1 MONLTORI NG BLOOD GLUCCSE LEVELS FIELD OF I NVENTION 5 The present
invention relates to apparatus and net hods for the neasurenent of bl ood
sugar ~concentrations and particularly, but not exclusively, to non-invasive
in vivo neasurenent of blood glucose concentrations. 1o BACKGROUND
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Traditionally, a person’s blood sugar level is measured from a sample of blood obtained by
a pin prick on the finger or drawn from the person’s veins. A disadvantage of these
methods is that they are invasive.

15

Various non-invasive techniques for monitoring blood sugar levels have been proposed.

International Patent Application Publication Nos. WO 0060350 and WO 0122871 describe
a ndn-invésive optical sensor for measuring glucose concentrations in the eye. The sensor
20 uses the magnetic optical rotatory effect (MORE) by which rotation of the polarjsation ofa
light beam is dependent, in part, upon the concentration of a glucose solution through
which the beam passes. A beam of polarised light is passed through the aqueous humor of
the eye which is simultaneously exposed to a magnetic field. A photo-detector monitors
rotation of the polarisation of the beam, from which is determined the glucose

25  concentration.

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.



frequency. 2 International Patent Application Publication No. WO 0216910
descri bes a systemfor non- invasive nonitoring of blood glucose. The

nonitor has a polarised |ight source for illumnating body tissue, and a
magnetic field generator which creates aymagnetic field within the tissue
during illumnation. The change in polarrsation of light transmtted 5

through the sanple is used_ to, determne n l.engt h of phot.ons
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synchr oni z‘gﬁvwrigﬁ’sttﬂéoﬁa?ﬁeg%tblgo‘gfl%r}sﬁ X tbcé)ﬁaengﬁaggg%l i c phases of the cardiac
cycle. A disadvantage of this nethod is that sophisticated filters and

phot odet ectors are needed to neasure the signals in these spectral regi ons.
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I denti fi ed, aAng.ALRRQY 18- source of infrared energy is a heating element that radiates a broad
spectrum of energy, and a mechanical shutter regulates the flow of energy into short bursts.
15  The shutter is synchronized with the patient’s systolic and diastolic phases of the cardiac
cycle. A disadvantage of this method is that sophisticated filters and photodetectors are
needed to measure the signals in these spectral regions. Another disadvantage is that the
high energy source requires a large power supply, which restricts the ability to construct a

compact and portable unit.

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 beeﬁ
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.
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725 United States Patent No. 6,097,975 descri bes the non-invasi ve neasurenent
- of blood glucose concentration using light pulses directed onto a patient's

skin. Light reflected back is passed through light filters that transnt a
narrow bandwi dth of light within a range of wavelengths that is absorbed by
gl ucose and then neasured for use in detergrining the 30 patient's bl ood
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aspect the . invention nay be broadly said to consi in a net measdar i ng
t he vivo, being cluttered in amoncrst other peaks w1th a poor.ratio of wanted 51gna1 to noise.

SUMMARY OF INVENTION

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 as.pect the invention may be broadly safd to consist in a method of measuring the
20 .. level of sugar inblood in vivo, including the steps of: |
(z) illuminating body tissue with near infrared light,.
(b) detecting near infrared light returned from the illuminated tissue,
(c) determining the absorption, at at least oné selected wavelength, of the near infrared
light being returned; and
25 (d) déi‘jving the level of sugar in the blood from the absorption determination,
wherein the blood travelling to said body tissue is subject to 2 magnetic field to
measurably alter the abSdrptive charact'eristics_ of the blood at the at least.one selected:
near infrared wavelength and the body tissue is supplied with the blood after the
blood has been subject to the magnetic field.
30

The body tissue may be part of 2 mammalian digit.



20 |l evel of sugar in blood in. vivo, including the steps of: (a)
illumnating body tissue with near infrared light, (b) detecting near
infrared light returned fromthe illumnated tissue, (c) determ ning the
absorption, at at |east one selected wavglength, of the near infrared |[ight
bei ng returned; and 25 (d) deriving the [evel of sugar in the blood fromthe

absorption_determ nation, wherein. the bl.qod.travellli tg.sai d .bod
tissue-is Righyraly thepody Hsgjisds Ptctﬁ? B@Fﬂgtlfwf%ﬁ?\é’é@&%ﬁm"ﬁ?@@@%@o%gﬁﬂ’ﬁ ve
char act eriﬁgit?sﬁjectflagoIpr[quggrfégiciﬁgﬂ_ at | east one selected near infrared
wavel ength and the body tissue is supplied with the blood after the bl ood

has been subject to the nagnetic field. 30 The body tissue may be part of a

manmal i an digit. 4 ferably t bo tissue i t e.distal tip of the
digit, andﬂé%mﬁgﬂegf’é{ifrg%g%B%ﬂ%ﬁ béfagfeﬁ%”naipg?‘?as“.e@‘ %Lé}}eé‘ct ed to the
magnetig¢ field. The magnetic field nmay be provided by at |east one permanent
magnet. 5 Alternatively, the magnetic field may be provided by at |east one
el ect r onagAlernatively, she magnehic ikl may popravided byfat ileﬁ%t oz glactremagRdt i c fiel d nay
be changed in synchronism wth the systolic and diastolic cycle of arteri al
bl ood supplied to said body tissue. 10 The neasurenent of the absorption of

returned | TidhdtrefBth aB@/08 yolkakityosr thedlevtrdhagndtic Sylitredy e clangedlinagheiromisiaycl e of
arterial blood supplied to said body tissue. Preferably, the systolic and

di astol i ¢ withthe systolie erd dinsielc sxel 2] blgodswmlied foiaid bodydisste: 15 body

ti ssue,pr in a closely related body part.

-The measurement of the absorption of returned light may be synchronised with the systolic

and diastolic 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



Preferably, the body tissue is part of a first manmalian digit and said
systolic and diastolic cycle is determ ned by nonitoring blood flows in a
second digit on the same |linb as said first digit. 20 The sugar may be

bl ood glucose. Preferably, the at |east one selected wavel ength is

approxi mately 1586, 2122, 2272 or 2324 nm5 25 Preferably, the neasurenent

i s'made non-invasively. In another aspect the invention nmay be broadly said
to consist in.a i £ | : = i C Y SUr@e t he
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source adapleed dnerseiectedmeanirifizgebivacelemdth bhehsblopd aftzonevaliih f tnsead sampitr ar ed
light, a detector adapted for sensing near infrared light returned fromsaid
sanpl e zon®l€and a nagnet adapted for exerting a magnetic field on bl ood
travelling to said sanple 5 zone, the nagnetic field being sufficient to
nmeasurably alter the absorption of light at at |east one sel ected near

i nfrared waygd enghle zb)e b teledod hemmidliaMeliditng to said sanple zone. 5
The sanpl e. zone nmay be part of a mammualian digit. Preferably the sanple zone
is at atip portion of the digit and the magnet is adapted for exerting the

magnetic figl t LNt er nedi at ortion of the digit, 10 The device-may
holute a BesiRtyThe kERETTRGr S SRk PEr ShateP el sk gps AR eL0Ss EREE T
di astolic ceyehenoiheaht@idialfidid 00th StRRleiRE f@tibhef gandkR. zone; wherein

operation of the light source is synchronised with the systolic and
~diastolic cycle. Preferably the sanple zone is a first digit and the bl ood

oxygen fyoni+of dé\ﬁcggn% L8S ufdg 5 blood oxygen monitor adapted for determining the systolic and
-diastolic cycle of-artenial blood supplied to the sample zone; wherein Operéﬁon of the light

~.source is.synchronised with the systolic and diastolic cycle.

Preferably the sample zone is a first digit and the blood oxygen monitor is adapted for

15 monito_ri'hg the flow of blood in a second digit on the same limb as the first digit.
The magnet may include at least one permanent magnet.

The magnet may include at least one electromagnet.

20

Preferably the strength and/cr polarity of the magnetic field is éhémged in synchronism

with the systolic and diastolic cycle.

Preferably the near infrared light has a wavelength of approximately 1586, 2122, 2272 or
25 2324 nm. '

~ 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

30 mcluded.



15 nonitoring the flow of blood in a second digit on the same linb as the
first digit. The nagnet may include at |east one permanent nagnet. The
magnet- may i nclude at | east one el ectromagnet. 20 Preferably the strength
and/or polarity of the nmagnetic field is changed in synchronism wth the
systolic and diastolic cycle. Preferablyothe near infrared |light has a
wavel engt h of approximately 1586, 2122, 2272 or 25 2324 nm The invention

may furt hegRPEF HESCRIPHON O DRAWINGS! t ernati ve conbi nati on of parts or
features mentioned herein or shown in the acconpanyi ng draw ngs. Known

equi valents of these parts or features which are not expressly set out are

e TRk PR R TR e

Preferred 8 e invention w urther
descri bed pferdhce teihe aedigpdngingfipudasoatigeinyi ng figures wherein; 5 Figure 1
shows a schematic view of a first apparatus for noni %ﬁri ng bl o spgar
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nonitoring blo | evel s. i o DETAI LED DESCRI PTI ON OF PREFERRED
EMBODI MENTS Referri'ng to the drawings it will be appreciated that an
appar at us for nRigire@ shogslalsohematkugew of ewedamdappamatiis figr monitdrngphlesd sigar

i nvention may be inplenented in various forns. The follow ng enbodi nents
are descri bed b‘?"%y of exanple only and are not intended to be 15
limting.

10 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the drawings it will be appreciated that an apparatus for monitoring blood
sugar levels according to the present invention may be implemented in various forms. The
following embodiments are described by way of example only and are not intended to be

15  limiting.

Figure 1 shows a side view of a distal end portion of a finger 1. The tip portion 2 of the
finger is housed in a housing 3 which is shown in cross-section. The housing places a light
source 4 and light detector 5 over the nail 6 of the finger. The light source is controlled by

20 acontroller 7.

A magnetic device 8 is positioned alongside an intermediate portion of the finger. The
magnetic device may be one or more permanent magnets or electromagnets. The
housing 3, light source 4, light detector 5 and controller 7 are shown schematically in

25  Figure 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 housing places a light source
(not shown) and light detector (not shown) over the nail 14 of the index finger. An
30 electromagnetic device 15 is positioned alongside an intermediate portion 16 of the finger.

The light source and the magnetic device are controlled by respective controllers 17, 18.



Figure 1 shows a side view of a distal end portion of a forger 1. -The tip
portion 2 of the finger is housed in a housing 3 which is shown in
cross-section. The housing places a |light source 4 and |ight detector 5
over the nail 6 of the finger. The |lighty; source is controlled by 20 a
controller 7. A magnetic device 8 is positioned al ongside an internediate
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pl aced at schematicpllpén Bigure Zecond finger 21. A synchronisation trigger

signal, derived fromthe oxineter by a signal processor 22 and

synchroni sation controller 23, is provided to the |ight source controller
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near infrapedar.NBohhght are to be understood as including |ight having a
wavel engt h bet ween

15 When, in each of the arrangements of Figures 1 and 2, the housing is fitted over a finger
tip, the light source illuminates finger tissue. It is to be appreciated that the present
invention has equal applicability to fingers and toes. Preferably the illumination is
projected at subungual tissue under a finger or toe nail. The use of a user’s nail as a
‘window’ for penetration of the illuminating light to the arteriole capillaries contained in

20 the subungual tissue is advantageous. The penetration of light through the nail is relatively
constant, unlike through the skin where movement of the user can cause variations. The

nail also provides a firm and solid surface to support the light source and detector.

The light detector receives light returned from the illuminated site. This light includes
25  light reflected by the nail and light diffusely reflected off the subungual tissue. Some
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



about 750 and 3000 nm 15 Wen, in each of the arrangenents of Figures 1 and

2, the housing is fitted over a finger tip, the |light source illum nates
finger tissue. It is to be appreciated that the present invention has equal
applicability to fingers and toes. Preferably the illumnnation is projected
at sub_ungual tissue under a finger or to® nail. The use of a user's nail as
a window for penetration of the illumnating light to the arteriole
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exposure ofe
15 tissue exposed to the NIR light.

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.



field, and particularly in glucose absorption peaks at about 1586, 2122,
2272 and 2324 nm 10 To reduce power requirenents, particularly in a
portabl e bl ood sugar nonitoring device, the device advantageously uses a
per manent magnetic device, and circuitrygincluding the |[|ight source and
detector, and an el ectromagnet if present, may also be switched on only
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h

of the naiWhentheaw@velsrm pgssehbackiioyrmthroiigh ghe thieshpld agthee n this
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common processor,” for exanple a mcroprocessor, which can also process the
det ect or siogtraller aswdactiatasche deteetor fametabwashedighhretished drogl theodmminated or .

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.



5 The synchroni sation controller 23 synchronises the operation of the |ight

source, by commencing illum nation of the subungual region with NIR Iight
when the waveformis rising at an upstroke through a threshold val ue, as at
the systole, and ceasing illumnation wyyen the waveform passes back down

t hrough the threshold at the end of the peak. In this 10 manner the |ight
source emts NIR light at the peaks of the waveform generated by the
oxineter, i.e. at the stystolic phase of the pulsation, when the capillaries
receive aﬂt}ﬁfde@ices Bh® aéthodb @ thdsreSdng Midlention PRIVER fo@&h@nﬁﬁsm&&ﬁexﬁ' 410,18 Ui
absorption corrponent of returned |ight _received by the detector is at the
maxi num achicesalsvels ieyep,; .o adiving preanisar | Batheperertbis|can bsl aghiexed by dhtes t he
det ect or r

site at t esmﬁ%n%h%ﬂ/bﬁ&g&d \ﬂﬁ{i',u ée repgatbé %}Hg]\?ggﬁtse\é ﬁwg%?gs and
averaged to further enhance the reI i ab| lity of the neasurenents. A baseline

reading re resentl ng. t he bl ood sugar, content of all body apd tissue
conponent 4 hederegpiag idesiihes, thecgvertion, ingludipg prefpaed, foras; thgre oé&e@ﬂa%ﬁ arldmay

al so be 5@33% ﬁéﬁs orm
gener at ed @%ébgg;%yrr&lg?e ol asﬁ%ﬁggmﬁgg‘ﬁf@ﬁéﬁﬁ aklf i?oge fn@

aver aged mﬁnnﬁe\smlmlheoqpcfhedeﬁnmynﬁ&aasaadpmirrgra:)adhﬂe a correctl on to the
arterial blood glucose neasurenent. As noted above, the synchronisation
controller 23 synchroni ses the operation of the 25 electromagnet 15 via the
magnet controller 18. This is done to maxi m se the augnentation of the

gl ucose absorption peaks by the magnetic field. The el ectromagnet is
activated before the systolic peak. This is to allow tine for the bl ood
subjected to the magnetic field to nove to the subungual region where, in
synchronismwith the systolic peak, it will be illumnated with NIR Iight
and the returned |ight detected. The nagnet controller 18 nay 30 control the
strength and/or polarity of the nagnetic field, and may synchroni se these
changes with the systolic and diastolic cycles, for exanple as derived from
t he oxineter.



Control of the magnetic field strength may include swtching the nagnéfic
field on and off. 10 The devices and nethods of the present invention

provi de for the neasurenment of blood glucose levels in vivo, i.e. in a
l'iving organlsn1 Furthernore .this can be achieved by the -present invention
non-invasively, i.e. without puncturing thé skin or entering a body cavity.

5 The foregoing descrlbes the invention including preferred forns thereof.

Al terati ongeadvisnodi fications as will be obvious to those skilled in the
art are intended to be incorporated wi thin the scope hereof as defined in
‘the acconpanying clains. 11 CLAIMS 5 1 A nethod of nmeasuring the |evel . of
sugar-in blood in vivo, including the steps of: (a) .illumnating body
tissue with near infrared light, (b) detecting near infrared |ight returned
fromthe illumnated tissue, (c) determning the absorption, at at |east one
sel ected wavel ength, of the near infrared |ight being returned, and 10 (d)
deriving tHe | évelethold cfugeasunng thededl od dugarambided ‘alyser, prdledingdhestapaatt i on,
wherein the b travelll to said-body.tigsue ,is subject to a magnetic
field to Lag gb aélln@é’ro ASSURRIR B’F?I\}éﬁ%rﬁgilﬁgf*eri stics of the blood at

the at |east eypedete%%e%@r%ﬁa&@mAhﬂﬁét%@éﬁeggymeqngﬁhnﬁeéngm body tissue is

supplied with the blodd after the blood been subject to the magnetic
field. 15 2 T(e dmmm%fthmgcpnomgatméedsem seddctegirgarelength| obtheasacinfiaredd

in claiml, wherlel bthe bod ssue is part of a mammualian digit. 3 The
met hod of neasurli&hyPERE TP sugar in blood as claimed in claim2,
wher ei fp (d) deriving the level of sugar in the blood from the absoxpt-ion determination,

wherein fhe blood travelling to said body tissue 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 the

blood has been subject to the magnetic field.

2 The method of measuring the level of sugar in blood as claimé_d n claim 1, wherein

the body tissue is part of a mammalian digrt.

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

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 1s prdvided by at least one permanent

25 magnet.

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.

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

diastolic cycle of arterial blood supplied to said body tissue.



20 the body tissue is at the distal tip of the digit, and an internediate
portion of the digit is subjected to the magnetic field. 4 The method of
measuring the | evel of sugar in blood as clainmed in any one of the
preceding clainms, wherein the magnetic field is provided by at |east one

per mmnent 25 magnet. 5 The nethod of neasuring the | evel of sugar in blood
as claimed- in any one of the preceding clains, wherein the magnetic field
is provided by at | east one el ectromagnet. 30 6 The nethod of measuring the

I evel of sugar ‘TET. g'{cgloo% &5 gallsﬁlngg%el lre]véilo'?"isu a%”in\é’po rdﬁis?qr%geigleed:i gﬁﬂg{[ gﬁgé’ the

el ectromagnetic I's” changed®i'n synchronrsmw Sy

“diastolic cyzﬁbﬁi@ﬂaeqfouﬁf?@hf 11 Qechranapleti €€ cldois $BhEbddad wyhdigstem Wh tie The
met hod of measuring the [evel of sugar in blood as clainmed in claim5 or 6,
wher ei n t hesystilirandydiaftobheyd¢ etatenrh§loedisopplicd 1@ sayd bofbrigasdei n synchroni sm
with th systolic and diastolic cycle of arterial blood supplied to said

body tissue. 5 8 The nethod of neasuring the |level of sugar in blood as

claimed in @any 9RenRihdd meds8aBE Y6 1RF TBgarWh BIRIdasBAMHIGHRAY Bt of iR
absorption of returned light is Synchronised wth the systolic and

di astol i c cyretediog chumeriadreisl roeabuspit 06 thetabserptigninfdstutri eddight s §yr@hrphised
t hod of i t.he | evel of in. | aj med, | ' f
Clains 6, Tnds S e tieup e SjNTR! ot bR sorairEoced hOREhler r ned

by nonitoring blood flows in said body tissue or in a closely rel ated body

part. 10 The net hod. of neasuring the |evel of sugar in blood as clained in
cl ai m 90 159 wher 8iba msdher puppasunagiibe leyelafraugerf ingdloo¢ 83 clpanedin amy diegift - and

sai d systolj .a-ng iastolic .cycle is. determned by nmonjitoring bl ood flows
h & second BFOr £ DA hevadre il SR ARG K RSB R kg
blood flows in said body tissue or in a closely related body part.

10 The method of measunng the level of sugar in blood as claimed in claim 9,
15 wherein said 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.

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

20 preceding claims, wherein the sugar is blood glucose.

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 measurementis made non-invasively.

14 A device for making a non-invasive in vivo measurement of the level of sugarin
30 blood at a sample zone, the device including a light source (4), adapted for illuminating
blood at the sample zone with near infrared li ght, a detector (5) adapted for sensing near

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



11 The nethod of neasuring the level of sugar in blood as clainmed in any one
of the 20 preceding clains, wherein the sugar is blood glucose. 12 The

met hod of neasuring the |level of sugar in blood as clainmed in any one of the
preceding clainms, wherein the at | east ong selected wavelength is

approxi mately 1586, 2122, 2272 or 2324 rm 25 13 The nmethod of neasuring

the | | _of I f th di I
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non-invaskgy %eh&r%l&%lt@?@&%@%ﬂ%n Qf 11?%‘[ B4Rkt e sSHGANd dddr 1%9& QQde1at gt
sanpl e zone, the dévice including a light source (4), adapted for

illum nat bmghe blooddfiat travelisghpdasd zomgewbhdr near infrared |ight, a detector
(5) adapted for sensing near infrared 'Sight returned fromsaid sanple
zone, and a nmagnet (8, 15) adapted for exerting a 13 magnetic field on

bl ood traygl | isn ,gﬁgﬁgﬁ? jent
to measurggl y a?et\gge?% @orﬁﬁ@%?ﬁt&&gﬁt at tlgféﬂéegtsqjgggé se ecte near
infrared daxe{lengl.h by the blood after travelling to said sanple zone. 5 15

A device as clained in claim 14, wherein the sanple zone is part of a
mammal ian digit (1, 12). 16 A device as clainmed in claim15, wherein the

sanpl e ZOES IS @dyide 4d (Ha 1h%&11§121’ c%\?ﬂ)e ﬁ(?%thetm L ghde ANM attg)epc[mgﬁl?f 1§§of 15)

is adapted for exerting erragne at a |nterma|atep tion

t he digi tthel@ioﬁadd\zhe:magﬁetc(Ba] Jyes adaptad mrmcépﬂmgi}ﬁe oagidéic fieldlaudhng a bl ood
oxygen nonitor (19) ed for determ ning the systolic and diastolic

cycl eldf HHEERS ?telﬂOBtb‘EP BPIGi%8E to the sanple zone, wherein operation of
the light source is synchronised with said systolic and 15 diastolic cycle.

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

15 diastolic cycle.

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 !4 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

25  least one electromagnet.

2] 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



18 A device as clainmed in claim 17, wherein the sanple zone is a first digit
(12) and the blood oxygen nonitor is adapted for nonitoring the flow of

bl ood in .a second digit (21) on the sane linb as the first digit. 20 19 A
device as clained in any one of clains |4 to 18, wherein the magnet includes
at | east one permanent nmagnet. 20 A devid¢é as clainmed in any one of clains
14 to 18, wherein the magnet includes at 25 |east one el ectromagnet. 21 A
device as ohai meghyidk &lﬁélﬁe%QnMﬁP Rofe enea% %h%uarm)lﬁehal&whémﬁm% n
the strength of the nagnetic fie IS C ed In synchronlsmwt sai d
systolic apdladrt)aefmhmamyclﬁeld B3@hddgeddR sﬁmiemmamhszhdlsmadhc Aang dastali2 0
when dependent upon claim 17 or-18, wherein the polarity of the nmagnetic .
fieldis cﬁé‘ﬂ@ed in synchronismw th said systolic and diastolic cycle. 5
23 A device as clained in. anyone of clainms 14 to 22, wherein said near
infrared light has a wavel ength of approximtely 1586, 2122, 2272 or -2324
nm 5 23 Adeviceas claimed in.any one of claims 14 to 22, wherein said near infrared light

“has a wavelength of approximately 1586, 2122, 2272 or 2324 nm.





