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Acellcounteranddiagnosticdevice 

Thepresentinventionrelatestoacellcounteranddiagnosticdeviceabletobeusedina 

varietyofsituationsincludingaccompanyingtreatmentssuchasperitonealdialysisand 

5 laboratoryworkwheredeterminingtheconcentrationofcellssuspendedinamediumor 

physiologicalliquidorsolutionisrequired.  

Peritonealdialysisisatreatmentusedwithhumanpatientswherethepatientskidneysareno 

longerabletoperformadequately.Thetreatmentassistsinfilteringunwantedwasteproducts 

I0 fromthepatient'sblood.Peritonealdialysisisusedasanalternativetohaemodialysis.Insome 

instances, peritonealdialysisispreferredsinceitcanbeperformedwithoutmedical 

supervisionandinthepatient'shome.Itmayalsofindutilityinassistinginthediagnosingof 

spontaneousbacterialperitonitisinpatientswithascites 

I5 Figure1showsaschematicviewofatypicalperitonealdialysissetup.ThedialysissolutionI0 

isintroducedintothepatienVsperitonealcavity40,viaaportwherebythepatientsperitoneal 

lining30actstofilterthepatient'sblood.Thewasteeffluentfluid20iscollectedfordisposal.  

Aproblemwithsuchanarrangementisthatitispossibleformicrobesintheperitonealcavity 

20 tocauseperitonitiswhichcanhavelifethreateningconsequencesforthepatient.Itisnot 

currentlyeasytomonitorthelevelsofmicrobes(e.g.bacteriaorfungi)intheperitonealcavity 

anditisanaimofanembodimentofthepresentinventiontoaddressthisissueandother 

25 Inthecaseoflaboratoryworktherearevarioustechniquesavailablefordeterminingacell 

concentrationinasample.Howevermanyofthesearecomplexandrequirerelatively 

expensiveequipment(e.g.cytometry).Itisanaimofanembodimentofthepresentinvention 

toaddressshortcomingswithsuchpriorartsolutionsandprovidealternativedevices.  

30 Accordingtothepresentinventionthereisprovidedanapparatusandmethodassetforthin 

theappendedclaims.Otherfeaturesoftheinventionwillbeapparentfromthedependent 

claimsandthedescriptionwhichfollows.  

Accordingtoafirstaspectoftheinventionthereisprovidedadevicefordetermininga 

35 concentrationofcellsofagivensizeinasampleoffluidthesamplecomprisingapluralityof 

cellscomprising:alightsourcearrangedtoemitlightalongacentralaxistoilluminatethe 

pluralityofcellsinthefluidsample;adetectorarrangedtoreceivelightatapluralityof 

displacementsfromthecentralaxisthelighthavingpassedthroughthepluralityofcellsinthe 

fluidsampleandtoproduceapluralityofsignalseachassociatedwithandindicativeofan 

issuesnotoutlinedhere.
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intensityofthereceivedlightatarespectiveoneofthepluralityofdisplacements;anda 

processorarrangedtodetermineaconcentrationofcellsofagivensizebasedontheplurality 

ofsignalsfromthedetectorwhereintheprocessorisarrangedtocomparethepluralityof 

signalsfromthedetectorwithoneormorepre-storedthresholdsorprofilesindicativeofa 

5 particularconcentration.  

Inanembodimenttheprocessorisarrangedto:measureafirstlightintensityreadingatafirst 

displacementfromthecentralaxisandmeasureasecondlightintensityreadingatasecond 

displacementfromthecentralaxisanddetermineusingafirstmethodtheconcentrationof 

cellsonthebasisofthefirstandsecondlightintensityreadingsandadifference 

10 therebetween.  

Inanembodimentifthedifferencebetweenthefirstandsecondlightintensityislessthana 

predefinedthresholdthentheprocessorisarrangedtodeterminetheconcentrationofcells 

usingasecondmethod 

Inanembodimentthefirstandsecondlightintensityreadingsaretakenatdisplacements 
proximalthecentral U 

axis.  

Inanembodimentthepluralityofdisplacementsareintherangeofsubstantially10to150 

measuredfromthecentralaxis.  

Inanembodimentthedetectorcomprisesapluralityofphotodetectorseachassociatedwith 

oneofthepluralityofdisplacements.  

axissuchthatafirstsubsetofthepluralityofdisplacementsispositionedonafirstsideofthe 

centralaxisandasecondnon-overlappingsubsetofthepluralityofdisplacementsis 

positionedonasecondsideofthecentralaxis.  

InanembodimentthefirstmethodusesanAreaUndertheCurveAUCmethodandthe 

25 secondmethodusesaGeneralisedWeightedRatioGWRmethod.  

Inanembodimentthesampleiscontainedwithinacontainerwhereinthecontainereither 

containsastaticsampleoradynamicflowingsample.  

Inanembodimentthecontainerisarrangedsuchthatlightfromthelightsourcestrikesitan 

anglesufficienttoreducereflectionoflightbacktothelightsource.  

30 Inanembodimentthedeviceisarrangedtoprovideuserfeedbackintheformofoneormore 

ofanumericalconcentrationvalueorawarningthattheconcentrationvalueexceedsa 

predefinedthreshold.  

20 Inanembodimentthepluralityofphotodetectorsarearrangedonbothsidesofthecentral
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Inanembodimenttheuserfeedbackadditionallycomprisesoneormoreof:anaudiblesignal 

totheuseravisualsignaltotheuser;andcommunicatingwitharemotedevicetotransmitthe 

concentrationofcellstotheremotedevice.  

Accordingtoasecondaspectoftheinventionthereisprovidedacontainerforusewiththe 

5 deviceofthefirstaspectcomprisinganentryandanexitdefiningrespectiveendsofaflow 

pathwherebythereisprovidedproximaltheentryandtheexitakinkedportionarrangedto 

minimiselighttransmissionintothecontainer.  

Inanembodimentthecuvettehasamaleconnectoratafirstendandafemaleconnectorata 

10 secondendtocoupletoaneffluentline.  

Accordingtoathirdaspectoftheinventionthereisprovidedacontainerforusewiththe 

deviceofthefirstaspectwhereinapairofwindowsisprovidedpermittinglighttoenterandexit 

thecontainerwherebythepairofwindowsarerecessedfromanoutersurtacesuchthat 

15 contactfromausersfingersispreventedorinhibited.  

Inanembodimentanexteriorofthesuitaceofthecontainerisopaqueexceptforthepairof 

windows.  

20 Inanembodimentthecontaineriskeyedsuchthatitmayonlybeinsertedinoneorientation 

tothedeviceofthefirstaspect.  

Althoughafewpreferredembodimentsofthepresentinventionhavebeenshownand 

25 modificationsmightbemadewithoutdepartingfromthescopeoftheinventionasdefinedin 

theappendedclaims.  

Forabetterunderstandingoftheinventionandtoshowhowembodimentsofthesamemay 

becarriedintoeffectreferencewillnowbemadebywayofexampleonlytothe 

30 accompanyingdiagrammaticdrawingsinwhich: 

Figure1showsaperitonealdialysissetupknowninthepriorat7 

Figure2showsaschematicrepresentationofanembodimentofthepresentinventiorn 
7 

35 

Figure3showsarepresentationoflightscatteringwhichunderliesembodimentsofthe 

invention; 

describeditwillbeappreciatedbythoseskilledintheartthatvariouschangesand
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Figures4a-cshowdetailsofthearrangementofacuvetteorcontaineropticalsourceand 

detectorsaccordingtoanembodimentofthepresentinvention 

Figure5ashowsacuvetteaccordingtoanembodimentofthepresentinvention; 

5 

Figure5bshowsanothercuvetteaccordingtoanembodimentofthepresentinvention 

Figure6showsagraphillustratingresponsesaccordingtodifferentconcentrationsof 

leukocytesinasample;and 

10 

Figure7showsaschematicofcertainfunctionalpartsofadeviceaccordingtoanembodiment 

oftheinvention.  

Embodimentsofthepresentinventionoperatetodetectthepresenceofcellsintheeffluent 

15 fluid20duringperitonealdialysis.Thecellsinquestionaretypicallyleukocytes.Asubsetof 

leukocytesincludesneutrophils.Neutrophilsaboveacertainconcentrationareindicativeofthe 

patientfightinganinfection.Ifleftuncheckedsuchaninfectioncandevelopintoaserious, 

potentiallylifethreateningoccurrenceofperitonitis.Earlydetectionofinfectionbytheindirect 

detectionofacertainconcentrationofneutrophilscanbelifesaving.Attheveryleastitcan 

20 provideanopportunityforthepatienttobetreatedearlytherebyavoidingpossiblehospital 

admissionandtheassociatedcostsandrisksofcomplication.Ifabacterialinfectionis 

detectedthenprompttreatmentbyasuitableantibioticcanbearranged.  

25 invention.Thisisnotintendedtorepresenttheactualconstructionofthedeviceandisto 

illustrateamodeofoperationonly.Thedevice100isarrangedtobeattachedtotheeffluent 

wastepipe21, suchthateffluentfromtheperitonealdialysisprocessflowsthroughthedevice 

I00.EffluentflowsinatI31andflowsoutatI32intotheeffluentreservoir20.  

30 Interposedbetweenentryport131andexitport132isasample-receivingeffluentreservoir, 

containerorcuvette120whichtemporarilyholdsasampleofeffluentfluidforanalysis.In 

anotherembodimentthereisnoflowofeffluentandastaticsampleisanalysedinstead.All 

otheroperationaldetailsarethesame.  

35 Inthefirst(dynamic)embodimentaflowingsampleofeffluent(orotherfluid)isanalysed 

whilstflowingtotheeffluentreservoir20orotherreceptacle.Inthiscasethefluidflows 

throughtheanalysisdeviceen-routetothereservoir20andsotheuserisnotrequiredto 

disposeofanysampleafteranalysis.  

Figure2showsarepresentationofthemodeofoperationofafirstembodimentofthepresent
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IncontrastI 

inasecond(static)embodimentthesamplemaybeintroducedintothecuvetteor 

othersuitablereceptaclebymeansofasyringeorsimilarwherebythesampleisdrawnoff 

fromoren-routetotheeffluentreservoir20.Inthiscasethesamplemaybeanalysedand 

thendisposedof.Thesecondembodimentmaybesubstantiallysimilartothefirst 

5 embodimentexceptthatthereisnocontinuousflowofeffluent131, 132.Alternativelya 

differentformofreceptaclemaybeemployed.  

Oneadvantageofembodimentsofthepresentinventionisthatinboththefirstandsecond 

embodimentsthesampleforanalysisisnotrequiredtoundergoanypreparatorytreatment 

10 andsoembodimentsoftheinventionarewellsuitedforuseathomeand/orbyunskilled 

persons.  

ThesampleinthecuvetteI20,whetherstaticordynamicisilluminatedviaalaserII0.Inone 

embodimentthelaserisa5mWredlaserhavingawavelengthintheregionof650-700nm.In 

15 apreferredembodimenttheLASERisprovidedintheformofaLASERdiode.However, 

differentembodimentsmayemploydifferentpowersand/orwavelengthsasrequired.Inorder 

toachievethedesiredeffectacollimatingsystemsuchasalensmayalsoberequired.  

LightfromthelaserorLED110passesthroughthecuvette120includingthesampleandis 
I 

20 detectedbyadetector140locatedatanoppositesideofthecuvette120.Thedetector140 

comprisesoneormorephotodiodeswhichis/aresensitivetolightatoraboutthewavelength 

transmittedbythelaserorLEDII0.Thedetectorproducesanelectricalsignalindicativeof 

thestrengthofthereceivedlight.Theelectricalsignalalsoprovidesposition/angular 

25 intensityoflightatoneormoredisplacementscanbeanalysed.  

Thedetectorisarrangedtobeexposedtolightscatteredthroughthesample.Onewayto 

achievethisistoprovideadetectorintheformofanarrayofphotodiodeswherethenumber 

ofphotodiodesgivesacertaindetectionresolution.AnalternativetechniqueemploysaCMOS 

30 array.  

Alternativelythedetectormaybearrangedtotravelalongadefinedtrackmeasuringlight 

intensityatvariouspoints.  

35 Thesignalrecordedatparticularlocationsalongthedetector140givesameasureofthe 

degreeofscatterexperiencedbythelightfromsourceII0.Thedegreeofscatterisindicative 

ofthesizeandconcentrationofparticlesintheeffluent.Inparticularlargerparticlestendto 

resultinalargerdisplacementfromtheaxisIII, andtheintensityoflightataparticularangle 

isindicativeofthenumberofparticlesofaparticularsize.Inthecaseofperitonealdialysisthe 

informationindicativeoftheangulardisplacementfromacentralaxisIII. Inthiswaythe
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particlesofinterestareleukocyteshavingaparticularsize. Thenumberofsuchparticles 

determinedbymeasuredlightintensityatoneormoregivenangulardisplacementsmaybe 

comparedtoadefinedthresholdtoindicateapotentialissuefortheuserinquestion.  

5 Ithasbeenfoundthatthepresenceofleukocytesintheeffluentcausesscatteringofthelaser 

beamfromsource110,awayfromaxis111.Figure3showsafurtherillustrationofthe 

principleinvolvedwherebylightfromsource110illuminatessamplecuvette120,including 

effluent.Inthefirstembodimentsampleisintheformofacontinuousflowandinthesecond 

embodimentthesampleisstatic.Themodeofoperationofbothembodimentsisidentical.  

I0 Thelightisscatteredbythepresenceoftheleukocytesinthesampleandcausesthelightto 

bescatteredasshown.Thedegreeofscatteringisrecordedbythedetector140.Thedegree 

andintensityofscatteringcorrelateswiththeconcentrationofleukocytesinthesampleas 

describedpreviously.  

15 Itisfoundthatinpracticetheangleassociatedwithaparticularparticlesizedependsona 

numberoffactorsincludinglightintensitythedistancebetweenthelightsourceandthe 

detectorpathlengththroughthecuvetteamongstothers.Assuchthedisplacementangle 

associatedwithaparticularparticlesizecanvarydependinguponthepreciseconfiguration 

employed.  

20 

Ithasbeenfoundthatinpracticetheangulardisplacementtendstofallintherangeof0to 

I50fromthecentralaxisIII. Inparticulartherange0toI20isfoundtoofferthebestrange, 

25 Figures4ato4cshowdetailsofaconfigurationofcertainpartsofthedeviceaccordingtoan 

embodimentofthepresentinvention.  

InFigure4atheopticalsource110isshown.Itemitslighttowardsandthroughcuvette120, 

throughalens112.Thelighttherebyproducedisscatteredbythepresenceofleukocytesin 

30 thesampleandsothelightwhichleavesthecuvetteisscatteredsomewhat.Thisscattered 

lightisreceivedatadetector140.Anindividualphotodetectorisaphotodiode141, witha 

pluralityoftheseformingtheoveralldetector140.Sinceeachphotodetector141occupiesa 

finitespaceitisdifficulttolocatemanysuchphotodetectors141inthespaceavailable.Since 

thescatteringcausedbythesampleisessentiallysymmetricalaboutthecentralaxisonone 

35 sideoftheaxisthereisprovidedanumberofphotodetectorsassociatedwithoddanglesof 

scatter(10,30 50 70 90 110)whilstontheothersideoftheaxisareanumberof 

photodetectorsassociatedwithevenanglesofscatter(20,40 60,80,100 120).Inthisway, 

moredetectorsmaybeprovidedinagivenspaceprovidinggreatergranularityintheresults.  

sincereadingsatdisplacementsabovethisrangetendtobetoosmalltobedistinguishable.
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Figures4band4cshowrespectivelyatopviewlookingdownonthearrangementofFigure 

4aandasideviewlookingatthesamearrangement.Thesefiguresareprovidedtoillustrate 

thatthelightfromthesourceII0strikesthecuvetteataslightangleintheregionof20,which 

issufficienttoensurethatthereislittleornoreflectionbackintothesourceI20,asthiscould 

5 damagethesourceand/toadverselyaffecttheresults.  

AclinicaldiagnosisofperitonitisisassociatedwithaconcentrationofiO~cells/mi.  

Embodimentsofthepresentinventionareabletodetectaconcentrationofcellsintheregion 

of1O~cells/mi.Whilesuchaconcentrationmaybepresentinahealthyusertheabilityto 

10 detectchangesintherange1O~to 1 0 Scells/mioffersanopportunitytoprovideanearly 

warningofinfection.  

Figure5ashowsaparticularformofcuvette200,whichmaybeemployedinplaceofcuvette 

120shownpreviouslyforuseinthefirst(dynamic)embodiment.Thecuvette200isconnected 

15 atoneendtoamaleconnector220andatasecondendtoafemaleconnector230.Aflow 

path201isdefinedwithinthecuvetteinwhichtheeffluentorothersamplefluidruns.Eachof 

themaleandfemaleconnectorsisattachedtotheeffluentlinesothateffluentrunsthroughthe 

cuvette200andintothereservoir20.  

20 Thecuvette200isformedfromanopaqueplasticsmaterialsuchthatonlylightfromlaseror 

LED110,whichpassesthroughwindow210,entersthecuvette.Topreventorminimise 

unwantedlightfromenteringthecuvette200alongtheflowpathfirstandsecondkinksor 

meanderings202areprovidedproximaleachendoftheflowpath201inthecuvette.These 

25 andpossiblyinterferingwiththeanalysis.  

Thekinks202alsohavetheeffectofinhibitingtheproductionofbubblesintheflowpathwhich 

couldotherwiseinterferewiththeanalysis.  

30 Onesurfaceofthecuvette200istransparentorlessopaqueandthisisprovidedwithan 

opaquestickerorseal240whichisprovidedwithawindoworaperture241tofacilitatethe 

passageoflightfromlaserorLEDII0.  

Thecuvette200isintendedtobedisposableandusedonceonly.  

35 

Figure5bshowsacuvette250foruseinthestaticsystemwherethereisnoflowofeffluent 

throughthecuvette.Hereaneffluentsampleisintroducedintothecuvetteviacap256located 

atthetopofthecuvette.Thisensuresthatnosamplecanescapeonceintroducedandthecap 

isclosed.Thecuvette250takestheformofacartridgeforinsertionintothediagnosticdevice.  

havetheeffectofimpedingstraylightfromtheeffluentline21fromenteringthecuvette200
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Themajorityotthecuvetteisformedfromanopaqueplasticsmaterialsoastoinhibitanystray 

lightfromenteringtheinteriorofthecuvetteandtominimiseanyinternalreflections.However, 

therearepairsofwindowsintheopaqueplasticwhichexposethesubstantiallytransparent 

innercontainerofthecuvette.Thefirstpairofwindows254arelocatedtowardsthetopofthe 

5 cuvetteandareprovidedtopermitasimplevisualinspectiontoensurethatsampleispresent 

andtoanappropriatelevel.Theyservenooperationalrolebeyondthis.  

Thesecondpairofwindows252arelocatedtowardsthebottomofthecuvetteandare 

arrangedinthecentralopticalaxiswherebylightfromthesourceI10passesthroughtherear 

10 andfrontwindows252andthentowardsthedetector.InFigure5bonlyoneofthepairof 

windowsisvisiblebutthereisacorrespondingwindowontheoppositefaceofthecuvette 

250.Thispairofwindows252areprovidedinaslightlyrecessedpositioninthecuvette.The 

sizeoftherecessisintendedtopreventinadvertenttouchingofthewindowsbytheusersince 

greaseorothermaterialsontheuser'sfingerscouldadverselyaffecttheoperationofthe 

15 device.  

Thecuvette250isprovidedwitharelativelyflaredfrontsurface260,wherebytheouter 

diameterofthissurtaceisgreaterthantheouterdiameteroftheopposingsurface.Thisallows 

thecuvettetobe"keyed"suchthatitcanonlybeinsertedintothediagnosticdeviceinasingle 

20 orientation.Thisissincetheinnercontainerofthecuvettewhichcontainsthesampledoes 

notnecessarilyhavesymmetricalopticalpropertiesandshouldbeusedinasingleorientation 

onlyhencethe"keyed"arrangement.  

25 identificationsymbolsuchasabarcodeoraQRcode.  

Figure6showsagraphillustratingtheeffectofscatteringofthelightfromlightsourceII0, 

throughasampleincaseshavingdifferentconcentrationsofleukocytes.Thex-axisisa 

measureofthedisplacement(i.e.theangleofscatterindegrees)fromaxisIII. InFigure6, 

30 thisrunsfrom00to120.They-axisrecordstheintensityofthesignalprovidedbydetector140 

andsoisameasureoftheintensityoflightataparticulardisplacement.  

Inthisparticularexamplea5mWLaserisusedhavingawavelengthintheregion650

700nm.Differentwavelengthsandpowersgivedifferentresultsandtheexamplegivenisonly 

35 oneofseveraloptions.Theskilledpersonwillrealisethatadifferentpowerwillleadtodifferent 

readingsoflightintensityandadifferentwavelengthwillleadtoadifferentresponse.A 

wavelengthintherangeof650-700nmisfoundtoyieldgoodresultsindetectingand 

determiningaconcentrationofleukocytes.  

Alsoprovidedonthefrontsurfaceofthecuvetteisalabel258whichmaycomprisean
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Thecurvesshownrepresentfivedifferentconcentrationsofleukocytes:5,000cells/mI(300); 

10,000cells/mI(301);25,000cells/mI(302);45,000cells/mI(303);and10,000,000cells/mI 

(310).  

5 Ascanbeseentheprofileoftherespectivecurvefollowsaregulartrajectoryfromalow 

concentration(300)toahigherconcentration(303).Howeverwhentheconcentrationtends 

muchhighertowards10'cells/mI(310),thetrajectoryabruptlychangesandtheresultant 

profileceasestoresemblethosecorrespondingtolowerconcentrations.Essentiallythere 

comesapointwhereratherthanpresentasadecayingcurve(301-303),thecurvehasamuch 

10 morelinearprofilewherethegradientissubstantiallyconstantacrossthemeasuredrange.  

Itwouldbetemptingifonewereconsideringjustthefirstvalueatthe0displacementtothink 

thatthatvaluealoneisindicativeoftheconcentrationofleukocytes.Thatanalysisistrueupto 

apointbutascanbeseenbycurve310,thisbreaksdownatsomepointwhenthecurve 

I5 changesformandprofileconsiderably.Thefirstvalueofcurve310wouldappeartoindicatea 

muchlowerconcentrationthanisactuallythecase.Assuchamoresophisticatedapproachis 

required.Suchanapproachrequiresmorethanasingleresulttobeanalysed.  

Ingeneralthemorevaluesofdisplacementthatareanalysedthemoreaccuratethe 

20 response.Ataminimumtwopointsrequireanalysis.Itisconvenienttoconsiderthetwopoints 

closesttothecentralaxisnamely10and20.Itwillbenotedthatthegranularityadoptedhere 

is1~,butdifferentembodimentsmayuseasmallerorlargerincrementandtheresultswill 

needtobeadjustedaccordingly.Howeverthebasicprincipleremainsthesameanditis 

25 

Byexaminingthefirsttwovaluesofcurve300itcanbeseenthatthelightintensityreadingat 

10isalittleover2andthereadingat20isapproximately1.Assuchitcanbeseenthatthe 

intensityhasfallenbyabout50%from10to20.Byexaminingthecurves301to303,asimilar 

changeinamplitudeisobserved.  

30 

Howeverbyexaminingthefirsttwovaluesofthecurve310itcanbeseenthatthereisonlya 

slightdecreasefromthereadingatY'tothereadingat20.Assuchthereisclearlyadifferent 

mechanismatworkhereandadifferentapproachisrequiredtocalculatetheassociate 

leukocyteconcentration.InthiscasetheGWRtechniqueisusedasopposedtotheAUC 

35 techniquereferredtoearlier.  

Betweentheconcentrationassociatedwiththecurve303(45,000cells/mI)andthe 

concentrationassociatedwiththecurve310(10,000,000cells/mI)thecurveprofilechanges.In 

ordertoapplythecorrecttechniqueathresholdisdeterminedwhichdictateswhichtechnique 

instructivetoconsiderthe0incrementsetouthere.
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otthetwoisused.Ithasbeenfoundthatoncethesecondvalue(measuredat20)islessthan 

thefirstvalue(measuredat10)bylessthana25%differencethentheGWRmethodshould 

beused.lfthedifferenceismorethan25%,thentheAUCmethodshouldbeused.  

5 Inpracticetheabsolutevalueofthethresholdmaydifferdependingupontheparticularsetup 

oftheapparatusandathresholdvaluebetweenI0%and40%maybeappropriatewith25% 

beingapreferredvalueinaparticularcaseonly.  

Inordertoaccountfordifferentpracticalarrangementsitisinstructivetospecifythethreshold 

intermsofapercentagedecreaseperdegreeofdisplacement.Henceinthepresent 

10 examplethethresholdmaybeconsideredas25%perdegreeofdisplacement.Inanother 

embodimentwhereintensityreadingsaretakenatintervalsofotherthan10 thenthe 

calculationmaybeadjustedaccordingly.  

NotealsothatthebestresultsareachievedproximaltothecentralaxisIII.  

15 

Analternativeandinsomewayscomplementarytechniqueexaminesthegradientsattwo 

locationsoneachcurveandbymeansofacomparisontherebetweenthecorrecttechniqueis 

selected.  

Hereanembodimentoftheinventionisarrangedtoexamineagradientatoneendofthe 

20 rangeandcomparethiswithagradientatanotherendoftherange.Intheexampleshownthe 

gradientatafirstendoftherangemaybedeterminedbyexaminingthereadingsfromthe 

photodetectorsarrangedat1~and20,determiningagradientfromthesetworesultsandthen 

repeatingtheprocesswiththereadingsfromthephotodetectorsarrangedatI10and120.In 

25 displacementbetweenthesamereadings.Theunitsofintensityarenotrelevanttothis 

calculationsinceacomparisonofnumericalvaluesisallthatisrequired 

Itcanbeseenthatforcurves300-303,thefirstgradientisrelativelysteepandsoindicativeof 

arelativelylowerconcentrationwhereasthesecondgradientisrelativelyflatwhichactsto 

30 confirmthisfirstapproximation.Howeverforcurve310,associatedwithamuchhigher 

concentrationthefirstgradientisrelativelyflatasisthesecondoneandsothesimilarity 

betweenthemisindicativeofthismuchhigherconcentration.  

Dependingontheresultofthecomparisonbetweenthefirstandsecondgradientassetout 

35 abovethedeviceisarrangedtocalculatetheconcentrationofcellsusingoneoftwodifferent 

techniques.Ifthefirstgradientisdifferenttothesecondgradientbymorethanadefined 

thresholdthenanareaunderthecurve",AUCtechniqueisusedwhereasifthefirstand 

secondgradientsaresubstantiallythesame withinafurtherdefinedrangethena 

"GeneralisedWeightedRatio",GWRtechniqueisused.  

thiscasegradientisdefinedasthedifferencebetweentworeadingsdividedtheangular
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CalculatingtheAUCoftheplotofscatteranglevslightintensitycanbeachievedusingany 

convenientmethodsuchasthetrapezoidalruleorothermethodsofintegration.Withinthe 

appropriaterangeofcellconcentrationsthecellconcentrationisproportionaltotheAUCand 

5 canbefoundbysuitablecalibrationwithknownstandards.  

TheGWRmethodusesthelightintensityrecordedat4ormorescatterangles/displacements 

andcalculatesaweightedaverageintensity.Theweightinggiventoeachanglecanbefound 

byanumberofempiricalandcomputationalmethodssuchasregressionanalysisbasedon 

I0 measurementsofknownstandards.Theweightedaverageofthelightintensitiescanthenbe 

usedtocalculatethecellconcentrationinunknownsampleswithintheapplicablerangeof 

concentrations.  

Ithasbeenfoundempiricallythatthesetwotechniquesofferbetterresultsindifferent 

15 situations correspondingtodifferentconcentrationsofleukocytesinthesampleunder 

analysis.IftheconcentrationisrelativelyhighthentheGWRmethodyieldsbetterresults.  

HoweveriftheconcentrationisrelativelylowthentheAUGmethodyieldsbetterresults.  

Thecomparisonofgradientsreferredtoabovewhichdetermineswhichmethodistobeused 

20 involvesaswitchingpointorthreshold.Forinstanceifthefirstandsecondgradientsdonot 

differbymorethan25%thenthisisdeterminedtobesubstantiallythesameforthepurposes 

ofdeterminingtheconcentrationandsotheGWRmethodisused.Howeverifthefirstand 

secondgradientsdifferbymorethanthesamepercentagethenthisisdeterminedtobe 

25 

Itcanbeseenfromtheabovethatasinglereadingatrelativelysmalldisplacementsmaynot 

beabletoadequatelydistinguishbetweenthedifferentconcentrationsandsoitisnecessary 

toexaminethevaluesrecordedatmultiplepointsasexemplifiedbystudyingthefirstand 

secondgradients.  

30 

Inanenhancedembodimenttheprofileacrossallphotodetectorsiscomparedwithoneor 

morepre-storedprofilestobettermatchtheobservedresultwithpre-calculatedorpre

modelledconcentrationvalues.Bymeansofaformofpatternmatchinginthiswaytheprior 

techniquesbasedonanalysingapluralityofpointsareimplicitlyanalysedandtheresultis 

35 stillaffectedbythesepropertiesofthemeasuredprofile.  

ItisnotablethatthescatteringobservedandillustratedinFigure6isduetocellsofaparticular 

sizewhichcorrespondstothesizeofleukocytes.Particlesofsignificantlydifferentsizewillnot 

affecttheresults.Inparticularbacteriawhicharesignificantlysmallerandwhichmaybe 

substantiallydifferentandsotheAUGmethodisused.
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presentinrelativelyhighconcentrationsinasamplefromapatientdonotadverselyaffectthe 

abilityofadeviceaccordingtoanembodimentoftheinventiontodetermineaconcentrationof 

leukocytesassetoutabove.  

5 Thedevice100maybeprovidedwithadisplaytoindicateinformationtotheuserregarding 

theongoinganalysis.Inasimplecasethiscouldbeintheformofanalertifthecelllevelis 

aboveapredefinedthreshold.Morecomplexdisplaysmayreturndetailedresultsalthough 

thesemaynotbesuitableorrequiredinallcases.  

10 Inafurtherembodimentthedevice100maybeprovidedwithaformofcommunication 

inter[acewherebytheusersresultsareuploadedtoaremotecomputersystemwhichmay 

comprisetheuser'spersonalrecordsand/oraremotemonitoringstationwherebyproblematic 

resultsmaybereviewedbyaphysicianwhomaycontactthepatientincaseofconcernfor 

theirwellbeing.  

15 

Thecommunicationinterfacemaycomprisealocalwirelessconnection(suchasBluetooth)to 

aPCwhichisthenfurtherconnectedviatheinternettotheremotecomputersystem.  

AlternativelythedeviceI00maybeabletocommunicatedirectlywiththeremotecomputer 

systemviaanintegralcellulartechnologyforinstance.  

20 

Embodimentsofthepresentinventionprovidemanyadvantagesoverpriorartsolutions.For 

instanceuseofthedevicerequiresnospecialistknowledgeonthepartoftheuserwhois 

25 Thereisnochemistryinvolvedintheprocessmeaningthatthereisnorequirementto 

maintainastockofindicatorsreagentsandthelike.  

Thetestisperformedentirelyinsituaspartoftheprocessitismonitoring.Thismeansthat 

thereisnorequirementtosendsamplestoalabforsubsequentanalysis.  

30 

Anyissueswhichariseduringdialysisareflaggedinstantlytotheuserand/oraphysician(as 

required).  

Intheforegoingdescriptionembodimentshavebeendescribedinthecontextofperitoneal 

35 dialysis.Howeverotherfluidsmaybeanalysed.Thesemayincludeasciticfluid urine, 

sputumpleuralfluidandcerebralspinalfluid.  

Theforegoingembodimentsarefocussedonanembodimentoftheinventionprimarily 

intendedforuseinadiagnosticsettingpossiblyinaclinicorapatient'shome.Howevera 

abletouseitasanintegralpartoftheirdialysissetup.
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furtherembodimentwhichoperatesaccordingtoexactlythesameprinciplesmaybeusedina 

laboratorysetting.Thereisoftenaneedtodetermineacellconcentrationinasampleandthe 

aforementionedembodimentmaybeusedinthisway.  

5 Inalaboratorysettingtheoptionsavailabletoausermaybeslightlydifferenttothose 

presentedtoapatientsincethelaboratoryworkerwilltypicallyhaveahigherskilllevelinthe 

useoftheequipmentandmayrequireadifferentlevelofdetailtoapatient.Inthe 

aforementionedembodimenttheapparatusisarrangedtomeasureaconcentrationof 

leukocytesinparticular.Howeverinalaboratorysettingtheusermaybeinterestedin 

10 analysingothercelltypes.Thesemayinclude7 forinstance7 HL6OandJurkatcells.  

Measurementoftheconcentrationofthesecelltypesmayrequireanadjustmentinthe 

operationofthedevicesothatdifferentresultprofileswillrequireadifferentprocessingtothat 

appliedtoleukocytes.Tofacilitatethisanadditionalmenuoptionmaybeprovidedsothatthe 

userisabletoselectthemostappropriateprocessingtoapplytotheparticularsamplebeing 

15 analysed.  

Figure7showsforcompletenessaschematicrepresentationofcertainfunctionalpartsofthe 

device100accordingtoanembodimentofthepresentinvention.Thedevice100iscontrolled 

byprocessor400.Processor400isanysuitablemicroprocessorormicrocontrollerwhichis 

20 programmedtopertormtheoperationsrequiredinordertoperformthefunctionssetout 

above.Theprogramwhichcausestheprocessor400tooperateisstoredinmemory420.The 

samememory420canprovideworkingmemoryaswellasdatasuchaspre-storedprofiles 

25 Thedevice100isoperatedviapowersupply420.Thismaycompriseaninternalbattery 

supplyoranexternalmains-operatedsupplyasrequired.  

Theprocessor400isarrangedtodrivetheopticalsourceII0andtoreceivesignalsfromthe 

opticaldetectorI40,assetoutabove.  

30 

Aresultoftheanalysisisdisplayedondisplay410.Thesamedisplaymaybeconfiguredto 

provideoperationalinformation suchaspowerstatusaswellasotherwarningor 

informationalmessagesforauser.  

35 Atleastsomeoftheexampleembodimentsdescribedhereinmaybeconstructedpartiallyor 

whollyusingdedicatedspecial-purposehardware.Termssuchascomponent','module'or 

unit'usedhereinmayincludebutarenotlimitedtoahardwaredevicesuchascircuitryin 

theformofdiscreteorintegratedcomponentsaFieldProgrammableGateArray(FPGA)or 

ApplicationSpecificIntegratedCircuit(ASIC),whichpeitormscertaintasksorprovidesthe 

andthresholdsusedintheanalysisofasample.
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associatedfunctionality.Insomeembodimentsthedescribedelementsmaybeconfiguredto 

resideonatangiblepersistentaddressablestoragemediumandmaybeconfiguredto 

executeononeormoreprocessors.Thesefunctionalelementsmayinsomeembodiments 

includebywayofexamplecomponentssuchassoftwarecomponentsobject-oriented 

5 softwarecomponents classcomponentsandtaskcomponents, processes functions, 

attributesproceduressubroutinessegmentsofprogramcodedriversfirmwaremicrocode, 

circuitrydatadatabasesdatastructurestablesarraysandvariables.Althoughtheexample 

embodimentshavebeendescribedwithreferencetothecomponentsmodulesandunits 

discussedherein suchfunctionalelementsmaybecombinedintofewerelementsor 

10 separatedintoadditionalelements. Variouscombinationsofoptionalfeatureshavebeen 

describedhereinanditwillbeappreciatedthatdescribedfeaturesmaybecombinedinany 

suitablecombination.Inparticularthefeaturesofanyoneexampleembodimentmaybe 

combinedwithfeaturesofanyotherembodimentasappropriate exceptwheresuch 

combinationsaremutuallyexclusive.Throughoutthisspecificationthetermcomprising"or 

15 comprises"meansincludingthecomponent(s)specifiedbutnottotheexclusionofthe 

presenceofothers.  

Attentionisdirectedtoallpapersanddocumentswhicharefiledconcurrentlywithorprevious 

tothisspecificationinconnectionwiththisapplicationandwhichareopentopublicinspection 

20 withthisspecificationandthecontentsofallsuchpapersanddocumentsareincorporated 

hereinbyreference.  

Allofthefeaturesdisclosedinthisspecification(includinganyaccompanyingclaimsabstract 

25 combinedinanycombinationexceptcombinationswhereatleastsomeofsuchfeatures 

and/orstepsaremutuallyexclusive.  

Eachfeaturedisclosedinthisspecification(includinganyaccompanyingclaimsabstractand 

drawings)maybereplacedbyalternativefeaturesservingthesameequivalentorsimilar 

30 purposeunlessexpresslystatedotheiwise.Thusunlessexpresslystatedotherwiseeach 

featuredisclosedisoneexampleonlyofagenericseriesofequivalentorsimilarfeatures.  

Theinventionisnotrestrictedtothedetailsoftheforegoingembodiment(s).Theinvention 

extendstoanynovelone oranynovelcombinationofthefeaturesdisclosedinthis 

35 specification(includinganyaccompanyingclaimsabstractanddrawings),ortoanynovelone, 

oranynovelcombinationofthestepsofanymethodorprocesssodisclosed.  

anddrawings),and/orallofthestepsofanymethodorprocesssodisclosedmaybe
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CLAIMS 

I. Adevicefordeterminingaconcentrationofcellsofagivensizeinasampleoffluidthe 

samplecomprisingapluralityofcellscomprising: 

alightsourcearrangedtoemitlightalongacentralaxistoilluminatethepluralityofcellsinthe 

5 fluidsample 

adetectorarrangedtoreceivelightatapluralityofdisplacementsfromthecentralaxisthe 

lighthavingpassedthroughthepluralityofcellsinthefluidsampleandtoproduceaplurality 

ofsignalseachassociatedwithandindicativeofanintensityofthereceivedlightata 

respectiveoneofthepluralityofdisplacementsand 

10 aprocessorarrangedtodetermineaconcentrationofcellsofagivensizebasedonthe 

pluralityofsignalsfromthedetectorwhereintheprocessorisarrangedtocomparethe 

pluralityofsignalsfromthedetectorwithoneormorepre-storedthresholdsorprofiles, 

indicativeofaparticularconcentration.  

2. ThedeviceofclaimIwhereintheprocessorisarrangedto: 

15 measureafirstlightintensityreadingatafirstdisplacementfromthecentralaxisandmeasure 

asecondlightintensityreadingataseconddisplacementfromthecentralaxisanddetermine, 

usingafirstmethodtheconcentrationofcellsonthebasisofthefirstandsecondlight 

intensityreadingsandadifferencetherebetween.  

3. Themethodofclaim2whereinifthedifferencebetweenthefirstandsecondlight 

concentrationofcellsusingasecondmethod 

4. Thedeviceofclaim2or3whereinthefirstandsecondlightintensityreadingsaretaken 

atdisplacementsproximalthecentralaxis.  

5. Thedeviceofanyprecedingclaimwhereinthepluralityofdisplacementsareinthe 

25 rangeofsubstantiallyPto150,measuredfromthecentralaxis.  

6. Thedeviceofanyprecedingclaimwhereinthedetectorcomprisesapluralityof 

photodetectorseachassociatedwithoneofthepluralityofdisplacements.  

7. Thedeviceofclaim6whereinthepluralityofphotodetectorsarearrangedonbothsides 

ofthecentralaxissuchthatafirstsubsetofthepluralityofdisplacementsispositionedona 

30 firstsideofthecentralaxisandasecondnon-overlappingsubsetofthepluralityof 

displacementsispositionedonasecondsideofthecentralaxis.  

20 intensityislessthanapredefinedthresholdthentheprocessorisarrangedtodeterminethe
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8. ThedeviceofanyprecedingclaimwhereinthefirstmethodusesanAreaUnderthe 

CurveAUCI methodandthesecondmethodusesaGeneralisedWeightedRatioGWR, 

method.  

9. Thedeviceofanyprecedingclaimwhereinthesampleiscontainedwithinacontainer, 

5 whereinthecontainereithercontainsastaticsampleoradynamicflowingsample.  

10. Thedeviceofclaim9whereinthecontainerisarrangedsuchthatlightfromthelight 

sourcestrikesitananglesufficienttoreducereflectionoflightbacktothelightsource.  

II. Thedeviceofanyprecedingclaimwhereinthedeviceisarrangedtoprovideuser 

feedbackintheformofoneormoreofanumericalconcentrationvalueorawarningthatthe 

10 concentrationvalueexceedsapredefinedthreshold.  

12. Thedeviceofclaim11whereintheuserfeedbackadditionallycomprisesoneormore 

of:anaudiblesignaltotheuser;avisualsignaltothe I andcommunicatingwitharemote 

devicetotransmittheconcentrationofcellstotheremotedevice.
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