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"FNSTANTANEQUS VOLUVE NMEASURENMENT SYSTEM AND METHOD FOR

NON- | NVASI VELY. URI NG LI QUI D PARAMETERS" Field of the | nvention
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The inventi ot es generally to a systemand a 5 me

measuring flow of a [|iquid. Mor e specifically, the
present invention relates to a non- I nvasi ve system and a net hod for
measuring liquid flow driven by a flexible diaphragm nenbrane punp,
bel | ows or piston. 10 Peritaheal dialysis (PD) is a°
general ly known system requiring periodic infusion of sterile
aqueous sol utions into a peritoneal cavity of a patient. The

i nfused solution is generally known as a peritoneal dialysis
solution or dialysate. 15 Many types or forns of peritonea

di alysis are enerallénknomn, such as Continuous Anbul atory

Peri t oneal "INSTANTANEOUS YOLUME  MEARSNIRENENT) SYSREMPAND METHOIDIFAR/Si S
(CCPD), Aut omat ed NOR~-TNOASIVEDY AUEASORINE R ToUTY FXRANFFERSH Peritoneal

D alysis (I1PD) ang,Tidal _Peritgneal, palysis 20 (TPD) . I'n
continuous'anbulagﬁFggpgﬁfgéﬁe§¥!ﬁ¥%£§§is (CAPD) , a patient perforns
the dialysis manual |y Tbeutinventionneelates gemeraylyDtoi agsGAEBm ahd a
patient drains spgRlehbd' ! if¥1ealneasuring flow of a liquid. More
specifically, the present invention relates to a non-
invasive system and a method for measuring liquid flow
"driven by a flexible diaphragm, membrane pump, bellows
or piston.
io0 - Peritoneal dialysis (PD) is a generally known system
requiring periodic infusion of sterile agueous solutions
into a peritoneal cavity of a patient. The infused
solution is generally known as a peritoneal dialysis
solution or dialysate.
15 - Many types or forms of peritoneal dialysis are
~generally known, such as Continuous Ambulatory Peritoneal
Dialysis (CAPD), Continuously Cycling Peritoneal Dialysis
(CCPD), Automated Peritoneal Dialysis (APD), Intermittent
Peritoneal Dialysis (IPD) and Tidal Peritoneal Dialysis
200 (TPD).
' In continuous ambulatory peritoneal dialysis (CAPD),
a patient performs the dialysis manually about four times
a day. Durihg CAPD, the patient drains spent peritoneal
dialysis solution from his peritoneal cavity. The
25 patient then infuses fresh peritoneal dialeis solution
into his peritoneal cavity. The drain and £ill up
procedure usually takes approximately one hour.
Automated peritoneal dialysis (APD) uses a machine,
' called a cycler, to automatically infuse, dwell, and
30 drain peritoneal dialysis solution to and from the
‘patient's peritoneal cavity. APD can be performed at
night while the patient is asleep freeing the patient
from day-to-day demands of CAPD during his waking and



dialysis solution fromhis peritoneal cavity. The 25 patient then
I nfuses fresh peritoneal dialysis solution into his peritoneal

cavity. and f||| up procedure usual ly takg$ms 874
apprOX|rnat-54099%)]"'?@ll our . Aut omat ed peritoneal dlg?§SI§m?APD)

uses a machine, called a cycler, to automatically infuse, dwell, and
30 drain peritoneal dialysis solution to and fromthe patient S
peritoneal cavity. APD can be performed at ni ght while the patient

is asleep freeing the patient fron16a§ To-day demands of CAPD during
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hours. APD typically lasts for several hours beginning with

an initial drain cycle to enpty the peritoneal cavity of spent

di al ysate. The APD s uenﬁewgroceeds through a 5 succession of fill,
dwel | and drai n p¥&2& ol | ow one after the other. Each
fill/dwell/drain sequeA®d typically lastsfox sq'umal hours beginnpng vithhe

fill phase, the C¥ﬁ4§ 1Eﬁ§ﬁS&§§§nac cle to RIS} P Qxﬁ%h@ﬁ& @EV&&?SBf
war m di al ysate into te di 1 t_Perl TQeaIAP aV| t at| th eh
di al ysat e remai ns Spen alysate. e ence pr roug a
5 succession of f£ill, dwell and drain phases which follow
one after the 6ther.. Each fill/dwell/drain sequence is
called a cycle.

During the £ill phase, the cycler transfers a
predetermined volume of fresh, warm dialysate into the

10 peritoneal cavity of the patient. The dialysate remains
within the peritoneal cavity for a time period. During
the drain phase, the cycler removes the spent dialysate
from the peritoneal cavity. The number of
£fill/dwell/drain cycles that are required during a given

15  APD session depends upon the total volume of dialysate
prescribed for the patient's APD regime.

Continuously cycling peritoneal dialysis (CCPD) is
one commonly used APD method. During each
£fill/dwell/drain phase of CCPD, the cycler infuses a

20 prescribed volume of dialysate. After a prescribed dwell
period, the cycler completely drains the liquid volume
from the patient, leaving the peritoneal cavity empty.
Typically, CCPD employs six fill/dwell/drain cycles to
achieve a prescribed therapy volume. i

25 After the last prescribed fill/dwell/drain cycle in
CCPD, the cycler infuses a final £ill volume. The final
£ill volume dwells in the patient through the day. The
final f£ill volume is drained at the outside of the next
CCPD session in the evening. The final £ill volume can

30 contain a different concentration of dextrose than the
£ill volume of the successor CCPD fill/dwell/drain f£ill
cycles the cycler provides.

Intermittent peritoneal dialysis (IPD) is another



withi'n the peritoneal cavity for a tinme period. During the drain

phase, the cycler renoves the spent di ?I lyls;i'ée 1 from I t het hp;arl t oneal
‘cavit unber of ' [ we rain cycles at are

r equi ¥ed durlﬂg&gob‘{lven 15 APD sessi on depends upon the RI{USMAUne of
di al ysate prescribed for the patient's APD regine.

Conti nuously cycling peritoneal dialysis (CCPD) is one comonly
used APD nethod. During each fill/dwell/drain phase of
CCPD, the cycler infuses a 20 prescribed3vel ume of dialysate. After a
prescri bed dwel | period, the cycler conpletely drains the liquid
vol une ' fromthe patient, |eaving the peritoneal cavity enpty.

Typi cal ly, CCPD enploys six fill/dwell/drain cycles to ~achieve a
prescribed therapy vol une. 25 After the |ast prescribed
fill/dwell/drain cycle in CCPD, the cycler infuses a final fill

vol ume. The final form of ARD. vdPPndsdtyplicaliyt heedaineatutérsikmtiwnglay.
The final fwﬂén \éobHﬁEehé Sgidipd hrebs ayafg,gfs Und¥py1®tep can
CCPD session in th final “fil] vol ume arn a

n| n
di fferent concentr gﬂﬁgt wher & pAtignt req“’-"??l IPPe| bt Fannpt
successor CCPD fi Itiﬂdimﬁdldedrlﬂuen respbnsibilitiegcoesctPp. CYIPRIinFeoWwdeE

| ntermttentg peri el dirakY$l pabd I atai YR, The c%l Y 38998 are

PCT/ US95/ 0487-4. - typically closer in time than in CCPD. In addition, IPD
does not include a 'final £ill phase. Rather, the
patient's peritoneal cavity is left free of dialysate in-
between APD therapy sessions.

10 Tidal peritoneal dialysis (TPD) is another form of
APD. 'TPD includes a series of fill/dwell/drain cycles.
Unlike CCPD, TPD does not completely drain dialysate from
the peritoneal cavity during each drain phase. Instead,

_ TPD establishes a base volume during the first f£ill phase

15 - and drains only a portion of the volume during the first
drain phase. Subsequent fill/dwell/drain cycles infuse
then drain a replacement volume on top of the base
volume, except for the last drain phase. The last drain
phase removes all dialysate from the peritoneal cavity.

20 Measurement of flow rate or other parameters of a

' liquid, either invasively or non-invasively is, of
course, generally known. Peritoneal dialysis requires

a technique for measuring flow rate that does not

- compromise sterility. Typically, the technique employed

25 for such measurement is non-invasive. One common
technique for non-invasively measuring flow rate in
peritoneal dialysis is by differentiation of weight
measurements. This technique uses a load cell which
supports the supply bag and the drain bag to monitor

30 - weight differentials therebetween and to calculate rate
therefrom. Such  a technique enables one to derive
instantaneous volume measurement.

In some applications or environments, however,



formof APD. IPDis typically used in acute situations when a
pati ent suddenly enters dialysis therapy. |IPD can al so be' used when
a patlent 8y|res | PD, but cannot undertake the responsibilities of
| PD i n"YQ %8214 5 series of fill/dwell/drain cycl eBCTH$8/04874| og
in IPD are typically closer in tinme than in CCPD. |In addition, |IPD
does not include a final fill phase. Rat her, the patient's
peritoneal cavity is left free of dialysate in- bet ween APD t her apy
sessions. 10 ~ Tidal peritoneal dialysig4 <TPD) is another form of
APD. TPD includes a series of fill/dwell/drain cycles. Unl i ke CCPD
TPD does not conpletely drain dialysate from the peritoneal cavity
during each drain phase. |nstead, TPD est abl i shes a base vol une
during the first fill phase 15 and drains only a portion of the vol une
during the first drai n phase. Subsequent fill/dwell/drain cycles
i nfuse- t heninsgantaneepsafin¥nrate| gfivaodigypdofmushebpadetermined

vol une, except for4Rgjhagat s%&ﬁmepaaagoszhfelaﬁnéﬁel fhe use oBN@%avit
renoves all dlalysgte fromt gﬁﬁ$r|toneal Nbasurenen? of

cavyit
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non-invasively meaanayag coREtarty monitoringPEldw AR gBliAgYEd Dr Boking
differentiation of nt measurenents. This technique uses a | oad '
cell which gg%b t B Fﬁ% Supply bag and the drain bag to monitor 30 ™
wei ght differentials therQ@@mE%hﬁ ney exlisgsaferratsystem and memethod
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instantaneous flow rate and measurements derived
therefrom.
8 -] Invent _

15 .+ 'The present inventiop provides a system and a method
for measuring flow of liquid non-invasively. To this
end, the present invention monitérs_parameters of gas
-used to drive a membrane pump. From these measurements,
instantaneous volume of liquid being pulled into or out

20 ‘of the pump chamber can be calculated.

In an  embodiment, a system is prdvided for
monitoring a liquid driven by a pump and calculating a
parameter related to the liquid. The system comprises
means for measuring at least one variable related to gas

25 used to drive the pump. Means for calculating
instantaneous flow rate of the liquid flowing into or out
of the pump from the at least one measured parameter is
further provided.

In an embodiment, the means. for calculatlng further

30 calculates . instantaneous 11qu1d volume from the
instantaneous flow rate.- _

In an embodiment, the means for measuring measures

at least flow of the gas and pressure of the gas. The
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-4- ' " instantaneous flow.rate of a liquid nust be determ ned
iwthin a sterile disposable without the use of gravity dependent
wei ght neaswo®ss2#id | n such environnments, such .. as PeoIssNedd7d
dialysis procedures inplementing a 5 cassette-based system
i ncluding a flexible diaphragm punp, a non-invasive technique is
required for neasuring . and/or constantly nonitoring flow rate going
to or com ng froma patient. - & - Aneed, therefore, exists
for a systemand a nethod 10 for non-invasively neasuring flow of a
liquid driven by : a flexible diaphragmor nenbrane punp to determ ne
i nst ant aneous fl ow rate and neasurenents derived t heref rom
Summary of the Invention 15 The present invention provides a
system and a net hod for measuring flow of |iquid non-invasively.

To this | eNgheahl® FORCHRAEUFrING aY" FURhED heldLPECtRIPe2htdRe of

used to drive a nepbrane punp. FromtheSe neasurenents,
i nst ant aneous vol &R€ &BSrki quid being pulled into or out 20 of the punp
chanber can be cal cul atad.an embodiment) n then meahsdifmntmeasuringt @ivn- S

provided for  j.ualR0k1§" hadslres It G UL hd Wk fiie 2nd calculating a
5 In an embodiment, the liquid driven by the pump
flows into or out of a sterile disposable.
~ In another embodiment of the present invention, a
system is provided for measuring a liquid-related value
of a liquid driven by a pump. The system comprises first
10 sensing means for sensing flow of gas for driving the
pump and second sensing means for sensing pressure of the
gas for driving the pump. Further, caldulating means
deternmines instantaneous flow rate of the liquid flowing
into or out of the pump from the sensed gas flow and the
15 sensed pressure. '

In an embodiment, the system further comprises third
sensing means for Sensing temperature of the gas for
driving the pump.

In another embodiment of the present invention, a

20 method is provided for non-invasively moniforing
parameters of a liquid driven by a pump. The method
comprises the steps of: measuring at least one value

~ related to gas required for driving the pump; and
calculating instantaneous flow rate of the liquid flowing
25 into or out of the pump based on the at least one
' measured value. | |
' In an embodiment,'the at least one measured values
include gas flow and gas pressure.

In an emqui@enﬁ, the method further comprises the

30 step of measuring témpérature of the gas driving the

' pump. In this embodiment, the flow rate is calculated

by using the measured temperature, gas flow and gas
pressure. |



paraneter related to the liquid. The system conpri ses means for

nmeasuring at |east one variable related to gas 25 used to ‘drive the
punp. ° % cal cul ating i nstant aneous fl ow pabgisedosbfae
-liquid flomﬁﬂgﬁ or. out of the punp fromthe at Ieast one
measured paraneter is further provided. In an

enbodi nent, the nmeans for calculating further 30 cal cul at es

i nstantaneous liquid volunme from the i nstant aneous flow rate.
In an enbodi ment, the neans for measuring Tre@sTres at | east flow of
the gas and pressure of the gas. The WO 95/ 32014

PCT/ US95/ 04874 ' - 5- _ means for
measuring may further neasure tenperature of - the gas. In
an enbodi nent, the nmeans for measuring non- I nvasi vel y neasures at
| east one variable. 5 In.an uid driven b

punp f1ows into I8 aBquHPg&mEP_grl ed?gﬁ%%%bﬁérthqer comprises i X"'h

anot her enbodi mentstap bifecaleakatingvimgtantareous liquddsveiune ﬁmm'mmd
for measuring a "gﬁéﬂt"a{n%%%% ¥ibWerate. ©Of @ liquid driven by a punp.
The systen1conpr|s
In an embodiment, the method further comprises the
5 step of pumping the liquid into or out of a sterile
disposable. :

It is, therefore, an advantage of the present
invention to provide a system and a method for non-
invasive measuring of flow of a liquid.

10 Another advantage of the present invention is to
provide a system and a method for measuring flow of a
liquid with a fast response time.

Further, an advantage of the present invention is
to provide a system and a method for measuring the flow

15 of liquid with low hysteresis within the system.

Still further, an advantage of the present invention
is to provide a system and a method for measuring flow
of a liquid requiring few components. ,

Yet another advantage of the present invention is

20 to provide a system and a method for measuring
instantaneous volume moving into or out of a pumping
chamber. ' '

Moreover, an advantage of theipresent invention is
to provide a’ system and a method which simply

25 incorporates additional pumps. '

Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments and from the drawings.

30 MM_MMM

Figure 1 illustrates a schematic diagram of a system'
for measuring flow of liquid driven by a flexible
diaphragm or membrane pump. '



10 * sensing neans for sensing flow of gas for dr|V|ng t he punmp and

second sensing nmeans for sensing pressure of the gas for dr;rlng t?e
“punp. Furt ul ati ng nmeans det ermi nes i nst ant aneous ow rate
of the liquid ??%kﬁg . into or out of the punp from t hé? PR8I s

fl ow and the 15 sensed pressure. I'n an enbodi ment, the
system further conprises third " sensing neans for sensing tenperature
of the gas for driving the punp. .I'n anot her enbodi nment
of the present invention, a 20 met hod -i 3 -prOV|ded f or

non-i nvasi vel y nDnitoring - parameters of a liquid driven by a punp.
The et hod conprises the steps of: neasuring at |east one value
related to gas required for driving the punp; and _ cal cul ating

I nstant aneous flow rate of the liquid flow ng 25 into or out of the
punp based on the at |east one measur ed val ue. In an
embodi nent, the at | eaftidire ndaddlugtvatessa black-host udeagaamflodfwm
gas pressure. fcomponenﬂs"l o5t Qiﬂlﬁ?.ﬁ%wetl rd&téi'%‘ril g n i RRF SO dSRE

t he 30 step o Asunin t enper a as

punp. In this enbéggﬁé %§ ecPSCE;?EﬁgﬁtQH the 1q%/ﬁﬁ§qKPQ¢m
measur ed tenperaILﬁnﬁtqyﬁaﬂﬂqms &nduyas pressure. WD 95/ 32014
PCT/ US95/ 048/4 Detailed Description of the Piéferred Embodiments

The present invention generally provides a systen
and a method for monitoring a liquid driven by a pump.
To this end, sensors are provided for measuring
parameters of gas used to drive a pump. From measurement
10 of the parameters, flow of liquid and instantaneous
volume of liquid being driven into or out of a pump
chamber can be calculated. As a result, non-invasive
measurement of liquid flow within a sterile environment
is achieved.
15 The present invention is described with reference
' to air as the gas used for the system. Any gas, however,
-could be used in the system of the present invention.
- Further, the present invention is applicable to any fluid
handling or fluid administration systenm and should not
20 be construed as limited to fluid handling for peritoneal
dialysis. Rather, the present invention may be
implemented in any fluid handlihg system, such as, but
not limited to, hemodialysis and other medical
applications, food applications, chemical applications,
25 and the like. _ _
Referring now to.the drawings, Figure 1 illustrates
a gas flow sensor 10, a pressure sensor 12 and a
temperature sensor 14. The sensors are also designated
‘Q, P and T for better_understanding of the invention,
30 particularly for comprehension of the calculation leading
to instantaneous volume measurement.
The sensors 10, 12 and 14 sense respective
parameters of a gas flow stream 16. A liquid in a



In an enbodi ment, the nethod further conprises the step of .
cal cul ating i nstantaneous |liquid volune fromthe I nst ant aneous' fl ow
rate. In an enbodi ment, the nmethod further conprises the 5

step of punpwuesisasdl i quid into or out of a sterile di BgYS504874

It is, therefore, . an advantage of the present I nvention to provide
a system and a nethod for non- I nvasi ve neasuring of flow of a
liquid. 10 Anot her advantage of the present invention is to
provide a systemand a nethod for neasuring_fgow of a liquid with a
fast response tine. Further, an advantage of the present

I nvention is to provide a systemand a nethod for neasuring the flow
15 of liquid with low hysteresis within the system Still
further, an advantage of the present invention is to provide a
system and a nethod for neasuring flow of a liquid requiring few

conponents. ster;l@hﬁisetsas&eaﬂy 8&% @ Tahﬁxeﬁbeaﬁét puki €18 | O'THeS
20 to provide system and a ..nethod

surl n
i nst ant aneous vol urﬂ?”!ﬁﬁﬁ”ﬁg RURR, 1§ RRAViges; %% %ﬁa%ergas to
Mor eover, an advanta&gf (f&-ohhethees]ai:quldlvqmtlmay.s Membrane punpsiec are

system and a nmet 5 Q&pOiﬁ.t egp&ddi {4 ONABa duHdS -
Addi ti onal feature an(f Vﬁ(}\ygnt ages o%na assckib f.ion aare

descri bed in,5and \ApplisatdenSexiadr §ay 03/027'?%%' d%?%ﬁ&ﬁge%"c‘?’ﬁﬁrf% of
the presently prefeasgdsis sSystémsinends methéasm Empldyingnga Wiquid

Brief Description ﬁ the Dr%ﬂnn%nd Pu*ng%nﬁecasgégﬂé ﬂa{;'# éw d%d:aal Lty by q

schemati ¢ di agram asurrn ow o)
a flexible oﬁ'laqyn'r,agmeordumipsme pﬁrr}shmh fs fully incorporated by
reference herein.
10 As illustrated in Figure 1, the gas flow sensor 10,

the pressure sensor 12, and the texiip’efature sensor 14 are

located immediately upstream of the flexible diaphragm

or the membrane pump 18. Positive and negative pressures

are applied to the membrane pump 18 which causes the
15 liquid 20 to be moved within the liquid pathway.

The three sensors 10, 12 and 14 are monitored
concurrently to determine an amount of gas flowin_g to and
from the membrane of the membrane pump 18. The sensed
measurenients may, in turn, be manipulated to determine

20 the flow of liquid, instantaneous flow rate of the liquid
and instantaneous volume measurements of the liquid as
will be set forth hereinafter.

The instantaneous 1liquid volume to/from the
diaphragm' can be calculated by derivation of the

25 instantaneous gas flow to the diaphragm or membrane of
the membrane pump 18. ' The result is continuously
integrated over time to generate uninterrupted volumetric
flow information. That is, in mathematical terms,
continuous updating of the value of dv/dt from the

30 readings of the sensors 10, 12 and 14 and subsequent
calculations, the value of ‘instantaneous liquid volume
in the diaphragm may be calculated as follows:
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-7- Figure 2 illustrates a bl ack-box diagram of the
‘conponents for non-invasively measuring flow of |iquid driven by a
pump and caP@P My of the flow rate and i nst ant ane8GIVSBVMRM. 5
Det ai | ed Description of the Preferred Enbodi nents The present

I nvention generally provides a system and a nethod for nonitoring a
liquid driven by a punp. - - To this end, sensors are provided for
measuri ng paranmeters of gas used to-dgive a punp. From neasurenent
10 of the paraneters, flow of liquid and instantaneous vol unme
of liquid being driven into or out of a punp chanber can be
calculated. As a result, non-invasive measurenent of liquid flow
within a sterile environnent I s achi eved. 15 The present

I nvention is described with reference to air as the gas used for the
system Any gas, however, ~coul d be ysed in the system of the present
i nventi on. " Further, the present inventyan is applicable to any fluid
handling or fluid administration system¥f (%gngd not 20 be construed
as limted to fluid handling for peritonea di al ysi s. Rat her,

the present invention may be

As a computer algorithm, this equation can be solved
through numerical integration. This equation can, of
course, take many. forms. The most basic form is as
follows:

Ve =V +AV

5 In the above equation, AV is the instantaneous gas
volume difference calculated at each time interval. AV
can be obtained by continuously monitoring the
instantaneous values for pressure P, temperature T and
gas mass m and solving the instantaneous change in gas

10 volume AV as follows:

AV=Vc( e:'s« AT, AP)

T P

The total volume delivered to or from a patient or
other sterile environment can be continuously updated by
simply adding the amount of volume moved AV to the amount
of fluid or volume of fluid V, currently in the patient

15 or other sterile environment. From this, an
instantaneous volume measurement system (IVMS) equation
can be derived as follows:

\4

' t
. 0

- One form of the IVMS equation is derived by
differentiating the ideal gas law with respect to time
20 and reintegrating the result to obtain an equation for



inplenented in any fluid handling system such as, but not |imted

to, henodialysis and other nedical applications, food = -~
applications, chem cal applications, 25 and the liKke.
Ref erri ng noX0O®8320ke drawi ngs, Figure 1 illustrates a RS 4 ensor
10, a pressure sensor 12 and a t'enperature sensor 14. The sensors are
al so desi gnat ed Q P and T for better understanding of the invention,
30 particularly for conprehension of theigalcul ation | eadi ng to
I nst ant aneous vol unme neasur enent. The sensors 10, 12 and 14
sense respective paranmeters of a gas flow stream 16. Aliquidin a
. WD 95/32014 PCT/ US95/ 04374

- 8- : sterile disposable is driven by a nenbrane punp 18. The

menbrane punp 18 provides controlled punping of gas to and fromthe

liquid pathway. chabgerimevolumpsvithy espect genehahgpskhowpressudescri bed
in the US. Patef‘{;aégfraé@;oé'&?é'ﬂb Hld? Eﬂ%it%/lﬁz%? £RE; 1aa£1t4;§£' lay

"Peritoneal ysis _Systens an Met hods mploying a “Liqu
Di stribution and PEnPFAGided % (&PhIRNSEnul ates Gravity Fl ow', the
di scl osure of which is fully. |ncorporategvp v

gas
The derivative of the ideal gas law is expanded as
5 follows:

Volume may then be determined by integration as
follows: '

V%figz

RopsT dm . MRy, dT_MRg, T dp
gasg gas . - gas L
L O dt]dt

v Se i [ Py [ g ap

For implementing the above as a computer algorithm,
the above formula can be written as a difference equation

10 with the simplest form of thls type of equatlon being as
follows. . '
R MRops o - MRoysT
ch:.—v +—L;E—Am+ Pi‘AT P AP

(1+Am+At_AP :
t
of courSe, a number of possible variants -to the
above equation and design for calculatihg instantaneous
15 volume measurement may be derived. The equation set
forth above can be modified to provide a higher order
solution. Such an implementation would provide improved

accuracy at the expense of greater computation time.



'reference herein. 10 As illustrated in Figure 1, the gas flow

sensor ' the pressure sensor 12, and the tenperature sensor 14 are

tlocated |mqyy upstream of the flexible di aphragm
menbr ane punp 5f%és\dli\!’osi tive and negative pressures ar epgg’gﬁg'ebgs-’f‘o t he

menbrane punp 18 which causes the 15 liquid 20 to be noved within the

| i qui d pat hway. The three sensors 10, 12 and 14 are nonitored
concurrently to determ ne an anount of gas flowing to and fromthe
menbr ane of the menbrane punp 18. The sensSedl = measurenents nmay, in
turn, be manipul ated to determ ne 20 the flow of liquid, instantaneous
flowrate of the liquid and i nst ant aneous vol une neasurenents of the
liquid as will be set forth hereinafter. The
instantaneous liquid volune to/from the - di aphragm can be

cal cul ated by derivation of the_ 25 |nstantaneous:gas fl.ow_to the
di aphr agm or nenbr ane Apother alternatiyg fHmP r g qudahing the

continuously instahetghabas ovelumeé NFof O enerkbicquidhi RiAitpite® the

LTINS e SOPBIREREETRE 30 TRRbp, Sy TS nb L o

conti nuous updating e va ue o rom ngs of the
sensors 10, 12 an&h§49'aﬂdfl.9}b@é(¥u§ﬁplcally onky @xhdbiidng, S?W@aﬂmé'-h(;ﬂfd

i nstantaneogs |i Qeirde¥Ol UHFluence idh ! héndli apheram Muckerasy Cubst ednas
fg[loms: mol%gtanganeous volume measurement system eqéjz5595/ 874
this is the case, the temperature sensor 14 can be
eliminated without any significant loss in accuracy of
the measurement. Then, when the temperature sensor is
10 removed from the system, the above equation can be
modified to provide a higher order solution without a
substantial impact on the computation time, i.e. greater
computation time.
Referring now to Figure 2, a pump 18 is illustrated
15 for driving a membrane or diaphragm of the pump 18 at an
interface of a liquid pathway to a sterile environment
24. Gas is driven by or drawn from the pump 18 by a
pressure/vacuum source 30 which, in turn, pumps liquid
or slows pumping of liquid within the sterile environment
20 24.

The sensors 10, 12 and 14 monitor gas flow, pressure
and/or temperature, respectively, of the system. The
sensors 10, 12 and 14 provide signals concurrently to a
nmicroprocessor 26 for calculating the instantaneous

25 volume measurement of the flow of liquid based on the
sensed parameters of the gas flow driving the pump 18.
The instantaneous volume measurement is calculated as set
forth above using the IVMS equation.

The calculated instantaneous volume measurement may

30 be displayed on a display 28. As a result, for example,
an operator may view the display to operate or otherwise
alter the system accordingly.

The present invention is particularly adaptable for



[err] . As a conputer algorithm this equation can be sol ved

t hrough nunerical integration. Thi s equation can, of cour se, “t ake
many forns. The nost basic formis as fol | ows: In the
above equati BRI the instantaneous gas vol ume di f?%??é@“"

cal cul ated at each tine interval. AV can be obtained by
continuously nonitoring the I nst ant aneous val ues for pressure P,
tenperature T and gas mass m and sol'ving the instantaneous change in
gas 10 volume AV as follows: [err] - 12 - The total vol une
delivered to or froma patient or other sterile environment can be
conti nuously updated by sinply addi ng the anount of vol une noved AV
to the anount of fluid or volume of fluid Vt currently in the patient
15 or other sterile environment. | From this, an

I nst ant aneous vol une neasurenent System (I VM5) equation can be
derived as foll owsdialysis machines using one or more of the known dialysis

procedures. That is, a cassette having a plurality of
‘lines into the cassette, typically five lines, a
plurality of vaives and two chambers may implement the
- . system and method for instantaneous volume measurement
disclosed by thefpresent-invention._ The cassette having
a plurality of lines, a plurality of valves and multiple
chambers is set forth in commonly assigned U.S. Patent
Application Serial No. 08/027,328 entitled "Peritoneal
10 Dialysis SystemS- and Methods - Employing a - Liquid
Distribution and*Pumping Cassette that Emulates Gravity
Flow", the disclosure of which is fully incorporated
herein by reference.
It 'should be understood that various changes and
15 modifications _to- the presently preferred embodiments
described herein'will be apparent to those skilled in the
art. Such changes and modifications may be made without
departing from the -spirit and scope - of the present
invention and without diminishing its attendant
20 advantages. It is, therefore, intended that such changes
and modifications be'coﬁered by the appended claims.



Terr] One formof the | VNG m ml‘n “E 'lrMI]ed by
differentiating the ideal gas Iam/mﬁthTﬂn H I " ,

‘reintegrating the result to obtain an equation for s *

PCT/ US95/ 04 829332014 - 10 - mwgesmmwol ume
W th respect to changes in pressure, tenperature and gas fl ow.
Initially, the ideal gas |aw I's provided as foll ows: [err]

The derivative of the ideal gas |aw is expanded as 5 follows: [err]
Vol une may t hen be determ ned by integrati @ as :

PATENT CLAIMS:

' WE_CLAIM:

' 1. A system for monitoring a liquid driven by a
pump and calculating a parameter related to the liquid,
the systenm comprising:

providing a gas to drive the pump;
5 means for measuring flow and pressure of the gas

' used to drive the pump; and

means for calculating instantaneous flow rate of the
liquid flowing into or out of the pump from the measured
flow and pressure of the gas.

10 2. The system of Claim 1 wherein the means for
calculating further calculates instantaneous 1liquid
volume from the instantaneous flow rate.

3. The system of Claim 1 wherein the means for
measuring measures temperature of the gas.

15 4. The system of Claim 1 wherein the means for
measuring non-invasively measures the at least one
variable.

5. The system of Claim 1 wherein the liquid driven
by the pump flows into or out of a sterile disposable.
20 6. A system for measuring a liquid-related value
of a liquid driven by a pump, the system comprising:
means for providing a gas to drive the pump;
first sensing means sensing flow of the gas driving
the pump: '
25 second sensing means sensing pressure of the gas
driving the pump: and _ |
calculating means determining instantaneous flow
rate of the liquid flowing into or out of the pump from
the sensed gas flow and the sensed pressure.
30 7. The system of Claim 6 further comprising:
third sensing means sensing temperature of the gas

This Sheet Has Been Re‘p
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For inplenenting the above as a hm t he above formul a
can be witten as a difference Hmﬂ"ﬂﬁl ﬂ'lﬂ“m\nth t he sinpl est- f-orm of
this type of_equation being as

course, a nutH® 3F36¥ pOSSIb|e variants to the above equaf¢8“$§ﬁﬂ”ﬁe3|gn
for cal cul ating instantaneous 15 vol ume neasurenent may be derived.

The equation set forth above can be nodified to provide a higher

or der sol ution. Such an inplenentation woul d provide inproved
accuracy at the expense of greater. conputatién-tine. 2
PCT/ US95/ 04874

for driving the pump. _
8. The system of Claim 7 wherein the calculating
means determines instantaneous flow rate from the sensed
_ gas flow, the sensed.pressure and the sensed temperature.
5 9. The system of Claim 6 whereln the means for
calculating determines instantaneous volume from the
determined instantaneous flow rate of the liquid.

10. A method for non-invasively monitering
parameters of a liquid driven by a pump, the method
10 comprising the steps of:

prov1d1ng a gas to drive the pump.
measuring gas flow and gas pressure of the gas
driving the pump; and
calculating instantaneous flow rate of the liquid
15 flowing into or out of the pump based on the at least one
measured value.
11. The method of CIalm 10 further comprising the
step of: _
measuring temperature of the gas dr1v1ng the pump.
20 12. The method of Claim 11 whe:eln the flow rate
is calculated by using the measured temperature, gas flow
and gas pressure.
13. The method of c1a1m 10 further comprising the
step of:
25 calculating instantaneous liquid volume from the
instantaneous flow rate. :
'14. The method of Claim 10 further comprising the
step of: | '
pumping the 1iqu1d into or out of a sterile
30 disposable.

his Sheet Has Been Replaced
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- 11 - Anot her al ternative enbodi ment for cal cul ating the

i nst ant anéous ‘'vol ume of the liquid ellnlnates t he t enper at ure sensor
<14 fromthe system Tenperature of:" ' = “ the.gas flow may typically only
exhibit a sS¥@PRP28HM third 5 or der |an uence on the ®CERISPI04874
accuracy of the i nst ant aneou ol une neasurenent system equati on.
When this is the case, the tengéyature sensor 14 can be

el imnated without any significant |loss in accuracy of t he

measur enent . - Then, when the tenperature sensor is 10 removed fromthe
system the above equation can be nodi fied to provide a higher order
sol ution wi thout a. F l(;i bstantlal i npact on the conputation tine, i.e.
greater conput a Referring now to Figure 2, a.
punp 18 is illustrated 15 for driving a nenbrane or di aphragm of the
punp 18 at an interface of a liquid pat y to a sterile environnent
24. Gas is driven by or drawn fromthe punp 1é a pressur e/ vacuum
source 30 which, in turn, punps Ilguid or s\ows pufdi ng of liquid
within the sterile en®Qpnnent 20 12 e densors 10, 12
and 14 nonitor gas flow, \pressure ang{ or urg, respectively,

of the system: The rqvijdee 9 gnal s

concurrently to a atfn he

i nst ant aneous 25 of Wi qup #Qsed on the
sensed paraneters of |t I SOURCE ! [ 19. e

i nst ant aneous vol une is cal cul ated et forth above
usi ng the I VM5 equati on. The cal iIngj antjaneous vol une
measur ement may 30 be displayed on a dléa'ay 28. result, for
exanpl e, an operator may view the display to operatq or otherw se

18
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| STERILE 24
ENVIRONMENT |
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di al ysi s machi nes using one or nore of the known dialysis

procedures. That is, a cassette having a plurality of lines into the
cassette, tY@9%58rMIY five |lines, a plurality of val vesPGEInisYsnas74
chaimbers may i nmplenent the 5 system and net hod for ipstantaneeus—yvoltm

sur enent

afplurality of Ii
set forth in comonly assigned U S. Patent 33 - Appl i

‘08/ 027,328 entit
Empl oying a Li

di scl osed by the present invention.
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tnes, a plurality of valves and multip

(7))

| ed "Peritoneal 10 Dialysis Syste
qui d Di stribution and Punping Cassette that Enul at es

Gavity : Fl ow', the disclosure of which is fully incorporated
herei n by reference. It should be understood that various

changes and 15

nodi fications to the presently preferred enbodi ments

descri bed herei npameNTOeragN8:ent to those skilled in the art. Such

changes and nodi

spirit and scope

its attendant
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fieC Qs My be made without departing fromthe
‘Ufg#ﬁé-pTesent I nvention and wthout dimnishing

1. A system for monitoring a liquid driven by a
punp and calculating a parameter related to the liquid,
the system comprising: _

providing a gas to drive the pump; _

means for measuring flow and pressure of the gas
used .to drive the pump; and

means for.calculating instantaneous flow rate of the
liquid flowing into or out of the pump from the measured
flow and pressure of the gas. )

2. The system of Claim 1 wherein the means for
caiculating further calculates instantaneous
volume from the instantaneous flow rate.

3. The system of Claim 1 wherein tlie means for
measuring further measures temperature of the gas.

4. The systen of Claim 1 wherein the means for

measuring non-invasively measures the at least one
variable.

liquid

5. The system of Claim 1 wherein the liquid driven
by the pump flows into or out of a sterile disposable.

6. A system for measuring flow of a liquid driven by a
pump, the system comprising: '

means for providing a gas to drive the pump;

first measuring means measuring flow of a gas driving

:the pump; -t

second measurlng means measuring pressure of the gas

driving the pump; and

calculating means determining instantaneous flow
rate of the liquid flowing into or out of the pump from

- the measured gas flow and the measured pressure.

30

7. The system of Claim 6 further comprising:
third measuring means for measuring temperature of the gas
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- 13 - PATENT CLAI MS: WE CLAI M *1.° AtsySteth for
monitgring a liquid-driven by a - punp and cal cul ati ng a paraneter

rel at®ed to the Iiquid, t he system conpri si ng: providing a
gasyt o driveve ysspunp; 5 means for measuring flow an@cprosssouses of
thg gas used to drive the punp; and means for cal cul ating

st ant aneous flow rate of the liquid flow ng int.o-er—eut—-ot—the-panp
romthe nmeasured fl ow and pressure of the gas. _O%L»—i FRAENRGHE Theu
systenlof Claim1l wherein the neans for _ _calcula'

I ng fur he
cal cul ates instantaneous |iquid vol urre fromthell D@tbant% @%49371 ow.
rate. . 3. The systemof Claim1l wherein the= P
measuring further neasures tenperature of the gas.

for driving the pump.

8. The system of Claim 7 wherein the calculating
means determines instantaneous flow rate from the measured

gas flow, the measured pressure and the measured temperature
S 9. The system of Claim 6 wherein the means for -
g calculating determines 1nstantaneous volume from the
determined instantaneous flow rate of the ligquid.
10. A method for ‘non-invasively monitoring
parameters of a liquid driven by a punp, the method
10 comprising the steps of:
providing a gas to drive the pump;
measuring gas flow and gas pressure of the gas
driving the pump; and
"calculating instantaneous flow rate of the liquid
15 flowing into-or out of the punp based on the at least one
measured value.

11. The method of Claim 10 further comprising the

step of:
Y, s measuring temperature of the gas driving the pump.
' 20 12. The method of Claim 11 wherein the flow rate

is calculated by using the measured temperature, gas flow
and gas pressure.

13. The method of Claim 10 further comprising the
step of:

25 calculating instantaneous liquid volume from the

instantaneous flow rate. ' ' -

14. The method of Claim 10 further comprising the
step of:
pumping the 1liquid into or out of
30 disposable.

a sterile
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(57) Abstract

A non-invasive technique
and system is provided for . 18 .
" | measuring flow of liquid driven '
by a flexible diaphragm of a
membrane pump (18). Flow,

to drive the pump (18). Sensors
(10, 12 and/or 14) are used
to measure values relating to : 14
the gas. The sensed parameters B

are concurrently  monitored

and continuously determine

’ the amount of gas flowing to

| and from the diaphragm of the

membrane pump (18) utilized to

move liquid within a liquid pathway. The measurements may then be used to calculate the instantaneous flow rate of the liquid.

_pressure and/or temperature of ' 30 16 12 :
a gas, such as air, used to drive ]
the pump (18) is continuously : 10 /
monitored. Instantaneous volume /
of liquid being pulled into or PRESSURE/ / .
out of a chamber of the pump VACUUM s 20
(18) can be calculated from SOURCE /
measured values of the gas used . :
'
/




8. The systemof Caim?7 wherein the cal cul ating means determ nes .

i nstantaneous flow rate fromthe neasured gas flow, the neasured
pressure and the measured tenperature.. 5 9. The systemof Claimé6
wherein the neans for cal cul ati ng.det ermi nes ‘i nst ant aneous vol une
fromthe . determ ned instantaneous flow rate of the |iquid. _

10. A nmethod for non-invasively nonitoring - paraneters of a
liquid driven by a punp, the nethod 10 conprising the steps of: :
providing a gas to drive the punp; measuri ng gas fl ow and gas
pressure of the gas driving the punp; and cal cul ating
instantaneous flow rate of the liquid 15 = flowing into-or out of the
punp -based. on the at | east one nmeasur ed val ue. 11. The
met hod of Claim 10 further conprising the - step of: :
measuring tenperature of the gas driving the punp. 20 - 12. The

nmet hod of Caim11l wherein the flowrate is calculated by using the
measured tenperature,; gas flow ~and gas pressure. 13. The
met hod of Claim 10 further conprising.the step of: 25

cal cul ating i nstantaneous |iquid volume fromthe ~instantaneous fl ow
rate. 14. The method of Caim 10 further conprising the

step of: punmping the liquid into or out of a sterile 30
di sposabl e. _ '
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