;ste3e_:\|46T: >F*1 MONI TORI NG BLOOD GLUCOSE LEVELS 5 to 15 FI ELD OF

| NVENTI ON The present invention relates to apparatus and nethods for the
measur enent of bl ood sugar concentrations and particularly, but not
excltusively, to non-invasive in vivo nmeagsurenment of blood gl ucose
concentrations. BACKGROUND Traditionally, a person's blood sugar level is
nmeasured froma sanple of bl ood obtained by a pin prick on the finger or
drawn fromthe person' s M@NIEORANG Bb&%ég'écﬂfsﬂﬂgygh&t hods is that they
are invasive. Various non-invasive techniques for nonitoring bl ood sugar

| evel s have been proposed. International Patent Application Publication
Nos. WD 0%®i@0@%m9@&871 descri be a non-invasive optical sensor for
measuri ng glucose concentrations in the eye. The sensor 20 uses the
magnetisc optical rotatory effect (MORE) by which rotation of the

pol ari satign of a.light beamis dependent, .| ar upon th centration
of a gf ucOdE PESPTHMPORTS HEh I ARPER S AEC BietiAdS Sa<as meRNBRLFA of DBGR aPPded
light is RaseadalidisotdbatitRARY 8RSt RUBRNIVEly, { i oreM@ast £1vibé measurement

si mul t aneously exposed to a magnetic field. A photo-detector nonitors
rotati on of bldod ghwose ¢aaentmations. t he beam fromwhich is deternined the

gl ucose 25 concentration. International Patent Application Publication No.
WO 0147415 descri bes non-invasi ve neasurenent of bl ood glucose. An RF

si gnaljgi s BAGRGROUAND t hrough a sanple which is placed in a magnetic field
bet ween hi gh-gauss permanent nmagnets. A concentration is 30 determ ned from
the reduction in the anplitude of the RF signal at a characteristic
frequency. o n ] ; i i i i :

021001 0 ddgiiorBlh it BLRRLL BOGH sGBk RRkl ARRAGE KOl UM EOLb00 MpnllY e
noni t or haspia prickasr sedfihgeghdr drawn deont ahe ipkisoms nafrisngAbdidydviantage @f thesd a
magnetic field ener%tor which creates a magnetic field within the tissue
during il InEFt’i]ilcﬁiég?@ﬁt.t ThECIRYYE in polarisation of light transmtted 5
through the sanple is used to determ ne a nmean path | ength of photons
through the sanple. The nmean path length is conbined with spectroscopic
measur emeMasions naminvasive wabminessdetmonitoringrhpendsugard eyl vleayedees piopased:
concentrations. United States Patent No. 5, 313,941 describes using a

radi ati on source of long infrared 1o energy, specifically from 2000 to

20, 000 nmintamatiored PatensApplication BhslicatioraMok.0WPai066850 ghids Wb 112872 ddécpibe
burni ng of tissue, A wavel ength of approximately 9100 nmis used to detect
t he conceAtPBUPASIVEOPEFRlSERWT ToripeasuijRe, Bneoss cANesntatinns R itheaexst yIhewesmy nm
iS us a : [ MOKE : [ ey ment
hat Pad e o B PR IO BBl o e B elin o1 8

r egul at es lightebdanows dépepdentgin part,upohahe chueeaptrgtion 6f Thgusisatsbbitionsthrough

synchroni zed.with the patient's stolic.and diastolic, phases of, the

our i o e b Bednd FaBat &bend of BilaBsclidth b ekl Bioud BN RSB iIT of  or «
and phot og! @etwiish & Simu@eatisly @xpErs 46 @ rhiletié GBRI SAipghotd1@sectsSPRGATGHs

regi ons. Another disadvantage 1s that the high energy source requires a

| arge powetatiamp @iy thewmplarisatioat of the bege, alipmi twhiely ig odpterminad ghe catipense and
port a% € UMdentration.

International Patent Application Publication No. WO 0147415 describes non-invasive
measurement of blood glucose. An RF signal is transmitted through a sample which is
placed in a magnetic field between high-gauss permanent magnets. A concentration is
30  determined from the reduction in the amplitude of the RF signal at a characteristic

frequency.

Ji A

*G00002*

A

*159159*




20 Experinental investigation involving the use of optics and photonics in
ot her techni ques for the non-invasive nonitoring of blood glucose have
shown prom sing results. Characteristic glucose absorption peaks at near
infrared (NIR) wavel engths have been experinentally identified and
reported. 25 United States Patent hb 6,097, 975 descri bes the non-invasive

measur enment of bl god gl ucose conce ration 4 ul ses d|r cted onto
a pati ent Tatesriipnal Patent Application £yb Rn|1‘£0 &2@9236 IIQr(J;ﬁ‘d qslagspggteﬂ Pt B t hat
transm t %J&@{VE%B%} W O DI biG, Wirhlilorfhof 2084 g&ai’i@éﬁehgﬁk%&ﬁcé gt s

absor bed ucose an sur ed or use In rmnin
patient's 1lthhmmdt1@ bodys dssvenah b madgnetic ﬁ,elcbgertemrewhahg)eeaws wmlnetﬂrgﬁhkl said

to be absorhed by gl ucose arge i.dentif] s from bou to 17 nm
and from %g\.‘ﬂ 1?%@‘85”1‘? ‘{rB‘gZHE‘B“ 1oy ll.ﬁ%r"ga‘iﬁﬂe’f“ei’ Bi'sf lf’?dﬁ}oléé]g]ﬁanﬁ@g%

2200 N3 pidobionM \é%ﬁmpfehgh&dqb%eﬁﬂnﬁl@méa‘ﬁ'p%tﬂ Dén?t Y i bRGbES ﬂ‘l?dldg‘h‘iﬁe §mplb) OOd
gl ucose nonitoring utilising an NIR absorption techni que. One nmain reason
for this iThet meannpahf tangthcas cemnslanledowldt hepectoasaepic t measugeragrds fatuivagousn

bl ood and in ndi n ssue the absorption of glucose in
a sinple 8]%%*’?1? %oﬁn@%ﬁ’ﬁ% °s°d\f8Pf Bﬁ?ta?%ctegﬁ%tfonﬁeaks inthe NNR 5 band of
t he spectrum there are chem cal and biol ogical constituents in blood and
ot her body fluids and tissues that exhibit absorption peaks that are

suf fi ci entUnjted;SiptenPaisnt Nooded 18 9dd gleseribes sig & safaianospussrenl langcimfiaredy
gl “Coﬁﬁw"gﬁ&ggegﬁe% f&ah?ﬂdﬁfc’zooa%aﬂﬂoéq&ﬁrhhﬁ 1 ”fxluéio?ﬁguﬂgﬁat%uﬁm ﬁeﬁa“

show a rifati o 'S T's especi o in 111 persons

accur at e disdomédrt afd/er blrning ¢f tissas A mmelmgthrtq appromiysiteyadit0@chm Thesddl tood

gl ucose absorp ion peaks identified experine are often difficult to
i dentify dRtegH ti)e congengtion o lusase NRBIEHLE ﬁbgr?eproaaa%@ Iyl & HUnp dbbsedat i o

of want ed ;$i,0Qfkerdce. PRL §@urcc,s Yeo%nérgy ENT i elleﬁlehtsthﬂpmg?éﬁcﬁ bRfadt he

invention to provide a nethod and apparatus for nitoring sugar
| evel s whispdetmedefcas ey andeasiecizpivel giuttetregpachhefiovastawigt iatb shortbursie

et hod o TR0 G STRBLsb AR Y B SRy PR el G s bR Bl e

steps of . cfég. iA Hlsﬁdlmtdgeg)fbm@)tnéth@cs isethud §dphideiedted fftersrand phoidetectols are
detecting near infrared lig returned fromthe illumnated tissue, t(hg)

det er ni ni ﬁgedeﬁéo rasyistthe ﬁlgnei'e‘ nathseéeqctrahegsoeﬁeeﬂ@aermﬁmvewg% is thet
f
"ot he bl S rels Yopf rPifeC L AE DonBPthrbhy, intoif s e kil i@l 21081

subj ect toompm@gn@pmd:ab‘leeﬂnd to measurably alter the absorptive

20
Experimental investigation involving the use of optics and photonics in other techniques
for the non-invasive monitoring of blood glucose have shown promising results.
Characteristic glucose absorption peaks at near infrared (NIR) wavelengths have been
experimentally identified and reported.

25

United States Patent No. 6,097,975 describes the non-invasive measurement of blood
glucose concentration using light pulses directed onto a patient’s skin. Light reflected back
is passed through light filters that transmit a narrow bandwidth of light within a range of
wavelengths that is absorbed by glucose and then measured for use in determining the
30  patient’s blood glucose concentration. A suitable range of wavelengths said to be absorbed
by glucose are identified as from about 1550 nm to 1700 nm and from about 2050 nm to

2400 nm, or more preferably from about 2080 to 2200 nm,



characteristics of the blood at the at | east one selected near infrared
wavel ength and the body tissue is supplied with the blood after being

subj ect to the magnetic field. 30 The body tissue may be part of a
manmal i an digit. 4 Preferably the body tissue is at the distal tip of the
digit, and an internediate portion of the digit is subjected to the

magnetic field. The magnetic field may r.ovi de? b aé | east one. .
per manent HRYAYEY . thayer gienng jcpgmercighy ai’fﬁ@ﬁ"é ideviFese d EJI%? pEUCHSEIABIPTIHG At
| east one u‘?illi?ﬁg raﬁ :@?\g@o%r%?agg t&hﬁlﬁﬁat OneRiPreaR BF ti¥ ishe & ference caused

el ect romagnet | changed 1 n synchronismw th the systolic and
di ast ol i ¢ byyathe ahstéuems aad fluidsod Hopbhidd swraadidghwedy tisses udltheaghThe

measur ement of .the, absorption of returned light may be. chroni sed,with
e syst oFPESTEGRT Bf BUFOF I 2QyEple Fie S QpisoRtonuaisT T adees eara N Bay
tissues Prgh@hbfbhey specimS nitdhieCclRficlliang hidbgicdl Yohsithentsi et 8losined diler

moni toring blood fllows in said 15 body tissue or in a closely related body

part. Prefednifiuids anddissengythati exbibét absorpsion pedksathati are sufetently isimilati gidosend
said systaolic,and diastplic cle is.determned b ni.t oring bl ood fl ows
in a secof@H Y28 ?H@S?gr@'}épiaﬁﬁmggn%%%uﬁosﬁn?egfurg?jg&f‘ Y% The sugar may be

bl ood gl ucose. Preferably, the at | east one sel ected wavelength is
approxi mately 1586, 2122, 2272 or 2324 nm 25 Preferably, the nmeasurenent
i s made ndie-dddviaEhereqopfusion, measwenents paL hophe Wids Wtafion Fhip BEsRseBHENIS) sai d

to congi sty i Pé‘r.s&’r?s‘é{vﬁ& FQr IR EAD lﬁbfé%béd"gﬁéés\é%&ﬂto}‘ihgQs HRAP Wak@ENtTHRT the
| evel of sugar 1n ood at a sanple zone, The
blood glucose absorption peaks identified experimentally are often difficult to identify in

vivo, being cluttered in amongst other peaks with a poor ratio of wanted signal to noise.

SUMMARY OF INVENTION
15
It is an object of the invention to provide a method and apparatus for monitoring blood

sugar levels which reduces at least some of the problems associated with the prior art.

In one aspect the invention may be broadly said to consist in a method of measuring the
20  level of sugar in blood in vivo, including the steps of:
(a) illuminating body tissue with near infrared light,
(b) detecting near infrared light returned from the illuminated tissue,
(c) determining the absorption, at at least one selected wavelength, of the near infrared
light being returned, and
25 (d) deriving the level of sugar in the blood from the absorption determination,
wherein the blood is subject to a magnetic field to measurably alter the absorptive
characteristics of the blood at the at least one selected near infrared wavelength and the

body tissue is supplied with the blood after being subject to the magnetic field.

30  The body tissue may be part of a mammalian digit.



30 device including a light source adapted for illum nating blood at the
sanple zone with near infrared light, a detector adapted for sensing near
infrared-light returned fromsaid sanple zone, and a nagnet adapted for
exerting a magnetic field on blood travglling to said sanple 5 zone, the
magnet'ic field being sufficient to neasurably alter the absorption of Iight
at at | east one selected near infrared wavel ength by the hlood travelling
to said s&ngreblychebodyéssuaisst hedivial tipesf thedighy andsm igtermy QA1 fithe 5
Pref erabl y. & i t tip portion of the digit and the magnet
IS adapteéu%§$5®§§$%fﬁéﬂg éhﬁﬁg%gﬁic field at an internediate portion of
the digit. The device may include a bl ood oxygen nonitor adapted for

determ ning the systqlic and diiastolic cycle of arterial blood supplied to
the sanpl E%?etwﬁﬁémy é%r%‘flg%byo‘?ﬁ?%éo?q@‘i‘ﬁ’a‘%eé‘tﬁm?gn?ts synchroni sed with
the systolic and diastolic cycle. Preferably the sanple zone is a first
digit and the bl ood oxygen nonitor is adapted for nonitoring the flow of

bl ood i n Alsewtinelydihgimagoetid fiedd swayebelpronidedsbyt #tdedst ot elefitrpmagngts The magnet
may include at | east one permanent nagnet. The magnet may include at |east
one el ectromagnet. 20 Preferably the strength and/or polarity of the

magnet i ¢ frhek@lerngth SiPOgRAkbrith of m%llhrcﬁama%i\euctﬂud M8y bY Shalghd irfdighckioashp! 1 C
cycle. Preferably the near infrared |light has a wavel ength of approxinmately
1586, 212quthzhezsvsmllczaaddlasmllczssclwéamﬂﬁéhiQOdrsumly:dﬂQjsmﬁg@dbb@ssya-i dto

consisl in any alternative conbination of parts or features nentioned
herein or shown in the acconpanyi ng draw ngs. Known equi val ents of these
parts or fThaincagsembntolf tiar sbstiptioR sPre@mRtd/ligr tnayle sanchrogivel whktiessstddened

Cnel )
to be inc agg gigstogco cycle of arterial blood supplied to said body tissue.

Preferably, the systolic and diastolic cycle is determined by monitoring blood flows in said

15  body tissue or in a closely related body part.

Preferably, the body tissue is part of a first mammalian digit and said systolic and diastolic

cycle is determined by monitoring blood flows in a second digit on the same limb as said

first digit.
20
The sugar may be blood glucose.
Preferably, the at least one selected wavelength is approximately 1586, 2122, 2272 or
2324 nm.
25

Preferably, the measurement is made non-invasively.

In another aspect the invention may be broadly said to consist in a device for making a
non-invasive in vivo measurement of the level of sugar in blood at a sample zone, the

30  device including a light source adapted for illuminating blood at the sample zone with near
infrared light, a detector adapted for sensing near infrared light returned from said sample

zone, and a magnet adapted for exerting a magnetic field on blood travelling to said sample



6 BRI EF DESCRI PTI ON OF DRAW NGS Preferred fornms, systens and nethods of the
invention will be further described with reference to the acconpanyi ng
figures wherein; 5 Figure 1 shows a schematic view of a first apparatus for
nmoni toring bl ood sugar |evels, and Figure 2 shows a schematic view of a
second apparatus for nonitori ng bl ood sugar levels. 1 o DETAILED

DESCRI PTI ON OF PREFE NTS Ref he, d
appr eci at &@n¢-#ag magney 5%%1‘5@/8 1c le??ﬁgglhlﬁﬁgla Br&ilggbsgfr é’\fg?@l’%ﬁ!\l\%rdl ng
to the prgsgpbnd %Y&%'I%Qr ﬂgr)érelaewdv%h tﬁéiblloed %ald RSt @ld@mpld@nbol | owi ng

enbodi nents are descri y way of exanmple only and are not |ntended to be
1ls Ilmtlng Figure 1 shows a side view of a distal end portion of a

finger 1. e ti ortion 2 of .the f| housed in a housing 3 which is
shown in §§mB@czt%?18may%ﬁé’aﬂ86§|Wrﬁ? %@edéglg light source 4 and |ight
detectgr 5 over the nail 6 of the finger. The |light source is controlled by
20 a controller 7. A magnetic device 8 is positioned al ongside an

i nt er nedi dreferabivt the nampletzhre fsiahgéip portiva qfﬁ@w(bgiténdj@vm&gnmy agapteshier or nor e

per manent et.s or The |ght source 4, |ight
et ector S atRe v RrsrrE Peb AP e ERORT Bt 155 R gure 1 Figure
2 shows a plan view of a hand 10. The tip portion 11 of the index finger 12
is housed in a housing 13 which is shown in_ cross-section. The hqusing

pl aces a ITh§Kevisemayanqluds a blnpduyyasn ananitghedaptadeer determmiping é*l*?o‘im))1169'é4 t he
nai | 14 Ofdl&SH)?lC cgglg)ﬁf LH&%%iooﬁ@uﬁaf ltgfﬁ :sﬁgﬁﬁgﬁég,ﬁyﬁj@%ﬁé%ﬁ ﬁox'x of tﬁ’xgﬁ hi oned

al ongside an internediate portio t sourc and
t he magnetsbarcel&wWyoehranised with tlw dyswlibgnd diagtelid cyode.control l ers 17, 18.

Preferably the sample zone is a first digit and the blood oxygen monitor is adapted for
monitoring the flow of blood in a second digit on the same limb as the first digit.
15

The magnet may include at least one permanent magnet.
The magnet may include at least one electromagnet.

20  Preferably the strength and/or polarity of the magnetic field is changed in synchronism

with the systolic and diastolic cycle.

Preferably the near infrared light has a wavelength of approximately 1586, 2122, 2272 or
2324 nm.

25
The invention may further be said to consist in any alternative combination of parts or
features mentioned herein or shown in the accompanying drawings. Known equivalents of
these parts or features which are not expressly set out are nevertheless deemed to be
included.

30



7 An oxineter 19 is placed at the tip 20 of a second finger 21. A
synchroni sation trigger signal, derived fromthe oxineter by a signa
processor 22 and synchronisation controller 23, is provided to the |ight
source controller 17 and the magnetic dgvice controller 18 to synchronise
operation of the light source and nmagnetic device, as wll be s expl ai ned
further bel ow_ The trollers 17, 18, 23 are shown
schenaticéﬂp@liﬂ ﬁFﬁgﬁgﬁéiPéﬁ§§RgSﬂ@&§ urces of the arrangenents of Figures
1 and 2 are each a source of near infrared light, for exanple a |ight

em tting sem conductor diode. References herein to "'light' are 1 o not

i nt ended tPoefaeed forimisedystemyiand bhehddsgof tHeuinvemteont wilb de undbers desoxdbers vwaths o
|nclud|ng nonV|S|que and artlcularly near infrared (NIR), radiation or

i ght" .~ relPEPeiodhe fesomPANYIBe fEles WHKEFed or NIR Iight are to be
undersood as 'Figzirydl émg»dslagiahexhawd PRwAo MR Yigdt eqsg&ratub%mmtmblozmugm
3000 nm 15 We in each of the arrangenents of Figures 1 and 2, the
housing is fltﬂ%@Bom@} a finger tip, the light source illum nates finger

oSt 15 FBRTATBRT LV O 0RO LI B P o

at subungual tisgle under a finger or toe nall The use of a user's nail as
a wndow for penetration of the illumnating light to the arteriole
capillaries contained in 20 the subungual tissue is advantageous. The
penetr ti ﬁgpﬁﬂ) BRE | BIBGD {sd ant, unlike

thr ougﬁll Ejetf) E%E\'%\hli%]%éeemveneﬁn?ﬁggﬁédng userB can ca%%lg vari ations. The nail
al so provides a firmand solid surface to support the |ight source and

det ector. R’Efbemhg' ¢ thed@la@iigdrit Ml Hevapprddiaed thaetab rappskafus bt tﬂmnbhhgx isiovdt ed
site. This |I? includes 25 light reflected by the nail and |

di f f usel y Spaaf [evelsagceyring tn dhesprsesng inyentiqnsmap be %ﬂﬁmﬁm@ FeYRFioNS fQﬁnSt H&m i ght
reflected r

(T ssue cotoisnint SRoDURNAR AL dHREE I AR ARRRI AL ARY A EpRaT 8"

bl ood 1§ utiostng. The degree of absorption at these characteristic glucose
wavel engths is used to determne the |evel of glucose present. The |ight
returned to the detector will exhibit 30 absorption peaks at these

wavel engt ipgzurel IsRYWHE saded@éw oTanBéthidhdPortibie oPh GRgerdl. UTRS Bp IBMEINS bPthke

cal cul ated using nmeasurenents of the absorption peak IeveIs The accuracy
and sel ecfingértiyheysed frea bpusing Hhichseshavasinrceessrieesionnyl Hedonsipg plpees dljght
measuri ng A

wavel engt Rriis A BERCHGIGE ek BRREBTAROASR, ARE KRy Choutdlls Snflled by
wavel engt b cottolbSor bed by gl ucose, as a control. The magnetic devices 8,
15 each provide a nagnetic field which neasurably alters the 5 arterial

bl ood flowi ng towards the illumnation site at the tip 2, 11 of the
respectiva mhpgeic devick® Qyp@mﬁewtaloﬂgs@@aﬁrﬂkhﬁé&ﬁ@%ﬁl&lﬁ@f eI gklﬁt e OF
glucose in thée blood. In vitro experrments have shown i ncreased

absor pt i omagnetisr dewp@suabe bef onl @t overct permanegnmageets jog| eecteomangpeist | disear | y
in glucos a apout 158 272 23

Fedace ponePHRCh iR RREE 1By Rk OB ctsBies ZiHE B BRI %

moni t of i nPiglavi.ce, the deV|ce advantageously uses a permanent magnetic
device, and circuitry including the light source and detector, and an

el ectromagnet if present may also be switched on only nonentarily to
perform a r 4 the i i e Ilght
sour ce, F@ﬁig Sﬁ Elltllr C{Qf gcl)br e ucegﬁ)t%ﬁ}éngl\g‘sésﬁc@lepggéépﬁﬁéerc}ver se
effects ohodsediyn aﬁom51m§ lﬁawmchos ﬂﬂ)WrDintch\@sNbRxdnl die.holising Iplaces 4 Bglgaoenrt of

Figure 2, the electr net 15 agnd he i ght sour are ea ntrolled to
synchr oni ¥t tsh%w%é’é‘gg’gﬂeﬁ‘?teﬁtf’r z‘l‘ 51(98’%%“% ’E“HF f%@fdéeﬂmgxs@é&e& i ¢0and
di ast@gji Cel‘éb’t?drﬁa%?-ghb aeﬁh’@ﬁhi’s%sﬁﬁhéc?ﬁ‘loﬂgstlélerﬁlﬁﬁ%erﬁ@@lamr?f@Bf thefﬁr}gtspod

gl ucose by 20 t t he measurenment at the point in the systolic and

di ast ol i c Thelighs Sﬂm@n and thermagneti¢ devdcd are bestragled @Vlrmpqwetoonnhl@rsré&sl@r ement
site. A pulse oxinmeter 19 is used to derive a synchronisation signal for
controlling the em ssion of light by the light source at the height of the
arterial pulsation, i.e. at the systolic phase of 25 the cycle, when
subungual capillaries at the nail bed are filled. The oxi nmeter may be
shaped as a cap or finger-glove for fitting over a finger of the user. The
oxi meter measures the |l evel of oxygen in the blood at the bed of the nai
by nmonitoring the absorption of |light at a wavel ength corresponding to an
absorption peak of oxy-haenogl obin. The oxi neter produces a signal having a
wavef orm due the flow of blood in the capillaries at the finger 3o tip.

Thi s meveforn1corresponds to the systolic and diastolic cycle of the

oy



9 The waveformfromthe oxinmeter is fed to a signal processor 22 and
synchroni sation controller 23. Al though these are shown as di screte bl ocks,
t hese functions may be provi ded by a conmon processor, for exanple a

m croprocessor, which can al so process t7he detector signals and control

ot her “functions of the blood glucose nonitor. 5 The synchronisation
controller 23 synchroni ses the operation of the light source, by commencing
i || umi nat ihowmetdid Osis largd & thecdp 4% ohiat §eMdRIPgG K -v%éﬁn?m%mx?ﬁ%’é‘ftgﬁﬁ’?ri s
rising at p e : abnyt d
ceasing i 1° %Hng%rli\%ﬁ \t;\lr/r(l)g{lq#%go )\a;\g%%g g%qp;gég\égis Liﬁg%ea&éo?\% lt‘;&ﬁir gség%}ﬁ{mﬁgatﬁﬂ

t hr eshol d cahtroibee 28nds ghrotitel peadke light tsoue 1@ntratierck? thé the ghtgretiordeyieeni t s
NIR I'ight at the peaks of the wavefor erated by the oxineter, i..e. at
t he stystc?lomé"l&'iégéoéymt @‘i?u‘?@é"tqolirﬂf%gghtt%‘?ércééﬁﬁIma&nfﬁé%d?‘@ﬁeeia\?émgﬁieeri al
bl 0od, swhel,hhRdShgmal BebowWlO! Thie' flobsOif 22 BRd IkHERHEsARS Orgt 2P hré WHBGAENT
of returned light received by the detector Is at the maxi num achi evabl e

| evel . TheclymticaldninsiEgimer2. control | er al so activates the detector to
measure the light returned fromthe illum nated 15 subungual site at the
sanme time. Measurenments nmay be repeated over several cycles and averaged to
further ernhamnght §dugces @ iiRbirtankdma&its Mﬁgﬂi@@i’f 4@ 7Bié Sach/ RASR| dfMRar Badiedd
representing the blood sugar content of all body and tissue conponents at

t he illumll@ghé@r efample alighpemithieg sgrniepnductas|dieste. sRefeiencasdiprein 4o ‘Eghthéige by
t aki ng.a . . e 0 : t he
oxi modr. S0 PEARRE T BE LR 5 e FeCRNE o b GNP LS B S
several cyddilsls, andpyrthaldilsyatat dfpred(NIR), aadigtivmesyt‘light’.t Refebemiced lied¢in ad nédrood
gl ucose neasurenent. . not ed above, the synchr.oni 1sqat,i on controller 23
synchr oni d&&reier B light ¥ (Qpe phierseodpsinchigingdiedt hayng p vavRisngts drbyeen
control | erpd& 7561303 3060 Algne to maxi m se the augnentation of the glucose
absorption peaks by the magnetic field. The el ectronmagnet is activated
before the systolic peak. This is to allow tinme for the blood subjected to

t he netj,c field,t ve to the ungual regi,on where, .i.n.synchroni sm
wi e the S eipalR® Kiaigmen ot EaR Rapbao bt tRRRs Flyfd SUT TRer
returned kipgiit 168k eetiRe. il dieier GRBG. Ol & tol Be MYredfdtcdiOthat Me phSent
strength and/or polarit the magnetic field, andfrrag sKnchronl se these

and/ g of the hroni se t
changes wiR¥§ntippe }@ysqqypf/ arplirgbidita 4@ ofingers yad dees. e @ ijyminstipyeld from

t he oxi neter: t RIReL I n y 4 e Lt ching
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wavelengths of the light reflected from the subungual tissue will be absorbed by various
body and tissue components. In particular, certain NIR wavelengths are absorbed by blood
glucose. The degree of absorption at these characteristic glucose wavelengths is used to
determine the level of glucose present. The light returned to the detector will exhibit
30  absorption peaks at these wavelengths, allowing a determination of the blood glucose
levels to be calculated using measurements of the absorption peak levels. The accuracy

and selectivity of the blood glucose measurements may be improved by measuring



(c).determning the absorption, at at |east one sel ected wavel ength, of the
near infrared light being returned, and 10 (d) deriving the | evel of sugar
in the blood fromthe absorption determ nation, wherein the blood is
subject to a magnetic field to nmeasurably alter the absorptive
characteristics of the blood at the at ['east one selected near infrared
wavel ength and the body tissue is supplied with the bl ood after being

subj ect t shameterigtipngliease fabgarption  Bealis Thivahet WOt wavelenedhs Whide else meagingof

. | . ; . . . t of
| an (o i TSRt ®4 Sl o HGE BTGy B LSS U, P02 7
claimed in claim2, wherein the body tissue is at the distal tip of the

digit, and_an internediate Eéortion of the digit_is 20 subjected to the
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synchronismwi th the systolic and diastolic cycle of arterial blood

supplied to said body tissue. 12 7 The nethod of measuring the | evel of
sugar in ood as clainmed in clalim r.6, wherein the polarity of, the
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In the arrangement of Figure 2, the electromagnet 15 and the light source are each
controlled to synchronise the measurement of blood glucose with the user’s systolic and
diastolic cycle. This synchronisation optimises the measurement of blood glucose by
20 taking the measurement at the point in the systolic and diastolic cycle when arterial blood

is being delivered to the measurement site.

A pulse oximeter 19 is used to derive a synchronisation signal for controlling the emission
of light by the light source at the height of the arterial pulsation, i.e. at the systolic phase of
25  the cycle, when subungual capillaries at the nail bed are filled. The oximeter may be
shaped as a cap or finger-glove for fitting over a finger of the user. The oximeter measures
the level of oxygen in the blood at the bed of the nail by monitoring the absorption of light
at a wavelength corresponding to an absorption peak of oxy-haemoglobin. The oximeter
produces a signal having a waveform due the flow of blood in the capillaries at the finger

30  tip. This waveform corresponds to the systolic and diastolic cycle of the arterial pulse.



10 The nethod of measuring the |evel of sugar in blood as clained in claim
9, wherein said body tissue is part of a first manmalian digit and said
systolic-and diastolic ~ 5 cycle is determ ned by nonitoring blood flows in
a second digit on the sane |linb as saidgfirst digit. 1 1 The nethod of
measuring the level of sugar in blood as clainmed in any one of the
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blood, when the signal to noise ratio of the glucose absorption component of returned light
received by the detector is at the maximum achievable level. The synchronisation
controller also activates the detector to measure the light returned from the illuminated
15  subungual site at the same time. Measurements may be repeated over several cycles and

averaged to further enhance the reliability of the measurements.

A baseline reading representing the blood sugar content of all body and tissue components
at the illuminated site, except the arterial blood sugar, may also be made by taking a
20  measurement between the peaks of the waveform generated by the oximeter. This baseline
measurement, which may also be averaged over several cycles, may be used to provide a

correction to the arterial blood glucose measurement.

As noted above, the synchronisation controller 23 synchronises the operation of the
25  electromagnet 15 via the magnet controller 18. This is done to maximise the augmentation
of the glucose absorption peaks by the magnetic field. The electromagnet is activated
before the systolic peak. This is to allow time for the blood subjected to the magnetic field
to move to the subungual region where, in synchronism with the systolic peak, it will be
illuminated with NIR light and the returned light detected. The magnet controller 18 may
30  control the strength and/or polarity of the magnetic field, and may synchronise these
changes with the systolic and diastolic cycles, for example as derived from the oximeter.

Control of the magnetic field strength may include switching the magnetic field on and off.



17 A device as clainmed in claim14, 15 or 16, including a bl ood oxygen
nonitor ( 19) adapted for determning the systolic and diastolic cycle of
arterial blood supplied to the sanple zone, wherein operation of the |ight
source i s synchronised with said systol 2{?; and diastolic cycle. 15 18 A
devicé as clainmed in claim17, wherein e sanple zone is a first digit
(12) and the bl ood oxygen nonitor is adapted for nonitoring the flow of
blood in a second digit (21 ) on the same linb as the first digit. 20 19 A
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said systolic and diastolic cycle. 30 22 A device as cl ai rred in claim 20
when dependent upon claim 17 or 18, wherein the polarity of the magnetic
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5 1 A method of measuring the level of sugar in blood in vivo, including the steps of:
(a) illuminating body tissue with near infrared light,
(b) detecting near infrared light returned from the illuminated tissue,
(c) determining the absorption, at at least one selected wavelength, of the near infrared
light being returned, and
10 (d) deriving the level of sugar in the blood from the absorption determination,
wherein the blood is subject to a magnetic field to measurably alter the absorptive
characteristics of the blood at the at least one selected near infrared wavelength and the

body tissue is supplied with the blood after being subject to the magnetic field.

15 2 The method of measuring the level of sugar in blood as claimed in claim 1, wherein

the body tissue is part of a mammalian digit.

3 The method of measuring the level of sugar in blood as claimed in claim 2, wherein
the body tissue is at the distal tip of the digit, and an intermediate portion of the digit is

20  subjected to the magnetic field.

4 The method of measuring the level of sugar in blood as claimed in any one of the
preceding claims, wherein the magnetic field is provided by at least one permanent
magnet.

25
5  The method of measuring the level of sugar in blood as claimed in any one of the

preceding claims, wherein the magnetic field is provided by at least one electromagnet.

6  The method of measuring the level of sugar in blood as claimed in claim 5, wherein
30  the strength of the electromagnetic field is changed in synchronism with the systolic and

diastolic cycle of arterial blood supplied to said body tissue.
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0 9 () The method of measuring the level of sugar in blood as claimed in any one of
10 claims 6, 7 and 8, wherein said systolic and diastolic cycle is determined by monitoring

blood flows in said body tissue or in a closely related body part.

10  The method of measuring the level of sugar in blood as claimed in claim 9,
wherein said body tissue is part of a first mammalian digit and said systolic and diastolic
15 cycle is determined by monitoring blood flows in a second digit on the same limb as said

first digit.

11 The method of measuring the level of sugar in blood as claimed in any one of the
preceding claims, wherein the sugar is blood glucose.

20
12 The method of measuring the level of sugar in blood as claimed in any one of the
preceding claims, wherein the at least one selected wavelength is approximately 1586,

2122,2272 or 2324 nm.

25 13 The method of measuring the level of sugar in blood as claimed in any one of the

preceding claims, wherein the measurement is made non-invasively.

14 A device for making a non-invasive in vivo measurement of the level of sugar in

blood at a sample zone, the device including a light source (4), adapted for illuminating
30  blood at the sample zone with near infrared light, a detector (5) adapted for sensing near

infrared light returned from said sample zone, and a magnet (8, 15) adapted for exerting a

magnetic field on blood travelling to said sample zone, the magnetic field being sufficient
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10
17 A device as claimed in claim 14, 15 or 16, including a blood oxygen monitor (19)
adapted for determining the systolic and diastolic cycle of arterial blood supplied to the
sample zone, wherein operation of the light source is synchronised with said systolic and
diastolic cycle.

15

18 A device as claimed in claim 17, wherein the sample zone is a first digit (12) and the
blood oxygen monitor is adapted for monitoring the flow of blood in a second digit (21) on

the same limb as the first digit.

20 19 A device as claimed in any one of claims 14 to 18, wherein the magnet includes at

least one permanent magnet.

20 A device as claimed in any one of claims 14 to 18, wherein the magnet includes at
least one electromagnet.

25
21 A device as claimed in claim 20 when dependent upon claim 17 or 18, wherein the
strength of the magnetic field is changed in synchronism with said systolic and diastolic

cycle.

30 22 Adevice as claimed in claim 20 when dependent upon claim 17 or 18, wherein the
polarity of the magnetic field is changed in synchronism with said systolic and diastolic

cycle.
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