WO 03/ 020345 PCT/ US02/ 26504 | NTRAVENOUS SET FLOW VOLUMVETRI C MEASUREMENT
DEVI CE s FI ELD AND BACKGROUND OF THE | NVENTI ON - The present invention
rel ates twotlae2dhodow of fluids into a patient's blood streamEaz2esnor e
particularly, to a systemand nethod for the volunetric neasurenent of
fluids admnistered in any standard gravity intravenous infusion set. 10
The intravenous infusion of fluids into a patient's bl oodstreamis a

comon nedi cal procemmﬁﬁwcﬁestﬂtatpﬁwvemtmw ni stered

i ntravenously include gl ucomégmzﬁ%\zﬁé drugs, and bl ood.

I ntravenous (1V) systens ge ser voi r, a drip chanber, a
feed tube, and an IV needle. The reservoir, also call ed an |V bag, holds a
15 quantity of the fluid to be infused. The reservoir is coupled to a ]
dripper_ b The dripper, in turn, is coupled by the
feegpt tfbey 5 AEA ) QF THEINVENTION ted into a vein of the
patient. The f|UId in the reservoir drips through the needle and into the

bl oodstream WTHe pR&endinventidhereheéNth eROToW loFofibivsting dr pARGIs 20 I n the
past, two maj or approaches have been used to control the rate at which

fluids ar adm i Stered intravenou heflrst appro s.to use a

convent i o ?q aﬁt’glermﬁ)ﬁﬁ A ﬁﬁ%hug? 13, SESISI cﬂp“% ?%go‘;dﬁoﬁs@let he drop

rate through the drlp chanber until the drops fall at a predeterm ned rate.
volumetric measurement of fluids administered in any standard gravity

intravenous infusion set.

10 The intravenous infusion of fluids into a patient's bloodstream is a
common medical procedure. Fluids that are typically administered
intravenously include glucose and saline solutions, drugs, and blood.
Intravenous (IV) systems generally comprise a reservoir, a drip chamber, a
feed tube, and an IV needle. The reservoir, also called an IV bag, holds a

15 quantity of the fluid to be infused. The reservoir is coupled to a dripper by
means of a feed tube. The dripper, in turn, is coupled by the feed tube to the
hollow IV needle, which is injected into a vein of the patient. The fluid in
the reservoir drips through the needle and into the bloodstream, with the
drip rate being controlled by the dripper.

20 In the past, two major approaches have been used to control the rate
at which fluids are administered intravenously. The first approach is to use a
conventional drip chamber which is manually controlled to adjust the drop
rate through the drip chamber until the drops fall at a predetermined rate.

This approach brings with it the advantage of simplicity in that only



Thi s approach brings with it the advantage of sinplicity in that only WO
03/ 020345 PCT/ US02/ 26504 2 gravitational forces are needed to nmaintain the
fl ow of fwoiod®2a3ks ough the drip chanber. However, manual IPgTawn2/eeshd ed drip
chanbers are not satisfactory for all applications, for such drip chanbers
can permt fluid flowrate 5 inaccuragies above or bel ow the requested
flow rate. These inaccuracies are due to the fact that the size of

i ndi vi dualgravitgionph$eiceg ardmeeddd tdhenaintam tleh divve 0f dhridy alimpughatreset to
set, the flowrate with which the fluid passes through the drip chanber,
fluid presgure, d vibrational influences on the drip chanber.
Furthernorée;” untéss the drip chanber is carefully nmade to 10 exacti ng

tol erances, the drop volunme may vary fromone drip chanber to the next and
definitely frodlonevarypanstllyepnirell¢ddrineshambgpe areThpissatisarsoyhiar a  drop
rate appropriate for a preselected fluid flowrate with a first drip

chanber igyn ridey r i dihf ci@pb
Nbreover,%geggggg 0 éoﬁg Fﬁgﬁl%?ﬁtﬂggﬁgﬁgsgg§?ﬁﬁgg%jﬂh%%ion mﬁ?ﬁ 15
conventional pinch clanps, a conventional, manually controlled drip
chanbed wHRRIFUTRCIG @GNS GgbeAewdhesequesteddiiew rata d Hese (RagcipcnArGel | vary
fromthis drop rate in tinme. In an effort to provide greater accuracy of

i nf usi on rdake®, tHeofict itNA thei Gt d€eRBRNIdUaNfdispO PaBinPIhiANE GRNErip Nt O
wi despread use. Such punps
chamber can vary from set to set, the flow rate with which the fluid passes
through the drip chamber, fluid pressure, and vibrational influences on the
drip chamber. Furthermore, unless the drip chamber is carefully made to
10 exacting tolerances, the drop volume may vary from one drip chamber to the
next and definitely from one type of set to the next type. This means that a
drop rate appropriate for a preselected fluid flow rate with a first drip
chamber is not necessarily appropriate for a second drip chamber.
Moreover, because of cold flow of tubing used in conjunction with
15 conventional pinch clamps, a conventional, manually controlled drip
chamber which is operating at a desired drop rate initialiy may well vary
from this drop rate in time.
In an effort to provide greater accuracy of infusion rates, positive
displacement infusion pumps have come into widespread use. Such pumps
20 provide the advantage of accurately controlled infusion rates, largely

independently of the pressure or the viscosity of the fluid being infused.

However, such infusion pumps suffer from their own disadvantages.



20 provide the advantage of accurately controlled infusion rates, largely
i ndependently of the pressure or the viscosity of the fluid being infused.
However, woah/oesfiisi on punps suffer fromtheir own di sadvacTares26500

03/ 020345 PCT/ US02/ 26504 3 Because they typically operate at pressures of
up to 60 psi, the danger of overpressgre infusion is always present.
Furthernore, infusion punps tend to be relatively expensive, as well as
heavy and Beouee sigyetypicallyaoperateaat pressures wéiyghto 60 psif thei dangeumyis i s
related to the size of the back up battery 5 needed to povver the punp in

the. event QlereRQie TphRd ol BE U8R AP YT PREL 2 BudiBh Hifiear cou ar

basi s, punps  require apa ty. The
nost ba5|c part of control is to first obtain a preci se vol unetric

measur emend befreldievely akpenstivd, as svedl astheay wsl pambenomes Igdacgeqrt,o Sl avi k
et al teaches a flow control device including a sensor for neasuring drop

sizes. They ngrevgagﬁf 6?%ﬁﬁﬁpgfngﬁﬁecte tedatoct%'ecéi ?abtfcme (P)fac%‘{fli’)re%?e?yafter a

certain nu optica dr ops into a tte."This is
not a volunetric nmeasurenent and_an additional rawback is that the
adnmi ni St eregded & pomsE the ppEwsI heRYgA PFLwé Rfémrc‘gl lugeyiBecayse puiRg an
i nvasi ve device. US Pat. No. 4,504,263 to Steur et al describes an invasive
flow nonidratehabsors th bl RpuRl Bdsi, haeRseS Dattbries dbr iftistanpti@ips The
require large capacity.
The most basic part of control is to first obtain a precise volumetric
measurement of the fluid administered.
10 US Pat. No. 4,525,163 to Slavik et al teaches a flow control device
including a sensor for measuring drop sizes. The drop sizes are measured as
a calculation of averages after a certain number of optically detected drops
fall into a burette. This is not a volumetric measurement and an additional
drawback is that the administered fluid has to pass through the device, this
15  being an invasive device.
US Pat. No. 4,504,263 to Steur et al describes an invasive flow
monitor where the flow of fluid passes through the monitor. The
disadvantage of the invasive devices is that they have to be sterilized
between uses and that becomes the responsibility and a resulting nuisance of

20  the hospital requiring multiple devices with extras for sterilization. In the

device described by Steuer the individual drops are measured by a infrared



di sadvant age of the invasive devices is that they have to be sterilized

bet ween uses and that becones the responsibility and a resulting nui sance
of 20 t hewbaspaas requiring nmultiple devices with extrasPCaruso2/26504
sterilization. In the device described by Steuer the individual drops are
measured by a infrared WO 03/020345 PQI/ US02/ 26504 4 sensor. An additional
drawback to the invasiveness of Steuer's invention is that he assunes that
t he drops satserspherdditidnaMdirabbiack wotheahwagrsertehe of ssener’ sTinvesti@xist pri or
art descri bing non-invasive devices for counting drops such as described in

US Pat . . iat ?X’goc%abgl]]% hEI? J[]%)(%I%BS aM)éIh’l%rlthﬁ\%Hﬁﬁ 15?10 E:Qs%t can count

drops wt SI 0 sensing ra-re t| on passi ng through
the drip chanber but does not account for the vol urretrlc measur enent of

each drop and Ahete exlsy poiortdre dgpapbisp Zeon-teesigradedcesy fateoding cul ar set .
The necessity for volunetric precision becones critical for tiny 10

| nfant s WhRECRhYE RUEAbLERSUIRA. NP 93304 iehfolRd. Lok gty stered in

an |V drip“per hour sion punps’ and grawty f d |ntravenous sets
have the abovenenti oned di sadvantages it woul d b advant ageous to
have a5 siPniidceithali e3n count dronsy & @%tpré%‘\?&nd fS ’é‘ga {794 ni t at i ons.
15 SUMVARY OF THE | NVENTI ON

radiati_on passing through the drip chamber, but does not account for the
volumetric measurement of each drop and must rely on the drop size
designated by the particular set.

The necessity for volumetric precision becomes critical for tiny

10 infants who receive even less than two milliliters of fluid administered in an
IV drip per hour.

As infusion pumps and gravity fed intravenous sets have the
abovementioned disadvantages it would be highly advantageous to have a
simple gravity fed intravenous set devoid of the above limitations.

15

SUMMARY OF THE INVENTION

According to one aspect of the present invention there is provided a
device for the volumetric measurement of a fluid administered in a gravity
infusion set including a drip chamber. The device includes a housing

20 configured for releasable deployment around a cylindrical surface of the
drip chamber. The housing includes a source of radiation configured to emit

radiation through the drip chamber in a path substantially perpendicular to



According to one aspect of the present invention there is provided a
device for the volunetric neasurenent of a fluid admnistered in a gravity
i nf usi on wetesiomskudi ng a drip chanmber. The devi ce incl ude®ca/usorsisng 20
configured for rel easabl e depl oynent around a cylindrical surface of the
drip chanber. The housing includes a sgurce of radiation configured to em't
radi ati on through the drip chanber in a path substantially perpendicular to
WO 03/ 02035aaeCToiUse2¢ Ptikhital Susiacaxind @f optiealcydceiver i deployadr feabe and an
optical receiver deployed to be adjacent to a portion of the cylindrical

surface s ial 0S} r f .atian. The. i cal
receiver %gi? %:cgﬁ\t‘ :t(guar 88@3? thg%tc?ﬁg?ﬁ(\%l %ﬁfa&g n%@%a%%lﬁggr%#glt?%heand a
processor operative to calculate a volunme of 5 each drop passing through
the drip cearsepf gadiatipondheorptistal rheeiven i corfigasd fasf quanditativan
guantitatively sensed by the receiver during passing of a drop against a

backgr oundep @i ahb AAdiARROAH 'égpﬁdée%@ﬁd?)%fatﬁ%pﬁﬁlhal%{ﬂatt@% %If@g@%i nvention

there is provided a nethod for cal cul ating a vol une deliver rough an

10 i ntraveno set with a drip chamber configured for,  the flow of the fluid
subst ant i ﬁaFt}]ara‘?FbﬂﬁgSE%thﬂ?‘i‘%‘ &?&Rﬁb?h%n%‘(i@.a H#ﬁ’étlﬁﬁtolféhp relativriss t he st eps

of passing radiation fromthe exterior of the drip chamber through the drip
chanber viod radiadibh @eneitallely paisea sl thel @ceiver dagindrpdesipasberidrg)i s to a

sensor positioned on an opposite position on the exterior of the drip

against a background radiation.

According to another aspect of the present invention there is

provided a method for calculating a volume delivered through an

10  intravenous set with a drip chamber configured for the flow of the fluid

substantially along the drip chamber’s axis. The method includes the steps

of passing radiation from the exterior of the drip chamber through the drip

chamber via a path generally perpendicular to the drip chamber axis to a

sensor positioned on an opposite position on the exterior of the drip

15 chamber, detecting and quantifying a background radiation value passing

through the drip chamber, detecting and quantifying a radiation value

passing through a drop falling through the drip chamber in order to obtain

data indicative of a radiation loss due to the drop passing though the

radiation path; and calculating a volume of the drop as a function of the

20  relative loss of radiation detected during passing of the drop against the

background radiation value.



15 chanber, detecting and quantifying a background radi ation val ue passing
t hrough the drip chanber, detecting and quantifying a radi ation val ue
passi ng twomagko3as drop falling through the drip chanber i ®Car$er/2¢504 obt ai n
data indicative of a radiation |oss due to the drop passing though the
radi ati on path; and cal culating a voluge of the drop as a function of the
20 relative |l oss of radiation detected during passing of the drop agai nst

the background\¢oaddiagi n yeakuetheW\@spart020 B pRSEASR¢ R IO theré idccor di ng
to yet another aspect of the present invention there is provided a nethod

for cal cul gti.ng;a_val del | ver . hr oug n__iptkavenous set with a drip
chanber cé3§¢Y1§§‘Pe8 %&%ﬂe%ﬁ o%lﬁﬁa{’% ?I gpgxm%u@%l{‘geﬁ@aﬁrgu 1?0% the drip
chanber's axis. The method conprises the steps 5 of passing radiation from

t he ext er iinravEnoubesetimvith ahdmp exhatitheo wghiigheedd forptheclambef the dlvad pat h
generally perpendicular to the drip chanber axis to a sensor positioned on

an opposi I £1d : 1Qr. : i C‘@%ﬁ i ng and
quanti fyi tﬁg@%@bﬁ%ﬁ%&@?ﬁ?)ﬁhﬁgﬂr@ \%gfd%és;'géahsegflhgmdt r gesttﬁgrs%%p chanber,
detecting and quanti fyi ngfa radi ati on val ue lo passing through_ a drop
falling twieagHngadiatop Teomitbecxteisrafdhetdsiphamber @aeugh Higi é@pi ve of a
radi ation | oss due to the drop passing though the radiation path; and

deriving ah¥Abef%idTBasiih SERBEalfOperbbRdidiRP tHShBUrd ch@kEP ak@bloea the
| ookup table formed by accumul ati ng enpirical data.
sensor positioned on an opposite position on the exterior of the drip
chamber, detecting and quantifying a background radiation value passing
through the drip chamber, detecting and quantifying a radiation value
10 passing through a drop falling through the drip chamber in order to obtain
data ‘indicative of a radiation loss due to the drop passing though the
radiation path; and deriving a volume measurement for the drop using a
lookup table, the lookup table formed by accumulating empirical data.
According to further features in preferred embodiments of the
15 invention described below, the radiation is configured to function in pulsed
mode.
According to still further features in the described preferred
embodiments the radiation is configured to function in continuous mode.
According to further features in preferred embodiments of the
20  invention described below, the radiation is light radiation.

According to still further features in the described 'preferred

embodiments the radiation is infra-red radiation.



According to further features in preferred enbodi nents of the 15 invention
descri bed below, the radiation is configured to function in pulsed node.
Accor di ngwom3sea3d further features in the described pref@cramoz/eeshodi nent s
the radiation is configured to function in continuous node. According to
further features in preferred enbodi neats of the 20 invention described
below, the radiation is light radiation. According to still further
features in theAdesdinghed ptilf durtbet fentwoel NeNtise t Hesciiddia 'ﬁﬁrr'b& infra-red
radi ati on. WO 03/020345 PCT/ US02/ 26504 7 According to sti further
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i nfusion set. Accordl ng to still further features in the described
preferred administeseil ie atesavity difasibueet. oss of radiation is converted into a
volune wwth the aid of a Iookup table. The | ookup table is created by

accunul ating enpiddrafly HAAICTuIRAP TP NE. K Oleirigey | Pesfeff'rQ{IUSi on sets

determning a ativ | oss o atiron during t paSSI he drop
through the radiation and fhen vvel ghing the drops and determ ning the
vol umeSof CERAMILAEB}S 4 telatoveplaspef Fadigtionis qanvered Ao yolama yiththe “devi ce
and nethod is suitable for use wth any IV set and is non-invasive.

aid of a lookup table. The lookup ta_ble is created by accumulating empirical

data of drops passing through various infusion sets determining a relative

loss of radiation during the passing of the drop through the radiation and

then weighing the drops and determining the volume of each drop in

10 proportion to its specific gravity. The device and method is suitable for use
with any IV set and is non-invasive.

The present invention successfully addresses the shortcomings of the

presently known configurations by providing a device and method for

measurjng the volume of a drop, which can be used to determine the volume

15 of a fluid administered in a gravity infusion set.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with

reference to the accompanying drawings. With specific reference now to

20  the drawings in detail, it is stressed that the particulars shown are by way
of example and for purposes of illustrative discussion of the preferred

embodiments of the present invention only, and are presented in the



The present invention successfully addresses the shortcom ngs of the
presently known configurations by providing a device and nethod for
measur i ngwbhg/oeskiuine of a drop, which can be used to det ePgirfEso/besoyvol ume
15 of a fluid admnistered in a gravity infusion set. BRI EF DESCRI PTI ON OF
THE DRAW NGS The invention is herein dgscribed, by way of exanple only,
with reference to the acconpanying drawings. Wth specific reference now

to 20 theadsaof ngevidingettait!is believed 36 tesardmiobausée apdricadily ar s shown
are by way of exanple and for purposes of illustrative discussion of the

referred nbodi pents.af th resent .invention only, and ar resented in
Phe vo oo BomansPaldidion, REAR TRTRIRCHET dRRof Bl s IR T oved 1 o
be the nost useful and readily understood description of the principles
and concepuyaitioas dadhss wgardy@o dtievepitis oredelto showsstnegaabdetads aft enpt i s
made to show structural details of the invention in nore detail than is

necessary tﬂ@rin@eﬁﬁ&gfﬁe?ﬁ&% AcHiNeh St aRdhB% Qi B6: ig[‘Vﬁﬂp' Antaf NE

description taken w e drawi ngs naking apparent to ose skilled in
the art how the several forns of the invention may be enbodied in

practi ée. Undersknddngwil Ahe inygndion thes descaipliopctaken wite theortaveings c
nmeasurenment of a fluid 10 admnistered in a gravity infusion set;
making apparent to those skilled in the art h(?w the several forms of the
invention may be embodied in practice.
In the drawings:
FIG. 1 is a device for the volumetric measurement of a fluid
10  administered in a gravity infusion set;
FIG. 2 is an illustration of the radiation pulses before and after
passing through a drip chamber, before and during the passage of a drop
through the chamber; and

FIG. 3 is a flow chart of a method for calculating the volume of a

15 drop.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is of a device and method for fneasuring the
volume of a drop, which can be used to determine the volume of a fluid

20 administered in a gravity infusion set.
Specifically, the present invention can be used to determine the volume of

each drop administered in a gravity infusion set facilitating a most accurate



FIG 2 is an illustration of the radiation pulses before and after passing
through a drip chanber, before and during the passage of a drop through

t he chanbwo;03med4¥1 G 3 is a flow chart of a nethod for cacauisar/pasgs t he
volume of a 15 drop. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The present
invention is of a device and nethod fos neasuring the volunme of a drop,
whi ch can be used to determine the volune of a fluid 20 adm nistered in a
gravity i ihosiledgesef a t@pkevolunmabdiinisthedpwaidntan w esgd dntheason®l used to
determ ne the volume of each drop administered in a gravity infusion set
facilitati .ate WD 03/ 020345 PCT/ US02/ 26504 9 know edge of a
total vol S@%Q%@%@g%EMi ch can be used in the control of the flow of
the fluid. The principles and operation of a device and nethod for
measuring t he hhsl pmeciples sandr eperaldom odiandeviiee aheé mpetbedfor imeaswtingn may be
better 5 understood with reference to the draw ngs and acconpanyi ng

descri pti gns.voRghersr gx%lg?isfg%dggdi?% £ p?éh%nﬁmtf%n}na&f FE h§tiepvention in

detail, it is to be un at the“invention 1S no Imted inits
application to the . etgils of construction and the arrangenment of the

conponént $nderstaast withirgierenee todhe §5Higss 86 AreRmMBANYRS deseiattionsed in t he
drawi ngs. The invention is

Before explaining at least one embodiment of th-e invention in detail,
it is to be understood that the invention is not limited in its application to the
details of construction and the arrangement of the components set forth in
the following description or illustrated in the drawings. The invention is

10 capable of other embodiments or of being practiced or carried out in various
ways. Also, it is to be understood that the phraseology and terminology
employed herein is for the purpose of description and should not be
regarded as limiting.

Referring now to the drawings, Figure 1 illustrates a device 10 for

15 the volumetric measurement of a fluid administered in a gravity infusion set
12 including a drip chamber. Some of the parts are illustrated out of
proportion in order to get a better understanding of the parts of the invention
involved and how they combine with a gravity infusion set. Gravity infusion
set 12 typically includes a reservoir 16, a drip chamber 14, a feed tube 18,

20  and an IV needle 20.

Device 10 includes a housing 22 configured for releasable

deployment around a cylindrical surface 24 of drip chamber 14. Housing 22



1o capabl e of other enbodi ments or of being practiced or carried out in
various ways. Also, it is to be understood that the phraseol ogy and

t er mi nol oy o3eaEkdyed herein is for the purpose of descri pcrarsoaedoshoul d
not be regarded as limting. Referring now to the drawi ngs, Figure 1
illustrates a device 10 for 15 the volgnetric nmeasurenent of a fluid
admnistered in a gravity infusion set 12 including a drip chanber. Sone

of the parfis eve ddip uhiandfeedidouhd df atchpdndiaiy bf ondebet @fgshces better
understanding of the parts of the invention involved and how t hey conbi ne

with a graviiy.infusion set. G avi i pfusi on . set .12 ically, includes a
reservoir 8%&831%@% t%%gafﬁ?g}nglar?toaélg}%&gapﬁﬁg%sq %H@% attq {h\e/ W@edl e 20.
Device 10 includes a housing 22 configured for rel easable deploynent

around a cpydrtindrdfeddip shefidber 184orofo thei gandhanpportihg, satiol®s i oud@e @ 03/ 020345
PCT/ US02/ 26504 10 fits over drip chanber 14 and is attached to any of a

T/ Us02/ 2 fits 147and i's
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supporting set 12. Housing 22 includes a source of radiation 26. Source of
radi at iSon @Biti gadianén g8 ethrowgls énpt chawben i bh B8 a Mmaslugkubitagiatlyanber 14
in a path substantially perpendicular to an axis 30 of cylindrical surface

24. AN ODULGELJiERRE Kohn 3is FPOF LA QrfRATH] ARIpIREY rRERREBY T adi ation

i s depl oy e adj acen

configured for quantitatively sensing radiation is deployed to be adjacent to
a portion of cylindrical surface 24 substantially opposite source of radiation
26.

10 Preferably the radiation from a source of radiation 26 emitted is
infrared light. Alternately or additionally other types of radiation could be
used as well. Source of radiation 26 includes an array of infrared light
emitting diodes that generate infrared ligﬁt. According to the present
invention the infrared radiation is emitted either in a continuous mode or

15 alternately in a pulsed mode.

Among the advantages of a pulsed mode are improved control in
accounting for background radiation level and in saving energy. A
preferable pulse rate is a rate of thousands of pulses and preferably at
approximately 100,000 pulses per second. Pulsed mode is helpful in

20 prevention of disturbances in background radiation measurements for
example when light from an external source such as sunlight shines onto the

drip chamber.



a portion of cylindrical surface 24 substantially opposite source of
radiation 26. 10 Preferably the radiation froma source of radiation 26
emtted iwoomfbmased |ight. Alternately or additionally otharusypess of

radi ati on could be wused as well. Source of radiation 26 includes an array
of infrared light emtting diodes thaj; generate infrared |ight. According
to the present invention the infrared radiation is emtted either in a

continuous node Ahulsth iflsoardeabekadibfiord 28Up&estiaIte endithng fhiaeligdvant ages
of a pul sed node are inproved control in ‘accounting for background

radi ation | eyel and,in saving energy. A preferable pulse rate is a rate of
t housands %}}ﬁ{ﬁﬁg gé%deéﬁap&)@ograaﬁr&;g&f en%m%"ﬁg?ﬁ&e@égmﬁ%l ses per
second. Pul sed node is hel pful in 20 prevention of disturbances in

background r adi Bignon heidlasirsepnthe fdoffereaxaniptteveshepulseghof fradintian ext er nal
source such as sunlight shines onto the drip chanber. WO 03/020345
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non-energi zed states. Figure 2 illustrates the difference between pul ses
of radisatidip ¢bembeed4 andh quadtopr (feghrby2agppnitbalpatte oéithe radiatiar ied havi ng
passed through 5 drip chanber 14 with no drop (figure 2a) in the path of
the radi aty,gn afdp 40 (figure 2b) in the path of the radiation.
Figure 2a illustrates pulses of radiation 14 represented digitally. An
Analog-to-Digital converter is used to convert radiation pulses into digital
code, a measurable voltage or some other measurable electrical reaction to
10  the analog signal. Pulses 40 passing through drip chamber 14 when no drop
1s in the path of the radiation are measured and there is no significant
variation in height between the pulses measured by optical receiver 32
passing through chamber 14. There is of course a difference between the
radiation going in to chamber 14 and detected by optical receiver 32 on the
15 other side of chamber 14. This is the background or reference level. Device
preferably 10 calibr'aites itself before and after each drop passing through
drip chamber 14 which takes into account any changes in the environment
~ inside or outside. Examples of changes that need to be taken accounted for
are foggy-like droplets formed on the outside of chamber 14 or tiny droplets
20  splashed on the inside surface of chamber 14. As device 10 is suitable for

any gravity IV set 12, there are inherent differences between various drip

chambers, such as wall thickness or wall constitution. A processor 34



with a drop 40 (figure 2b) in the path of the radiation. Figure 2a
illustrates pulses of radiation 14 represented digitally. An

Anal og-t owDiogioe@hs converter is used to convert radi ati on Ppairase2/26500
digital code, a neasurable voltage or sone other neasurable electrical
reaction to 10 the anal og signal. Pulsgqs 40 passing through drip chanber 14
when no drop is in the path of the radiation are neasured and there i s no
si gni fi cantontralsitht ienardisingeifght ibgimeamitiey BW®EeSn ResM8de BY 1ept i cal
recei ver 32 ‘passing through chanber 14. There is of course a difference

bet ween the, ;.radiation going jn to, chanber, 14 and.det ected by opti cal
recei ver 3%%%161%}‘13%%380%}1@}@3{1@55% %ﬁ%@?erl .aﬁia&‘fsgs ﬁFFer @YY ound or
reference |l evel. Device preferably 10 calibrates itself before and after

each drop perssachget mdbogitinugsitp calibratreitsel Amahy ¢timdsdietwetmeactadepunt  any
changes in the environnment inside or outside. Exanples of changes that

need to be taken; [ =11 rophets forned, gn the

out si de of changﬁﬁg?g)%ﬁgfr%%gfr%p e fs)%%sng%llﬁgrgﬂgg C(})%nfq%qi‘{r%chglesurface of
chanber 14. As device 10 is suitable for any gravity IV set 12, there are
i nherent df¥spépeindecrepsst ik sardiotion passitg ithroughaolizenker $4.cA dip vl in t hi ckness
or wall constitution. A processor 34 WD 03/020345 PCT/ US02/ 26504 12
control s thRIANS $gbdGyefent | [ ; b [ pdes i ccardance to
the radiati én sensed o% teﬁe&?%grmg?fg%egm V%Egeﬁlgg?é %Lﬁg%ﬁ a ltﬁagt@at he .

radi ati on .f8r ch set apd contjnues to calibrate itself many tines
bet ween eabh m%% corresponds to the thickest segment diameter of drop 42 passing

through chamber 14. Figure 2b illustrates the significance of preferably
having many tens of thousands of pulses per second, which means that a

10 few hundred pulses would pass through each drop 42 passing through drip
chamber 14. Accuracy of device 10 in the volumetric measurement of a
drop increases with the amount of pulses passing through a drop. Each pulse
represents a segment of a drop so more pulses passing through a drop give a
more accurate final result which is the volume of the drop. Device 10

15 calculates the volume of a drop regardless of the shape of the drop or the
type of IV set. A drop may be elongated or alternately a relatively wide and
flat drop. Many factors influence the shape of the drop including pressure,
the width of the entrance into the drip chamber, the fluid viscosity and
whether the entrance to the drip chamber is perfectly round or not.

20 Processor 34 is operative to calculate a volume of each drop 42

passing through drip chamber 14 as a function of the relative loss of



Figure 2b illustrates a drop 42 passing through chanber 14 and the s

resul tant decrease in radiation passing through chanber 14. Adip 44 in
radi at i orwoaased4pby sensor 32 is illustrated, wherein thePgirriSoeesss gnal 46
in dip 44 corresponds to the thickest segnent dianeter of drop 42 passing

t hrough chanber 14. Figure 2b illustratigs the significance of preferably
havi ng many tens of thousands of pul ses per second, which neans that 'a 1 o
f ew hundr edagiutisr squantitativeds setdudoby heedodr 82 ojurii passin@mft fropugh drip
chanmber 14. Accuracy of device 10 in the volunetric neasurenent of a drop

ot csont s 5 DabheAtapUhd B sBUASR APRT RPN G Chrbugh & drop gi ve a

nore accurate final result which is the volune of the drop. Device 10 15
cal cul at es t he Vol tofbezabll tpcaleglated eslansf forfeeck Hegye adiookhp tallep or t he
type of IV set. A drop may be elongated or alternately a relatively w de

and flat q'% %igstwf\@{?%dgl?f%ﬁ&ﬁnﬁl@ﬁhﬁ%?ﬁﬁri%@ﬁdﬁgagﬁxﬁﬁcﬂh& epglﬁbtﬂﬁée]ﬁwg: o

pressure, e entranceinto t ri'p cha

viscosity and whether the entrance to the drip chanber is perfectly round
or not . 520 bpryrBEoHevige 1 vafe pumerus: s srelysat with Nopwiedtop tiarsh drop 42
passi ng through drip chanber 14 as a function of the relative |loss of WO

03/ 020345 PGathURER/MA8TR3owhipasi ralliafion AR dtbe. EANGRY BYhegcei ver 32

during passing of drop 42 against a background or reference |evel of

radiation. . . . . ..
weighed on an analytical balance to produce a precise weight. Taking into

account the specific gravity for each type of fluid, a volume for each can be
easily calculated. For example with water 1 kilogram water occupies a

10 volume of one liter. Various specific gravities of fluids will have
corresponding volumes slightly different than that of water. This procedure
is repeated many times, preferably thousands of times, such that it is
possible to relate a weight and therefore a volume to a dip or an integral
which is the value that is related to the dip.

15 Infrared light emitted in continuous mode is be more precise than
pulsed mode as the information missing between the pulsed will be
provided, and the drawback of sunshine or other light interfering with the
infrared can be overcome by making housing 22 non transmitting to light
from the outside, much like a black box. A significant drawback is the high

20 demand for power for a continuous flow of radiation. In many cases where
the preferable power supply to device 10 is a battery powered supply which

enables easy mobility from one patient to another, a continuous mode of



In order to be able to calculate a volune for each dro a | ooku [
first formed by accumul ating enpirical data. Enpirical IOitlata IS oBt ;iaglag ISS
by runni nyodewewes 10 wi th numerous sets, each set wth it CTUSIZRGH types
Each drop has its own dip in radiation passing through. Each drop is then
wei ghed on an anal ytical balance to pnoduce a precise weight. Taking into
account the specific gravity for each type of fluid, a volume for each can
be easil yadigﬂi@lyls'c@?ﬁz wotldexiephte thit hatteriesr rapikly. ogigmatiictt, dtcupies a
égr\r/g!sgged_of- oneI liter. I Vari Ious specific gravities of fluids will have

( ndi ng vo S sl LIf : f bl Al r

i s repeat &8° F\fimclﬁ ?nbgﬂﬁﬁfgg%{/m? hgé&ghéﬁg?@g%ﬁ Orrgsl? %E%ﬁ l%yhgxt@if iogedure
possible to relate a weight and therefore a volune to a dip or an integral
which is theengland plofdrably has asedrceeft prstegiog. fot hackup an sich g3 enitted in
continuous node is be nore precise than pulsed node as the information

m ssing between th | $ ' fRFQVERE, TAROWORR] Be pabrak sunshi
or ot her |cp§ﬁ9u?%t§19§gr\i ﬁgdm%ﬁletb@g EH?érﬁ‘/rar echan be overcone ?)Igi maki ngI "
housing 22 non transmitting to light fromthe outiide, ch like a black
box. Assi gdivintegetusdiambmciermeng Hogionsdy deuits A8r Oﬁovu‘%enf BIorg,
continuous flow of radiation. In many cases where the preferable power

ﬁggr): %/t;ofp?%}rfhg%ﬁei;g%'lﬁreﬁf b?t t eryt Eowered supply which enabl es easy
o anot her, a continuo
PCT/ USO2/ 26504 14 . . | u 'us node .of WO 03/ 020345
Reference is now made to Figure 3 which is a flow diagram of a

method 60 for calculating a volume delivered through an intravenous set
with a drip chamber configured for the flow of the fluid substantially along

10 the drip chamber’s axis. Method 60 includes the steps of passing radiation
62 from the exterior of the drip chamber through the drip chamber via a
path generally perpendicular to the drip chamber axis to a sensor positioned

on an opposite position on the exterior of the drip chamber and detecting

and quantifying 64 a background radiation value passing through the drip

15 chamber. If the background radiation value was either too low or too high
65, then the amount of radiation to be passed through chamber 14 is
modified to a higher or lower radiation and is passed through again 62. This
stage is repeated until a predetermined level of radiation is reached. This
could depend on many factors, such as set type and formation of frost on the

20 chamber. Once a predetermined level of radiation has been reached, it is
possible to calculate the volume of a drop. The next step occurs when a

drop passes through the chamber 68. Radiation preferably in the form of



radi ati on supply would deplete the batteries rapidly. Alternatively, in
anot her enbodi nent of the present invention, device 10 is powered by AC
current, wod3peeierably has a source of batteries for backap/usnz/asich case
continuous node woul d be the preferred node. This would be particularly 5
advant ageous for a permanently positioped device 10 or when nore precision
is required. Reference is now made to Figure 3 which is a flow diagram of a

met hod 60 f@far&dlight ﬁtﬂd’sge@tht@h%ma dtep ifuléingdhtduhudile diip thmmbearefbus set
with a drip chambér configured for the flow of the fluid substantially

along 1o the drip chanher's axi hod,.60 | ngl ud passi ng
radi ation T%?SFW%WﬂRﬁggéﬁpgﬁﬂgwggﬁyﬁh%r%#?ﬁoéEg%gb§ﬁ¥%ggdgﬁ§?ﬁgg%rip
chanber via a path generally perpendicular to the d%éﬁ chanber axis to a
sensor posindicmed ofom radiatippdssst duptsilid dropopassing Siaugh the 1gfliatiea drip
chanber and detecting and quantifying 64 a background radiation val ue
passi ng thraough, the i ¢ jeddelAReval ue was
ei t her tOopﬁﬁmﬁg?VP8§£%$£#§3gg&ﬁﬁﬁéﬁn%%%&%%%ﬁ%fgg?ﬁggg}g??%n %o be passed
through chanber 14 is nodified to a higher or lower radiation and is
passed % hr lsglof aadintios detettrdsduringprssing olihesbrap agamst J&‘Q tfﬂ‘%&@ ni ned

| evel of radiation is reached. This could depend on many factors, such as
set type apifU{ehkeNTRE VOIasL cauldied 20 fROP S uséhiied pomadtef m ned

| evel of radiation has been reached, it is possible to calculate the

vol ume of a drop. The next step occurs when a drop passes through the
chanber 68fluRhaiminiggrasiBAKINGHOPLHon 05 PFGHSE: of

Although the invention has been described in conjunction with

specific embodiments thereof, it is evident thaf many alternatives,

10 modifications and variations will be apparent to those skilled in the art.
Accordingly, it is intended to embrace all such alternatives, modifications

and variations that fall within the spirit and broad scope of the appended

claims.



WO 03/ 020345 PCT/ US02/ 26504 15 infrared light is passed through a drop
falling through the drip chanber 70. The sensor detects and quantifies the
radi at i orw®2d3jom3es der to obtain data indicative of a radipatriusn2/ess due to
the drop passing though the radiation path. The volune of the drop is then
calculated as a function of the relative s |oss of radiation detected
during passing of the drop agai nst the background radiation value. The

vol une cal SUHAIetS COAIMEADAS:i s used in the control of fluid adm nistered
maki ng control nore precise. Al though the invention has been described in
conjunction wth specific enbodinents thereof, it is evident that many
alternatives, 10 nodifications and variations will be apparent to those
skilled in the art. Accordingly, it is intended to enbrace all such
alternatives, nmbdifidatdonse Hid thear ivalupeisicr naeasusemend 1of re t flvidpirit and
broad scope of the appended clains. WO 03/020345 PCT/ US02/ 26504 16 WHAT

| S CLAI MEDadi§inidterdd e\l G@a\ﬁ% 1ﬁﬁl§10ﬁ0§étnﬁ‘b[ddingr%a§iﬁ1pe%b&f ®evideti d

administered in a gravity infusion set including a drip chafber, device
conpri si ngcmgﬂ }lsmghou& ng configured for rel easabl e depl oynent around a

(a) a housing configured for releasable deployment around a
cylindrical surface of the drip chamber, said housing including:
(i) a source of radiation, said source of radiation
configured to emitw radiation through the drip chamber in a
path substantially perpendicular to an axis of said cylindrical
surface; and
(1)  an optical receiver deployed to be adjacent to a portion
of said cylindrical surface substantially opposite said source of
radiation, said optical receiver configured for quantitatively
sensing said radiation; and
a processor operative to calculate a volume of each drop passing
through the drip chamber as a function of the relative loss of
radiation quantitatively sensed by said receiver during passing of a

drop against a background radiation.

2. The device of claim 1, wherein said radiation is configured to

function in pulsed mode.



cylindrical surface of the drip chanber, said housing including: (i) a
source of radiation, said source of radiation configured to emt radiation
t hrough twe odie@4thanber in a path substantially perpendiPcaiteo2/260en axi s
of said cylindrical surface; and (ii) an optical receiver deployed to be
adj acent to a portion of said cylindrircal surface substantially opposite
said source of radiation, said optical receiver configured for
guantitatively sensing said radiation; and a processor operative to

cal cul ate a vol une of each drop passing through the drip chanber as a
function of the relatlve | oss of di ation a atlvel sen ed by said
recei ver during-passlbgdeyicg of glaim geg‘é(f?ﬂ?in & ’@&IBHHE cpaf 5 dR. 2. The
devi ce of ghaiifh in cotenRiu’ madel radiation is conflgured to functlon in
pul sed node. WD 03/020345 PCT/ US02/ 26504 17 3. The device of claim1
wherein said radiation is configured to function in continuous node. 4.
The device of claim1, wherein said radiation is |] adlatfqn. 5. The
device of clainmd1, whee edevieaief rdaimat LoAvhedeionsa rréélatlon 15 g

radiation.

5. The device of claim 1, wherein said radiation is infra-red
radiation.

6. The device of claim 1, wherein a volume calculated is used:

for controlling the flow of a fluid administered in a gravity infusion set.

7. A method for calculating a volume delivered through an
intravenous set with a drip chamber configured for the flow of the fluid
substantially along the drip chamber’s axis, method comprising the steps of:

(a)  passing radiation from the exterior of the drip chamber

through the drip chamber via a path generally perpendicular to the

drip chamber axis to a sensor positioned on an opposite position on
the exterior of the drip chamber;

(b)  detecting and quantifying a background radiation value

passing through the drip chamber;

(c)  detecting and quantifying a radiation value passing through a

drop falling through the drip chamber in order to obtain data



radi ation. 6. The device of claim1, wherein a volune calculated is used-
for controlling the flow of a fluid adm nistered in a gravity infusion set.
7. A net wo oBoeo3eal cul ati ng a vol une delivered through anpPcrntsozz@nous set
with a drip chanber configured for the flow of the fluid substantially
along the drip chanber's axis, nmethod genprising the steps of: (a) passing
radi ation fromthe exterior of the drip chanber through the drip chanber
via a path geneimlitativeeopeandidiatioar lase dueeto shid plropgrasemgattiongh sazd sensor
positi oned on an opposite position on the exterior of the drip chanber;

(b) detecting and,.quantifyi a background radiation value passing through
the drip chanbef%dl%g(?nﬁg e%ﬁ(?ng and quantifying a radiation val ue passing
through a drop falling through the drip chanber in order to obtain data WO
03/ 020345 PCT/ UgDR/ 2650aulatige b welwae pf saidfdrep pagifapsieon pbthe 6ladiveo sai d
drop passing though said radiation path; and (d) cal culating a vol une of
said drop as a ﬁ%@%f P o BRI PHINEe Ja0SiRgdf §AdI dopospaaeiegi®d during
passi ng of said drop agal nst said background radiation value. 8. The

met hod of claim7, wherein said radiation is configured to
background radiation value.

8. The method of claim 7, wherein said radiation is configured to

function in puléed mode.

9. The method of claim 7, wherein said radiation is configured to

function in continuous mode.

10. The method of claim 7, wherein said radiation is light

radiation.

11. The method of claim 7, wherein said radiation is infra-red

radiation.

12. The method of claim 7, further comprising the step of
controlling the flow of a fluid administered in a gravity infusion set using

the volume calculated for a drop.



function in pul sed node. 9. The nethod of claim7, wherein said radiation
is configured to function in continuous node. 10. The nethod of claim?7
wher ei n saod3paimation is light radiation. 11. The net ho#Cofusot/ziso 7 ’
wherein said radiation is infra-red radiation. 12. The nethod of cl aim7
further conprising the step of contrabling the flow of a fluid ’
admnistered in a gravity infusion set using the volune calculated for a

drop. WO Q3/ 0203 45IRST f&SQRER6604 a viurh8 defiveredhthdodgir aw antearieaping a vol une
delivered through an intravenous set with a drip chanber configured for

the flow of the fluid substanti I S8 S

conpri si ngct Hathsf B 8$§m % C%‘-é 4%% fraggl?égﬁogkﬁ O?rtg%%gr%%gﬁlgw of '[rﬁ:ahOd
dri p chanber thropgh the drip chanber via a path generally perpendicul ar
to the drilgngihentrir cleachberf paxisseedod qeourisieh e B8P opposi te position on
the exterior of the drip chanber; (b) detecting and quantifying a

and quanti 1yi ngh ¢ A8 A Eor faRTL bRy i AT, e R At detecting
through the drip chamber via a path generally perpendicular to the
drip chamber axis to a sensor positioned on an opposite position on
the exterior of the drip chamber;
(b)  detecting and quantifying a background radiation value
passing through the drip chamber;
(c)  detecting and quantifying a radiation value passing through a
drop falling through the drip chamber in order to obtain data
indicative of a radiation loss due to said drop passing though said
radiation path; and

(d)  deriving a volume measurement for said drop using a lookup

table, said lookup table formed by accumulating empirical data.

14.  The method of claim 13, wherein said radiation is configured

to function in pulsed mode.

15.  The method of claim 13, wherein said radiation is configured

to function in continuous mode.



drop falling through the drip chanber in order to obtain data indicative
of a radiation |loss due to said drop passing though said radiation path;
and (d) dwoiosiong4m vol une neasurenment for said drop usi ngPaTiusokegso4 t abl e,
said | ookup table forned by accunulating enpirical data. 14. The net hod of
claim 13, wherein said radiation is copfigured to function in pul sed node.
15. The nmethod of claim 13, wherein said radiation is configured to
function in conté.nuolihe nmethod\Of 03ADR 0B3L5 wWhET¢iSORI2 64didtio Ois 1BghfThe net hod
of claim 13, 'wherein said radiation is light radiation. 17. The nethod of
claim 13, x‘f’é(faehid n said radiation is infrared radiation. 18. The nethod of
claim 13, er conprising the step of controlling the flow of a fluid
adm nistered in a gravity infusion set using the volune calculated for a
drop. 19. The nmethod of claim 13, wherein said enpirical data is

accurul ated by weighing a plurality of drops passed through said radiation

8‘?; CI ?Sd det er n17m NOThEEnMBLEIBY OhiRar)) WheRid RaRf PRALLP s iRkl SPecific

radiation.

18.  The method of claim 13, further comprising the step of
conirolling the flow of a fluid administered in a gravity infusion set using

the volume calculated for a drop.

19.  The method of claim 13, wherein said empirical data is
accumulated by weighing a plurality of drops passed through said radiation
path and determining the volume of each drop in proportion to its specific

gravity.



