exhibit substantial offset errors that can al so_m m c_upstream occl usion
condi t i HHEOS pressiih Musiem Sefems R CRAres VARRNS b hewyeadings thatran dpyiaiss

vari anc . .

dosi odtiiaReidlf) fobROHRGR vi¥iks HA0nREALE hitthal BEbIEhE by Bk

di f f er ediffefenoss @tdilssr ficders 8uch suibc@tpdshinadnpoifisicnubé, chheaisefalsd Aarmisube,
can cause false alarns. These false alarns detract fromthe useful ness of

an occl Ghesefalsralems dotrash/lkem ihe ygfuleess af apperslusioncdetectipe sesterar Wileds spmy be
reducedcat hrtgu%h c.ong)ensaatgeon Ccieﬁ uits or cel oazer tohﬁr anges gi vari ous
mechani GF° BRE EIFRTH 04 Rpsiveed TrRUah.compipSalion SUCHI O loNer tolgrnger gn

conpl i CadrRub hRcAshic ¥hE BirciCSOh et Ghdse approhches Bk sBRdtAitially USRpREtd IRt I eam
pressure sensor having accuracy requirenents |eSs stringent ?han absol ute
val ués dgvigehr eshol d val ues while avoiding false alarnms. Hence, those
skilled in the art have recognhized the need for a infusion tube nonitoring
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system that can automatically detect upstream infusion tube occlusions while minimizing false
15 alarms. Additionally, those skilled in the art have recognized a need to reduce the cost of a
system capable of determining such upstream infusion tube conditions. The present invention

fulfills these needs and others.

Summary of the Invention

20 Other advantages and aspects of the present invention will become apparent upon

reading the following description of the drawings and detailed description of the invention.
Accordingly, the present invention provides a method and system for the detection of

upstream occlusions in flexible infusion tubing so as to allow for the minimization of false
occlusion alarms. The method is used within an occlusion detection system. The occlusion

25  detection system for detecting occlusions inhibiting a fluid flowing in a tube adapted for
connection to a fluid pump has a pressure sensor for releasable attachment to the tube upstream
of the fluid pump for monitoring a negative pressure condition. The occlusion detection system
contains a transducer operably attached to the pressure sensor, the transducer converts the

monitored negative pressure condition in a fluid tube into a usable signal. The occlusion



fulfills these needs and others. Summary of the Invention 20 O her

advant ages and aspects of the present invention will becone apparent upon
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cal i bration gauge n sone applications, the signaling of an upstream
occl usi on mayn b&ditereto the asdwthe. method of detectmg an occlusion within a flexible infusion
tube includes the steps of measuring a first sample indicating a pressure in the tube relative to a
15 first instance in time; measuring a second sample indicating a pressure in the tube relative to a
second instance in time; measuring a third sample indicating a pressure in the tube relative to a
third instance in time; creating a first difference value of the first sample to the second sample;
creating a second difference value of the second' sample to the third sample; comparing the first
difference value to a percentage of the second difference value; and generating an occlusion
20 signal in response to the step of comparing the first difference value to the second difference
value.
In yet another aspect of the present invention, the method of detecting an occlusion
within a flexible infusion tube inctudes the steps of measuring a first sample indicating a
pressure in the tube relative to a first instance in time; measuring a second sample indicating a
25 pressure in the tube relative to a second instance in time; creating a first difference value of the
first sample to a second sample; comparing the first difference value to a percentage of a second
difference value; and generating an occlusion signal in response to the step of comparing the

first difference value to a second difference value.



In addition to the above, the nethod of detecting an occlusion within a
flexible infusion tube includes the steps of neasuring a first sanple
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sanple to the third san'ﬁl e; the neasuring device al so conparing the first
di f f er dpdigating a pressure in the tube relative to a first instance in time; the measuring device also

15 measuring a second sample indicating a pressure in the tube relative to a second instance in

time; the measuring device also creating a first difference value of the first sample to a second
sample; the measuring device also comparing the first difference value to a percentage of a
second difference value; and an alarm module generating an occlusion signal in response to the
measuring device also comparing the first difference value to the second difference value.
20

Brief Description of the Drawings

The above and other objects, features, and advantages of the present invention will
become apparent from a consideration of the subsequent detailed description presented in
connection with the accompanying drawing, in which:

25 Figure 1 is a cross-sectional view of a pump containing the upstream occlusion system.

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 a preferred embodiment of the
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The tubing set 16 preferably consists of a flexible infusion tube. The tubing set 16
originates from the fluid supply, preferably an intravenous solution bag. The tubing set 16
enters pump 10 and passes through the upstream occlusion system 18. The tubing set 16 passes

15 through the upstream occlusion system 18 prior to having waveform pressure applied by the
pumping fingers 20.

The upstream occlusion system 18 is composed of a pressure sensor 22 for releasable
attachment to the tubing set 16 upstream of the pumping fingers 20, a transducer 24 operably
attached to the pressure sensor 22, and an alarm module 26 for signaling that the occlusion has

20 occurred in response to the alarm module 26 receiving the useable signal from the transducer
24.

The pressure sensor 22 is for monitoring a negative pressure condition. In a preferred
embodiment, the pressure sensor 22 is releasably attached to the tubiﬁg set 16 upstream of the
pump 10.

25 The transducer 24, operably attached to pressure sensor 22, preferably converts the
monitored negative pressure condition in the tubing set 16 into a usable signal. The transducer
24 may be a force sensing resistor, a piezoresistive sensor, a piezoelectric sensor, a diaphragm
piston gauge, a bending beam gauge, a strain gauge, a hall-effect sensor, a ¥4 bridge strain

gauge, a % bridge strain gauge, or a full bridge strain gauge.



5 14, a tubing set 16, and an upstream occl usion system 18. The notor 12 is
operably connected to and facilitates the novenent of the canshaft 14.
Canshaft wWdozs2eémodat es a plurality of punping fingers 2BCT/UR@/45621pi ng
fingers 20 facilitate the punping action that maintains the fluid flow
The punping action results fromthe tor 12 engagi ng the canshaft 14, the
notor 12 then inparting rotational novenent to the 10 canshaft 14. Once the
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range of values. The range of values is composed of percentages of the high voltage determined

for the first pumping cycle.

15 The pump 10 is calibrated without calibration software, only requiring a calibration
gauge. The calibration gauge simulates an upstream occlusion. A potentiometer is used to set
the upstream occlusion system’s output to the proper limits of the operating range.

In one example, if the initial voltage at pump start-up is within 10% of the high voltage
value for the first pumping cycle, i.e., where the difference between the initial voltage and the

20 low voltage for the first pumping cycle is less than 10% of the difference between the high
voltage and the low voltage for the first pumping cycle, then the pump 10 generates an
occlusion signal if a high voltage value of a subsequent pumping cycle subtracted from the high
voltage value of a first pumping cycle is greater than about 40 percenf of the high voltage value
of a first pumping cycle minus the initial low voltage value of a first pumping cycle.

25 In another example, if the initial voltage at pump start-up is within 50% of the low
voltage value for the first pumping cycle, i.e., where the difference between the initial voltage
and the low voltage for the first pumping cycle is less than 50% of the difference between the
high voltage and the low voltage for the first pumping cycle, then the pump 10 generates an

occlusion signal if a high voltage value of a subsequent pumping cycle subtracted from the



7 The al arm nodul e 26 generates a signal indicating that the negative
pressure condition is outside an acceptable range. The first step in
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In a further example, in order to avoid false occlusion alarm signals as the contents of

15  the fluid bag of administration system are depleted, the pump 10 will generate an occlusion
signal if after completing a predetermined number of cycles the difference of the initial high
voltage value of a first pumping cycle and the high voltage values of at least about every eighth
pumping cycle is greater than about 15 percent of the initial high voltage value of a ﬁfst
pumping cycle minus the initial low voltage value of a first pumping cycle.

20 Preferably, if an occlusion signal is genefated, the pump 10 discontinues the pumping
cycle. Once the pumping cycle is discontinued, the pump 10 must be reset manually. Upon
restart, the pump 10 will, for example, generate an occlusion signal if the difference of the
initial high voltage value prior to occlusion minus the initial high voltage value of the first
pumping cycle after occlusion is greater than a percentage of the initial high voltage value of a

25 first pumping cycle prior to occlusion minus the initial low voltage value of a first pumping
cycle prior to occlusion.

In view of the foregoing, it can be appreciated that the present invention provides a
simple, low cost apparatus and method for detecting upstream occlusions in the tubing set of an

IV fluid administration system without the necessity of modifying existing pump mechanisms.



vol tage value for the first punping cycle, i.e., where the difference
between the initial voltage and the |ow voltage for the first punping
cycl e i sweszs2han 50% of the difference between the hi ghCvoktiage2iand t he
| ow voltage for the first punping cycle, then the punp 10 generates an
occlusion signal if a high voltage val of a subsequent punping cycle
subtracted fromthe WO 02/ 38204 PCT/ USO1/ 45621 8 initial high voltage
value of a first punping cycle is greater than about 20 percent of the
initial i vol t age ue of a,first cle nus tial |ow
vol tage%‘?‘%’g’ 1?5?%65(6 iapégfterﬁ?mﬁ eﬁﬂ”é%‘?“g%ﬁ 9%’@%%@%’8 %Fﬁ%rll o ﬁnfl t he
initial 11M9tlre§t@<9ﬁh@fnv9h't'im1 1§TS§§CE?TB:QC #088diReAtiond lahd WAdpHiTdnd wRhBY BS ﬁEﬂlBe@f range
for the first ‘punping cycle hen the punp 10 genérates an occl usion signal
if a hthgl;e sl@llldz@g&he/aﬂtamd wﬁthautsthdo&emlmnf 1pvﬂmpwm@acu§ly;l’ﬁlusubshoaldw fromthe
initial gh vol t age. val ue fifst ng cycle i reater t bout
30 perc@@dm%crocﬁhét Yaw{ous aharwr%@wfs Js&él SR S ppd i Sjeted lﬂayg jads

m nus t i punpi ng cycle. In stil
anotherQ@%gﬂchahghg%h%ﬁﬁgﬁggaﬁ ggg%lgﬁéé%gg%redeternlned nunber of 10
cycles, the punp 10 wll generate an occlusion signal if the difference of
the initial high voltage value of a first punping cycle and a high voltage
val ue of a subsequent punping cycle is greater than about 25 percent of
the initial high voltage value of a first punping cycle mnus the initial

| ow vol tage value of a first punping cycle. In a further exanple, in order
to avoid fal se occlusion alarmsignals as the contents of 15 the fluid bag
of admi nistration system are depleted, the punp 10 will generate an
occlusion signal if after conpleting a predeterm ned nunber of cycles the
difference of the initial high voltage value of a first punping cycle and
the high voltage values of at |east about every eighth punping cycle is
greater than about 15 percent of the initial high voltage value of a first
punpi ng cycle mnus the initial |ow voltage value of a first punping cycle.
20 Preferably, if an occlusion signal is generated, the punp 10

di sconti nues the punping



cycle. Once the punping cycle is discontinued, the punp 10 nust be reset
manual | y. Upon restart, the punp 10 will, for exanple, generate an
occlusi ow@oyssgeb4 i f the difference of the initial high veCT/age/ssetiue pri or
to occlusion mnus the initial high voltage value of the first punping
cycle after occlusion is greater than 3 percentage of the initial high
vol tage value of a 25 first punping cy Pe prior to occlusion mnus the
initial low voltage value of a first punping cycle prior to occlusion. In
view of the foregoing, it can be app i d that the present invention
provides a sinple, |ow cost apparat met hod for detecting upstream
occl usi gsciafiyt he tubing set of an IV fluid adm nistration system wi t hout
t he necessity of nodifying existing punp nechanisns. WO 02/ 38204
PCT/ US01/ 45621 9 Although preferred and alternative enbodi nents of the
i nvention ha e be n des d . and illustrated i.nvention is ..
suscept i bl 6 PGS PLGCTE APrHOR SRLT ERERIRES BT SBPIS b0
ski | I5edtﬂergtg&,§§ art and wi thout the exercise of inventive faculty. Thus, it
shoul d erstood that various changes in form detail and usage of the
present i nvenichaumingmyfidsesampieindicatingo ptesshegarthe hipefrelativd toer st mstanaend scope
of the invention. WO 02/38204 PCT/US01/45621 10 CLAIMS W Caim 1. A
met hod §Meqet ect | ng an occl usi on WI t h| n a flexible infusion tube,
conpri si ng gle%&?m%taesgéorf&f ?jgfeksru?é %nstﬁgHJb% AR s@&)rﬁl 1H§tg1§c%ur e
in the tube re etoa |ns me; measuring a secon
sanpl e img@neati ng a pressure |n the tube relative to a second instance in
time;
10 measuring a third sample indicating a pressure in the tube relative to a third instance in
time;

creating a first difference value of the first sample to the second sample;

creating a second difference value of the second sample to the third sample;

comparing the first difference value to a percentage of the second difference value; and

15 generating an occlusion signal in response to the step of comparing the first difference

value to the second difference value.

2. The method of claim 1 wherein the occlusion signal is generated when the first

difference value is greater than the percentage of the second difference value.

20
3. The method of claim 2 wherein the first sample is a first voltage level, wherein
the second sample is a second voltage level, and wherein the third sample is a third voltage
level.
25 4. The method of claim 3 wherein the measuring further comprises:

measuring a start sample for a pumping cycle;
measuring a high sample for the pumping cycle; and

measuring a low sample for the pumping cycle.



10 neasuring a third sanple indicating a pressure in the tube relative to a
third instance in tinme; creating a first difference value of the first
sanpl e t wohz3second sanple; creating a second differenceCrabuetsefl t he
second sanple to the third sanple; conparing the first difference value to
a percentage of the second difference g | ue; and 15 generating an
occlusion signal in response to the st z of conparing the first difference
value to the second difference value. 2. The nethod of claim1 wherein the

occl usion signal | eperat.ed. when the first difference valye is greater
than the per entagﬁpg? Oﬂé&§%€8ndN reif i Reasyicd samp S§$°¥k " met hod of
claim2 wherein the first sanple is a first voltage |evel, wherein the

second sanple is a second voltage | evel, and wherein the third sanple is a
third voltage | eVké¢ mettiodsf cliive Sehdneid thef stat sinmpl8 iswhstare voltagedevebagheréing

further conprises:. suring.a start sanple for a punping cycle; asuring
a hi gh GEETeseENe iso B HpiEg |Pbiaad AR ThASTSRABIeAS | IRy xalfagedewelr ¢ he
punpisng cycle. WO 02/38204 PCT/US01/45621 11 5. The method of claim4
wherein each neasured sanple is recorded. 6. The nethod of claimb5 wherein
the start sampl e The metiodrdf claith tbagiteréia vied occlMsneiaiue it bdediedfromanpl e is a

hi gh voltage |evel, and wherein the low sanple is a | ow voltage level. 5 7.
The net Bioyp epnsistiagmie higheydiage diference valge squaisnuelovs veltage diffgerce yalug gr oup

conet S0k ol Bl L SR SR B e SR,
steady g &ldeofHahe@BER VaRleURuesiia bhdA restart difference value equation.
10
8. The method of claim 7 wherein the high voltage difference value equation
determines occlusion presence where a high voltage value of a subsequent pumping cycle
subtracted from the initial high voltage value of a first pumping cycle is greater than about 40
percent of the initial high voltage value of a first pumping cycle minus the initial low voltage

15 value of a first pumping cycle.

9. The method of claim 8 wherein the low voltage difference value equation
determines occlusion presence where a high voltage value of a subsequent pumping cycle
subtracted from the initial high voltage value of a first pumping cycle is greater than about 20

20 percent of the initial high voltage value of a first pumping cycle minus the initial low voltage

value of a first pumping cycle.

10.  The method of claim 9 wherein the median voltage difference value equation
determines occlusion presence where a high voltage value of a subsequent pumping cycle
25  subtracted from the initial high voltage value of a first pumping cycle is greater than about 30
percent of the initial high voltage value of a first pumping cycle minus the initial low voltage

value of a first pumping cycle.



an end of bag difference value equation, and a restart difference val ue
equation. 10 8. The nethod of claim?7 wherein the high voltage difference
val ue eqwe® oBB204det er mi nes occl usi on presence where a hi ghCvobtiage2ival ue of
a subsequent punping cycle subtracted fromthe initial high voltage val ue
of a first punping cycle is greater thix about 40 percent of the initial

hi gh vol tage value of a first punping gcle mnus the initial |ow voltage
15 value of a first punping cycle. 9. The nethod of claim8 wherein the |ow

vol tage differencg val det e o sence.where a
i gh ol ¢ agel val ucheReliSd S ERlh o IR Ee PEE LR R B e

initial déiélﬁﬁnééqicm%n\peéseﬁceo&h&e tuercﬁfferewémmge e ﬁlghsvowt'é%@{'eﬁﬁe sihefirsgbout
20 20 percent of the initial high voltage val ue of first punping cycle

m nus tpenping cydé ahdahighlviodigee valad ofsn subseubntrsimppoggy cheyis gyeate thmbow

met hod of claim9 wherein the di an vol tage dif erenc alu

ot or i FEETbOE Ra <A ek SalHES ARSI ATy RS Sysisyas G BieLloS Htagtont
punpi.n fromthe initial high voltage value of a first
purrplkngvag%eg %%gtéﬂggﬁg%a an about 30 percent of the initial high voltage
value of a first punping cycle mnus the initial |ow voltage value of a

first punpi ng%cycl e. WO 02/ 38204 PCT/USQl/ 45621 12 11. The nethod of claim
10 wherein t st%@eﬁpépécmrﬂflér@m%n {hsistrady slaterdiBprenerovalissw@ione cl usi on

pr esencs WSh 8 i &L6008 0b 108 o Blbhe BLANNOkE RGHRLHGRN Boldr ot

punpi ng € e value of a su sequen
great eraftdpan about 25 percent of the initial hi gh vol tage value of a first
punpi ng cycle mnus the initial low voltage 5 value of a first punping

cyclie. 12. ThbigheoHegt dffersings valud equatiomi n t he steady state difference val ue

equation det rmr] | usi on Rresence may be used to determ ne occl usion
for multiple® &Wr{)(i’ﬁaé gﬁrg%ceval equation, of

a median voltage difference value equation.

13.  The method of claim 12 wherein the end of bag difference value equation
15 determines occlusion presence where the difference of the initial high voltage value of a first
pumping cycle and the high voltage values of at least about every eighth pumping cycle is
greater than about 15 percent of the initial high voltage value of a first pumping cycle minus the

initial low voltage value of a first pumping cycle.

20 14.  The method of claim 13 wherein the restart difference value equation determines
occlusion presence where the difference of the initial high voltage value prior to occlusion
minus the initial high voltage value of the first pﬁmping cycle after occlusion is greater than a
percentage of the initial high voltage value of a first pumping cycle prior to occlusion minus the
initial low voltage value of a first pumping cycle prior to occlusion.

25

15.  The method of claim 14 wherein the percentage of the initial high voltage value
of a first pumping cycle prior to occlusion minus the initial low voltage value of a first pumping

cycle prior to occlusion is from at least about 15 percent to about 40 percent.



after: 10 a high voltage difference val ue equation; a |ow voltage

di fference value equation; or a nedian voltage difference val ue equati on.
13. The meohwsk20f claim 12 wherein the end of bag differeprcPUs@I45621€quUat i On
15 determ nes occl usion presence where the difference of the initial high
vol tage value of a first punping cycl? and the high voltage val ues of at

| east about every eighth punping cycle ?s greater than about 15 percent of
the initial high voltage value of a first punping cycle mnus the initial

I | t | ue_of f [ le. 20 14..The .nmet.hod I im13
wherein the 1@st aFse el pEHEEH TR e fhaershmaes f e HullH Ly dlaes e’
presencer MHY lﬁm‘hﬁﬁ% @yélé ﬁSPféeoc@lfusfoﬁ?mhﬁE fhb ?dltl&l' 18% v%ﬁbé@ﬂﬁué’ & djﬁrspﬁdrﬂﬁmé 0
occl usi on us thein tla hi gh voltage value of the first punping cycle

after ogelagiano bsclgrienisehe péreentage ofehieciaitiablyigh obltbdeevalud ¢f aatﬁrsmtglhpmpl t age
val ue of first punping cycle prior. to occlusion njnus the itial |ow
vol t agecxsziq g thenytial low Belkage wglue ¢ p drst ppgwingsysleder e suatiog t ﬂ% The

met h9d &)eft ﬁln"i‘écmc%ﬁl }/gﬁerel n the percentage of the initial high voltage val ue
of a firs npi ng cycle prior to occlusion mnus the initial |ow voltage
val ue of a f| rst punping cycle prior to occlusion is fromat |east about
15 percent to about 40 percent. WO 02/38204 PCT/USQ1/45621 13 16. The

met hod of cl &f-m 1Bhemethel of Fh@nééﬁ’@@fﬁl@@é egpationa tq dﬁt@mnemgwlwrt age val ue

of a first rior t aoccl.usi o votage
val e of PR Aay ey ihen GRS fe Gty SRaf hQlAgs o Eerk e o et of Ot ne
i ni ti al mBEEah v¥RdedBFerdAde iR eq@aﬁéﬂ %tsteﬁabnﬁht@%ffé‘r}éﬂdeevam%élﬁaﬁdiﬁah Bid @1 | ow
vol tage val ue of a first punping cycI e f'or the equation at 5 deterni ned
occliasi oag différendirenlmetduatiomfand laaestart diffisrenceialue bgnadiquat i ons to deternmi ne an
occl usi on

18.  The method of claim 17 wherein the pumping cycle may be reset.

19.  The method of claim 18 wherein the restart equation is used after the pumping

15 cycle is reset.

20.  The method of claim 19 wherein the data is stored in electronically readable

memory.

20 21.  The method of claim 20 wherein the signal indicating an occlusion is sent over a

network.

22. A method of detecting an occlusion within a flexible infusion tube, comprising
the steps of:
25 measuring a first sample indicating a pressure in the tube relative to a first instance in
time;
measuring a second sample indicating a pressure in the tube relative to a second instance
in time; |

creating a first difference value of the first sample to a second sample;



conprise a high voltage difference value equation, a | ow voltage difference
val ue equation, a nedian voltage difference val ue equation, a steady state
di f f er enaeOvabsze4 equati on, an end of 10 bag difference vRBCT@®S@EgIatl on, and
a restart difference value equation. 18. The nethod of claim 17 wherein the
punpi ng cycle may be reset. 19. The ne&%od of claim 18 wherein the restart
equation is used after the punping 15°Cycle is reset. 20. The nethod of
claim 19 wherein the data is stored in electronically readable nenory. 20

21. The nethod of. cl.a icati n_0cc uslo is
sent ‘over a Rl Bt ARERs et o B e TS R R RN WL
flexible i nfusiRling 4R BcclGROPELBAIRE reshbife 38 BRStePlof céMpABASHE g d@fférbﬁc?et
sanpl e i ndi catl ng a pressure In the tube relative to a first instance in

time; medisuoiangcendstitforetdcesalpd.e i ndi cating a pressure in the tube relative
to a second instance in time;, creating a first difference value of the
first sanple to a second sanple; WO 02/38204 PCT/ US01/ 45621 14 conparing
the §irst dijderencamy@byseRinRaP HiechiM A8calsitn SBRANG oAidkdied GRES LA E:
and generating an occlusion signal 1n response to the step of conparing

t he fi rdiffectntd edenizerearalihn 4 perecrsaeaid sdidnfleliffsrescewaluee. 5 23. The net hod
of claim22 wherein the occlusion signal is generated when the first
difference value is greater than a percentage of a second difference val ue.

. Th f i i aRlie, |
PR R S TR T S A

| evel , and jer el I The Secon
wherein the second sample is a second voltage level.

10
25.  The method of claim 24 wherein the measuring further comprises:
measuring a high sample for the pumping cycle; and

measuring a low sample for the pumping cycle.
15 26.  The method of claim 25 wherein each measured sample is recorded.

27.  The method of claim 26 wherein the start sample is a start voltage level, wheréin

the high sample is a high voltage level, and wherein the low sample is a low voltage level.

20 28.  The method of claim 27 wherein the occlusion value is selected from a group
consisting of a high voltage difference value equation, a low voltage difference value equation,
a median voltage difference value equation, a steady state difference value equation, an end of

bag difference value equation, and a restart difference value equation.

25 29.  The method of claim 28 wherein the high voltage difference value equation
determines occlusion presence where a high voltage value of a subsequent pumping cycle
subtracted from the initial high voltage value of a first pumping cycle is greater than about 40
percent of the initial high voltage value of a first pumping cycle minus the initial low voltage

value of a first pumping cycle.



10 25. The nethod of claim 24 wherein the neasuring further conprises:
nmeasuring a high sanple for the punping cycle; and neasuring a | ow sanpl e
for the puwopt/sgrocycle. 15 26. The nethod of clai m 25 wher rBCTVUS@ES6IIRASUr €d
sanple is recorded. 27. The nmethod of claim 26 wherein the start sanple is
a start voltage level, wherein the hiﬁ? sanmple is a high voltage |evel,
and wherein the low sanple is a |ow voitage |evel. 20 28. The net hod of
claim 27 wherein the occlusion value is selected froma group consisting

f hi gh t di ff . i I Mol t di ffer I
cquati on e S DORSETaT oL FeRdI bR Ts DR SN SR e Y
di ff er eeBnmyials WeclBsHR biRfhceathef 8 hizh voﬁg@a mlfefcﬁra%%@qﬁa&tm@gcm and a

restart difference value equation. 25 2 The net hod “of wherein
t he hi ghibtradt¢dffemdhé indtiad hegh wedfape valgeiaf 4 Hirst paepiegciycless greateuthhonbprt@8ence

where a high vol tage val ue of a suhsequent punpi cycle . suptracted from
the i niRSFoght o %ﬁ m;gwtha@bvwgagawﬁ Oga firs Q%B‘&%&Bﬁ@%ﬁ? thejinttigh lowt ¥ltaghan
abou NETCEOL . phitial high voltage value of a first punping
cyclge ﬁng%ufsoq{ahe i l?lféé]%fdo%/]v voltage value of a first punping cycle. WO
02/ 38204 PCT/ US01/ 45621 15 30. The nethod of claim 29 wherein the | ow
vol tage difference val ue equation _determ nes occlusion presence where a

hi gh vol t age3lval ukhegnethod phalaigy a9 tvhpisiriha gredize) veltag ¢ifferrace valie eanaling
initial, high valf.age val ue of fi [ o i rea n about
20  pordEiist SeyBPnpRistieeRingfe & biefygRHgRRE ¥y SiBeRriile BUR F o

M nus tdBiradiéd frahn thOWitehidoRltage Vahe 6f Hfirstp p@% cPUBR f@ateyBhe abatit 30The
met hod of claim30 wherein the nedi an vol tage difference val ue equation
det &0 mi precenbetthe snitial pglevatage vakle oéa firdiipgmpingl ayalgenings the ivitiablostidiegeent
punpi ngV cle .subtracted.fromthe initial high voltage value of a first
punpi ng a@i}c‘?f@ Fist PRI FY Y f1an about 30

32.  The method of claim 31 wherein the steady state difference value equation
determines occlusion presence where the difference of the initial high voltage value of a first
15 pumping cycle and a high voltage value of a subsequent pumping cycle are greater than about
25 percent of the initial high voltage value of a first pumping cycle minus the initial low voltage

value of a first pumping cycle.

33.  The method of claim 32 wherein the steady state difference value equation
20  determines occlusion presence may be used to determine occlusion for multiple pumping cycles
after:
a high voltage difference value equation;
a low voltage difference value equation; or
a median voltage difference value equation.
25
34.  The method of claim 33 wherein the end of bag difference value equation
determines occlusion presence where the difference of the initial high voltage value of a first

pumping cycle and the high voltage values of at least about every eighth pumping cycle is



10 percent of the initial high voltage value of a first punping cycle m nus
the initial low voltage value of a first punping cycle. 32. The nethod of
cl ai m 31 wierssizi t he steady state difference val ue equat i POT/USE45621 nes
occl usion presence where the difference of the initial high voltage val ue
of a first 15 punping cycle and a higg6voltage val ue of a subsequent
punpi ng cycle are greater than about 25 percent of the initial high voltage
value of a first punping cycle mnus the initial |ow voltage value of a

fi ' I 33. Th ] ' 2 j h d
T RS 12 B8 IRl SR R LB OB B SRR 2,
det er mRRjaPRAY YSit28 vARE offH ldt hﬁlpwcm cycles after: a high voltage

di fference val ue equation; a ow voltage difference val ue equation; or a
medi an vol tage di fference val ue equation. 25 34. The nethod of claim 33

wherein the end of bag_ differen al ye_equation. determ nes .occlusion
presence whet thﬁhedl’ingtp@ﬁl@ Elémbggt @W@&%ﬁtarh&gﬁ?r%? valye GWUBE%StF“HmF? r st
punpi n L -0 ghth
Pump! e Ei|oR iEnds Bt 85 ARG, i) PeioiapE Hne b ok BboR 3

per centmidus tHeeinitial higalvohhghvahed dfabefissaputpinl caclk iaftst ocplusjuinrig grptel éhanianus
the initial low voltage value of a first punmping cycle. 35. The nethod of
cl ai m Jpregmeacsion theraitinbhigh velteger vadireanf adinglnimping 6epls piorde eplnsipp grinus the
occl usi.gn. pre e _wher iffere knktial high vol tage val ue
pri or t%&%‘ﬂﬁg@ga ev%ﬁﬁﬁgggﬁ%%ﬂ’f |ga%%ﬁalpgl1°r&/%$%cgtdgyégd\7al ue of the first

punpi ng cycle after occlusion is greater than a percentage of the initial
hi gh voltage value of a first punping cycle prior to occlusion mnus the

initval | ow 3ol t afjec methoé obelain B mdereithsipatrenipes ef the indtiakhiglovaliagsivekne

of a first pumping cycle prior to occlusion minus the initial low voltage value of a first pumping

=g

cycle prior to occlusion is from at least about 15 percent to about 40 percent.

37.  The method of claim 36 wherein the percentage of the initial high voltage value
15 of a first pumping cycle prior to occlusion minus the initial low voltage value of a first pumping
cycle prior to occlusion is the percentage of the initial high voltage value of a first pumping
cycle minus the initial low voltage value of a first pumping cycle for the equation that

determined occlusion.

20 38.  The method of claim 37 wherein the equations to determine an occlusion
comprise a high voltage difference value equation, a low voltage difference value equation, a
median voltage difference value equation, a steady state difference value equation, an end of

bag difference value equation, and a restart difference value equation.
25 39.  The method of claim 38 wherein the pumping cycle may be reset.

40.  The method of claim 39 wherein the restart equation may be used after the

pumping cycle is reset.



10 36. The nmethod of claim35 wherein the percentage of the initial high

vol tage value of a first punping cycle prior to occlusion mnus the

initial oovowsd2oeage val ue of a first punping cycle priorPCDUSEAASHRI ON | S
fromat |east about 15 percent to about 40 percent. 37. The method of claim
36 wherein the percentage of the initi hi gh vol tage value 15 of a first
punpi ng cycle prior to occlusion mnus-the initial |ow voltage value of a
first punping cycle prior to occlusion is the percentage of the initial

varue of & rihot Heprgd b BraP¥RERin BB ThOR4b ReaPubBris il o7 On
20 38. fhgoRet hod of claim 37 wherein the equations to determ ne an

occlusion conprise a high voltage difference value equation, a | ow voltage
di fference val ue equation a nedian voltage difference val ue equation, a

steady state diff o an, end bag difference val ue
equation, arftf-a r P %P# Hainy %ﬁévﬁxf;%ﬂlru@eé@aakm atnzgsans@c{ 08 16r8306 QUCIGY

cl aig‘n?&t rein the punping cycle may be reset. 40. The nethod of claim 39
wherein the restart equation nmay be used after the punping cycle is reset.
WO 02/ 38204 PCT/ US01/ 45621 17 41. The nethod of claim40 wherein the data
is stored in electronical Iaﬁﬁreadabl e nenory. 42. The nethod of claim4l

wherei n t he & gna4\n PerAnEe detertion syetemder @ﬁﬁeqt@ggéﬁtmewrﬂh@m@ %ﬂlﬂlﬂ&wngs

An occl.usi t t lu fluid
1 ow ngt B AEhEE hERERUGRT - it AR e e tifin G BBnil E kb Blefes i on
det ecti on sy:s55@EBusOsBREdr ToiN@leadabiy @cﬁa‘éﬂrh@nt&@lﬂwﬁbé @ﬁsﬁ%ﬁh%ﬂ?@ﬂlﬁd@hﬁ@%ﬂem to
the tube upstreamof the fluid punp for 10 nonitoring a negative pressure

condd t imeniteingraanegdiinsepresspesrcabilifioat t ached to the pressure sensor, the

t ransducer converting t .
a transducer gpergbely attached to the pressure sensor, the transducer converting the

monitored negative pressure condition in a fluid tube into a usable signal; and
an alarm module for signaling that the occlusion has occurred in response to the alarm
module receiving the useable signal from the transducer, the signal indicating that the negative

15 pressure condition is outside an acceptable range.

44.  The system according to claim 43 wherein the transducer is a force sensing
resistor, a piezoresistive sensor, a piezoelectric sensor, a diaphragm piston gauge, a bending
beam gauge, a strain gauge, a hall-effect sensor, a % bridge strain gauge, a %2 bridge strain

20 gauge, or a full bridge strain gauge.

45.  The system according to claim 44 wherein the fluid pump is selected from the
group consisting of a peristaltic pump, a roller pump, an expulsor pump, a finger pump and a
piston cassette pump.
25

46.  The system according to claim 45 wherein the pressure sensor can be calibrated

with a calibration gauge.



nonitored negative pressure condition in a fluid tube into a usable signal;
and an al arm nodul e for signaling that the occlusion has occurred in
response woor/sg20el arm nodul e recei ving the useabl e si gnabPCTUso4shn
transducer, the signal indicating that the negative 15 pressure condition
is outside an acceptable range. 44. Thf system according to cl aim43
wherein the transducer is a force sens % resistor, a piezoresistive
sensor, a piezoelectric sensor, a diaphragn1piston gauge, a bending beam

, tral hal | - ef f ect d t
%?gggri 392 ; rain ‘%ys‘[ﬁa gordgfgtﬁe uWI?e?%ﬁ%begség‘?i-P%PE“ 3 ralﬂ“?’ﬁ stem

accor difptyfePa GbRtdk 44 wherein the fluid punp is sel ected from the group
consisting of a peristaltic punp, a roller punp, an expul sor punp, a finger
punp and a piston cassette punp. 25 46. The system according to claim45
wherein the pressure sensor can be calibrated wth a calibration gauge. WO
02/ 38204 PCT/ US01/ 45621 18 47. The system according to 46 wherein the
signaling of an upstream occlusion may be over a network.



