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transmitted by features in the body. The glucometer locates the at least one blood vessel from
the reflected/transmitted energy using methods known in the art. In some embodiments of the
present invention, the glucometer comprises at least one light source that illuminates a region

of tissue in which the at least one blood vessel is located with at least one pulse of light at a




change in the acoustic inpedance changes the acoustic reflectivi tg %f éﬁﬁ%ﬂﬂﬁ
bolus. The gluconeter transmts ultrasound waves into the person' ody

that are incident on the bolus. Reflections of acoustic energy fromthe

i nci dent ultrasound waves by the bolus are sensed to determ ne the change
inreflectivity. The neasured change in reflectivity is used to assay 30

gl ucose i wotghgs7hol us. According to an aspect of sonepefhegidmnts of the
present invention the gluconeter reflects ultrasound waves fromthe bol us
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to rreasur; a_change in the holus fromwhich to detem ne gl ucose 3 28 JAN

2005 WO E37%6 1785 POTF LY Plaod7n dheh e wpy Bloedypssehphsprig cnpesyera® 8@t of t he
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According to an aspect of some embodiments of the present invention the glucometer
reflects ultrasound waves from the bolus at times during which a photoacoustic wave is being

generated by the bolus to measure a change in the bolus from which to determine giucose
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side of the layer. For a given thickness of the |ayer and val ues of the
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gl ucose d?}&ﬁ% abs%)grstaﬁt he Iig{?t. As gsrresul t, an acoustic effect measured
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assayi ng bl dod glucose. In the process 0 eterm ni ng gﬁlucose
concent r & PeHIre aprurst orceRarsosnig of Ithangese inbth i almomitioof cotffigiepr msklned farvent i on,
absorpti gp..cogificients of other substances in the blood are determn ned and
t he absorption coefficients nmay be used to determ ne concentrations of
t hese substances. For exanple if "N' different wavel engths of
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| ight are used to determ ne glucose concentration, in accordance Qi%h
enbodi nent of the 20 present invention, absorption coefficients o

di fferent conponents of the bl ood bolus are determ ned and may be used to
estimate concentrations of the conponents in the bolus. D fferent
particul ar substances in the bolus whose concentrations are to be estinmated
can be aswayes77d n accordance with an enbodi nent of rbempr/esaent | nvention

by proper "timng" of frequencies used to illum nate the bl ood bol us.

Furt hernore, Adedig mmpécﬂmamb aﬂbdd&n@atof% pkésm't i ehtion, RS gaymdgr bl ood
conponents. Sorre of t he res e n_be used to assay
conponent§ayEs § LG Fe’ﬁ r‘?&te’F"HQP W@‘ée P%b@dgrw Hag@ispigl * exanpl e,

corrponenbsreﬂécubmmmgmﬁlﬂabmfmuoﬁs1sm;@aadmﬁﬁ@xtasmmm@i aque in blood vessels
that are Iocgﬁ:‘%d usi,ng ul trasqund, Wereas only |light has been described as

bei ng used t olHeHERIHTHOB OF Frup @rqughalaaﬁ%@a@ﬂ@%ﬁéycu@tqf Veyelsesty

el ect 5oMaginetabend! ﬂﬁ’dkﬁéds%thesldfdi‘ é%:%uﬁﬁb %ﬁt\ﬁ@ﬂé@ R lthd ath@d it ORyer MY be used
to |rrpart ener gy to corrponents EP[:% assaye in a tissue vol une, 1n

accor dan@@usicipelancenpigastershen eifor side of thedisisr. Fpmaeinm tigknessopfdhedmisodi nent s of
the Present viy Snb Gfip@hed! SR i Rfidith Wofbn Hakl 4 amd Wicdlon GRRCERL T AL ON Of
a substance in a region of the body. In so 8anJAN 2005 WO 02/ 15776
PCT/ | LOI layerhavr maariomitpaticwar "spsengty” Wé@ileéﬂh%f the region of the body for

whi ch concenty,a S @QEE gpe I i.nated with
col li mat ed |II5 de@?\g%&glgﬁgb%orgbge én%e tJgstance glxésn%ﬁ%tig'ggg'g%&/e, because
of sdétt @msmgssm alndfghtreﬂeptldnoﬂwetengh ue debhmnesil e ahoiud of dlaodrprist 1o he

subregio han roperties
of 4 Ssunepue R PR AR NGl RURRRR SR o6

"voxel s" ailnast bre Iphibpulegihe lacouaﬂcemphhmgesf thaholbaaandehﬁmmobﬂm sserdi ng

phot oaco v ed in the yvoxels and/or charact cs of

ul t rasoni b\?/guvgr Qﬁ?‘F&?gg&gaﬁaﬁl& Pfra}'l’:? 1@5"% gzﬁ’é?s eﬁﬁ%{’ﬁ%ﬁﬁ’%"?@ﬁft}[‘%ugh t he
voxel s, new asoontancknyhtih deahadd) rﬁﬁ%@r@ﬁcd\hﬂa 211 aﬁmmnénﬂmem‘elp@aaenmny of the

changes i.n t|c [ 0 ertlest aff transmtt reflecte or
gene?@t ed", ﬁ%&?ﬂglf angrﬁxéqy]o ‘r%}a“ﬁ &}i‘rg‘tgl}sg@@ré n o Jlfragepng o

| ocal i zegong théob’fﬁtkssatl dﬂplu@tys Ubw&%n@ﬂﬁs hoRi o B?ﬁ}ﬁlhdhntﬁe nBwacskoange from a
few to about ﬁn wavel engt hs of ultrasound that Is used to probe the

sub- r egi Sfvelaggidsshiftddeont g piassongubwayelepgib isi adhngipn e%a%%c@%ﬂqoaﬁ%woaf t he

subst ance) tht BRoE BHES Mhé ﬁiagxﬁﬂd@éﬁf thd1hif® &éﬁéé@t@%tehﬂn@ﬁlﬁéo@é SRbentaili@ of the
sub-regi on can be deternmined, in accordance with pfeferred enbodi nents of

the pr es&KtbofusJhshold he noted it thy “rpsqeangssih b@ﬁmpétﬁmha@farﬂwﬂs@%ﬁamﬁe in the
body JpegiiPielchad Gt 1ERh bheonRY Iﬂ&\@r&guﬁc@@ag the MFRALER S HRed G0 RA 1O
different "scan"' positions in the body region. Since different organs

and/ or féa]ﬂlﬁ?‘véiélsﬁuﬁ%lﬁ’@eb%ﬁpfﬂ@d’ﬂblﬁweﬁﬂes usual |y be distingui shed by
different |evgl € map of

t he subst ance, %‘r:dc?)%%n é)gﬁﬁﬁbﬂé%%%? n%é&ﬁﬁﬁggéag%o@%%%&ﬁé% godgr esent

i nventi orqltrawumltransmf@éﬂemaﬁ thejboks & mdapuedio) sassy glerddean thedalisir es. As a resul t
some enbodi tSerO gans and
or featur es% or g‘z'félnrlbts(,)ﬁ'ilﬁ:ﬂr?ﬂt%i%rE 81&6&%3‘%%1%{1 ?%&&ﬁpﬁﬁ%oﬁ%ﬁﬁc Sl est er ol
and &%i dibglssl id Bposshdd dhwt a ekt @Ieélghi gﬁdeyDumg:eapbsuaﬁ,edglumsﬁ)lmmtdthy mappi ng

concentr 0 stero xi.di ze estero regi on of
a per Son%édoﬁ:@(?@%rg;}'%mglgc% aSt one %1% 3%%§?I’i‘p§ g‘ﬁ QEPT’ E"Hﬁmﬁf 8%30'5 \9%5(§el sgi n the
regi on camuidén ﬁlcdqulm eidmge‘fhmze:remﬂt &&@B}ﬁﬁf@)lf&ltrm‘oﬁﬂd elgthg thebohecioDdplg@e W th an

enbodlnen o 25 in tlon d, for_ass onponent
of a Iocg &D‘C‘)ﬁ @F%ieﬁ{egcfy 18891‘31? ﬁﬁp‘iﬂ%‘i Fﬁ@“‘ %\%“tl“?ﬁ Henat i ng t he
r ﬁg| Ondyvlllobplatt shife gt bd)s‘hewﬂb wd 5@;@&1 foafm/@@)(wd@amag‘ igl ﬂl&eﬁ/e‘qhﬁiagfoh tiat  whi ch
the radi ati i,S a t he copponent to generate change, i n an

acoust'i c f ﬁé}l‘faﬁo@a%ﬁeﬁ?%%]} lgneth ¢ ﬂ%ﬁg%%@?&%tbﬁkﬁlgsamﬁ g5edHat it is

i nci dent squndtibe belgé mutlgammsu@r&ﬁoﬁrorhﬁm R hdasds Wit dgesahange on

t he i nci d?éwngltrasound usi ngqﬁlt he rreasured 30 at | east gir&ﬁgeffect to

det er ni n&@ bléc?P’b';ﬁ“BﬁIoE%é]?efPa&I? gths though, fhe blsa The Jerivatiysy g¥on; and e)
usi ng t hergeliefdtdBshiabae dﬂa’bs@@h&@&feﬁﬁ%‘ 86th tHeQt HAE 8T ;H%uﬁéa.nﬁﬁ@ﬁﬂeati on of
the conponent in the region 28 JAN 2005 WD 02/ 15 PCT/ 1 LOI / 00740
Optionally illumnating the region with at | east one pul se of radiation at
at | east one other wavel ength, repeating b-d and using the determn ned
absorption coefficient for the at | east one other wavel ength to determ ne
concentration of the conponent in the region.




In some enbodi ments of the present invention, an effect of the at |east one
effect 5 conprises a change in acoustic energy reflectance of theZrfegliih 7l
Optionally nmeasuring the change in reflectance conprises: reflecting at

| east one first pulse of ultrasound fromthe region before illumnation of
the region with the at | east one radiation pulse; determning a first
acousti c ewarayrrd ef | ectance fromthe regi on using thecammhbizaede of the at

| east one reflected pulse; reflecting at | east one second. pul se of

ul trasoupg aperfefgg)rﬁbﬁdf‘ﬁwhqg'pfbﬂoﬁgﬂa?'ﬁo {hk lchiBeRBkibP By BlicdsE @ heWoRE avd t h the at

| east one radiation pul se; "determ ning a second acoustic energy reflectance
from t he iteginow thest eest enedichimylises ude of the second at | east one reflected
pul se; det er myai Agepneflh fifa8 1R %eéaﬁse&esmm Aihd Se 80ds SRECRGtAGOHSE i C
energy reflectances. %tl ona measurin nhe change I n reflectance

conpr i sedavamaiufer whickEghids ab@o ?ﬂeb}gglu@*ée wetihisaet pesghletthehaosyt on before

Doppl r Sl perblth o AR o BB Ol B bR ik B SRS HO BRI, g
during i tHedighinAs & saulb fin adoesticeffecd messinet by the gbmom@awsuhn@fﬂbmgbﬂorg@mh se; using

the anpli; t I f r e acoustic
ener gy rewgng%}gfﬁhgé’%ﬁﬁgfﬁ&vgayglc%g%?g%%tahm%?ﬂe@ onmﬁlﬁﬁtsbr}( %E%oﬂﬂée ion with
the at | éastghene inabk htblixs;muqhudssrﬁpleﬁmﬂ ﬁlawﬂmtmrlmmmmglpaisdasf fvelt enbe bet ween
the refl ectanc fore i.llumn |ona unm nat i.o

bod: reRTEoRy T Hw P dsiie ea0Ehi B o S0t 8% tooBRRE at HPaas BN et 1 ec
conprics esomeghange ghitosyie @t Wofus stmmSl 1ﬂp1’éf&ﬁ1b]3r69ﬂuﬂﬁateﬁ9ﬁh pulsds by ligheasur i ng

t he chan f sou transm,tt n ultr nd wave
Lhe change, | RRced LR ound. oDl sesic [ ransmiiing an utrpsgund vave
25 wave Usﬁg%@@ﬁaﬁsbxﬁn@ﬁ@bs@@ecnbﬁsl foitigheby SBsthddes a8 MBodMbe|Bnttihgion!| t r asound
wave is present in the region; determining a first transit ti me fromthe

first to'qHecEuthomshross %‘Eﬁ}é‘%‘?by(ﬁe cqnqeptyation plapycptsin Bie belgis deerssdund wave,

whi ch first pRidikdily bcREQSRIM refhrkd mbdd if thelpRGRht MRagkddh HRLHE @8R Wi | € the.
region is illum nated determning a secong transit  time fromthe first to
the sEcontngt fimiedfo@esayias blaodglueay Ihbe proesss of deieraining elugass GorsentEaien whi ch
second DY tiOMadcs withSa eibodne oF %@Meﬁ%vkﬁﬁatab%ﬁop hifcibRILPALAt a tine

at which the first portion is |l ocated at the Tir ocation; and using the
di f f er enctbstancas e the hleed teret datwmined ankb ther sbisorption elaHisigats|man h@useéeted of sound

oot Do EHEOLAR Rk PRl Qs RS SEAND R, REUTER ISt qrond setond
of the prligbient udediedtirmmetghsoseegicentratisn, smagmideaive drithan wabedimedftiof 8 and a
secong, 3&’%&%& b b C I 8% ﬁ% éoefﬁ&iegt htdlﬁ‘e?gﬂ %Qr%o%mﬁé‘ Hh@'bio%d “o%‘ﬂlé te‘d a“d

measuri n change 1n measur
i1l um natdetanmaedjarfdfma:ehmaseﬂdbw&amtacmmmdm toif rifee cﬁmpah:tntsamo‘thndboluet Ween a

first an cqnd .l gcation tha S reftl ected from interface and
L el DR e SRR S S B o ¥ yhBba bR (207, o0
that is rass‘amlcirm&cdrdmm itk as enboiimén bethé peeesnt heéntibii byl piepes “piegthfof sound

before ilJumnatio transit t| di.fference;

e nour i ngtedraE b e LETOR Sl RS TR bretenlierion i B00¢

ul t r azpuniihike tesiyigg bloédionddaenieSaidlehieRidnR b tAredet itRiliQC tRGef rom t he

first interface and a transit tine of ultrasound energ %tween the first

and 10 s&tnt® E}S%é’PP’B?@nﬁSWéP’@e’énﬁsé‘FlBéétf%‘ﬂﬂ?srqgﬁ?ac ]Pf?élys% AY TR E S e

det er m ni Rghpehefitd @€ hte@dtitiBIOMRY bRHE elotsidk !pldﬁﬂerlﬁfblogﬁ' vésdls fukveurd R@A@Mustdzom t he
transit time difference; and deternini ng the change in the speed of sound

from t he WE¥&Hi ned speeds of sound before and after illum nation. In sone
enbodi ment's oiyHeRgs @ﬂ}eﬁgﬂmag Eb\éﬁ'aés’m%%d ab Bénd 89H A inkSnRa B CRaMLIRAL Veen two
acoustic interfaces at ultrasound is partially reflected and

measu?q ngPoiuseothd; derges of p}ethqglagneuc radiation, such as microwave or RF radiation, may be
used to impart energy to components being assayed in a tissue volume, in accordance with an

embodiment of the present invention. Some embodiments of the present invention are used fo

provide a spatial map of concentration of a substance in a region of the body. In some




15 speed of sound conprises: a) introducing a pulse of ultrasoundd gtog\&fg@qm
regi on before illum nation so that the pul se bounces back and forth bt o
the interfaces and repeatedly traverses the region; b) sensing energy from
the pulse that exits the region through one of the interfaces for each of a
plurality of back and forth traversals of the pulse through the region; c)
det er m ni m@ evigpeed of sound in the region fromthe trvasvetsmhi ch the
energy is sensed; d) 20 introducing a pulse of ultrasound into the region
afterfi I bmhcidntaén'd ks ms@@e%if@dftﬁdiegimmﬁr?ajdmwﬁa@dégﬁﬁdoﬂ cﬂ‘ﬁ&e}hub@@tnwenbt hed

I nterfaces _and repeat .y trayerses the region a repeatl ng steps and c;
and e) dégttgj’ﬁin?ﬁpﬂ %ﬂwaé?de‘??@ecozl@w tﬁé‘l’%’?@?ﬂﬁ@ﬁ%f}@ ¢of® sound. In
some enbastedraidvs befautee spHRSRISS Ry BIHollp Assud, MR HR0ME TochionSEEMBhed bet ween
two acoustic .int erfacq%is;kngtynv\hi ch ultrasound i.s partially ref|ected and

measur i n{FE{ME® B Y PR OB HREeToFIaREsE HroR P PIoRENES of HERRS i thi Py

ul t r asoupediontinChe deferrhinéd MERENIP Mok HRULOIN BlelstW-reBn THe YIRaL daPBe Of t he
region with the at |east one radiation pulse; determning a first frequency
for whi cHetEHE by SEIsB Phytoscpustic aves gensrrepdtim fsrgkels and/or elprasteristiss 8f maxi mum or

a m Ni MU flradonRits thit Ak, MHEEATRM AP reRimliRd G Rl oRds, R chAgLoON af ter
illumnation of the region with the at least one radiation pulse;

det er m nivi cabediwenitlof the greesnt jnvertion. Amyi eftthe changasiis soysticafroBdienithet asound

t hr ough ﬁ.a?@di [WosTsoRels 1.0 for Wi vel engt h
of pr opatad;}:‘%%it gﬁgo u’IrtgfrléggegS’ﬁ I'n e?%&?tggv?dg%y%rﬁq?ﬁg%% S Sg&;?ufqg’ec\é”;nd

f r equénc pelpcilizedsiglyoxedrin thel shlyregive hadmpdimersiongina reigh fromenfew thaioustem t he fir st
and seco ' et erm ne the change in.the speed of sound in the
regi on, ggVé%E@yﬁgﬁhg%B%@ QR% %%f%@?pé&bﬁ% f”]_(f%a?jb%ﬂﬁe ?lhesets)%‘r%geér%eoadi ments of

t he pr esémrtidneferenéepimgtion hvé theemybatance, Shes eondaitretiredofiid vwbsiandevia diffioenst i C
interfac t i rasound i.s partially reflected and neasuri ng the
change iﬁ&‘se%e"éﬁﬂéw rseglﬁﬁﬁanzbg%ﬁg%%d? mtatc%?ﬁiﬂﬁ%ﬁlﬁ’rﬁefgﬁ%reﬁB%ﬂﬁmﬁﬁf t@ﬁ is

i nci dent pesent ineentioni Lomapst thy coheenirbtion BF tha kibeiandefin the Bodyeggion iswcditred he at

| east,.one_radi ati pul se;. determ.ping.a first freguency S for which

refl ect | §%m8¥m%ﬁgﬁﬂlft%§(§%ﬁg?m° ‘T{e‘ghséat} PgTgps Frfstﬂ%bmi‘?gﬁﬁﬂﬂ or a mini mum
transm tting Sthderdefsdenn croivkiagdlon BatiBCin @RHod Pregloh @il %mgmeaﬁ&ﬁgmi;ﬂeh uni nation
of ther 9ido vvi,;h the at | east one radiation pulse; determ ning a second
fr equenc§ (GFershh ¥Rl OB PISERIRENT o2 SHPBRBSE ot A EITRERRGRER Plethe SHPRCS s a

Maxi mim @fovilledinticto@ance it A1 enyWdiiedent dTeheARME: 8RBEHbNOIID ORAGSL 1rof3e O
ultrasound in the r%%I on for the first and second frequencies is

subst ant F%1F4F"% H6/01 F8EReAs areTufigome embodanealios he srsmihveRian pesyd tand second
f r equeNCiBspolotzaeirlonidafrds Q?Ol%ﬁﬁﬂﬂgrég%’b_ntd?ﬁ b3BL G AhmpRuUnst, bibidshgir egion. In

sone enbodi nents of the present invention, an effect” of the at |east one

ef fect cambyidied IPLShalsweo]ae highly eonessiretedin piauc) By mappiugebnegiratianrodver ses t he
regi on. Opjri ABRdY JIBRASME 1S L lih di” ' b BES:
transmtting an JI trasoun 155ﬁ&%g?@%%egﬁqffiﬁﬁﬁﬁg%%&tﬁgé%q'uas a second
t r ansduc égrosigs anpvails efdoadivesselsidredregionean be soawirsles the region; illuninating
the region w e one | | i e. ul-.trasound wave is
present in thrteﬂjr"ete%i tgﬁ&%ﬁ%&#&%i;ﬁ %cg%&ggy@tgs%{xnggﬁ%%egnﬁ% fp%? éesﬁngs a pul se
wi dt FE5subsentioni Althsthddolier essaytingom canipendit af g ildcalidedeegidh ofl inte@sicinreobddiar ough t he

regi on; AMINc MW fr n hift.in.the.freqguenc f first
portion g&ﬁ"lsg} & )t raso%ﬂﬁ%al\t?\ée leofﬁ% iac%asf?l}egtu ls%%#r?é}%]r?nﬁlg‘%ﬁaeggvﬁ o 20 a
first | oehwhioh therradihtionrie gbmrbedfdy Ithe tdagponefitopenkiatei 4 thangeniat #dacotkiter m ni ng a
second fr ncy.shift in. the.freguency. of a second portion aof the

ul t rasouﬁ%%gﬁgy%ﬁir%O%é’ggﬁ?f% gﬂ%’rﬁsoi d 5 g’%ﬁtm éﬂmdﬁgts%gjﬁoteﬂ%a&)i on in the
regi on atmeasutingret ledst asaieffbvt bive EHahgd onaRs fotideht LifradoRER WP Gkin the BRadidea St

| ocatj.on; ., and usi a.difference in the first, and seco frequency shifts
to deter ﬁ?%@g%mfeﬁg‘gﬁoe‘?‘f‘%}m?ﬁ?’f %'Ls?rﬁté‘fnct%f%&?%tfrﬁheﬁﬁ At PESERI 314 & | ocat i on
in the raghptheliefmtnd dbb@ptionctificiad (o Bet&RGRNEnd-AGAbL 8N e chRp&RAED

enbodi nents of the present invention, an effect of the at |east one effect
conpri se$™d*8ange in absorption of ultrasound along a path length in the
region.




Optionally the region is sandw ched between two acoustic interfaces at
which ultrasound is partially reflected and wherein neasuring the ?@Q&%& Aok
in absorption over the path 30 | ength conprises: a) introducing a pulsé o e
ultrasound into the region before illumnation so that the pul se bounces
back and forth between the interfaces and repeatedly traverses the region;

b) sensi ngioapngrpount of energy fromthe pul se of ult paseenehiohat exits the
region through one of the interfaces for each of a plurality of tines that
the pul se trayelsubamknfithe B regiaBwifl RA0G MRS 15726, BGTAdskQhé 00740
forth through Itﬁ#ﬁe frﬁy}egi on, §) drg%lqmwg\tﬁ\r%g arroue\r%tq'ls g’? er?er gy a[:l)saoréed fromthe
pul se foptheawtvelsagh, rapratitgob-hnd usive fhs aetermpinesiaporptine qoelficiont, fodjheiaht r oduci ng

a pul se t4hd § i At IR ACTo i At | that the pul se
bounces gég?:k an’%é%?%ﬂi é[fp\‘/i\%en Le%gﬁc‘?%fag{é%%és&gﬂg%ﬂrepélmg?eegg%y traverses the
regi on and r dpeamg egbbdiserds of thaptesel) iettennimeffgt vhihe ehagenk effést absor pt i on
over t:he e - US| ] ampunt s of absorbed energy. In
some tesnb(():g%ﬁ%aséﬂg#égFﬁ%o%kg%é%?rﬁﬂfgﬁne\%{eaﬁrae{%g%?r%ﬁ’en' met hod conprises determ ning
a | ocati on ofOptieraliyegiaoming @etchangalid seflebetney comptisey: 1afldctagpitilenst doeifirt he regi on

b csent - PHVE R MR S e PRy ot At oh X e B PRt 10 01 on and
measur i ngadaation bhiles tdeRfmibing achiengousdio chiigy kelledtadratirond fhe ashistnasingStheedi at ed by
at least o | t.rasound trapsducer c led to. the bo and erein the :
met hod ¢ Wgﬁ?gequ %@3@% Pﬂ%‘eﬁ??gﬁgé”t‘{sﬁ I%fa gtﬁ’éraf \te%'% Oﬁseféﬁg\éﬁlﬁ%‘b‘q ‘ﬁ\%"“ﬂ@t ween the
at | e@st fiomethbroglod unar ilamehafidie oD @Yyregibl wiiMBe @FNQG BRNEFia0bn phiee; pr esent

i nvention, at |east one pulse of radiatjion conprises a mcrowaye pulse. In

some enbJHFREMES? Bieordrgolsiie suey PHRPERES BT thareaiwdng Shrrmpdinglg o5 Be of

radi at i OReRATRY lofe SnrepbliFeole; @%erﬁlﬂﬁ{glgé/ GffeRn@ OSBRI IROfE MdSsefpnd t he

present invention, the at |least one pul se of radiation conprises a pul se of

| i ght. TIRequetq egerey refla@ancy ovi ded, in accordance with an enbodi ment of the

present invengy ' i.zed region
bRl ArRREA N Han ST @gﬁgﬁﬁﬁgﬁ&nﬁgﬁﬁﬁ aBousA Eeleg

of interest in a body conprising. a m nat i ng egion W t'h at | east
one pil secilsptandegiiem Hb iremora belere cillomypetionawithiibe lat [4agfhond mdpdompslssbed by t he
conponent.. ﬁm‘i” (Hale] i eRRPRS! %8s the |ight
pul se anzfme et egm ?lﬂlge %%@%ﬁ%@ﬂ%@%%ﬁ%gﬁc &u5| ngﬁé. #Eéled%@i ty of

t hose photivagodsivites Whvestibmef thy mgion mithithe anletdene dightopuldep nslag &eni ne an
absorpti j ] af.. i i he region: d) using.the determ ned
absorpti %ﬁmfé@g {)t: tg% g)ﬁ pl%rg&g%?glrhj raréoﬁ'g& %V%Jr%étéon etteé’fl I Sr?c%ufgm)[ grggorgrﬂpegﬂa%cﬁt in the
regi on. 2t kharsteneescihd oxfiomadutisg diundiduéion wits et atilewsientsi radiationhmisaf arldeast one

| i ght,pul conpri,ses_at, | east one trajn of. | ight |.ses .r.adiated at a

pul sezo?epdégwn%ga‘ri%‘i%re@ce&’ eS%‘%‘F Fe@ecg@ﬁgﬁ%ﬁe it 'gctme%ﬁidﬁﬁ%ﬁ%@g Yons for the
phot oacoust i cimawesnbodiprehts @f thef resastShvegtian s effets bif ther # fl@searesffeetam on t he
region, which ref.erence b has frequency that is shifted fromthe pul se
repetiti ooﬁm?l?sgﬁﬁg}%%f‘%Fpef’%‘g{r?g‘fnadl“éﬁ‘gfegﬁ’ﬂe light pulse train by an 30 of f set
frequency andOgtivnallyt eMesdutide tathaBgdl %€ Speed RE oG SdinprRes aspamdingom- | i nearly
to acoustic stinuli; and_.detecting acoustic waves at the offsetg{grequency.

In some eTHRSHCASYS Top 4 fist FioVHGCH 5o Famsiungsr Jept dsnpias

i || umanatyRe rhfefed 86 kgRnWillidindling RASEPOHBIME B1BaRnd WBlis fescai imkigast one
ot her vvavel_en%t h, .repeating b . and c¢ and - )
Tegion; determining a first transit {ime from the first to the second transducer of a first portion

of the ultrasound wave, which first portion is present at a first location in the region while the -
region is illuminated; determining a second transit time from the first to the second transducer _
of a second portion of the ulirasound wave which second portion is present at a second
30  location in the region at a time at which the first portion is located at the first location; and
using the difference in the transit times to determine a change in the speed of sound through

the region at a location in the region between the first and second locations.




11 28 JAN 2005 WO 02/ 15776 PCT/1L01/00740 using the determ ned %Pgoﬁﬂ&iﬁﬂg
coefficient for the at | east one other wavelength to determne . DRt
concentration of the conponent in the region. Optionally, for a nmethod in
accordance wi th an enbodi rent of the present invention) for which sensing
and determ ning | ocations for the photoacoustic waves conprises focussing 5
an acoust wooefar ence beam the nethod conprises ill gormaisig t he region
with at | east one other light pulse train characterized by a different

wavel engt h amgl s@ﬂé sifbddanalts §f R preRhLinvdndee b irfigordis andliweche®Betwbisi 1g t he
deterning% absor |on coefficient for the at |east one other |light pulse

train t o dbidieraud aeptstis ipiertce shwiich pliasounsis SAUAHY tefectod and BigpsyHIs
Opt i onal {n¥,chidde th itgthipeRt! b Soubhd %b]ﬁ?ﬁ’s@ﬁ n@éas&ﬁ?%fo%ﬁluﬂ!ﬂaﬁ‘dn hidethdenp| se train

illumnate the region substantially 10 sinultaneou I n_sone enbodi nents
of the pPR¥es? tapsfidhng Hiliragaund betyosmridie sadsrsenddogrtioncatiisrefegidficay by at

| east s0nge UWrki! LA ARGAN GFle SOHRBEL &1&%%4&9&&( R @raARd §écdnd N€ 1MEL hOd

conprises neasuring acoustic properties of coupling between the at

| east on&ctioanhdaiicaeflesisd fomethp seppnd Ierfape; setmmiring 8 dberd rf sowd hefpée pr esent

i nventi ofwk3GodRE Iﬁ%dre !ﬁ'dﬁiﬁﬁe 95#5@ rtﬁﬂerﬁ.lﬂ&e@e,l A& ngrliﬂgxf itk hati G

Optional ly detem ni ng ocatlon or the regi‘on conprises transm tt| ng

ul t rasouﬁl&eﬂemednewﬁen lacm;zsﬂ‘ iipe pf)tﬂaasloya:;d WMmﬁrstr@daedoatmcam thabris t he regi on

conpri se an 5
maveleng%’ %?$ﬁﬁ %? P%%%ﬁn ﬁ%ﬁﬁ éﬁgﬁ&%ﬁe |re%fga%é&lgﬁ%%gtlgnally,

det erlfii néssgpddodatiomtihabis réfteried ﬂe:n ﬂegetmmd mmrfpne; depssminigatsperd of dvend &figi on t o
within a : han .3 el engths, of. th trasound in at
ot " on iRt Bt Bedin achEB bORE i MRCERED U rcliping e ERAN .1 O,
conpr i sespekdafatinddrotie detgmmad speedsiof éumﬁl&ﬁ)rmmﬁleaﬁ&aﬂmﬁi;aatmh about a

wavel ength of_ the ultrasoun n_at ne direction on IIy t he at
| east one |i gAt® %Trgbé’dgji’)eﬁ%r(’?glg§re§\enbﬁ1v O%ghel TR ’ﬁﬁfﬂdwﬁb?ﬁ%‘ﬁ‘fefl °the at 25
| east onecomtghitembm wWhivhilitS@ed & fattaBe rePibetd dnid Me@surihg the chinge SOHE
enbodi_nents. of th resent |nvent10n t he et hod %anrlses measuring

acou |c31?qu)ﬁérs? SCoPPTisast &k APdycHEt §auleR 8Y nitepund fp e regiebd¥Fi ned

absor pt i gAnEeeh ichanhe pﬁseafvﬂuﬁb%ﬁ Btk 2685 ROR VeMRed e tuhé-fa!as‘saaﬁa r§RaB@puUSt i C
properties. In some enbodiments of theugresent i nvention, the body is. a

i vi ng bBESPSeTHE Fegioa) Phsensing entiay fromy ihsgpulse gt gxds de rﬁgwaﬁhrw@;ﬂne PRt one
enbodi e g raeds f&rQ@chRff@%ﬁz%&t wsd&tah@fbﬂhh%mraﬁgma ms%tﬁr 9@&&@& onod ina

bl ood vessel of the b i onal % t he conp onent ucose
determining a speed of sound in the region from the times at whlch the energy is sensed; d)

::3

20  mtroducing a pulse of ultrasound into the region after illumination so that the pulse bounces
back and forth ﬁetween the interfaces and repeatedly traverses the region and repeating steps b
and ¢; and ¢) determining a difference between the determined speeds of sound.

In some embodiments of the present invention, the region is sandwiched between two
acoustic interfaces at which ultrasound is partially reflected and measuring the change in

25 speed of sound comprises: transmitting ulirasound which is incident on the region prior to
illumination of the region with the at least one radiation pulse; determining a first frequency
for which transmission of the ulirasound through the region is a ma:dmﬂm. or a minimum;
transmitting ultrasound which is incident on the region after illumination of the region with

~ the at least one radiation pulse; determining a second frequency for which transmission of

30  ultrasound through the region is a maximum or a minimum and for which the wavelength of
propagation of ultrasound in the region for the first and second frequencies is substantially the
same; using a difference between the first and second frequencies to determine the change in

the speed of sound in the region,




28 JAN 2005 WO 02/ 15776 PCT/1L01/ 00740 There is further provided, in
accordance with an enbodi ment of the present invention) a nmethod 5 [§i7.0=Yol &)
internal features of a body conprising: assaying a conponent of the
features for a plurality of regions in the body according to a nethod in
accordance with an enbodi nent of the present invention; and displaying a
result of wesassirenents perforned in 5 assayi ng the ceopmwentzslas a function
of location of the regions to provide an image of the features. Optionally
the method compbms eshadiedm tsaﬂf;ﬂﬁgaésém ivErRigs, thY &gﬁbﬂlmgﬁdﬁmd@?mf hgo t he
conponent on. anot her | e t he region acquired by a different inmaging
modal i t y 288 GITERACY 2t g'g‘%hll t’Faé?uB‘ﬁt‘S PRy eflenisd 4nd mpagEng thesB@es | r asound

| Magi ng. shddd 90 ERmE BEAEHER HadsnBhing DRraR0ES RRith sMEMnt 64 4R SB5Epddr th east one
ultrasound transmtter or ultrasound 10 sensor is used to acquire both the

i mage pr aWAHRIOR pigiF EeloayTitidhs #deagiawp erdistion pifky; detemining BEEUFINRAge. | n
some gnbaeH WREH &fedtioh N Y SBERInd BYRB R regibl% Pt¥inhdy 8r hinthitRmpody. 1N
sone enbodi nents of the present invention, the Iiving body is a human body.
| n sone &@EBEHTHRSREasosnd whigh princident on the sasiongfier Hiprainpticatafithe fegiomwih aque
deposit igh & 112t BlOoRdiMES SEk [ t.ei nventi on,
the conponent is LDL ghol_Es;%r%%%f?%%@gﬁ%%ﬁ%l%@%e%@?&gﬁr?fsone
enbodi e msqynd thrgugh thegegion is pwepimuongr ahiginfuguandrfer Wisclathe wavalengtlinére i s
further | ! i i of .1he pre i nvention
o et hod T aree ol e RE RLASASE, Mrhid 0 TR BBllendle i M BUEIEE o1 " Doy
by |ilght s@@e; veingz diSfersgee tietwteemihn ditst mgl sedvad fregriensiesvib tiéterminesbsclahgetie | i ght at
a pulse r AN [reguency to generate photoacoustic waves in the region;
het er odyrﬁllgﬁgéegﬁgé%gne({n%ﬁ%tw c’%hot oacoustic waves with an acoustic reference
beam havi ng alofsomewahodimetiabn! ihe pedseditimdnionpm effet pfiths et lafaink teffesd f r equency
by an offset.frequency; and detectin stic ves at the offset
frequencf?m]&gﬁ%%ﬁﬁeﬁmﬁgf@tﬁ%ﬁfﬁfﬂh O@%‘ﬂ‘ﬁ'ﬁi §%¢§Se?’\£‘%ﬂa§}°ﬁg t he acoustic

ref erence bea@ptionaltyh@edsedicahe dHangedn fhqlen@CRUBEics: RAGHBNgIaA iBeounegi on from
the reference beamjs sufficient to cause the region to, respond

non- | li%nemvglgcg%agﬁ)ﬁ%n@ eIdpy ﬁsec%ﬁpﬁﬁiw NNV GRRETMBN- | i i ti ng

exanpl es 1@ re@h) AinHRIRLE e fregiddOwiBl 86 8 Mast oElé’ﬁ%H-: bR RHiR HOAEELRRGyRE! ow 30
with reference to figures attached hereto: Tn"the figures, identical

st r uct ur ERIOENiEN A Tgiogand wheren heat leagh predlizht pilsrdpes peidh eutsiaginle ar e
gener al | Yodgab@hee Waldt dLofSARRoM TR thdlreBioh; def@mintBW B3¢ #r%hél ych they

appear. D nensions of conponents and featurés shown in the ures are
chosen f GhftdR g Erquepcyer ahest porten afyhesfiraspuad waveawhish firshpprignds prgsenigicessari | y

shownpgt 0 3Seah&atichhg ald ; j Qﬁ]-!u% . ét%:afini O 15776
PCT/ | L01/a0_07_40a|1—% gs. 1%@%%%2%@%@%%1}/ S %\ﬁ\/’vda g uggﬁéiégkrl@%%ggu ing a
person' s Shifigs dheglfiqguensy oby sewné pergop bbihe alpenund wawavhish geomd partieh isn bl ood i n

a regiony ' i L um j f ' l'i ght
absor bed F ;e% ?ﬁac%%?q%ﬁﬁ%@g}%{edgﬁ%%&vﬁ e”a?h&h%ﬁ%h%cﬁr %&?\F{og% 1? %&e‘ﬁ'&? glg ent

i nvent i oiEstdocatiags andoysinz@ dfbrenvatit thalfirs ashepeord fipquenoyreltifly tondegesming ng bl ood

gl ucose S i .fr.om bl ood, .in cordance with an
arbod; men ISFOr Eonls b BAC Rl e R B eSSt T PR show
gl ucoifet eeconklsaiivisng bl ood gl ucose by sensing changes in velocity of sound

in blood, in ﬁcs%gl%de%l%&%mvemntg r(]}f rtl, perer?glﬁdullvrggtri}}n, (31{ e%fergz? of the at least one effect

comprises a change in absorption of ulirasound along a path length in the region,

Optionally the region is sandwiched between two acoustic interfaces at which

ultrasound is partially reflected and wherein measuring the change in absorption over the path

30 length comprises: a) introducing a pulse of uitrasound into the region before illumination so
that the pulse bounces back and forth between the interfaces and repeatedly traverses the
region; b} sensing an amount of energy from the pulse of ultrasound that exits the region

through one of the interfaces for each of a plurality of times that the pulse travels back and

10




10 present invention; Figs. 4 schematically shows a gl uconeter ngaase{]d
bl ood gl ucose by sensing Doppler shifts in ultrasonic waves refl Nrﬁ-&}ﬁ
bl ood while the blood is being rapidly heated by illumnation with |ight
absorbed by glucose, in accordance with an enbodi nent of the present
invention; and 15 Figs. 5A-5B schematically show a gl uconeter neasuring

bl ood gl uswse/1dry6 sensi ng Doppl er shifts in ultrasoni ecvawes7dr ansm tted

t hrough bl ood while the blood is being heated by illum nation with |ight

absor bed fdt tigbughaBeregivn; oagaafx@l@fgch £nddhfs f %ﬂg@rﬁbﬂﬂielﬂﬁ@h t8d pliveforndaets ent .

i nventio schematic ow a ucomet er assayi ng an

i magi ng B’ﬁ% gtﬁ?}' Fa"eﬁﬁ tglfﬁghp@%r?ﬁ‘fms%tﬁ%ﬁ?g ﬁf'r?fa ‘@"%dtlﬁoa% embodi nent
of the prgmantied iDMeRiticARe ﬂ@ﬁﬁébﬂﬂlo%%%cﬁﬂhﬂﬂﬁ%eﬁm MeMb&skhgs. 1A-1C

schematical |y _show a Iucorret er 20 ,nmeasuring a person' s bl ogd gl.ucose by
sensi ng FREAGRC BEETFE @ grshispesting bigad 15 ewtic) fetermine; the Ah%ES fthe person' s
body, 5i NaReHAHRARERS tﬁﬁn@:ﬂuﬁ Q&é%ﬂine@im&uﬁ% oPERSBEd enkAdy.eNt i on. G uconet er
20 conpri ses at Ieas 25 one ul trasound transducer 26, a |ight source 28
that provi desispgnembadienieenfdhearerer inventign, i mhqthpdtcomgrissh dSPBERINGY gl ucose
and a copfckihlo®fe &%idn uﬁggﬁdﬁhﬁnﬁ A %&Qm nsducer
and the |ight 0508?%(13 h@% ’ ste one %F%r%@%gﬁzﬁaﬁ ﬁns%fjn}cper I's a@oush cally
coupl ed Blravoupd e theboditd is used to profile acoustic inpedance and velocity
of sound inr region

081 gl t 1 ascaa it of Rebicko AR cith W RS G "D

par t il§ul sagionand mmsmng@neffwt bﬁ’thfs@mrg& ot Hhemsitleoeitradeumil &s mslétedthy ai Masht i fy and

| ocate a 2.1 n.body. rt 24. using nethads known in
herert - ong B8N ORGS0 e VORI by YRR TRLARES DO

det ect i ngcoastiogppkmties :sthha‘douplmghéttremﬁhnmtbas’ceﬁd mﬁ@derfaﬂdnmt:ck@ 14 28 JAN 2005
WO 02/ 15776 PCT/ILOl/ OQWO bl ood ve use 1% vel o l ood in the
bl ood vessel , Ta¥@GnTIRyTHRE o ‘E)r%eé r'HlV"‘B 1]8’&?? Y% 0od i s
paral | el ccbr@prhbstdi&&@bmd'elpﬁm d€ Bém® embodendatsaI dhe/Bre%e! mvéﬂfmn,'a@%’slﬁtlcﬁél of a

bl ooglsves el ﬁfaﬂgﬁo erformed b s nsing reflections of ulérasound from
wal | 0 R BeS &P &nsr 14 Some gubgdipentsorintie s ducer s,

confi gur atveaies, tﬁéatﬁéaﬁrbﬁéptﬂﬁr@ra&ﬁﬂorwoin@ﬁ&gﬂﬁﬂsddf& g net hods suitabl e for
use in practiging %&"ﬂ‘F present i nvention and Iocatl ng. bl ood vessels are

known in the Hefets EEdegiR aqopdancg etk an swbadirgent e presnbinegnien. o

tranSdUC@&neﬂi’od@otF&kavﬁé b'fcbfm eﬂtbaﬁlﬁﬂﬂﬁé‘dﬁﬁmﬁbfinﬁe?e‘éﬁm%%dyt fansEMees 26 nmay
conprise a rel ative transducer t erforns as a POl Nt source

when gendfaRatge @Ftﬁ’%@o‘@ﬁﬁﬁ\l\ﬁﬁ@e awep gdighichariss agvaaelmgthﬁt vichdight hat senses
ul t r agouRskoWRY B thk @oxﬁpcﬁl@ﬂt%)'séiﬁ ¥ ﬁﬁﬁ&sﬁ%ﬁv@s glla%d ré%h 1:{5@@%’&19 tt ransducer
26 may conprise a shaped transduger t hat genera tes a 7T mat ed> beam of

ul t r asouRbisapy degraming loeatiarsonf el erigins; o) eaingvistepstiyrd] thoss @hotdacamybe At

| east on Q@géj émﬂg ansducers
t hat can%gggs?ontro nggﬁ%;t}& ggggcgdr%??t %ﬁ%jso é%lg%(oae%leaﬂn f%tg g 5 . beam
of ul t r ageian d) asing dhesdetamied pbsgtior epcfbontray deioming mcatrpimlszéthect ric
transduc% ﬁmgrfg(?nsducer known in the art, such as an "optical"

ul trasound fransducer that converts pul ses of ropti'cal energy into acoustic
ener gip. QOtl cTaIsomct ¢mizslonants of ﬁaapmhntiﬂv&nm, éledeisﬂslt odighi pulsagomagrisecdte entitl ed

A-(I:_(r;ﬁg[ |yC ge;ast é g bﬂl £U1S§Q1‘eii§iate§£traep% 3¢ repetl 011 Ia W th Laser Picosecond

Opﬁlonally sensing and determining locations for the photoacoustic waves comprises:
focussing an acoustic reference beam on the region, which reference beam has a frequency
that is shifted from the pulse repetition frequency of the at least one light pulse train by an

30 offset frequency and an intensity that causes the region to respond non-linearly to acoustic
stimuli; and detecting acoustic waves at the offset frequency.

In some embodiments of the present invention the method comprises ilwminating the

region with at least one pulse of light at at least one other wavelength, repeating b and ¢ and

11




20 Matsuda, 11th | CPPP, Japan 2000, the disclosure of which is incorporated
herein by reference. Such transducers can provide and detect ultraspungy 7G5
pul ses havi ng sub- pi cosecond pul se I engths. In sone enbodi ments of the
present invention sane transducers are used to both generate and sense

ul trasound waves. In sone enbodinents of the present invention at |east 25
one transdwaetsttshat is used to transmt ultrasound i gcnabimsed to sense
ultrasound. In Figs 1A - 1C and figures that follow, for conveni ence of

pr esent apdiithe erhBRd bibsAip8 ﬂ‘éorefﬁ%éf%‘fﬂldtfaé 5IESHE GlherdPavbiSn ASRUIRAnindY Way Of
exanple, to both transrﬁ&? cétr_\d sense ultrasound and 10 %g?controulll able to
gener-at ecencergrian g thegompanenn hoeegwad pul se of ultrasound. In Fig. 1A '
control ler 3QygQ o : Ul dal : transmt at
| east one 30 c@lﬁlkhéogamﬁ%g?%?&%ﬁfr aso%ﬁ m%é%?%ﬁ%% y 6%‘?’&”’ 24, which
ul t r asoufid whishsensing andedstesaiaivg dabations &r dhel phofeacousin®naves c@RprisSofreussifig t he ener gy
in atgle I | Red RELES . | regi on 36
of at 5I eg%%cog%g I%F%%%%\%gg’g%fﬁﬁ@g%%ﬂér%%suﬁﬁ%s o%g‘?g{egg}lssn %%g%l rtz?ﬁés:lducer 26
as a ref bibet bght pols¢ damt chaneterided rhyso difirepuiveelcdgh b puls? Sepiifion2GES5 WO

ol 1 7 o ouRac s R Pt Jet o REHER Bl b Prshrd R gt oo o1 0

t he ul t r dglnpode traiamns deereninet doanraimdtivs of the Gompdnahtl it theIBgiorCapitioedlly che 30

processes .the received, signals, usin t hods kn in.the art, to identify
and | oca %m&’fﬂsfgﬁlgtmgﬁé?eﬂgd’&ﬁ O%%E 3. ?“%ﬁﬁ@%ﬁﬁ%&@,re%%mta@a%l us of

bl ood040sifmitnaeustyir ough 5 region 36 of at |east one bl ood vessel 22 has a
conmponent of velocity parallel to pulse 32 or reflected pul se 38. Refl ected
pul se 38 may IPhS@web%ﬂhoﬁlé}?Pﬁqufefae PESHE | IGYHE (FERS8 Rhotopeossiic §RES 3F ood vessel

22 by sensiingd By Bopft 6de iidshinditinddher bQble@sd B b4y &R WiRRM ki R@mbg om t he
pul se being reflected frombolus 40. The |ocation of bl ood vessel 22 may be

det er mi nEPHISEHPESTIFRCIUS R OPEIHOE fre goyniiag befweathe # leasicons iragwycen

ul trasoupgh mewsg, 32 are transnitted and a time at which 10 Doppler shifted
ultrasound pulse 38 arrives at ultrasound transducer 26. In addition,

refl déted pulBasmg@mbedimens gbthe peagent dfviertion] tha gnegfod drdydgy déteronining ansmi tt ed

pul ses 3Z,.A¥%n\Wakk B4 o] . : ' qgmv the walls
havi ng acoust i C?[hi §ee a%%tleoln%?? ter ent Qta?%?nhozﬁﬁéﬁgécrgéé?%ﬁp?lﬁ%e arlll]icnédg%f tissue
adj acent vitisouhdéinigghd lpdyl t shoul d be noted that energy fromat |east one

ul trasound p i [- I ect. S n l.Qod vessel
22 and feat.u?(g ?ﬁ%? Sﬁ?Mﬁé)ge‘%"%‘%% f,:O?fg%elr%%égfc?%%%és[ iofe'%él%t eo%’ ul't rasound
pul se 32 vithinrasfunestety dyless ites fewiveleagthoafaebe dhgbonslgin anhadt onb dilsetigart 24 i n

whi ch,,t h tig I nce | hangi ng rapidly. In some enhodi nents of
one tran ginty 26 lessthers B elatelen 2% asp b ebtiodS Opt ,as for
ce, e SRRl LRSS R el SR E B e o
reflecti ebsi aweveleagt of e debeiid et BGOBdirectiBroperti es of coupling of at

| east one tragsducer 26 fo bo art 24. Measurenents of ,the acoustic
properties 01?8%8 ﬁ’pé‘%etatgasta?éfgafpueqﬁéf’%wsw ermalt‘é’F-é)&@Pn %edbt#ansducer
26 t @5t hecaltoey lightpiilsedotiphes e hilaf drefsivieafger. red to as "acoustic calibration
measurenents”, 25 In _sonme enpodi nents of the present invention, ultrasound

generated by _@tso}l’éﬁ@"@ﬁ@mﬁ rc‘éﬁ%edﬂ’@%ﬁm mgentgs, G medpd ey RPEtEhan SMHz.
In some qgiaad igRkiRs Of mitkiRl RIESRAY. O¥eMY] AlidBRed SHRAHERC eiiticstuRSt anti al Iy

equal to or greater than 10MHz. Sound proOpagates in body tissue at a
vel oci t y 2gpsteysipensivesothe gepsuipl epysicawrngrtishd has a useful - penetration depth

for detecti onyQbmb e@bitikshtd o tid RaER invMMdnNmb § d[yiimatlﬁiﬂ *B?!dr;?bg%n‘aﬂ',on and
decreases as frequency 30 increases. For an u rasoun% equency of about
10VHAD t e linengdpérige husdn behY-r asound generated by the transducer is about

0.15 mm and amUsRk WnbPERBHE 8F 10 Dred & ilrefton 2RO Weick s TBolus of blood in a

blood vessel of the body. Optionally, the component is glucose.
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For this frequency, gluconeter 20 can deternmine |location of at leagt one. ..
bl ood vessel 22 in a direction along which the transducer transmz § JAN 2000
ul trasound pul ses with an accuracy of about 16 28 JAN 2005 WD 02/ 15776
PCT/1L01/ 00740 O I5mm (i. e. about a wavel ength). In sone enbodi nents of
the present 'invention, transmtted ultrasound pul ses 32 are collimted so
t hat t heywoangsa cross-sectional dianeter of about | .pommoitdmconeter 20
therefore has spatial resolution and penetration depth sufficient to | ocate
bl ood vessel sTHesis fugthetippevided,dm scchiyimice afith af eflbodinsi citbe @éscid imedtionessel s

| ocat ed, by .5 of. ex N erson's wist, . forearmo oin. In
Fo 18, e im PSRl Fypisd of s BEGE R sk Sisiinn % SEBTRE oBht r ot 1 or 30
C(Z)nt ][ol slfe:ahlgd@tforsa)plmewh Zﬁrégﬂanicsi lird mﬂibﬁ@tz&c&ﬁig%tcp%ﬁmbthafwﬂcb&dambe LVIQESIL one plul se
42 of colljnpte Lght "ajnmed" at regian t | east one Qd vesse
35, *n’ 1 FhCEY obhd Droserf b Eigmay e iaes reie sl RO GO Soat er s
t he | 5ghtssayigh thb Qorfstnkrt B b Ehclibb loGR6EaTEe Biglont BRI RbAHd 3 intkBe dih@g ef ore as

| i ght pulse 42 _enei rates deeper into_body part 24 it illumnates an

i ncr easi A1 Crrondty thy methed pomnre WeAYIng e mapnpoHeed g 1S BBl us 40 a
vol une Otorkponsdd Cond kiRRe® imhgdtalr {1B6eM6d WhRIAd DO Ulieftl iflaghls! MOUARRL €d. It i
therefore seen that, because of scattering, collimated |ight cannot,

gener al | {Ppigally st él&"eﬁem ipasingt enodelive t eompRess| Yitaiersd dmagipgt I 6Pye sial |
accur at ely,eiahédest teGHLen ientlonSShee kileaBQRY uﬁ‘%{?hnc?ﬁansﬁﬁte@orﬁlﬂﬁkﬂuhd _ _
phot oacousti c waves can be generated by 15 light pulse 42 in locations in
body far senper i ead tarasquitst bole the rinegecptotidedbirano dsseying) hesompengnt i the ght pul se
my genepate coustic waves at |ocations substantially renoved from
t he | ocagll onug(?g%agég bl ood bolus. In Fig. 1B, lines 44 schematically
represent an st epbodimeatis dbthe pesent nversijont thabodyxis erlivingf body. lhease one | i ght

pul se 42 .(i"t’l! r . . di .Jagn.of travel .of the |ight pul se and
spr eadi nﬁﬁg‘%ﬁﬁ%gde% 3’ rflss%@ﬁ%&gﬁ,&é&?@éﬁ%oﬂwsiaﬁxﬁ:@o&ﬁ ateral spreading of at
20 | east one Tisght emhbdment? of the peceant irdbedtion nibé Ediuidiata piluge daositight sour ce

28 is.sh of exampl e, lacated at .a si.de of ultrasou ransducer
26 ofl Rer %%ﬂégi‘@l%lysgl\r"]@xoﬁomﬁ edlhrgg'ggﬁtis cog %@3 PRt p‘B‘éeél*‘l?ﬂ’ etg%lﬁam?:oélﬁntb]é‘ ant ageous.
I n sonme elisstaientsdiaéd LDE cil@resitnistiie ahbodinenfsQif fiexRepit Snvetifidnl s ound
transduc?r 26.is formed with a hole and |ight source 28 is positioned to
transmt 1 cn’tgaglﬂ%‘es 25 through the hole. Transmission of |ight pul ses

t hrough a hol Ehebdis BlrihegoHAd, nr2008dAbGeith’A BlhOMIneR f tHRlpadsdt @lvntani f or m and
nore symretrjc illyumnation of a "field of view' qof the transducer in body

part 24 PriogRedfridetseinea PhoiRsestic Bewse tasngatet d asegen rhe brsdybpAet
Fur t her mesapidiel Basiatogthe %ﬁéﬁ%%ﬁlsés?of%% A% palsS tepalien lHegithcysOUr Ce,
ig

i ght source 28 may conprise a plurality o ht sources that "provide
light. aBSRERRIROIGEREcTReLEIte TEpm: detor ARG the 2aeralsl phejersowstn®a®r at i on i n

bol us 40 wifhi # -acGiSLReHB Béﬁﬁ'ﬂaﬁn@&%@@ueﬁ&}%ﬂ%&]ﬂ&édiﬁonwﬁﬁé??}g?e k@lanar e

represented by sets of concentricC circlés, that are gen in body part
24 as a rEgengy byranioffhel frgnarqyorndidotesting neousi wapes ot tha effbrbEequemsticent ric circl e

in a set of caneRMly hGerSddnk 4G @l : j.on of 17
28 AN 2005 Ve SO D6 D9 RSN E TR FOC U e sto bR ERAN R BERRAT °eve.
Sets ¥f cofhebaroustie ensrgycinde ragordframviewifertned Asdneid sififiviert te clusntat regivkl vy

repr esen OISE | ' nat are generated by absorption of energy
fromli gﬁ?g%ﬁgg&%ﬁg‘{‘fﬁ%@%‘ |()S%11§ﬁf(1)'utsi de of bl ood vessel 22 and bol us 40.
Set 50 of concentric cir BRIEFOESURIPRIGN OFFIGURES schematically represents

a photoacoustic wave having an origin in bolus 5 40. U trasound transducer
26 senses phoNoabniieg icxanvpes @f etBodanchisSd frntesntdnemidmsars tgodtied belesponsi ve

t her ef,0 troller 30.. lL.n.accordan Wit n, embodi ment of the present
i nveﬁ#i otr‘ﬁtg%%?rre %ﬁ%ltoergggag g reﬁt%;smgneﬁ‘%e:g?, il%ﬁg?ab%“f es’ge‘lfeinbefl %bP*Bach of
phot oacoulst kppeweivesord thaarde Hfurel sicrpgnearalyUblicted ofithahe wsid munead! b alatieon
measur en%ng;[lrses %h&c%rtﬂ%%pgelﬁﬂhgynﬁoﬁ/s oq‘ggmlpo%grﬁg anldr%eatures shown in the figures are

chosen for convenience and clarity of presentation and are not necessarily shown to scale. The

figures are listed below.
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10 the discussion of Fig. 1A. Controller 30 then conpares the |qcations t)
the | ocation of bolus 40, which was determ ned previously, as i b cabBdiip
Fig, 1A. Methods for determning the | ocations of origins of photoacoustic
waves are described in PCT Publication WO 98/ 14118 and U5 Patent 5,713, 356,
t he di.scl osures of which are incorporated herein be reference. Controller

30, in acwongswme W th an enbodi nent of the present powgnisean, IS therefore
15 able to discrimnate between photoacoustic waves that are generated in

bol us 40 and FROLAOAC StheinhikalPISF al MMRbmAEANGASIBE 8 peeorPdbIsddigudate tyol us 40.
Controller .30 determ.nes that photoacoustic wave 50 is | ocated in bolus 40

and t hat SSPHGE BEIeAGLIHE WRsFesnagled B Qlopd e ToBiDs Pld dreopersgBisROIAPY | n

accor dangiemwatidh heatRGoHRERN QJsoxﬁaEtﬁb)p%IE‘c%ﬁ‘emn o ERLd Vith arColilehier 30
therefore uses the |ocations and anpl’itudes of photoacoustic waves SO and
48 and cefjthoraertdeniPleasur ements to deternine a concentration of gl ucose

in the per SO'F1g% DA 060 chelfiBcaBYRhd Q%s%ﬁtﬁrlﬁéﬁﬂﬁg bid’o@?h%y i rasoul c wave 50

and the shape of photoacoustic wave I's sense nd sensor
26 is a tlmﬁ@mdorﬁﬂmuoah frgro blepd. ol @qﬁ@rdwe abﬂ:ombeambb@:m@m ofs theoptesenim at | east
one Ilghﬁwaﬂb§e 42. The anmpbunt of energy absorbed from at |east one |ight
pul se 42 i's, of course, a function of an absorption coefficient in blood
for light inBigsght 28 %ﬂulsslﬁmdiﬂzaﬂy Iahcg‘eaegiwplomethtemamm blobd egheesgybyabsor bed is

;glp?gi(:/rera e %@la‘:t esgjtft‘}?lgér% %h O%b%'n ocor%a%gouqéla%le ﬁ?‘g%gﬁl g %t 42 in

bl oodd Tpteseneh‘amttmshl p bet vveen the arrpl i tude of a phot oacoustic wave and

an armount of .ener,gy, abso n of ti s ner at.es the
phot oacoust i %Na\?eé/cpe %‘8@‘& g’%’é 3 ﬁf"ﬁ%“%&t’%ttt“f&tg g OP% OB t he
di scl osubeppidr shifis din uligsdnitc R#vyes reflecteld lﬁemeumsbdbwmreetheromaes Bén@pgidiyn PCT

publ i cat 8/.14118, above. ,Expressions for, the a litude of
a phot oa%&%époﬁ%%%}”&ﬂ gglgﬁgsﬁﬁ\?ghy gifcass, impceptdimee pith pa pmbedimegt oy voung,
K. J. in &e@ttsdntm&hﬁon%ﬂ Vol 76, pg 2000 (1982), in an arti cI e by MacKenzie

et al 52 Advap i_n Phot gacoustic Noni nvasi ve, G ucose Testing", Cdin.
Chem!’Vol 45, égﬁ‘ﬂiﬁ?@%‘”@m@}’j 2 ghgomeferyacagyring digod glucege by segsioaN 2005 WO
02| 15776Da§@t¢rlsm&aaqﬁaaan@waeemﬁmea Rurbtigh Blood white HiEWiobh ?soaeﬁ;gl @b APpr oach
To Phot oacqustic Signal GCeneration", Acoust. Soc. Am 106 2 (1999) the

di scl osuPedlugrnafen Wit dek bprsbad iy slucese, Henspdansy withfag regphedimentf of phy epresents
the anpl jesdenfhiphaioacousti c wave 50 then, adopting the expression for
anplitude given by Hoelen et al., P = A([302/I—|)(I0|e ad) ab, where Ais a
constant of Fisr bhEBtsFhsmalically showaa El§can¢éerta@wp@atdumegm<¢wp§temhmc%effl ci ent
for bhoogesdrsbhs, ﬁﬁ@&gdaﬂéevﬁ%e @mﬁ&ﬁn&tmﬁe%&%ﬁqﬁéeﬁ ijeat capacity of bl ood.

lo and t are respectively t intensity an ength of at |east one
li ght pulse 42. a 1SDE'HAH£SBE§CW6@E$FEMIWT$| ght in at |east one

l'i ght pul se Iyt E}HE t,h, | th that |ight
pul se 42 tra\ﬁ Ssﬂikrllb% 9%]1? art Cgpég%%i}g?agu@gb%ﬁg %logt{lgl rE)s t he

absor pt i bn seeing fphwiowmstlofwaMchaderatﬂd hn%luml #0s parh24 bf e parsbuie bbdyoin 10 of

gl ucose i for least .one |ight pulse
T The EGRAAIE SR ALbBbOR of 183 eoat Hyepich G 0EEPEUF GEER | ntene ty
of at25| east ulpaseurdi tghtdupm 26,0 Wkt bctirca 28 dimti ploeidesalighn @ 4 WsveRagth ot ehigi h d. The

ocat | on B i EBTbBY HeFs S uptir ARReLEroldhin <L kR et P 1 s ome

enbodi rre&‘msdlﬂ:fardnbﬁleﬂirgmetﬂfbel nvention, the absorption coefficient ais
determ ned as 3 function di st.ance al ong the path |en th d using the

of
equation for A8 Iepsh A ii‘t‘fero%és gRousticallysopRsd o agedqr gedinent s and

a finitetepefe %o@ﬁ@bﬂ;&ﬂﬁnc@ﬁn& PodiPp 8 w6l 1 R RATOMSI 1d6nts) gﬁ@iocatéf he
east  one light pulse 42 is chosen so _that the

| h of . t
\IN?\éﬁt Sng% g %0'11315]3& H-&Téso%@laéﬁgé?“ﬁi“ﬂ‘tﬁﬁ andoaethqdsikaewn Wghe ¥tdherefore a

function aﬁm@akawa GRS RN rafddf&s 28 AChdke® R REnBY URDRRat GF 1chdt QAL at the
wavel eng h of n at | east one Ilgqot 20 pul se 42 and an unknown

concentr ]PP%NGSBE# 6I"h%?ﬁ§é’at’tr?4t%@gl§‘te@8$ wBAR the ato Forsexgmplsuloeatign of he

anpl i t udeloh RlsseP0da0 86 Pl & YRYESIngG & MRpALSHA AL ROl WA At Han
therefore be used to determ né concéentration of glucose in blood bolus 40.
“In some enbodi nents of the present invention, controller 30 adjusts
anplitude P using results of the acddstic calibration measurements to
renove biases in P introduced by acoustic properties of tissue in body part




25 24 and coupling of at |east one transducer 26 to the body part N
Controller 30 uses the adjusted P to determ ne gl ucose concentraﬂ‘hﬁopiiwN 2005
G ucose has absorption peaks at a nunber of different wavel engths that can
be used in the practice of the present invention. For exanple, glucose has
absorption peaks in the md infrared (TR) at 9.7 mcrons in the conbination
regi on atwd.oifs77¢2. 27, and 2.32 mcrons, in the 30 fi petn@verdoone regi on at
1.73, 1.69, and 1.61 microns, and in the near infrared, with relatively | ow

absor pt i B18ed VeRseDeds t@aﬂatosihest AdodQn £ b1ddd 9:8sse1a£b§tm§sngﬁlam Sdu@RndPat can be

used in the practice of the present invention. However, there is no

vvavel engtih Velggityeh the bloghis rafaﬂvlﬁv Besorpd)ingjfiant e e pigod Fssah| Qsolecaiigs of bs t he

Li ght . MaByodlidsfeLEptk a'ﬁt}%re SRsihdreh Y Borgédl 2005 VO
02/ 15776" DE3Y | 6L B Re ehet Ot erl%%]m i Sl 683 wills of E0uiddd) pr ot ei ns
absorb | ¥t at or near wavel engths of | i ght at which glucose absorbs
lights As a ngsii i ab, HOG ot only of
gl ucose concentrgozulsoa%aﬁlaﬁgf n%ﬁf{)uﬁ{l‘ %%I;étgé: C%E:? #lss Oﬁenf con%:éésﬁ??d;tl ons (and
absor pt i Whasowek inaging nmethpds suisabig foeuseabsmcﬂungghesp:b@n‘anwson andtlbeatitg ood bol us.
Ther ef or r 5 an enbodi nent of the present invention, to
assay thgi pde%g%%%%%?@&%%\% ucose, absorption coefficients ab of |ight by a
bol us 40 of Lﬂkteleqserosc)rh‘aasdbtteodd ma)eaoiqnmem single frrannineoe ag ur ethraipbf t udes of

hot oaco ralj.ty of differe vel ths of |ight. The
goncentr% %uﬁergfﬂtefﬁséoggaﬂaﬁsdﬁﬁeé 286%@’0%"“@’“5‘? Botﬁﬂﬁ‘ée\ﬁ{aﬁ%ﬂfggqsg?ﬁ H’@{j 19 rom
anal %SI spaforrhdia adxeﬁﬁ sourQRerher Raetapid m?asem@;]vfzdved ﬁlﬂtp&f(gﬁt? ][aga p&ﬁmﬁsbhlrrs bl ﬁwn f
in the apt riate criter or .the choice different vel engths o
T ght okt o RBr R bt sl lean i thain S ore RSOt T
t echni quesnghies aam@e&umuéehmaaga@fa&b i206b GRSl heinCaTt SiraAb@dWek| selgapwn. US
patent 5,957,841 to co Ui Patent 5,452,716 to V. diff, US Pat
N el sl e

5, 348, 002G 3. relgiipp t dppsf 05 rapsguoRLBRY SURPTiS 2 ghased he

di scl osumes oBhlnwusdirakeicts 8Rf A bakoNQI 1S Bridlief B 18:8RERe aliGkeF 4 be met hods
of de%er ni ng gl ucose 15 concentration from absorption neasurenents at a
pl ur aPi t POl jiGRMBhgt hs. US Patent 5,957,841 describes deter ni ni ng gl ucose
concentrat i oriijdsit J in the
ConCent 2t | Ol EHRLLLOD HEASHEATT SRl SRRl kbl L1 (e
- 1. 65 n¥oRsns terat, iu(%@S rﬁléﬁmﬁ%l" ultrpseged frinsdugersthatJohvesth palsdsi afloptisebur ces,

such. &5 LRRSi el A88oh bSlon Rl AL o - AHE ulbFDS) for
provi di n’?;l{ ght -~ at vvav Rs used £ , In accordance with
embodi ne l@orafoftlh@eqﬁp@ﬁr&hearrﬁt@m Pases WmﬂJeLmad’ldowmdaAbcmbhﬁ" #5oP. met hods of
assayhng 0 C t 0 AACH of the nt |nvent|on
suc hmgs gﬁjﬁ?ﬁh@hggﬂldwgggsg%gg gzgﬁ@ ﬂ% d{éﬁlﬁﬂﬁ’ g?é%l;fce %Somg)rﬁoratgd %%1%

cont i nuoteerérice. durnmansdiers careprbidroahd belect siltmsomid pikachabing qxheplcosasmd s

requi red, fiLtared [anmps can also be used for providing light. 25 In some

- enbodi ms\]r)f%I fhe present invention, photoacoustic waves generated in

bl ood bol us 49 shye ambbc‘maem:s oﬁﬁelpmgém paghitm sﬂﬁe&faﬁsdd&wa{aaﬂed)tb tel er odyni ng
t he phot aco stl c_way, eferen e acous%&l{(zz i n. accordance with
bn enbodPAEH by SRl s FEHEICRTESHESR Pl S Pl F ientiB SEREly ni ng

det e@fi omettanmmﬂﬁusmdaa:meldmnmsouﬁdlhnamseaﬁ@&ﬁsermﬂfdsmﬁe of the present

i nventi on, SLFE glt easélﬁogﬁ l}gr ul se 42 conprises a train of

| i ght pul ses &fAe d figpres hpt e e“PH‘E?th&EEé%‘thP% HARFESIR | |t hen
be gener alreguly trblsoad: uellu&sﬁﬁe@tbﬁuhﬁt@r&h@mytotmfﬁahéﬁlt fh&qupacy. Assune
that the referg g Eource is controlled to generate "reference" acoustic

waves at M0 Eoeple ) pquerate afGP@ﬁ%aieﬁéﬂ‘V erfequsqdnaise ehelrasopgl. 28 JAN
20055 \Amm% Jm?)ﬁtrama bkO10 Q140 Yhivehisahe nhReksesh 8 hiihB0d 1h@l s 40.

Assune further that the reference acoustic waves are sufficientl y i ntense

so tRat PHRsed plssoEpErasonnd waves intorhedeppic4ankic eliresopri e igvspisien’6d bol us has
a subst apf i3 WP 8RS R P AR Rer 1@4%%]&%9 uﬁﬁ%o[ﬂi}l }mﬁfﬁ R LRl ¢

photoacoustlc waves generated in blood bolus 40 t pulses 42 are a

f unct i onfABe lesalazd sion 36 of # s one Bloagigssst ﬂrﬂeétﬁénwo eﬁleash@lelﬁaquﬂcepul ses but
are a fUﬂ&&éé%ﬁw@k&Qneﬁnhﬁ%kkﬁhﬁaﬂm%ﬁga”d frequency of the reference
acoustic waves. The "acoustic no inearity" of blood bolus 40 caused by
the reference waves coupl es the reference waves and the photoacoustic
response of the blood bolus to |ighti5pul ses 42. In particular, if the phase
of the reference waves and the envel ope of optical energy of




10 I'ight pulses 42 at bl ood bolus 40 are stable, the coupling of the
reference waves and t he phot oacoustic response of the bl ood bol ug &iJAN 2005
generate a "heterodyned phot oacoustic signal"”. The heterodyned

phot oacousti.c signal will have a frequency substantially equal to the beat
frequency of the first and second frequencies will be transmtted fromthe

bl ood bol ws 02 Thes pressure anplitude of the heterodynegrsiogndde i s
proportional to the power in the reference 15 beam and can be substantially

larger than tRgeRiRESIME BRI dehddflGy0f IPROLAAGRHSIhE nARUESr 96NFHiE ed Dby
bl ood bolus 40 responsive to illunination by |ight pul se 42." The

het er ody B&Wraiss gigbdls teappnpee Getete dhas thelirasgmpd Gpnsiesertrarmitsioicagraier i gnal s
gener at egolyo 1Rl 3d £8nkseOBE éc@i? aﬁ‘éﬁ%ﬁ,rus%g nﬂéﬁloﬁgh{o%qﬂ'thgléﬁsto ‘ﬁ@nﬁfg{‘aﬂ?m in the

art. The inventors esti ITB'[Ie t”a rerérence acoustic ’eam t ocuses
about 1mikce abigashenidilood yesseliIR ot exraiples assenyd mples of bloaddl whviapdequgh e,

focusas ?%égofni%io?@ﬁ Qﬂegc}{odd%ésglezztﬂag?go&p%%l olf%l%ﬁéﬂ%xﬁ%egl *Ebfe\lgéé%%?co!]s“ ¢

response e reference acoustic beam € cou acoustic
si gnal s irsflecthdpiiseniin Redlisted pulgpcifanagt thenabenidérsified yn@ikimtignial at lestdingcussed i n

a book entitled, - ical Jtrasoni cs” obert T. Be and. St ephen V.
et oher - PReb i 27 B ShEik uatyhlef BER el B ol obGhe ARG RERE N e

her ei n byefleeit&fran belus £b Thialocdtibm bf Hisve viesselt2D @nal) o Ketbrfithed #om qtsslesbe gai n
factors. It i's to he.noted that. using, a heterodyni ng.detection,techni que,
" accor AENEE AT SHCE H5GHETE PSR EE: Soth FrR G B oAb b

sihrml 10an @eylecskificd m&:hmmﬂbega laﬁiaﬁwale Qftrasonfid " é:nadnel s, qieidaﬁfbhgaflldaﬁ‘ed f

phot oacousti ¢ _waves nerated i ol us 40 dight at a uraljty o

di ffer-entpukﬁ%?é&n@a@flﬁgf% SR eREEY, %H@Eﬁlﬁ%ﬂ%ﬁﬁﬁabwﬁl@%ﬁ%

si mul t aneaeIBloyd iéshdl 72 N8 laqekull Gbf el Wallsit@ihg adoubtliriBPeddhdd @ff@alt faVALENgt hs in
order to determ ne glucose concentration in the blood bolus. Assune,

further efRYFtiipgedspgecdtipsys aliasentiqibe Walint is different for each wavel ength

-and that duripgnidid YgnpRY iven e&eréﬁﬁ@ﬁ%Q&s@&ﬁ%ﬁ&isﬁuﬂW&eiﬁ fapuegd on the
bol us. The phot oacoustic response of the blood bolus will result in

generkt i aefleaied By aftlpagirne Slood gesed 43 endfegtures thargofyiangepadpenyepiony 4 b7ste
PCT/ | LO1/ i - i £4f - f f .4he th
o0 {1t 9s ot eg?ﬁs Rnkda bﬁ &ig%&tﬁ Fﬁ%ﬁff‘es ah @ FHHHE N vl pag@ﬁ@fl %C%I ¢ threc

wavel engt hs. The signal's at each requefici es can Il 't aneously
det ect ed thawr¢oistie impetinsd iuchivginzappidiypin same embddimeritnef thepresshyinsdntipn, ocessi ng
techni qu i ; . Es t Lzed q%g a
heterody%ﬁeﬁépg]\gﬁtﬁg(r:%hle%b%f Z%llgl%ﬁ J&%Sée{i%yrﬁlpgg%g%%%gﬁcg{ gmgﬁﬁ&g%?oe%o I'irent of the
present izpwett popdriigsasudhess use ekatmpledetwstienimpedanck oodtiheospeaf of hemdoafr ce of

phot oysti ¢ -wav rated in.a.body. .Ener in a.reference acoustic
beamo%;ng%m%o%g éﬁpgg Qg. @eﬁogjteie\]}neblo?/mggrgloif Efeo%rg%ntvlglwﬂ%n gfoughck?%ﬁ | ocati on.
Phot oac ousfleciions axgraddsto gletamriag @dustit plopeetids @f youpliad ofal Ragt bay makdrer26d by a
frequenc al beat fr ency..must have originated in the.reference
bear f ocd? Sehteme? Mereryed S HSES ST HRRTRE AT b et GiL g BB

sim |l ar tofaigéasicmmetrestiucddle teadudy pag atedRefnicratitged t0hs ‘Gtastsalitritioa person' s
. bl ood by sensing yltrasound reflections fromthe blood, in accordance with
an enbodil?reé”‘?ﬂre‘?)el%tst'he present invention. In Fig. 2A, as in Fig. 1A

contrag | er 30mCAk ealb8diaek of ihé plcbdid EHRRA, Wiasbind!deAdSed by @lleast one

transducer 26 has a frequency greater tham 5MHz. In some embodiments of the present

invention the frequency is substantially equal to or greater than 10MHz. Sound propagates in
body tissue at a velocity of about 1.5mm per microsecond and has a useful penetration depth
for detection of features in tissue, which is limited by absorption and decreases as frequency
30  increases, For an ultrasound frequency of about 10MHz, the wavelength of ulfrasound
generated by the transducer is about 0.15 mm and a useful penetration depth of about 35 mm.
For this frequency, glucometer 20 can determirie location of at least one blood vessel 22 in a

direction along which the fransducer transmits ultrasound pulses with an accuracy of about
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| east one ultrasound pulse 32 into body part 24 to |ocate a bolys_of blood
40 in at least one 15 bl ood vessel 22 and, optionally to perform &cdiidtdlas
calibration neasurenents. Controller 30 uses the intensity of at |east one
ul trasound pul se 32 and corresponding reflected ultrasound pul ses 38 from
interfaces between walls 41 of bl ood vessel 22 and bl ood bolus 40 to

det er m newanyasmusti c energy refl ectance for the intecfaeemrof the bl ood
vessel ‘walls and bl ood bolus .40. 20 In Fig. 2B, controller 30 controls

tight soousifm?e. &iul d aldleRRE)CRbAS embirihts 4 thdiptdRer invhRd8 raAd@aU| S€ 42 of
| i ght having a wavel ength useful for assaying glucose in the_bolus. Energy
£

absor bed"FPERIGPUIeE 48 Aorrdlimpatghto ek By baye gycressswtonsh Higgielyn ob#Ubl ood
vessel wakhs @hc@ﬁ&%@ﬂ%@ﬂ)@éhds%p&ﬁ&?r&@&%&bﬁtdnﬁ ﬁeﬁe%ﬁcﬁn&egmoéufﬁmt Rol us and
h anges result |

the bl ood vessel walls. The inpedance c a change of the

acoust i cloeseplgyd vespilehavingcdimensiophypiceitaf dimmsionsef Wesdvksesals Herated, 0 and bl ood
vessek V\@L}L&eﬁﬁplg%%@hbg&,ﬁgfoﬁs&?{&%@psorbed by bolus 40 from at | east
' das af t, the

one | i ght pulse_42, a resu change i n acoustic energy
refl ectance df FigolBefignat lgast cme blond wésosh 28 hacheae tosteda cordrBer 0 cghtrrdose and

ot her su } Q@B 0, | J ght h WAY, of at
| east onie?gltt i%g tges%)é%JFbsﬁe1 '{e%&ﬁy W?éﬁﬁgls%ﬁ?ag %Eepu%tgét&scﬁi ¢ e%(kaeraa%h}r]ef | ect ance
of bol us"#8sd" eheegiondhiof etdeasbbnetbived 3BssellPAnde lighn pulsé k2 eltanbedy paPR4, can oft en

be approxj mte OR,7 K((30MN) 2.. 1n.the ressi on for, d K i.S a const ant
of pr opo?éts}ﬁgg%nag? yPEhat 55 |r§?'Qt£11‘2 t%%lﬁpgrda ﬁf@%ﬁ??éﬁg&ﬁp&%ﬁ%t‘) B us 40 and
bl 00d0veFsetfonnak light4lulse d3 peiciriigs deepamimad dedypiart@d 0 flueiereg yn fincesmigg | east one

ot |y 1 IORPERiTE H e Plypatdp [P Eass o bois Yoot iamogramig 6 o
PCT/ | LO148)ude 6 tefustah aoiiiuiiiates. 1¢Q, theidfore 3skn Heu, Wedaiu§erdT sbitermg, collimated

expr essi DHE RO eS8 YRGS AU BB CL IR D ST B P her
synbol s henned tefien SeiBudde bodyi gait 0 A daEduNSfoRRRYRIc MavestREb SeRERBSHPN for P.

In accorfi nce W th an enbodi nent of the present invention, a change in

acoudti clght @Riss f3 mrlesatisns nbedy Pt i thig agorpt mesirigied Apbload beles #hamdrBen " heal i ng”

by at |eg 8 mlah BTIR T i ; | [ nd waves
DY o o At pBBE pll Geril uagaﬁs??’?lﬁﬁ?hy%gﬁggyﬁ&%ﬂa%ﬁ%ﬁggit%’%ﬁtgy| i ght
YoF

pul se. Chsstiga<fithe BrodabadnsinEigr B3 lines 44 athenfti cgresdink ey ewfelog tiabr ent
| o 6! ] | i) enL:ab s bl ood f
wavel engilises At slﬁlasa*ax V?aﬁ@ﬂ% Jéhr g}fgrﬁg@&gggh%rp%dﬁa% i cﬁfg%thoﬁ%f'&gv pl ood for

light at the wavelength is det 1E( e measure ange in
refl ect aptthe lighip spreaféng of Ginesi94 dnsigle body rew @f fridiverdatgalapeadinpdas sed

sim larl %agtg?gl t]‘tﬁﬁ@éztb.” whi ch absorption coefficients determ ned from
anplitudes o ot oacousti c waves are processed to determ ne the

concent r at i ordt ghoulgibanoted tharwhedras bt euircel 28 is shownchybeayi afexdnsplg fockthd pr esent

i nventi op,. € justs val ues aqf. usi resul.ts of the acoustic
cal i brat ?toans,?%&tgéf#ﬁ %ﬁ{édn%agnsﬁgé#é ﬁ%&lépoﬁ]?dg%seogh?}gg?%%e @%ﬁr@é’?@% al?d(r)\‘ia?h%luced by
acoust i cajvenipgeots. ds sofne tdntedimentn df dbly prrasnt iRAntind feosqamblag uttfasaatd | east one
t ransduc the bod rt. roll .30 uses .the adj.usted val ues of
D 1o doraetieh et b AEmet i ARk pdhb ittreeR] i et SRR an Heneis 15! st

gl uc@det érouzd'thenbds Trinagissio® ublight pebariyugies heleti@niRsahd waisdid-ages of bl ood
bol us 40 and bl Fi’gld 1vessfel Q\gﬁl | s 41 after_the bol gs J.s hog.at_eq, %y at | east
one 20 | PRPCHIFALEsYy ¥iqrn ad mors symmelfic Jiupunatigp of gnfield| o€ vAgw'| %t one

ul t r asourehsthican &0 66BT pab 24 Gn twHadkS e traabdubd afstecd NBatkthd LAFRUBSHyPpSe 46 that

is incident on bol us Ener from at | east one
ﬁurﬂxermore whereas%loght souIce %’ is shown as a single light source, light source 28 may

comprise a plurality of light sources that provide light at wavelengths suitable for determining

30  glucose concentration in bolus 40.
Fig. 1C schematically shows photoacoustic waves, which are represented by sets of
concentric circles, that are genergted in body part 24 as a result of illumination by light 42, An

innermost concentric circle in a set of concentric circles schematically represents a location of
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ul trasound pulse 46 is reflected frominterfaces of bolus 40 and bl ood
vessel walls 41 and propagates back to ultrasound transducer 26 gs 00
ul trasound pul ses 47 of reflected ultrasound waves. Transducer 2 %eﬁ%ré?@%
signals responsive to reflected ultrasound pul se 47, which 25 signals are
transmtted to controller 30. Controller 30 processes the signals to

det er m newazasausti c energy refl ectance for interfagegneaiomdnl us 40 and

bl ood vessel walls 41 using nethods known in the art. Controller 30

conpar es ai begitlef arphibinaduitie waeet RACE doficchifie cirblkd 88 taRa avial dA&la Hined er f aces
prior to ill rp ation fb}épat | east one light pulse 42 to geter 1 ne a change

in the r SPFPREICANCEPTessgt plopsopshWaves at arg Berrrred | eorpmn of eacrs fEm t t ed
f ol | owi n@gia polled 4yat focaibnmitdided Blooddsno DAl BS LD, K8t Jolok tincadicasicly at | east

one light pul.se 42 that is sufficiently long so that at the transm ssion
time of GPF*P&%%&I} %ﬂ%@f@ﬂﬂﬂ@iﬁFﬁﬂf@é@&sa&hor%c%&w@vgmgaw@gﬁwmm east one

| i ght 52340, 28 JAN 2005 WO 02/ 15776 PCT/|1L01/ 00740 pul se 42 have subsi ded.

Thi s assures that photoacoustic waves incident on ultrasound transducer 26
do not i nt er fi&fasod tranpduger 3p sepswtpiotedeonsiit waves 48 and $0 anddunanifsgigsds 42. 1 n

some enbad} iRt Shetdo tt(lh ?oﬁ{oﬁ&e%. ﬂnna\égd}ﬁdn?é" with! ad ?xﬁgc%lin%ﬁ? okitﬂ@iireﬁ)éﬂ{ se 42

conprises a train of pul ses and gl uconete neasures a change in

r ef | ect aHwention conrile g0 deterpings g facainden theorign aflvechtof ahatoacfustis whmes Al ses.
Opt i onal Hell: I it : .hat bet ween

| i ght pu%de%dﬁg%§8§h§%o%g%ﬁb %g%ﬁ@oﬁegs‘{r%%%{esrptgﬁ@g& %@g@é}ﬁ@éﬁ%%&gﬂ;qual to

t he dfbi éwtdiscessipr pfigr BA. (optrillen3 thyy coeperes therladhtians tathe docafondbolss 40 i s '

neasur ed -af | eci] .Irasoun l.se. 46 ,f h | us .. bef ore and
after eagﬁhl{l%h{vﬁp&ﬁ#e{é%n%r%h%usﬁf ik &%a?éélnllgﬁ qﬁu%%]gést f(%r %g‘?nélf‘nr’ﬁgn ®a change

i n refl eddcativae of @@idstof photbacoustic Whwesramsatkscaibedtiy POTePublighion WO 821411 sone 10
enbodi nment th t .inventi ..the puls i dth, of ,the |ight pul ses

i s about aﬂ@%gﬁﬁ g’ggjrngszf%ﬁﬁlscﬁ?fgreﬁﬂfv@éc%edﬂgwqr%ﬁm”ﬁ%qrgfe%‘i?ut 10 kHz. In
sone enbodi meldrtroldd: 30,1ie a@bEaRa vith B fddditnt ¢ thy REek RteRithsB Shefforar € pul ses
of ultrasgund waves at, a frequency of at |east 10 ME3z, |n sonme enbodi ments
of tHg pla@g gﬂtd\?ﬁ%ﬂ%ﬁ%i bR f@%"’oﬁ?’?ca’?f%’ﬁ%m e REEfdemobolE g@)&n‘& bol us 40
ar e meas phi@chchitiel efds tha Grdbeaased bit6ias 6f baadedrs CohkdiRr BOLstEmAARLs ingat bei ng
heated by at |east one Jight pulse 42 or shortly thereafter. To performthe

measur emBRTCYISHE B Lt 1sdfpated & pelps 40 and; thai pbaieerorstis vased 4hsaadocpiit | e t he
bol us i s olxeide1er JaBBUE.0n B3 ofdhnktB twith Yh SBbAnenObs Bd1REEANnTeRfneankBiler 3¢lUT 1 N a

time period_in which photoacoustic waves are bei ncs; generated 1 n bolus 40
r esponsi PGS 14op thilqratique Andaynplifvdes of ghriosseste wavee SUpmd 4isod selibitive s

ref | ent echehsnRiOtd it RintlbdrBerkbtidn®e E%Eb%@ﬁﬁ'tﬁl%e’} Shiouiqig absorption of
energy fromlight pulse 42 often carry a ver cfe Inite and rel atively

easi |y i dent i Ficsgpsfudmefinpeare from photopequalicgeavpo piddhe apd af phPoacowstic expansi on,
uhile a RAG AGRUSEhE] WK RlinAEhADORARREGLA N JDhAR T BolySsdfbeft Surface
of a volune of blood in” bolus 40 expands at a speed close™o the speed of
sound. Ay holpedliitam atdensirpe liaht ovlse 4% Mecansunf of enargyodbesbelironhitlleast dnei s bei ng

Copphar - CF st it B¥oRfie ShncliPoBRNSAN SORNET LORLAES: b P (2190 o o)

20, dider atbnd?. o gasshihe ghnood seerergy abpebed dnteltitdhpaohlbys 4 efliecf wihich, ul t r asound

waves fr S. 40 whi t he bl oqd.boJ us .is being heated .by |ight
that is a sag{r0 g‘ge)[gf%% Iiso%%?oxﬁ%&lte%f 1691’0:‘37&,11%3%&?& Frpgon P! cbq%b%ﬁ%ﬁ 21 | ocat es
at | east bivné Bleoeldtionslis dktwsh thedmplitadecof30pHoaiattdsttOwaatnd aptaenaldry,

Pont r ol < Tan el B Bath 5 Rl AR der e e shikromibin Vava f GRETRIRe 42 and
whi | e bo msr;mt hesaip4ith Bowe) atfmctmm& bﬁwhi}:lg It inwoaﬁedhﬁe@dﬁ b?}ge%‘erbﬂc& & asoung

t ransgducer .ansm e 51 of .ultrasound that is _focused on the
bl oozf%boﬁﬁds?ﬁf’@o %“tbﬁl%a?ﬂ?%%%mlgmfﬁ% #hovt H3pewions frle punjidesha 28 JAN
2005 WO QRdtdkd#Be Hﬁyakd-ﬂéb/gﬂaﬂﬁﬁanmﬂoﬁeﬂny%,}pm.ldﬁd‘#&ngz%%gigég&%iﬁgiuéyi oT[]ﬁe

surface qf ol outward fromthe bolus a ) :

speed of %élbt};r]?g 7&@3%%&&3& 23, 235615 oy MK erziacet Wy & dvanaes i VhPARF t r asound
pul se 51 Nofiintafvk @licet Tekiiy, 0Na. CIRRIL dbdasEVisae 1§95 (| 80§ aRfin BRLMSI4Y i N an

ul trasound pul se 54 having a | arge Doppier shift generated by the velocity
at which the surface noves. 5 The intensity of Doppler shifted pulse 54 is
a function of the energy reflectancel8of the surface of bolus 40 which in
turn is a function of a difference between the absorption coefficient of.
light in blood bolus 40 and the absorption coefficient of tissue
surroundi ng the bolus. In accordance with an enbodi nent of the present

i nvention, gluconeter 21 neasures intensity of Doppler shifted waves
reflected froma bl ood bolus while the bl ood bolus is being




10 illum nated with light for different wavel engths of the illum nating
| ight. The nmeasurenents are used to determ ne absorption coeffi cideft S ANoFI5
bl ood at the wavel engths and a concentration of glucose in the blood. In
sonme enbodi nents of the present invention, the neasurenents are corrected
responsive to acoustic calibration nmeasurenents and the corrected
nmeasur enmefipgy@d7® used to determ ne gl ucose concentr apcgiondoF 9. 4
schematically shows a gluconeter 60 neasuring bl ood glucose by sensing :
changes CriG.beHoddrt gt abf "4 dlawdlhiesretidabAphrodch Tadhowaangie SigrtahGanratodfodi nent of =
- the presgnt javenti t 60 i.s.simlar to uconeter 20. However,
wher eas g‘lc%{o %%Cf glm 3@5 i @%bﬁ %ﬁls\%o?%esgf WP@%%’:F %%Ofaﬁe?iﬂ%{% HﬁEF%tr?Uﬁ?‘l sducer 26,
whi ch may be J&Ppépissadts fhy amplituded sfatotomeustic aaeiicBens adtihotakadessitn di f f er ent
positiong on hody part 24, glucometer 60 js explicitly shown with at | east
one ultr &@ﬁgfﬂg%/gﬁ%‘% Pel?ilzdé’ﬁdp étAdﬁgg/@aﬁﬁgéﬁ’im FagBdnE & foRHtGEer 64. At
| east songropbtibaARBUH the @BSAUES bxfiRiHo@kio: 6 Sloo8 b LitASAAR g ansducer
64 are Igcgt eld sﬁggt antially op osilte,%aclh ot heor"J ’oq‘ﬁthboﬂ(fy part 24. As in
gl uconet &rth@epeafic htaheapaatyndtivod. 3y aabsay rasgpeidteholle pltansitysad gelsclendiied i n t he
25 di scussi,ons, of ..Fi A-3 | uconet er. .60 .l qcates at |e ope bl ood
vessel 25? aéxe&aé’n%}l%gaf?o&ugfs%e ‘%ﬁ" W‘F@cﬁ? ‘88‘“\%3‘5%“1 EIFWBOQ?I%E{’??@.EM and,
opt i onal kY in 3eUelo@bdly pa i dGis £adth Rh@h tHRIY JNBRSIe 48 WY Sin tHe'bo tth ON
gl uconeter 60 determ nes an average speed of sound in tissue between

ul t r asouF@ch temidglne 49 - sodtha prsorpiion Eeffitientefblopdin hpiug db svhish dsmithgion he art may
" e . . o
e usg Bf)glgt%g@éom:%ﬁaﬁog%u ﬁn@%fo%%g{)r ARG Ikt h%eelb%; filtcn, TR o

e
gl uconeter 60 may determ ne a transit transgﬁ%gﬁr% 62 and 64
and use fastor ter%hisi 2 atfemmtivm fatiet i wischaintpeydofodt etk light ke ti2sSs ue.

Pr ef er abl l uGo er .6 t.erm nes an era speed .of s d.f.or bolus 40
r esponsi \3’%611?%6 uﬁﬁ?n%:té%?ﬁ%hdf%?% fig@ieiag?@aqwg%¥%aggeﬁwwﬁ°%g’u‘@@%§I 22 3si ng
t echni quesowdbirom &8 IsbAMN2FBR08 bdifs 4Pz CxpBinRaMP ks #anBTE: bl B1bA0740 known

inthe art, Methods for nmeasuring transit times of ultrasound pul ses
t hr ough fmbedieengy of theesesent wention, thssibeespliomcoeffiden ads determingd 8 shhesisnr e of

whi chi S A} r i . ] - Fig. 4 e O controls
B T skr oL BealR AL BE paft Bk dMink B ELERGEI £ B houfolR0N Bl EONT
ul t r asoumrdererivad dosumendsant! b ifipligtienvol aslydd otihdmesuedphottentusiorsigiel. | east one

ul trasound tr s i S,-0f th sent . nvention, the
anpl i tude of %ﬂé&g@ﬁ%@é%%@%g%&%q%hgsﬁ% '42b1§ °§§%S§“ g# %éﬁglﬁﬂi e, beam 68
Pas a{l amofbtedldbbg gm%d dthe (Shgoqu' flwaécigﬂt@ﬂQMeﬁ?rd f)leﬁaﬂcﬂgﬂo odfa %da@?beiam hf\t a
ime tp whi eam 70,1 s in ransm tted, controller contrals lig
sour ce ngstc’ﬂ’%f’? PR reios °§tgF C%sgg?r ’t‘.ﬁ%&atﬁfﬁ W%"E%Pgtﬁ °£%§IEII’§ét least gpe Lg‘ﬁht havi ng
a wavel epgikdul Mdhn uSnows Okl FlHEAS & thEbsBordtuangl A inS&uR of thebody part
24 surround]:fﬂr:;%3 ?ol u§%40 ahsorb eneragy from ?ht pul se 42. The absorbed

| i
energy cHEA [RE PAYSRasoPstE Wavss sencraedyig birod Aolug 48 oph dhesfine Bamerddn ti ssue.

As a resubtbrmikd@nédnffihlof kiudRe & bldbd bAKUNE SR BrodinRAS bf MRGrdskANsducer 62
t hrough bolus 40 to _at | east one _transducer 64 changes. It i s assuned that

a pul se WVEEHPorontiolf: 3¢ Al amplifide £ ppige resulie of the Mgouke eAlibatieaxi mum

change i mehdd@entRR e oS i Plinked j L DAl i J LOft.pul se is

establ i shgd are _shorret ‘éoﬂpg%?leddp]tngbgﬁ%{fgn%ib%m% P?ﬁg&gﬁgﬁﬁgéhﬁ% bol us 40.

It i &5f urt A conrling v et leanizane GarséucehdS teriliei badinpacth Eonfellprs30astsatht iditsted, t he

change i?tﬁgét%.%dé%l%os%tc&@eﬁmﬂbﬁ.i ng a period of tinme equal to a transit time
rou

of sound t tTssue in the nei ghborhood of blood bolus 40 that is
i |1 umi nat ed b$lupdsghas abserption ks {tia ngmbdriof figferaatovavelengisabat torcberisekint | me of

t he chan I caused | {gh | se 42 .i s short
conpar ed?tfegjﬂ%(ﬁgé %ﬁ%gl?%g% ?ltﬁ%lﬁg#{ r%(sg%iﬂjxn o fé_h%l gééa%h%cﬁ%ﬂ%%fa .pefﬁcts T gaefnﬁl t her
assuned tHwtedt(B atiBE ayeronsrie thefcombigatioh angast 2.30,[207gamidg2anechnt,Gn thee transi t

time 43hr i f 1hS | l.um nat.ed_ by |i.ght pulse.42 in a
nei ghbor %gsggv%@ﬁ%%gﬁg ‘q‘i’oﬂy llt?g’ta%{lﬁlgg mtl-(ﬁ%nsbaé“fiﬁn P‘S%’Sﬁr afr%lmwgﬁ rffl% EJ?’ one
t r ansducdaw @otptiomtin [bevals toemsered tir @G A9 andoUOMAErdrethadésati@nesed fr tin at | east

one transducer .62 al ong the th lenqth be represented hy. a variable x. Let
x| be e os i a5t trtn B B Bk o S BT et PUE P o east
one pul sehd@candhd dlood Hmothe the liglanMaty diffsRnbafbwesss tf arsHloeEmxhtd and 64
before illum nation, A portion of beam 68 |ocated at a distance x at tine
tO will have a transit tinme TT(x) th& differs fromthe transit tinme TTp by
an anount D D D 30 ~TT(x)= J[1/CQ(x)-1/C(x)]dx= :
fL(C(x)-CAx))/CA(x) Ax)]dx= f[~C(x)/CAx)C(x)]dx. In




the expressions for ~TT(x), Cp(x) is the speed of sound at |ocation x

before location x is 26 28 JAN 2005 WO 02/ 15776 PCT/1L01/0074@ 8 JAN 2005

illumnated by light pulse 42 and C(x) is the speed of sound at the

| ocation after illumnation by light pulse 42. The derivative of TT(x) with

respect to x is equal d[4TT(x)]/dx = OC(x)/CQA(x)C(x). ~C(x) is generally

smal | conpareeesiteo CO(x) and assum ng that variationspcin®eRieige as x 5

changes are relatively small, the expression for d[OIT(x)]/dx may be

appr oxi nﬁh@@teaé, aﬂ@(@h) #@¥arigus éaieand preissebaieligy et apeedvaodlenptisniilighver t he

path Ien e ducer 62 t | east. one transducer 64.
i's toi) 0%%?18 ﬁtf%cf%j}%hpgf Fes‘lgﬂaﬁé tigh cog gq‘?%‘h hﬁ&gmﬁﬁ‘mcrf‘i’éo der of

4C( X) W bf gheaise soﬁasﬁmﬂbqr al tblyocaﬁdi@czto ida@mu?iwﬁ d‘foﬁiezozgiﬁbgr(agﬁ? ]ca;f%m?@d | eads to

a percent r,or . i.n on the qrder o ~C( x o In

situati or“i%%lf:1 l%‘ \R/ﬂﬁ[e’b# ‘%fg‘?“% &t %S indbaciiead) OB’Féml%f‘“%ﬁpa‘F’F"réﬁ‘Pé? Withe pat h

| engt 5, @EebodiBitht WF 18S biedRt RlertibR Nt kBAWILS PRKAS b@éodsgm;esb laﬂsohiugﬁ ue types

or determ ned using ultrasound t echni ques known in the art. Values for the

deri vat i veeHigiontsTonys ighk by adolnép ebire peps's bleodzarg é@tamn@d fronc measived est i mat ed
by usi ng g, ﬂh&%%@%ﬂ&@aﬁﬁs&x esckaﬁagﬁ&ﬁ%tg Eooc%]# “{ H&%ﬁh‘éor T@Q” lons of

beam 68 15 that are located I1n a n ocat’t on X ime t0. In
parti cul &encaftration of Eludose dndhe h@‘ﬁ@byol@@( w)th@nadﬁthmlm&a}unabmﬁlysfsomf fhecat i ons of

X inside4b Bﬁ?a%ﬁgﬁf&m@k% agotﬁ% a‘gmatgn%rrum 72 in anplitude of

beam 68 i's a 05| ich borders bolus 40 on a
si de 16f the b@}tpm@nﬁ@mtagaﬁmrahsdlmrdlﬁent Waeeléngm-s)f ligliti we®! ©f depdineum 72 in

T e0 (Bl et idon HIE b Rl R Rriiles M e T bRy 5 x
| ocat ed adteﬂﬁmemtstarme]k&owhl Thpher 695'158411% uerAQt 81) @S Patele 5ab2, by, 40 faci ng

t d t 74 t
raner i Dol e AR 0HE O, R ?ez@;%f{smfgﬁ‘#%"@mé?aﬁ%’&s‘iﬁ%ﬁgR °
[ ATT(x2) of whith>drd h{cémameli JheinChy-Tefdreti09, ] desb¥ibs mthoBCoX RtbradningBRER: XD 15 a

Iocatlon i nsi de b%I0 It is therefore seen that a value rfor ~C(x) 25

for BPoodoasGHEoYy @aﬁbSB@u%P@W%EFSLﬁI%Q lugglith g gvavelengfhan &5t Patentes of

M ni mum 325880 B&%EHE Meiéfninidl @&o%hé‘on%gﬁﬁoﬁuﬂeﬁﬁﬁe Aok R asiSmRnid WaCti on of
an anount_ of energ)r/l absorbed by bolus 40 from|ight pulse 42 the val ue

4C(xb) caPFomEoR eldight i thrisetenn fieerrruclansiiohapds o148 axwersi-diSS miciops, b5&od for the

wavel englficreis - 11i68 Rliorbik 288 168 A%Eor@D €88 infiins Rt 005 WO
02/ 15776, PCT/ | L01/ 00740 o s e i scios, sich o i
laser diodes (LDs), and light emitting diodes (LEDs) for providing light at wavelengths used

20 to assay glucose, in accordance with embodiments of the present invention, are readily

available. For methods of assaying glucose, in accordance with embodiments of the present
invention, such as a method discussed below with reference to Fig, 4, in which continuous
illumination of a blood bolus at desired frequencies is required, filtered lamps can also be
used for providing light.

25 In some embodiments of the present inventionm, photoacoustic waves generated in
blood bolus 40 by at least one light pulse 42 are detected by heterodyning the photoacoustic
waves with a reference acoustic wave, in accordance with an embodiment of the present
invention.

To illustrate the heterodyning detection technique, in accordance with an embodiment

30  of the present invention, assume that at least one light pulse 42 comprises a train of light |
pulses radiated at a first frequency. Photoacoustic waves will then be generated by blood
bolus 40 at substantially the first frequency. Assume that the reference source is controlled to

generate “reference” acoustic waves at a second frequency, offset from the first frequency,

20




For exanple, a change in the speed of sound in bolus 40 caused by energy
absorbed by the bolus fromat |east one |ight pulse 42 is genera%l‘%liﬁ-é 2005
approxi mately proportional to a change in tenperature in the bolus caused
by the absorbed energy. For water, for exanple, in a tenperature range from
Qo to 1000, OC ~ 4.9T. A change in the speed of sound in bolus 40 5 as a
resul t of widdzaswrnati on by at | east one |ight pul se 42cmawibdier ef ore be
witten (for small tenperature changes) O0C = B[ (1/F3p)(loie'ad)ab], where B
i S a conshithtaredfbeusedogolilbodDtdlsi 40y Assuime Rrthaicthe Xy RffdnonadomuticAfavestard S seen

that 4C i s_proportion to the absaorption coeffjcient b, .] | ood for
ot ot s et e B o S dorhs Ly BoCO a1\ o ont
for the highdantalnmdgindet REidngeth idotdic REmuiOAL i ASEOHhaRsRUMct Ravdh

enbodi nent of .t.h ention, glucgneter 60 determ nes changes in

t 1ny
speed of B¥6HE 1 ﬁbﬁ@ﬁé&r‘%w ligiy RYSEHER S TRt ueh oply of hegutengityand, ) yral ity
of wagel epgilehsy &fthd ligitoulséd B QREL RhctRA aU6 @S tHehiBteplRl QA Meshcahaskags i n the

speed of sound to deternmne an absorption coefficient for each of the
vavel engEREensh oUSEs VaYRe. Eiss Gepisis Aortirepsty ¢ ok Rlogd Pty &P camieddycBficent rati on

of gl uCOSerbdle tbifesRoBAE: thh RerGBIR Wﬂd@@?&tﬁm&ﬁﬁeg&n&r &S biobavention,

determ ned changes in speed of sound in bolus 40 are "adjusted responsive to
acoust i c belas ioBigkimiises easur enent s and the adj usted measurenents are used to

determ ne gl %gm ﬁ&?%%épﬁ@s%io? erelfé}eq%g%egmqé éﬁ%lb%: &% tti%geﬂ%f ent.
i nvention control fer 0 controls at east one trans UCEP t cont i nuousl Yy
t ransi@i t liskguilses €4latoldeed Bdus Hr araghbloothe soupling nfithe geferennesvaves and2@epl ural ity

of |ight .4 40. [ red.shortly

bef or o R ne A eglelie i ald R8s o i oHARP) IncebdBiha B GpIBARY KBRS (Y
enbodi nerfhs hejérodyned pirodmentstic sigmhwilbinve gl frequanest aubst@fiatly tarhions bt ood

gl ucose sensi l.er f uency shifts in, yltrasonjc ves.transmtted
t hr ough %’%%%%"Wﬁ%%ﬁ dﬁF‘@S‘é%?%ue%%%tmﬁGB%‘W?S}EE;%&S’% e%’"?i ?‘s%ssorbed by
gl ucose. pitssuRednplitida @f dgaliderddynddl dgnaldis papoitiondl he e gRecmhethe gdftreeset er 60
operates.to assay .blo | uycose fromtransit tjnes, n operating to assay
o o0d g1 BT A P e RTERNE Rt 8ok e pE G el pf PACOORIRN SOHE Lol et 30
cont rol s gtdet@icdiyCRGododhis AOtrERBSEMetto AiRMtbabEHH oase 8 Tk tdefoapsaund

t hrough the bol us wher eas when ogerati nggi na"transjt tinme"

However, J
mode, at SEOHCARDS 45’?“.‘5&%8 PrEpRERiederng qf gighlr Eraepist BY algeshpnadrlsdEght pul se
42 that 28 utied @Hnigatsyws@bém 2Qhe M.t h respect to a transit tinme of sound
through a regiron illum nated the light pul se, when operati n‘g in a

by p
"Doppl er shi f t#e Byspors gitimatsnietey refeenrs poRite deEn thib forusea ebopt WY ofi ght pul se

42 that ipswkShatyiosal Bbnds Mend bBufe P8t | Sk FochicdRStbich] FBrgy AS R Tesul t,
fromtinme tQ, bolus 40 and a region surrounding tissue absorb energy

subst ant iblof ybolig rie j seuRla $he, Phedoasenstic garponss th digmedeenp® acousty hom. hes WO

02/ 15776 - L Lansi: ﬁmﬁ)&l ' i egingn;s The

absor bed cg%%??ﬁﬂg%ﬁ?h%@ggeﬂéﬁ% sou%yﬁﬂ%%ﬂg té;mfgé{ggﬂm?he r(ra]lSi on of

i |1 umi natdésgusssgr inou hefiknentitlpds Silwsicad (Wessonjes” domRobed Sl Beyerdend; Higrheh /.t ransit  of

the pOr tirQf Ok REANIOH: 185 N8 LMAAROK Py BUADHRIGHRbPedodt cauENCY |

nmovi ng through a region in e spee sound 1S changl ng,
under?foe LakeuBtipy linsthe bdvkfindicatefpossibhe farefyeiemcy, which may be witten

O =f (4x/ C(x) 2),.( x)/dt ). . ln the expression for, ef .~x is the.path | ength
oF the souns O F Roeh bar {afhe' (ICRARNSE 80 @hon Bhhukhe im Nodo BAASHRE |

regi on, cabxdilekt ofsthsheredehiminveteioh,y adablee stifulitifes)s akcithidatmd Bubsequkidt | S
assuned that. t he eed qf .sound.and its derivative. are, constan. ver the
pat h Ien&%utlt&?w %Pe?%oé]r‘jgpg%@co‘éfgc BYE E%’ﬁ?%SP ‘ﬁrﬁ%é’g Lt aﬁ’h‘?@%}' bol us 40
aﬂd ti ssulEffdrent tvixelenghg Ebmxhtﬁ;ﬂ_l d,a@sﬁmf_ nbﬂiaumod%&ﬁl%s Mﬂmsﬁlﬁllﬁ;ﬂeobﬂyﬂg@ﬂta;daulhse 42,
the pgrtiops,. 0 Do e equenc ift. e magni t ude ,of, the
bonol S il e R Re Gl ghoh B8 fo My dipor AACHIEER B wii ch at
tine t0 wamdibohatiesint fupthetithdt #ROR1Y 1dtd ONh gD SOUFTQENtER: cabls wavel@phby

and that during illumination a reference acoustic wave is focused on the bolus. The

photoacoustic response of the blood bolus will result in generation of a strong photoacoustic
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D~f(x) =f f [dC(x)/dt][I/C(x)2]dx . Froman analysis simlar to that used
in the discussion of x 15 determ nation of glucose |evels from cRahgges i;@%
transit tines, it can be shown that d[4f(x)]/dx, and thereby )
[1/C(x)2][dC(x)/dt)], at a location x can be estimated by using a

di fference between Doppler shifts for two portions of beam 68 that are

| ocat ed | woenzngrghbor hood of x at time t0. Since dC dcrimymrduncti on of the
rate of absorption of energy fromlight pulse 42, which 20 in turnis a
funct i on sighaltahe diffosol gkl Hayueaoe fd eaheftheafred tevelengthd. The sighabod each ofeasur enment

of ~f can be used to.determne.th sorption. caoefficient of .the |light at

| ocat i onrﬁgg §e§§%§/°a&fbeeg% eQusly gf‘gecggﬂﬁé%gﬁﬂ%ggﬂﬂ%al{pﬁ@pﬁg SFERedi n speed

of sound sighTpraassiag feditdueOFnoh itthesgy absorbed by the bolus is given by the

expressi on fo]é ~C.above and that C gd SIC/_ dt, are substantially constant in
h

the bolus. Ther QrPeeREssPHiref fut ybiaedming dsiectioy tabpidnsyih agogce

di f f ersentyift dnngntolli1cBX X 186 ?ie@éﬁt {9Entl h B veeSRERterhiBe la 18QtED8E pdC/ dt =
B[(l/llp)gloe-ad)ab] and ~f = fB[(1/ Hpé(loe.-ad)ab X, where X is the path
| engt h t RPBERGH PBYPIFEUSED vaFRE sencraieddn 2 hodk dpex i ajelophon aseissplea @R sound i n
the bol uge fhdugan %@re%%lf%ﬁh]? RockiOforfhle itla owhOBtibl AhotoRBnaliSeLR! ON
coefficient ab can be determined fromO. In accordance with an enbodi ment
of the presxerkd inikechody dint ag cheranisized oo fingndyragyal 30 2 beat fisduagest wrsti nes t he
absorpti ggvecbgigiﬂggc&:jn j | s 40 at a plurality of wavel engt hs,
and determ nes the g%éhrg%%\e#éakfg?%ﬁdcgf\}a%bose in bl ood bolus 40 using the
det er¥¥i ned 29Figs. 28-20hpOiSAWEL OV ElUSTEEr PETiinl9 10 QOTutta B8 onErirmg

coeffici - ' t - Lhvent i.on. .det er m ned

val ues fgﬁﬁc%?ﬁaglr;he ] 3%8%@%&5’%’3 ?@%E{Egmég%%gﬁdcﬂe%%cﬁ?%r% |%ﬁ§ltr?%%sur enent s
and t he aujastiede withausnahwdintest alite posed inventidat er m ne absorption. In sone

enbodi ments of . pr i,nvention-a gl uconeter in acgordance, with an 5
enbodi nent ofﬁjtffll%%éf gsg%ﬁf‘ﬁé.il#\,@%%%%@ggg%?gs a&?ﬁ%%@%ﬂsﬁ%m‘af%g?aaﬁ?l‘%?f tissue by
t ransm t tisasicpna ujtabosied pfilsad? insodngart Malo IpagIEsldshuf dlgh 40 heatrlegi 3 nore t han
once aft he regi on has heen illumnated . wth a pulse of |light that is
absor%ed%%)fhéffﬁﬁ%§gé’9&’ﬂlf§m’&ﬁ%§°e%e§%%3@8% bratigp Wa‘{)uFWEtPT ?%H?rr?oﬁ gs. SA
and SB i mseshhecitesifylof aplit 6lie Lg%)asmfﬁid{ﬂﬂsasz e @W%@%@ﬁ@feﬂf&éﬂzﬂhﬁé&bﬁm 00 |
assayi ng uc in_a region of tissue in a body par . Regi on is

| ocat ed ﬁ’g‘{seﬁeggigﬂﬁn@tei{é“gib?%@l Fals Al °§r"§’t‘i§d’&%§é‘r zzzﬁn‘gﬁbo@ helug A8a% | s

per f or nediefeinitd ANGHsti¢ érdtly MilebBRS For MREHIIH-SE MR thfod Whdst13mA AT Hidbat
traversesbpég%)on 90 a plurality of tines. The assay is not specific to

bl ood in n 90 but is a function of glucose in interstitial fluid and

ot heragt i SSuesyi g, DR cIRBNRNR0 chAfrolith JIBRAS I RBRLSB26REA hALk ¥ &y Qt her
gl uconeters in accordance with enbodi nents of the present 1 nvention, in

some enhoWsnstrelse 2 tod dight kaymgta wavplepath oseful fomassvingegiveosaigihe belds. 15 with

gl uconet ened0 alhdbd A6 aHeRdodedigHGhEE 1 [ re
corrected n?%gécfnsi ve to acq?Jst e caF%?g?]?%%%n%gggggﬁgﬁiege}ﬁgﬁi% SA

contr ol | &usgchangps foths acpushe deedance @ftike boluhend thedidoddevestel ovadls.plHese 96 of

ul trasou ' omn%ﬁ ' . 0 i f es 4.n: tic

i rrpedancerﬂ%éedt%v\ogen t|ésfgetsjﬁelgrgfeg?%3%869818%%gytﬁ]g%cegn@%ya%ﬁ&gag%m%ethgﬁ%% regi on 90
and t#anddtreer baes Hhatrddiload vessobwiaili4l g TROamagt oferSyy abidrtred hytindlispidl se 96 is
r epeat edl fil.ec et,ween bone 94 and transduc 26. As a
resul t, aﬂfen{ﬁellésagt %ﬁgg}&ﬁjﬁiégg%%ﬁ%%%{é@@’ gjg cﬁaen el ae"a‘is§}° P?eég?’erlege 8?‘%;nd forth
bet ween thehind8ue erfuGomantlcdnoméatians sfighi@e afd sthdrisgbstadéesdi Heclkiodd thae

ul trasou A 6 .1S sche jcally. sho raversing tissue region 90 only
twice toqgsrogo\ljhe%ilfatc%)reu‘?atvglf?%@Hefﬁ?ﬁeﬁ’\gﬁﬁp&lﬁgﬁ% | east one ul trasound pul se 96
| oses ener gy HNR'"irgratite thsatestiamey refdilabceadf balus @0 ptht aidghifudt io$ sHee

30  change in reflectance, "AR", can often be approximated by AR ~ K(BAT)2. In the expression

for AR, K is a constant of proportionality and AT is a temperature difference between bolus 40
and blood vessel walls 41 resulting from absorption of energy from at least one light pulse 42,
Assuming that the temperature difference AT is generated mostly from change in temperature
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25 in region 90 and partial reflection at the interfaces between fi,ssue in
region 90 and bone 94 and tissue in region 90 and transducer 26 Sa'r)?'\ﬁ‘é 5
response to reboundi ng ul trasound pul se 96, transducer 26 generates a train
of signals having a period substantially equal to a round-trip time of

ul trasound pul se 96 between bone 94 and transducer 26 and decreasing signal
anpl i t udewo@emrfigol | er 30 uses the signals to 30 detepgim@uardor ansit time
"TT(n)" for a given plurality of "n" round trips of ultrasound pul se 96

t hr ough &m&ﬁ%om@m,sme%ﬂbe&ﬁﬁéﬁrmmgmmpﬁ@(ﬁedﬁ%fw&r@ﬁﬁswﬂstm gnsducer 26
and bone 94 is D, then TT(n) = nD/C, where Cis The speed of sound in

ti ssue i propasttneliy 90, tha\expmsiiong foth4R, raisdle &eosityodf bived dulve A and the ottiene i s

const ant ' f urenment of , C 30 2 8 JAN 2005 WO
021 15776 BB PRI GERS 0 Riee e Fpy BERESDITHN Mehi s ot the present

i nvention, tHe adecieaseith an skbeiiherd wp et prebenti isventiad at chaypeomi deus@n esti mat e

of an absorption coefficient for ultragsound in tissue region 90. In Fig. 5B
Cont b1 | Bt H R Tes Rt Blogih oty riulo B ety bk kLot 6 S BEBR o 90 wi t
a pul se #ZeadurddivgMflebittulitSoiAl $27dR SdmBo A Lo GRS the HBRE RNiWMILARI ) ticomet er 80
measures a transit 5 tinme TT'(n) for n round trips of at |east one pul se of

ul t r asoufidiedsti PR ligh relsghChanges e Afe gieoneagned Enesely pf atmdwrlive of [difrent i ght pul se

42 cause [ spe . S N ti.ssue Jin negi 90 and

TT (n) = ﬁ‘%)ef%?}g%ﬁ%%&%%n%o%l?éﬁ?%g%?&fe%gmBrHel;bg%d élaﬁ\}léﬁtt z|(&on&ﬁle controller
30 det er wivekagibdsf debenman€d =frda{ TH{ m)cksulsl Clajigel jn acitbcuses THE deeramsdy gl ucose
in tigsue region . In _sonme enbodj nents of t.he esent.invent.iagn

cont 11 1 BroSR e it des SOERERGRL Y o e fiev b SR osr b SRt dh: ¢ or

ul t r asouddertived fr@n catphiaded pf heigpudibo SRiRe trd madtedstdRé RtEnsRe 4Bs and uses
the change in absarption coeffjcient to assay glucose in tissue region 90.
I'n Fig. %’ f’%&tl ?Ellgquﬁgbtﬁﬁﬁo ul se 96 is shown being "bounced" between two
i rpedance i ntigfas edbodmBRNSE B4 pRRG: tdvestids, Birbilt 86 fak&s VMot AESUE 90 and
ul trasound transducer 26 interface. In accordance w t'h enbodi ments of the
present PiRgersisnof thetscauo ralibrsiopunesienanis e ramoun dissesbiac thearsdies or t h

bet ween iH&fced ¥PESoubil Sop@G&E o qehh lafig | s to
measur e char g?:t efi stchsﬁrng mat e?%ssé got%e\ygg%y?%gﬁ?ﬁ %gg? ﬁe%’(fggg‘gxanpl e, in
accor dantasgictinZtaie therbadyi paetn Cowgfollethdd peethe ntjuited eafies @f ARulot deesminnnd pul ses
are boun Kk d forth between two ultrasound transducers on opposite
si des of &ggﬂsipgb%ﬁeéﬁ?heo@i on to determ ne a change in sound velocity and/or
absor ption cdef. RCatlemntati¢ally ishavstghesneer20’ megindiy achudtis apyesieahdrnt s of the

present inventi | t rgsou | se re. bounced back and forth between an
ul t r asouffe ?eﬁﬁglgﬁ%&eﬁ?&%%%&ﬂ‘gﬁg‘%@ssﬁw@sg} %@“&g“e alys Hﬁ‘e%f?fﬂbyaﬁ??aﬂtoé?f ace
bet waen tifte pulse 4Denr Bigi 2O cadidblle 30 il a0 RRA Tk QltHbdad Gbnddigr REgsUE Tregi on

to deterpmine.a change.in sqund oci ty _and/or absorption coefficient in
the ti ssgl@s?lgé‘f 18?‘?? Wi@éwagﬁﬁ%%qe‘h@h%@ iggnt enolus A STnsrey; e #dsaghome ul t r asound

pul ses atapouhped 45ek WERoted FERdnERSEt RRisHRl s b!dadgbeésarvea'uaeuaan@ hange in

sound vel oci t ﬁgang/or absorEti on coefficient in blood in the bl ood vessel.
C

O her vaPiPRIE fto pitasoppd Rauducr2638 Wbrasame eulirst47 dripfrgicreiftasomst the

present iyaweNtrhucet M6 Shtofdibs W ohi12SQMRGVE & RALMASHREINERIscAGOYLE C
i npedance interfaces t\ggﬁr(;’eassur%ﬂchar actveri stics of materi gl bet ween t he

i nt e ac@8naf 3¢ TrrusEefer o gentighertd§. peiwbnsiOatoorsres e signdotopbicraitanml e, in
sone embadiyiRRhSzPEALDRPPRRAc PMRRE 4 Thd HRAG Al w-H0 ¥ hidd b Red

known in the art. Controller 30 compares the determined reflectance to the reflectance at the

interfaces prior to illumination by at least one light pulse 42 to determine a changs in the
reflectance, ‘ '

30 Preferably, ultrasound pulse 46 is transmitted following a delay from a time at which
bolus 40 is illuminated by at least one light pulse 42 that is sufficiently long so that at the

transmission time of ulirasound pulse 46 photoacoustic waves generated by at least one light
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in a blood vessel is determned by transmtting a first pulse of ultrasound
froma transducer so that it is reflected back to the transducef §r.pih &G05
"near" wall of a blood vessel facing the transducer. A second ultrasound
pulse is transmtted fromthe transducer so that it is reflected 31 VO
02/ 15776 PCT/1L01/00740 back to the transducer froma far wall of the bl ood
vessel . Th@obag7st pul se does not travel through bl oogciieidvesbl ood vessel
to travel back and forth to the transducer. The second pul se on the other

hand, i nyligaye 'hhx;englbga% B ads ﬁ%% lohat ?R&&%o&sﬁ@%%%eld&ﬂtaaﬁeheagoaﬁcpugh bl ood

IS the bFood vessel over a substanti al equal to tw ce the
di amet er traysduckr6igo seoidnigrers mmasmme@ﬁr@tém@eumhn efbodi ment of the

present i nve%'s&%en&ﬁaﬁmgh?@ﬁghe Jntﬂlb&hgﬂégggasi/&ﬁ tﬂtu?' quE% sped from

ul trasound neasur enents 0 ocati on Sl ze vessel The
speed of traipefideghi puliss esliginaemiten2® npeuirey @ skaape warflettaee flbwitgt eeeintighed from t he

back and e econd

ul t ragou}%@%{)&d Fjlgthra&rhih%%§ﬂﬂ% O}Elt?ofl F%@e éﬁges %&s%ﬁﬁ‘gsé%fﬁnﬁbﬁ %F a?é(}%r%sul ting

fromill that bmmeoﬁlghﬁplﬂnebblluméﬁl codds d@tnetona teeglerbyrenmbsantiplihgedhdl oabk and forth

transit ti from ne ar_wal.l ood vessel f.ore and after

il lum naf”in%i‘3 eﬁ’? ragﬁ%raqé’go? y’teﬂ%rg%ﬁeg %338? oi%ﬁ’ﬁgb&ge?%af?ﬁe%@ﬁmﬁgqu%?% manner 1s

uls ed, as u]trlﬁsoﬁtd]ﬁﬂse@ﬁﬁgﬂn thehhs bfeforet dne ameaﬁrmlghupmseh:tth@uﬁam bﬂl@ﬁ@mﬁs b|880d

gl ucose. sone epbodi ne ts of t i pvent C ter

det e m niSS RS & S0Eh SLUFUFFORSY el fipmiafiohy 96 by BasE QR AR ng a
reSQDanEmbcfdﬁrﬂﬂx’tteﬁlCthef;ﬁéseﬁﬂ fnbenEion Nl Hblsd madﬂ@rafttﬁeeﬂgm Puled @ObMGE 99 for which

ul trasound refl ecteghfrom bone 94 has_either_ a_.mninmumor a i mum

Resonant MP8GeRds @nd eaﬁ"’égedéﬁqnﬂ%mﬁylsaﬁbﬂ‘&t@h% Iy gores £TbRYIR €t he
wavel engbhesdt ink@fion!| dikaAs@dNRlIsaivb 48 gm&éalo@ KRBSInPave8 Gt 2 Re@fendy ot t he

di stance_between transducer 26 and bone 94) is net.. For exanple, reflection
maxi ma akastHMHE (and respectively transnission 20 minima and naxi m)

occur for an #hRGhASRRMMABLEHE pREentintdnASPHMR0R PRk eehcéamu@ng fes "

for which the ultrasound in tlgsue regi on Q%ﬁas a wavel ength ~ =
4Dcos'Al n bolpp4d ﬁemea@plfeé@s‘ilqﬁmnmeblovigluwsrﬁ b@q@ale bpbls 4 iduipgdadieduieh i nt eger

respecti y, Igp% B ol nitis
seen tha;ﬂcﬁ\%t ngﬂghtfpﬁfsgl?'%teokrgﬁe%s nabﬂgﬁ)&er equenci es are c%& enfﬁét g%%r?ot he speed
of sound riﬂeptmulﬁzﬂwmieﬁmregolom(g'@hﬂez& qusas:bﬁmgdnmreb}vﬁlahhpdw Lorodothent of t he

Pr amar ¢ (et Sing §liE Sl 3h i, BNl herBe LEBANARb B BB Y| T SOUNC
absorbedréayorgive;mggmmﬁm,bgmmed fromthe | i ght causes a change inthe

speed,.of sou |n [ a r esul i.n.a. shif he r so ant
FFequBncy  Thiiesial P e Bfort B M e b ishlian g S8 er i ne a
nmagni t udef femrgyt ﬂemd@ﬂgﬂse 0w bfu@ spgedvay dsﬁuﬂacbndwﬁatN&IyS&sﬂyagi&nmﬂmde is used
to determ n%man absiﬁge[]jﬂon C e cient for t Lt ssu in region

90. It i SEGBenBY TG Hel {‘]’ﬁ‘”é’ é’%"gﬁis “Weent i on
have beenegtesalribadd bols as samifaag ogi WslRsEof Hmidhﬁ@smaad eQPEY AlaliBeedi N

accordanc wth e i ment resent 32 Al 5. W.O 02| 15776
PCT/ | LO1FBe7RdS Sﬁ?’%@ﬁ? s A3ad w@ devaves talected f@e&@f #@gg‘q%’t tRsEmE han

gl ucose &Bﬁed IS AYe 828d @NGEly RarkdtGEMESy RENRke D @d. For exanpl e,
wher eas t he rr}gt%o descri bggd vmy!th ref e?tgﬁycewog?zl li)@fﬂbSA and SB, in which

ul trasound i stigasécd SR sBoRy A shicqmele 34, ﬁ'@&f@ﬂ\@&c"meﬁ%? A0.i enprabne {9 898, i s used

10 assay giucose in a person's blood by reflecting ulirasound waves from blood bolus 40 while the
blood bolus is being heated by light that is absorbed by blood.

InFig. 3A, as in Fig. 2A, glucometer 21 locates at least one blood vesse] 22 and blood

.30 bolus 40 and, optionally, performs acoustic calibration measurements. In Fig. 3B controller 30
controls light source 28 to illuminate bolus 40 with 2 light pulse 42 and while bolus is being
ifluminated by the light pulse, controls ultrasound transducer 26 fo transmit a pulse 51 of
ultrasound that is focused on the blood bolus, As a result of illumination of bolus 40 by light
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5 glucose in the tissue, the nethod can be used to determ ne concentrations
of conponents other than glucose in tissue. For exanple, at a bone: Sofl&N 2605
tissue interface, acoustic energy reflectance is relatively high.

U trasound waves can be transmtted into bone tissue and repeatedly bounced
back and forth between bone-soft tissue interfaces to determ ne the speed

of sound apdzesausti c absorption coefficient in bonepcihgdame can then be
"excited" with 10 el ectromagnetic radiation) such as optical) radio

f r equencyuiR42 okl Q0S¥ AndsaEHidY. 108 surdbd 6fihd olvd BRossRREvRY Fk0BR Rk e um A
change in the speed of sound and/qr acoustic¢ absorption coefficient

resul ti nFesd oase e ribfy snepd oF emds 308 ngenraioe # JbeioaguisdiVar SRerE% Bofen

measur edyltrd3endPRas 1 8deflRA 48m tﬁ&aﬁm?%ﬁ_ﬁ@ Qe bibohid 81D adiiFBRindof the
present invention, can be used to defernine bone density. 15 By way of

anot her stsrpdiheviag » deses)ennlyr Sl sensiisd 9 denwstockthativijeh ke Stecs BO¥Ecor dance
wth gmbegd iﬂiﬁ&ﬁrfgf;’éﬁpgbﬁs ER0E 54 BUQHel O be dilenGBPRRLAGHRBE BORERRY | 2l € et

of wavel engths Tor ['Fght to.illumnate regrons of a person's body,
concent r it iobw $0 gthich e fuss iser fphetion of & diffexsadediavesntie lsbsothipe poathdet of- | ght ~ at
wavel engt: hs: . ot LURSd terol and |ight
at theseﬁggggﬁ%ﬁgﬁﬁ%$%%ﬁﬂ%g§%?g%ﬁFn tﬁ%fgﬁg%gﬁggggﬁﬂgﬁgagﬁisent i nvention
20 to det er nmilmeccotiaice sitbraplembodimment of the prset inventien)i ghrvemetfr 21 weaswen' s body.
Met hods t eTMp! n ' of n ' By

accor dangeniioi DA oA RERT DRk b b RS ARE Be b Suclbibald
concént r dlinmonated fwith hghisfobdiffereciesmvelsngths fod fetithominaihg fighti Theamedsweménds body. I n

sonme enbodi nents . of.the pr.esent. i nventjo spatj al. map of caqncentrations
of 5 SubS AT Toeming g G (RRLiGIoR S 1 Blegb A ae AT FERE oS TP B OGNt o of & he
25 body. ofdi@9se it Aediabd GB safh@nttintals oy the PRwnBinvalioc drehanireda arher ei naf t er
referred to as "assay imager 100", used, b of ex |l e, to assay and

| rage. onBTBCELIBIoTE & A AR gl gt BeIF RASIemAARAR ment of
the preseRttd dwahik Slcosd\eshadntrbtioager 100 conprises a visual display 102. In

Fig. 6A, controller 30 controls at |east one Lransduc?r 26 to 30 locate a
regi di 36 of H¥ 4 ASTaHY Hiogsd sheoeter 59 meppyripg Slooglugasealy FREBRr 100 t hen
i 1T um nakRseds 98 veBciBOoolukt Il €604, & adtErRleREth NS cadbblidlehicoff @€ pRERAYI NG
chol esterol "and determ nes concentrations of cholesterol in region 36 using
met hods ¥VA"Br to those descri bed above for deternining concentrations of
gl ucose. Contgl 'H&Fﬁrfé 5:led 20 AR &0 ohuBormeer 204&ndN 2005 VO
U2/ 15776 PCTf%lF%%%%O@%O oca%gkégﬁerbregloﬁgﬁ%? af least one bl ood vessel
22 and pidkedast eug viesapditpsdicoridehichmrobese Baralitiof eiyeene ringductigse ot her

[ 201 93S. 18R alidhrPhostOfl @S16RY Bhr S2BEEINARGh WhBiidly SURE Wiy bt POST LT 0N

O1s ye

for regions scanne y assay | hmger Isp on visual display |02.

At | east ogmneltissosndl tarsduest 622andsatcloash vomitlwebuhy tphsdyens depdslerst on94 and 106
at two | ' ' [ are
visible Saf Bt 6 KANTGAR Sl AR AR AE ot BRI T D ey
of anot heppositenag @her as baly pariBger 100 nmay al so be used to i nage tunors.

Tunorous gro ener al have a nusual .y hi ancentrati on.of bl ood
vessers i n tr b SRRRRE AN 18 Aol 85 Spiate Mol e SOE BB 208! ot a
regi % ofdistussisaseof\Higshla3BagluchtheienelyratdsCh laas iong blobd) tssA 02 antdabizbéngt h t hat
is strongl sor b bl.oad, in accordance.w th. an enbadi nent. of the
present gﬂ%@ﬁ??ﬁﬁ?gnggﬁ@ﬂH§9$H@mﬁﬁmﬁﬂﬁsﬂ%??ﬁwﬁW6ﬁnﬂ%ﬁ§W$§cgﬁxﬁpgod vessel s
can be cleasutemeaontn alditien ghganhdat 60t detddiRe @V ivathed Ocad lof Bdaddn \Hesis el

density. a result, tunor fis .n the imaged regi on can often be
clearlg @gﬁ??H@Fﬁﬁmﬁqﬂﬁﬁﬁﬁﬁ ﬁ?ggfé) ?“Fﬂmgﬁ%ngWB ﬁ@ﬁ?§y§?“$ﬂe present
i nventi offy dAGmMIBIBAYpetd@UBUNdTH {1 OB Bt Rimlé SludomdpR &Y risysRentinye t o
concentratigon of a substance in the region that .is provided by a?'assay

i magell i SPBdinEYA tarrdnsR e Bt of Al e gheornpt GUF HedrtEping oAt nagi ng

nodal i tY souild Ghihe fissh® Prefes P loRo@etdViB) dQEmiaks hBERge dpReddiBuRTBadiEENt S Of
the present invention, i mage on which the assay _image is_overlaid is an

( t he g

ul t r asourfd FheyEe topttasonagd rsfleions fom walls dhal Pleedyeeshd 24 Ui fednig%sng t he
same ul trasound detectors that are used to acquire the assay inmge. By 20
using the same ultrasound detectors for acquiring both the assay i mage and
the ultrasound i mage on which the assay inage is overlaid the assay inage
is automatically registered to the W%rasound i mage
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In the description and clains of the present application, each of tQ e
verbs, "conprise" "include" and "have", and conjugates thereof, aQe udbl 4065
i ndicate that the object or objects of 25 the verb are not necessarily a
conplete listing of menbers, conmponents, elenents or parts of the subject

or subjects of the verb. The present invention has been described using
det ai | ed emsensmd i ons of enbodi nents thereof that arecpmovidad by way of
exanpl e and are not intended to |init the scope of the invention. The

descri bemﬁmh@diem&mwsmsmwm@uauﬁgh&@mmes Bm&asbﬁﬁ pulked thdhgh @kuddid ch are 30
required in. aII o nt s, of th inven lon. Sone enbod|n9@ts of the
present &0 o of Whigh s dngorppreied gereig by aeteppnoe.

conbi nat l ons Iﬁfﬁlg hecoia&aﬂaple@%enu\éwa'ca&dsp&% WEas&HR b RRg: $2 Qb thikghiidd esent

invention that are described and enbodi nents of the present invention

conpr i si FgHRtES ere 8 of isonad thefpassey thropglh bnlus 40 3ad 8dndident Meat f8EOR bed
enbodisMeff8so8Ad trarziiber 64. M dorfe oANNARRAR o%@e%és%éﬂ@n&&if /tﬂel-ﬁiyh%z%@ will

occur to persons of the art. The scope of the invention islimted only by

the fol | BYNGS i mgrwated 35 Fig. 4cby Jpe of gEEnpls. Pyawsbdhas Ap e dipdesmediationssayi ng a

corrponengmfgfop@?dsggﬁtoztgglleﬁg%%a&f interest in a body conprising: 5 a
source of radiation controllable to provide pul ses of radiation having a

wavel engt h atAWﬁI@ﬁiot“ﬂﬂée beai ’é@tls benng teangthitiest, bendroByr 30 heltm@rmbh‘@mce ahd
gener at eﬁ) Fleﬁs'f' oft hoffs (fllsQ EIQ Bfﬁ%%gmqgt %vré ‘cﬁ) {ﬁat is ?stoT lec? ast one

ul t rasound trans ucer contro east one
t r ans@ucey gluosse.sRales Hyand| ttsmasmlbniy pdrtaz4 @anmdalgémhm@rah&osb eesgydinsi ve to 10
ul trasou | thereo oII r. that:, a) .controls the
radi ati oﬁg%gxﬁ(r:%&t (rj[‘ﬂlgl ?Joﬁeﬁa anrgg 91 5‘1un‘$é%tsbf’ﬁ§)n48 %nﬁll tg% of the
radi ati osurtduaﬁngms&r aisesesuln,etha:ﬂmmgmne nf:ul&@omnl, frdik) aidlenst dm@ltenaticdr 62St  one

transmttin 0o tra | trasound that is in adent 15 on the
region a L%Hé? J?Cﬂ&a O gL Bﬁrgcg‘é?%? ng transducer that generates
signal s respdnsd asauﬁédemata)pulse WL)ithr@'Q%hNﬁﬁset@eanﬂl PAal mabshingUsiEsh Lhem t o
neasur.e of | east one effec

e charge .on the ultrasoyn ses the
meas ured TEFETT CoPREC IR rsPﬁeh %’Hﬂ ’Hé:’é?lﬁtl E’Efiﬁlé’ﬁ’fﬂi“’tlﬂg&} pulgegs e%i?]i’gshﬁggl on; and
20 e) dehﬁrsﬂﬂrf@&p&e@mﬁlfﬁﬁé SRR thrbdg® bERSIR TERFurikBr st di@sht Okef rom t he
absorptigon coefficjent, @H@gﬁ paratus according to claim1 wherein the

cont rol | &1 EBHEB kg s 68 4 815 chpnge dretagvely stable during a period of time
equal to a transit time of sound through tissue in the neighborhood of blood bolus 40 that is

illuminated by light pulse 42. (i.e. It is assumed that the rise time of the changes in the speed

20  of sound caused by light pulse 42 is short compared to the transit time of sound through bolus
40. Tt is further assumed that the decay time of the changes is long compared to the transit
time through the volume of tissue illuminated by light pulse 42 in a neighborhood of bolus
40)

Let D be the path length from at least one transducer 62 to at least one transducer 64

25  and let distance from at least one transducer 62 along the path length be represented by a
variable x. Let Cq(x) be the speed of sound at position x before illumination with at least one

. pulse 42 and let TTq be a transit time between transducers 62 and 64 before illumination, A
portion of beam 68 located at a distance x at time t will have a transit time TT(x) that differs
from .. the trapsit time TTy . by an amount

D D D
30 ATT(x)= [[1/co(x)-1/0(x)]dx-—- j[(C(x)-co(x))/co(x)C(x)]dx= j{AC(x)ch(x)C(x)]dx. In
X X X

the expressions for ATT(x), Co(x) is the speed of sound at location x before location x is
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illumnate the region wth at |east one pulse of radiation at at |east one
ot her wavel engh and 25 repeats slaps b-e. 3. Apperatus according 28 dhai 2608
or claim2 wherein an effect of the at |east one effect conprises a change
in acoustic energy reflectance of the region. 30 4. Apparatus according to
claim 3 wherein, the controller controls the radiation :,ounce and at | east
one transgigtebhdres transducer and is adapted to processcgh@ahds fromthe at
feast one sensing transducer to neasure the change in reflectance by: 36

28 JAN 20@Ridhef be st palsédz raast) iPRe shded 8t sobtt] & SheQbcatibd JrRENMAchatisrom t he
region before illum nation of the region with the at | east one radiation
pul se; sBhighhgplsedd. anpl i tude of the at least one first reflected pul se;

determ ni ng 0 i r.ef l: he i ing the
anpl 1 tude. *. aAT RO, e B R Qg LB, rom the

r elgi on ah€e) is getnﬁnaﬂmamftlp;norgﬁarddpbt%@i amdlam';umdﬁng thet aariati@gsin (?)I(ne asagli at: on

pul se; sensing anpl i 0 e a e second reflected pul se;
et or i nAHBES EoEUHT N O FE SRETERP éﬂ?@ﬁ_(ﬁﬁ@% FHOR FHRECRHAPES flde of the
second apch&as!wRRe O BidneRba DULEEE sl SV Bigh Bnsthifdl 8Ne&t bed ween the
first and second acoustic energy refl ectances.” 5. Apparatus.according to

clai m 3 tmsinsrm62 tocatdenst prsi trmsduceritdr 818 to he nptedithet mpsrrer BUPe® ofdl at | east
one trangn Lt | d S d ' fromthe at
ean onerREiuioh o) BREHAT M maCuRRRRl kR ALRSETS: IpPERUT
measur i Na@&Cio UShcr@nicder gy dAT:0pdxesiChe ofdnbf LIMACERPCOHN thefimutiens fot um nat i on
wth the at | east one_ radiation pul se; reflectiég&ultrasound g?ves fromthe
regi dA dUPichgaraipRa{atowe vt SRl oy dhegttthnlensitu (x)aten Pe S P di at i on
pul se  seRsiwitpadiPbf SuBE irPfisskdOPpYs @F d&éﬂﬂﬁe@%ﬁ%ﬁﬁ@%ﬁﬁﬁ ﬁc]ﬁfq;]l_éﬁ'ﬂ@mﬁrﬁfiﬂ ect ed
ultrasound v rives; using the anplitude of the Doppler shifted ultrasound
waves t ot§étter m ne acoustic a energy reflectance: that characterizes the
regi on duringgJ ] pati WM t F=1 ; and .

G g ning.  ovige A2 et WATHRGY @' adacBl, PRES B AN B BE1 O and
during i kEdtmeieday ugng a diffdrenckibptreat chengee idradsintyméesdortwy poftiond afibegn 68 5 wher ei n

an, affegt of the .at |east .on fect conpri,s a_chan i eed of Sound
"R v oty G 9% R p apane A ob bt X B dpdn SRR AT T RIS ¢ of 1 or

contr ol s ticfi8y hed) ol R RvARKIITS: 18Rtdbr t R8¢ badkeot ransni tting transducer and
is adapted to process signals fromthe at |east one sensing transducer to

neasure t he clifamEppio sspaedatmminiuenmEip enplidem veam $&is depad ddime tor om a

transmit g E'Eoﬁt{o%’lﬁg%ﬁﬁ bhRle bSRDSH BY al SR ICHIuSeihd Fhnshiler &, tThgSound wave
traverses the region; 37 28 JAN 2003 illumnating the region while the

ul t r asoufiansiieiies pPmpiewa 2 ip womprsisorelyi tmsit Hee drbei ipichyeed by P8 EmpY¥nsi t ti ne

fromthe transmpting to the sensing transducer of a fir portion of the

ul't raﬁ)ouwhrmxg [‘gqo%ﬁldois(i)iéfx)ﬁﬂkbs%e kSt B GRMdedhadnl@h of @62j N I n the

regic while't givon | 'um nated; 5 determning a second transit tine
From t he transniﬂting to the sensing transduce: of second portion of the

ul trasoungWaye,oMaht & %%R'B AR HOLLOR bSa RESSERus@h i Qfcdragalion i the
regi on at 3 tiﬁ%}at whi C tﬁ%a?irst por%ﬁon |31Focate at tﬁe fast
| ocat i on:change in tramsit time for maximum 74 in comparison to transit time TTg is equal to

D
ATT() = fIAC(/Cy()C(0)]dx . Then [ATT(xg) -ATT(xy)(xp-x1) = AATT(xp)]/dx =
X

2
AC(xp)/C2, where xy, is a location inside bolus 40, It is therefore seen that a value for AC(x)
25  for blood bolus 40 can be determined using changes in transit times of minimum 72 and
maximum 74. : - ‘
Since the magnitude of AC(xp,) is a function of an amount of energy absorbed by bolus
40 from light pulse 42 the value AC(x},) can be used to determine the absorption coefficient in
blood for the wavelength of light in at least one light pulse 42.
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datermning a difference between the first and second transit tinmes; and
using the difference to determne the change is speed. 10 g. Appar&tusy 7005
according to claim6 wherein the region is sandw ched between a fast and:
second acoustic interface at which ultrasound is partially reflected and
the controller control the radiation source and at ‘| east one transmtting
transduceyoahstes adapted to process s goal, from thgcphol@agt one sensing
transducer to neasure the change in speed by: determning for a tinme before
iIlum nation,pR.fihLEl, di : r | j sound

bet ween a traFr?gtrJn tt ?hag trgﬁﬁ‘ég‘ﬁg‘%@?ﬁﬁ@%@%‘%@ﬁ%‘%ﬁﬁ’sﬁ%er SF g@fs

ref | ect ethefplosdrerh et feist ene light maise 42 & genatally appravigiatelytiropertivhal ié & chewgrund bet ween

the trangm_ttl t.r ans > S] e t.is reflected
fromt heﬁlrsqén%lér{ |en19g%f g%i'gs;egaé%tﬁgbrym %}‘%grbggf@%%&gélregrgt%g#&s%ﬁ%@‘f 1(I)lrast he region
f r om t hetetmpemisteiraige emdiof tb ¢0ENAE ~ AATe Archaiga ¢ thé grecedofi sonrdl iabelus 40
illum_.nation, .a cond. di.fference.- en.a transjit tine, of ultrasound

bet wedn® & TPAHETTERIGIOR PHACHER Bhe SUPASC Pt e s RSP (R apal o

ref | ect egbnipbr@fitel dinokd) ALt =B ALH@GE-0dRE ], AvHefeADN & £ cohiti® oPbropbrdibagguUNd ener gy
between the transmtting Iran; ducer and sensing transducer that is

r ef | ect edromythawpivesiendonM itivseer thaid€ is prepwtionahio iy ahsospiivo neefigimbdbof  sound
for the i ] i, 14 i - ining the
change 1 B0 PR AN AR and W s GRS E TN LEREY 0021001
sound. 9carApparating faacal.ding to claim6 wherein the region is sandw ched
bet n two acoustic interfaces at ich ul.trasound is ially reflected
and (e cont FBAIRBIATE irian R IRIbA LORReE BiFH o uromEer ChSHTI s mut | ng

t r ansduc gfangeddn ispesa dARMEM Th BoRE qo,eﬁsmgséhglgga!; & frafsintinhs, @t alphasity ehe sensing
t ransducer tlo mea ureéhe change in s&ee J bci/; 3g . 28 JAN 2005 a)

i nt r oduc MAYPIREHH PSEEIGrClsometes 8¢ Meps ithi Siorribed dyngss e gpesdiof sepRl dht i on so

that theggauhsR ROMIEBESEKIRRA fok RadhNoOBE WRGHe8 ahd tusds RS @SsoRfEh r epeat edl y
traverses the region; b) sensing energy fromthe pulse that exits the

regi on t RPSSRRAAISIR Seteprning rongeriratiop A€ glacosdpin thalkipodin spms|embadimeyts ef thpack and
forthstr : : E&n | on; Wl a speed of
soung1 5i nﬁﬁéﬁégﬁ%ggliﬁg% d%?ﬁnn@%dh%%gﬁﬁgy%th of I cgﬁ?%%ﬂgg%eyﬁ st%ggaﬁ engl? ¢ d)

i nt r oduciheponstip gpliheation mepsurerepigaad thetadjustad measgiemants frearsed fol dekeimiae i on so
that the ﬁ%ﬁ@oﬂﬂ%ﬁ&ﬁ back and forth between the interfaces and repeatedly
traverseé the region and repeating steps b and e; and c) determning a

di fference bdpwenn enhediiente ofrithsauessdedstiafl cagolied 30 Idodtrolf\ph &esitons accor di ng

to cliam/ g whergi .!@E [+ ﬁmg i t 0, . interfaces
art which u trasotgrcl%d?lﬁtslguggjr |a1fr§’§re ng{}%% %%%‘%oguscd}gga?‘?g tFZ"SG?%I‘%]&"51:ontra' S

t he r2ddi aliality ofdightpilmnd? drough helis éhdransiatised 4t megputed shetinbefbreand | s
adapted t.0.pr gnals fromthe at | east one sensing transducer to
measur e ?%én%ce%%ﬁ%gg nsgs%@%%%%ﬁh r%u%sg?'ri tting ultrasound which is, incident
on the regi onnpsoinerenfbodintehis nifriad presend invetitiony glytwieiam @hddtidamiras bloedst one

radi ati on, pul se; deternni a first.frequency for which.tra i ssion of
the ult rgglgffﬁg’ytsﬁ}sgjﬁg%@?%éﬁgﬂé@?%ﬁ i §uhu]ﬁ%? V& TSR Wﬁ?ﬁgﬂ%m{j ansmitting
ul t r asoumdiilevihic 8lood & cominbelgtexguaed tb Bight@BioHad B fledosd.| | um nation of the region
vvithhztshe at IIS%SL one, ra&j.ati on pul se; determning a second frequency for
whi cht r ans i SEFHRE A {0 s Sothh therfrts gien shieomee;o8 prsratesioagsay Mt or  a

M ni mum gidost FomMibe tindes, Wik @lpraeHshto GbsalP bRIBA AR TR Db adeund i n the

region for the first and second frequencies is substanti al Idé?t he sane; an.|

usi ng deerrtdrdrsemndsrnadl 2heonkels Eansdier Qde G egeditiddsan 8 det er ni ne

the changeulfsolfiBthfRSEe Bblug PbRver NyHehBs WRY PBrativklin 2 ABRRT 38 nRGEOr di ng to
claim6 wherein the region is sandw ched between two acoustic Interfaces at

whi ch ul & 288 #d lusompei 0 alipmngiestiols #e &ithadishimlise dA thas s reletivebngbed | s t he
radi ajy ORviBQLHER 1P i ﬁiﬁea@&m@&lanwgﬁta%gidntﬂhﬂamst%f ﬁ&g(ﬁ t (Ald JiRnadapted to

processes signals fromthe at |east “one “sensing nsducer to neasure the

change i RPEFBEMR byPorplepsiif medenguagmetengbillpmdingiry holpsi4g witheilightnulssd2t he regi on
prior to.gi ] i i i n i alkl,on pul se;
39 28 ﬁﬂﬁklisg%%tgagé%e%ﬁhnﬁ? & ?%S%%gﬁsgﬁgﬁﬁ%@i e OpBotitft @kOD DLl O
ul t r asouAeBlGruEeRding Hissus abgard prerzy swbsténtially entinpondly anpertions afrbams Bt t i ng

ul trasound which is incident on the region after illumnation of the regig
with the at | east one radiation pulsg determining a second frequeney for
whi ch reflection of ultrasound through the regic is a maxi mumor a m ni num
and for which the wavel ength of propagation of ultrasound the region for
the first and second frequencies is substantially the sane; and 'using a

di fference between the first and second frequencies to determ ne the chap
age i the speed of sound in the region. :

=




10 12. Apparatus, according to any of clains |I-11 wherein an effect of the
at | east one effec conposes a change in the frequency of ultraso & ohdt 2005
traverses the region. 13. Apparatus according to claim 12 wherein the
controller controls the radiation ; corn 5 and at |east one transmtting
transducer and is adapted to processes signals fromthe a | eas one sensing
t ransducewotoerismsasur e t he change in speed by: transnetctiaageasn ul trasound
wave froma transmtting transdueer towards a sensing tram dace; so that

the ul tresewed bmy@nd JRME%E Sedidhe ThEPsOBsd dnki gy@hﬂ@tﬂnﬂ@e'&&lefﬂcﬁ@iﬁm with the
at | east one [ i pul se. while the ultrasound wave is 0O gsent in the

regi on abfiw gi&ﬁ regien oftilypigeded @yaunding)iissus by changr-rontnugpaly gurige

SUbStant&ﬁJmlthﬂleBmaﬂTﬁ@e transit time of ultrasound through t he
region; determning a first frequency shift the frequency of

first
portion of tWéneie@ﬁ@gsm@mawehmg@rﬁeﬂﬁwflp@wa%wug%arﬁsle% V?hl?% a first
| ocat kon h ng a
second { Pemeng S5l %%hﬂ%hlghe e i e P B
ul tr asouwdtte&mf@f(\bmogb 2xsaa(yit), froht expresdien for &5 Ants tltpath lswesttonfthd womt i on in t he

region at a whi ch the fast portion is | ed at. the.fi.rst
| ocat i on""*“&ﬁ%t {ﬁ’itﬁﬁre&mﬂlxﬂﬁ Qﬁgﬁ’%‘é"q of A the ryeiqn, Q&Hﬂéé%@ﬁ&mﬁ BTy shifts
to deter gt (@) A 1dchRAYCN asfiitleD HahiBE sRECHsSurldAnd REdckVAiFve 3R UBSbtaL ovdr | Ocat i on

in the region between the first and second | ocations. 14. Apparatus
accor di nfpepshimgthdk. cl ai ns 1-13 wherein an effect of the at |east one

effe conpri C t d h | ength
in tﬁje) regi onrfl%%ﬂf%& QsaggﬁﬂlkN g%%%&%% S%p %huéagsgggr | nﬁ&tg%q%ﬁg% m 14

wher ei n héighbodbgodomt bcﬂuss%dlmmaed blydighlégmse szhapca’tmisnmd@rm erPapplss at whi ch
uItrasoudlsp r.tial fI ntroII r.ol radi ati on
source aﬁ' Ak %lgs H}égrf@ans@l?g] ﬁ@grts‘trmgﬁfsog% S %Fzgﬂgg%é%f%d&% processes
s goal s bhafstwan 6hevhizh at gast) wncosedit adistaneens foa emndlocemé2 sisigeret e change in
absorption by: a) introduci ng a pul se of ultrasound into the region before
illumnnation s t he pul se bounces back and forth between th

i nt er f acA8xEnE W@ﬁ@éﬂ@éﬂ(y) thaVersesaeles FEgoR; %Pseéléﬁg}erf]@”ﬁﬁm& unt of

energy fromthg pulse of ultrasound that exits the region through one of

thei terfacesfor eac lurality of tipes that th | se travel s back
bng F0r ¢ AEETREBHiGh of rbepso o T g RS bt cs B DB PG, Sheor bed
fromthe dmdxﬂﬁxf ﬁ{d Baety ﬁhﬁ;{iﬁ)ﬁ&@tﬂ/&)’]t & 4 1o8)8h $3dan thareauaied hﬁuﬁ@@h on; d)
i ntroducin pul se of ultrasound into the region after illumpation so
that the reg@e b@wmlegom%kshmﬁdfomw woﬁ@ilwéﬁe%éﬁu thatopre Jeertedaiidr epeat edl y

traver seﬁelgmrﬁoggémtgﬂg repeating b and e;and e) determ ning the change
in absorptron over th tQ[h | ength using the determined anpunts of

absor bed ener¥ycetE/dtz cionef theratsof thyepptian Cﬁﬁsﬁr&ﬁﬁ@hbg}%’ép’é@%@ W§ick| ai ns

wher jgn! +f % SAHIRL 6 1§ ALERLS.bREicn e deORR ioWiib! £ ARATLALLNG AT ansducer
and processes signals from T E58t one en5| n ransaucer to determ ne
a locati @ﬁnbbfusetdmdetagimnheab?orpmmpaafﬁ(ﬁmﬁ;oﬁh@hghdam@am@:any of the preceding

clainms whereipn a tr nsdu e e at one .tran tting and/ or sensing
Cransducer | SBEBEbPEATBe e oA st FE YRR OF PR ChtAPOACERE Tat 1 oast

one tranglchéd FndkPRRGUEESy @@%1&&9@1%&%%@5@%41&1 fof aOab&R Al Hae@st one
sensi ng transducer "'to determ ne acousti ¢ properties of the coupling between
the trangadidedt esupbeantielly constapiobyths dlus hEhep gayexpessionafp A4t sn decor ding to
any ofs, . cRiRece BRLAIAE ADBORLNL 0%, AL GECRLONG PUbSEuclcRad ati on

I
conprises a mcr aratus accor

precedl n@[glf}ﬁj)ﬂge W)ememmarhea[@m%qg@ -hey, [MUWEEs Kifis maﬁaﬂalen@tht}&mmrl ses a
20052 fo_any of the

pul se of . JA 0, rat us accqrdi ng

precedi ng Pﬁﬁ 3 s T Brereat SR Mo 0&9@@35%@@% From e crREsBipr i ses a
pul se of AriiGhdeedihad the dﬁRﬁ%foﬁtcbb?ﬁcF&'f aﬁé&%ﬁ&&m&e@%%em of a localized
region of interest in nprising a |ight source controllable to

provi de pul sel 96@@@@%@%%@%@%@@@@? gpentignh soqnpeer CAHCATYSn is
absorhed By, d RenGREPA0 bRk RRER R A5k BNRERSE Wil EYRY Ravddiehlle. T egi on;

and determines the concentration of ghicose in blood bolus 40 using the determined

[@]™

C
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at | east one transducer for sensing ultrasound that generates signets
responsive to 10 ultrasound energy incident thereon: and a contral BedAfhzi,
a) controls the light source to illumnate a volunme of the body that
conprises the region with at | east one pulse of |ight having a waval ength
at which light is absorbed by the conponent so as to generate photoacoustic
waves i s woanataune that are incident on the at 15 | eagirogm@swsensi ng
transduceer b) receives signals generated by the at | east one sensing

t r ansduc elisofpfsD@RFickéLis 110 sbriCenidainRas 00k pfsihfineation deltdsed vakm fop det er m ne

| ocations of the origins of the photoacoustic waves; . C) dﬁlses' intensity
of t hoselpHBT PERisiEd t TPEPoREIVRe 40 hagoTsHy eribiaiongimpasipracpfsy and dbi qdiused o

det er m ng,a0-aRS0LRLERR @&&M%SQQF dar the light in the region; and d)
uses the determ ned absorption co ?.i cient to determ ne concentration of

t he conponentinispme Fabedimengsnofale pregsplinvantion. acierabtagin ascadaabhvih #and wherei n
the caqnt : i 0, Rk LHA ; me wth at
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then TT(n) = nD/C, where C is the speed of sound in tissue in region 90. Assuming that

accuracy of measurement of time is constant, as n increases accuracy of measurement of C
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35. Apparatus according to any of the preceding clains wherein the _
controll er processes signals fromthe at | east one sensing t r ansdued A 0?0305
determ ne acoustic properties of material in :5 the body, 36. Apparatus
according to claim35 wherein the determ ned absorption coefficient is

adj ust ed responsive to the neasured acoustic properties, 0 37. Apparatus
accor di ngwlo@adrw of the precedi ng cl ai ns wherei n t hepepiibi/@hdoer det erm nes
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position to ipage sﬁ%@ﬁ&w@ﬁzm&n&&@ﬁgﬂ%@fﬁ-to ﬁﬁ&ﬁ{a@ettﬂﬁqe%@%&{ oiwgnio claim38

wherein the controller uses an inmage of features of die body to | ocate a
regi on obulshe st et is ghyorkse iy licess. aftes Bjich luspratitel0 BORPERFINS 40

Appar at ug ' G 'e;}?ﬁ]s whPasGAd pROTRIduSH AGutepthSoial di splay
and V\Eergflﬁqtqﬂ?fejfo{%r?%?do P%?ﬂg%esp ays tg,%fe coﬁ%e trati o%ﬂ of tﬁ% conponent as
a functi Gnergy apaded from light pulse 42 egriserws chianget A2 intbel ypeedh of dound,indissile Wi spl ay to

rovide a s ial i e t concentration t he subst.ance 4 28 JAN
D00b 41, At TGS of SRS fhoanaeRe e bear BORIPDIPEPIE i Sl ays
the spat i3pldee@RARMNT BbhHT E@@@(@Nﬁ’tﬁﬂ-aﬁwuﬁy AC'BYSsaPTanlob R@Ee acqui red

by a different inmaging nodality. 42. paratus according to claim4l

wher ei n eggondi0f Inspranemadinenisgf ﬁlaemsqnt ipvasaprangelier 30 edumaendchengighng. 43
Appar g U%he%‘é&é]t%mgefhagﬁ'f@ﬂ Trdtoundeh & Gndel %P’ %Ré‘;}%f QAfsbﬁéd ﬁﬂﬂtn[gﬁcl puisat | east
1 ng u al's romthe a

one transmtt transduear and processes sfgnals i t 'l east one
sensi ng t2amd digs the changpinabioguion pesflidiant tesssangudonsigdissua egionFPar at us accor di ng

to any of the.pgecedi | I i t C ' SO a
transmtting ?P%ﬁ's%cagg.ﬁ4@iﬁg%pu%}g?§%ug6 gsc%%r iﬂr%glgt gagﬁﬂg&logb?%eg tgbecedi ng
cl ai ms whmpslretierfivesi\a baie P4l andi tisgnebinterfd. andpp fissat 98 sad odradound t o cl ai m

45 wherein the Living body is a human hod . rat us ikng to
eral m g prclies ph RS B Wods ol MBI Al of oo pRES SIS AERLALTO O
vessel3 ofpulskecdadstybond&d thaplpanditfarth betwsen ditteg tipes angrfacds at|vehichs achbstior cl ai m 47
wherein the conpgnent is LDL CEI%JII e%stgrolfor oai gi zed DL ¢ Ies%erol. 49.
Appar at u§mBidC8%ch‘f % J° NP CRAT SN o4 FalRHR BSTRCPRES IBRREHRENT i s '
gl ucose. feﬁﬁnpgé}ﬁxﬁ)adbc&fd:a@eﬁﬁﬂl dleidodingg omlﬂ@t;@aa?mmﬁnmmmgm teﬁmd in a
regi on of a i conpri si ng: an or illunmnnatin e region
with pul ?8%““8‘? g%‘i‘?é%‘ﬂif %’%‘Fﬁe& W&I“@t@g?‘@geéﬁaﬁ@%ﬁ T PABTE 896etﬁ%¥eat e
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between the tissue region and air on an opposite side of the iissue region to determine a
change in sound velocity and/or absorption coefficient in the tissue regiom. In some
embodiments of the present invention, ultrasound pulses are bounced between blood vessel

25  walls to determine a change in sound velocity and/or absorption coefficient in blood in the
blood vessel,

Other variations of the method, in accordance with embodiments of the present
invention, in which ultrasound is bounced between acoustic impedance interfaces to measire
characteristics of material between the interfaces will readily ocour to persons of the art.

30 For example, in some embodiments of the present invention, speed of sound i blood
in a blood vessel is determined by transmitting a first pulse of ultrasound from a transducer so
that it is reflected back to the tremsducer from a "near" wall of a blood vessel facing the

transducer. A second ulirasound pulse is transmitted from the transducer so that it is reflected
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51. Apparatus according to claimb50 wherein heterodyning conprises focusi ng
the acoustic reference beamin the region so that acoustic energy?n‘fh S 2605
region fromthe reference beamis sufficient to cause the region to respond

non-linearly to acoustic stimuli. 10 52. Apparatus for assaying a conponent
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a second Wi Yeése]atB%Yeﬂ)B%kaﬁdfOﬁEt%@ﬁ’ﬁ%@ﬁf’r L 56074 P86 second

phot oacouﬁwecomma&aa i8lrab QBAR 20N 31335 e irdB RGP BRlugh Blob®RALed:  at
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ul trasoumﬂbocﬁrheﬂtseﬂﬂiepmsaatﬁnvanﬁﬁl,ucﬁsayfmod%ﬁmssmg ul trasound that gener ates
signal s resp sive 'h% rasg nd en rig?v?énci ent th@ 28 JAN
2005 a contr I8’fne Pﬁm\eﬁ tHGF AlG, GUGPEHE Lo GEIEmP% quSEm nate the
region vmcbﬂmezgfaudneas hss?@@egﬂim: 8E bpldefeh@nibadi GtdoRdtt ﬂ@c}ueﬂ]ﬁgi@f al@sovhle change
in region contro t least one transpitting transducer to transmt

ul tr ouﬁ&“"'&‘ﬁ 1ig r@‘l“r?@%fé’i’;’t“’hdﬁ ﬁs?i@dF%cﬁPt%ﬂ%@oﬁaﬁérhéﬁ?@@aW‘H%nt on a

sensi ng tf apgdiwgar that generates signals responsive thereto; (c) receives

the signals and uses themto neasure at | east one effect of the change on
t he ul t r asouni@ssonant frequencies are defined by a matching condition between the wavelength of

the ultrasound and the thickness of region 90 (i.e. the distance between transducer 26 and
bone 94) is met. For example, reflection maxima and minima (and respectively transmission

20  minima and maxima) occur for an incidence angle © of ulirasound on bone 90 at frequencies
"f" for which the ultrasound in tissue region 90 has a wavelength A = C/f = 4DcosO/n. In the
expression for A, n is equal to an odd and even integer respectively for reflection maxima and
minima. From the expression it is seen that values for the resonant frequencies are dependent
upon the speed of sound C in tissue region 90.

25 In accordance with an embodiment of the present invention, glucometer 80 determines
a resonant frequency for sound transmitted fnto region 90 and then illuminates the region with
light absorbed by glucose. Energy absorbed from the light causes a change in the speed of
sound in region 90 and results in a shift in the resonant frequency. The magnitude of the shift
is measured and used to determine a magnitude for the change-in the speed of sound, which

30 magnitnde is used to determine an absorption coefficient for the light in tissue in Tegion 90. It
is to be noted that whereas embodiments of the present invention have been described for

assaying glucose, methods and apparatus, in accordance with embodiments of the presént
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(d) uses the neasured effect to determ ne concentration of the conmponent in
the 10 region. 47 78 JAN P00
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By way of another example, assay imager 100 may also be used to image tumors.
Tumorous grbwths generally have an unusually high concentration of blood vessels in the
growths and in tissue surrounding the growths. By imaging a region of tissue with assay

10 imager 100 using light at a wavelength that is strongiy absorbed by blood, in accordance with
an embodiment of the present invention, tissue having an unusually high density of blood
vessels can be clearly contrasted against tissue having normal blood vessel density. As a
result, tumor tissue in the imaged region can often be clearly contrasted with healthy tissue.

In some embodiments of the present invention, an "assay image" of a region of the

15 body responsive to concentration of a substance in the region that is provided by an assay
imager is overlaid on an image of the region provided by another imaging medality, such as
for example an MRI or CT image. In some embodiments of the present invention, the image
on which the assay irﬁége is overlaid is an ulirasound image. Optionally the ultrasound image
is acquired using the same ultrasound detectors that are used to acquire the assay image. By

20  using the same ultrasound deteciors for acquiring both the assay image and the ulirasound
image on which the assay image is overlaid the assay image is automatically registered to the
ultrasound image.

In the description and claims of the present application, each of the verbs, “comprise”
“include” and “have”, and conjugates thereof, are used to indicate that the object or objects of

25  the verb are not necessarily a complete listing of members, components, elements or parts of
the subject or subjects of the verb.

The present invention has been described nsing detailed descriptions of embodiments
thereof that are provided by way of example and are not intended to limit the scope of the
invention. The described embodiments comprise different features, not all of which are

30  required in all embodiments of the invention. Some embodiments of the present invention
utilize only some of the features or possible combinations of the features, Variations of
embodiments of the present invention that are described and embodiments of the present

invention comprising different combinations of features noted in the described embodiments
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' 10%&' () -fbr r susx sonseof m}ifhﬁbﬂzdbnﬂﬂhbl&tblprdsﬁﬂslﬂﬂshﬁ)bﬂmdlmon having awavcﬂ sngth

10%& () - 810%“;@::!1%]19&1%0{1 )is ab%ort}e%%@ tﬂé cofaponent and generates a chemge in an ac msnc
_ property of the region;
at least one ulirasound transducer controllable to transmit ultrasound;
at least one transducer for sensing ultrasonnd that generaies signsls respons: ve 1o
10 ultrasound enerpy iricident thereon; and
¢ & coniroller thaty ' .
' a) controls the radistion source to iliwminate the region with at Jeast one pulse f the
radiation that geocrates the change in region;
. b) controls at least one transmiiting ua:nsducer 10 transmit mtrasound that is in ddent
15  onthe reg:lcm and thereafier incidentona sensmg tansducerfhat generates signals respunsive
thereio; '
¢) Teceives the s1gna]s and. uses them to measure at least one effect of the charze on
. the ulirasound;
d) uses the measured effeot to defenning an 2bsorption coefficient for the regior; and

20 ~ ) determines a concentration of the component in the region from the absoiption
coefficient. '

2. Apparatng according 1o claim 1 whereis the centroller controls the radiation sot e to

mummm:c the region with af least one pulsc of radiation at at Jeast one other waveleng h and
25  repests stops b-g.

3. Apparatus according to claim 1 or claim 2 wherein an cffect of the at least one sffect
comprises & chauge in aconstlc energy reflectance of the region.

30 4. Apparatus according to claim 3 wherein the controllet controls the radiation wource

and at least one twansmining tramsdicer and is adapted to process signals from the at Tezst one
seasing transducer to measure the change in reflectance hy:
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determining & second acoustic energy reflectance from the amphmde of the secind at
least one reflected pulse;

) - defermining a difference between the first and second acoustic energy reflectance s.

3. Apparéms .éccording to claim 3 wherein fhe controller comirols the radiztion ¢outce
and at least one fransmilling tansducer and is adapted to process signals from the at lea:t one
sensing transducer to measure the change in reflectance by:

measuring acoustic energy reflectance froni the rogion before illwmination with the at

least one radiation pulse;

reflecting ulirasound waves ﬁnm the vegion during illumination of the region wih the
at least one radiation pulse .
sensig amplitnde of Doppler shifted camponents of the reflected ultrasound v aves;
using the amplitude of the boppler shifted ultrasound waves to determine acoustic €nergy
- reflectance that characterizes the Tegion durmg 111ummatmn with the at least one radiation

pulsg; and -

determining -a difference between the reflectance before illumination and curing
illumination. ‘

6. Apparatus according to any of claims 1-5 wherein an effect of the at 1t_aasf one affect
comprises a change in speed of sound in the region.

7 Appém’ms according to claim 6 whereiﬁ the controller contrals the radiation z:our;:é
and at least one trangmitting transducer and is adapted to process signalg from the at least one
sensing transducer to measure the change in speed by: |
transmitting en ultrasound wave from a fransmitting transducer to a 'ssnsing tranrducer
so that the ulirasound wave ttaverses the region;
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10! 109%& () %OW&Aggare!.—n]m accardir(lg) to c%;im 6 whetein the region is sandwiched betwesn o first and :

second acoustic interface at which ultrasound is partially reflected and the controller castrols
the radiation source and at least one tremsmitting transducer and is adéipted to process s gnals
from the at least one sensing transducer fo measure the change in speed b:v:
5 determining for a time before lumination,
ultrasound between a transmitfing transducer and sensing transducer that is reflested from
* the first interface and a trapsit time of ulirasound between the transmitting transducer a1 the
sensing transducer that is reflected from the second interface;
determining g first speed of sound for the region from the transit time difference;
determining, for 4 time after iliumination, & second difference between a transi. time
of ultrasound between a lransmiﬁing transduoer and a sensing wamsducer that i reflecte from

the first interfice and a transit time of ulirasound energy between the tramsyaittin g tran: ducer
and sensing transduser that is reflected from the second interface;

determining a second speed of sound for the
; difference; and

a firat difference between a transit tae of

region: from the second transh time

détermining the change in the speed of sound

from the determined frst and s3cond -
speeds of sound. ' -
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each of a plurality of back and forth traversals of the pulse through the region;
c) determining a speed of sound in the region from the times at which the ene gy is
sensed; ) _ i}
d} introducing a pulse of wirasound into the rogion after illumination so that the pulse
* hounces back and forth between the interfaces and repeatedly traverses the region and
repeating steps b and c; and

¢) determining a difference between the determined speeds of sound.

_10.  Apparatus according to claim 6 wherein the region is sandwiched betwesy: two
acoustic interfaces at which ulirasound is partially reflected and the controller. contra’s the
radiation source and at least one transmitting transducer and is adapied to p.mcesses s.gnals
from the at least one sensing trénsducer to measure the change in speed by:

transmitting ultrasound which is, incident on the Fegion prior to ilumination \f the
region with the at least one ra;iiation pulse

| determlmng a first frequency for ‘which trmsmlssmn of the ultrasound through the

region is a maximum or a minimum: :

transmitting ultrasound which is incident on the region after i lumination of the 1 egion
with the at least one radiation pulse; .

determining a second fequency for which transwission of nltrasound through the
region is & maximom or & minimum and for which the wavelength of propagation of '
ultrasound in the region for the first and second frequencies is substantially the same; an|

using a difference between the first and second frequencles tc determme the chaige in
the speed of sound in fhe region.

11,  Apparatus according to claim 6 whersin the region is sandwiched betwee two
acoustic interfaces at which ultrasound is partially reflected and the comtroller contrels the
radiation source and at least one transmitting transducer and is adapled (v processes signals

from the at Jeast one sensing transducer to measure the change in speed by:
_ transmitting ultrasound wﬁch is incident on the region ptior to illumination f ﬁe
Tegion with the at least one radiation pulse;
: 39
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G T tegron for the first and second frequencies is substantially the same; and
) - using a difference between the first ang szcond frequencics to determine the cha ge 1
the speed of sound in fhe region. '
¢ a

12, Apparatus according to any of clatms 1-11 wherein an effect of the at least one sffac

comyprisss a change in the frequency of ulrasond that traverses the region,

13.  Apparatus according to claim 12 wherein the controll
S and at least one transmitting transducer and is adapied to
one sensing ransducer to measure the chatige in spesd by

€r contiols the radiation ¢ onrey

processes signals from the a Jeas

transmitting am ultrasound wave from 2 mmitﬁng transduneer towards a sensing framg
so that the ultrasound wave traverses {he region;

duces

itluminating the region with the at least one light pulse while the ultrasound wive is

0 present in the region and whersin the at least one light pulse has 4 pulse width substa tally
longer than the transit time of ultrasound through fhe

region;
determining a first frequency shift in'the frequency of a first portion of the ultrg sound
wave, which first portion

is present at a first location in the region while the region is
ittuminated; ' '

determining a second Trequency shift in the frequency of a second portion f the
ultrasound wave which second portion is present at a second losation in the regionata

. which the first partion is located at the first location; and
using a difference in the first and second frequency shifis

shift that occurs jn the ultrasound at a location
Iocations. '

fme at

to determine a fieg Hency
in the region between the first and sscond

" 14 Apparatms according to any of claims 1-13 w

herein an effost of the at least one effect
Comprises a change in absorption of ultrasound along a path length in the region.
- 40 .
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pulse bounees back and forth between the interfaces and repeatedly traverses the region;
b) sensing an amount of enetgy from the pulse of ulirasound that exits the 18gion
through one of the interfaces for each of a p!urahty of times that the pulse travels back and
) forth through the region;

. €} determining amounts of enetgy absorbed from the pulsc for each back and forth
traversa] through the region;
d) introducing a pulse of ultrasound into the region afier ﬂlnmmatmn s that the pulse
bounces back and forth between the interfaces and repeatedly traverses the region and
3 1epeatingb and ¢; and

- €) determining the change in absorption over the path length using the detennined
amowts of absorbed energy.

16.  Apparatus according to any of the preceding claims wherein the controller contre Is the
). at least one transmitfing transducer and processes signals from the at jeast ome scbsing
transducer i determine a location of the région. '

17, Apparatus according to any of the preceding claims wherein a transdueer of the at
Ieast one transmtttmg and/or sensing trausducer is coupled to the body and the con roller
conirols the af Jeast one lransmitting transducer and processes signals from the at leart one

sensing transducer to determine acoustic properties of {he couplng between the frans Jucer
coupled to the body and the body.

18.  Apparatus according to any of the preceding claims wherein the at Jeast one pulse of
b radiation comprises a microwave pulse,

19.  Apparatus according to any of the preceding claims wherein the at least one pulse of
radiation comprises a pulse of RF ENergy.
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10% &' ()_.P ! 1@%% }égﬁslﬁr&dz%% M&%:)t @&meﬁd}mom@d@vmmme region;
' @0%ld& () -y 8t least one trapsducer for sensing wltvasound that generates signals Tesponsive to
10 ultrasound energy incident thereon; and

a controller that-

&) controls the Hght source to ﬂlﬁmin;:.te a volume of the body that compﬁses the
Tepion with at least one pulse of light having 8 wavelength at which light is absorbeg by the
Component 50 as to generate photoacoustic waves in the volume that are incfdent on the at

15 least one sensing tranzducer; '
b) receives signals genernted by the at least ope sensing transducer respopsive to the

- photoaconstic waves and uses them 1o determine locations of the onigins of the photoacoustic
‘waves; | ' .

0 detenmine an absorption coefficient for the light in the region; and

d) uses the determined absorpijoh cosfficient to detenmine cogcentration of the
compenent in the resfon.

©) uses intemsity of those photoacoustic ‘waves having an origin in the Iegion 1o

22.  Apperatng according to claim 21 and wherein the centroller controls the light source to
5 illuminate the volume with at Jeast one pulse of Lght at at Jenst one o
repeats b -d, -

ther wavelenpth, and

23,  Apparatus sccording to claim 21 or claim 22 and comprising at least ope transducer
contrallable to transmit vltrasound inta the body.,

24.  Apparams according to claim 73 whersin the a1 lesst ope light pulse comprises at Jeast
one train of light pulses raciated st s Pulse repatition tate,
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26.  Apparetus according to claim 25 whersin the controlier controls the light sonrce to
_ illuminate the volume with at Jeast one other light pulse train charactenzed by a different
wavelength and pulse repetition rate and repeais b —d )

27.  -Apparatus according to cleim 26 wherein the light pulse train 2nd at least one other
light pulse train illuminate the region substantiafly simultaneously.

28. ' Apparatus according to any of claims 22-27 wherein a mansducer of the at loast ‘cme
transmitting and/or ‘sensing transducer is coupled fo the body =nd the conmoller:

controls’ the at least one transmitting transducer to transmit ultcasonic waves, wluch
are ncident on a sensing transdncer that generafes signals responsive thereto;

receives the generated signals; and

processes the signals to determine aconstic pmpemes of the coupimg between the .
transducer coupled to the body and the body.

29.  Appamtus according to any of claims 120 or cleims 73-28 wherein the contralier
controls the st Jeast one rransmitting transducer and processes signaly from the at least one
sensing transducer to determine a location of the region,

30.  Apparatus according to claim 16 or claim 29 whersin the region is located to within an
uncertainty of less than 3 wavelengths of the ultrasound in st least one direction,
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32, Appamtus according to claitn 16 or Clairm 29 whersin the repion is located to within ag
3 uncerteinty of about g wavelength of the ultrasound in st least one direction, )

33.  Apparatus according to any of claims 21-32 wherein the ot least one light pulse
comprises 2 pulse of IR Lght,

10 34, Apparatus accdrdiug fo any of claims 21-33 wherein the at Iesst one light puise
comprises & pulse of visible light. '

35.  Apparatus according to any of the preceding claims wherein the coniroller processes

signals from the at least one sensing transducer to determine aconstic properties of material jn
5 the budy. E '

38, - Appammé; according to cladm 35 wherein the determined shsorption cocfficient is
adjusted responsive to the measured aceustic properties.

0 37, Apparutus accordi:;g to sny of the preceding claims whersin the controller determines
~ 8p. sbsorption cosfficient for & plurality of different locafized regions in the body to' provide
concentration of the component 2s & functiog of position in the body.

38 Appamtos according to clajm 37 whegein the controller uses the concentration of the
i component asa function of position to imape features of the body.

39.  Apparatus according to claim 38 wherein the controller usss an tmage of features of
the body to Jocate a region of the body for performing an assay of another component,

40.  Apparatus according fo any of cluims 37.30 and'compzising a visugl display and
whersin the controller displays the concentiation of the tomponent as a fanction of position of

the regions in the body on the visug) display to provide s Spatia] image of the concentration of
the snbstancs,
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42, Apparans according fo cleim 41 wherein the different imaging modslity comprises

ulirasound imaging,

43, Apparams' according to claim 42 wherein the controller controls ‘at least one
trausmitting tranaducer end processes signals from the at feast one sensing transducer to
provide the ultrasound image.

44.  Apparatus according to any of the precedmg claims wherein a sensmg !Ia.nsducm- is
8150 g transmitting tansdycer, ’

43,  Appuratus scrording to any of the preceding claims wherein the body is a living bacly.'
46,  Apparatus according o claim 45 wherein the lving body is s human body,

47.  Apparatus according to claim 45 or cluirs 46 wherein the region is 2 bolus of blood i -
a blood vessel of the body.

48.  Apparatus according to any-of claims 45 or claim 47 whersin the component is LDL
cholestero! or oxidized LIDL cholesterol,

48.  Apparatus according to any of clatms 45-47 wherein the component i3 ghacose,
50.  Apparatus for detepﬁng photoacoustic waves generated in a region of 2 body by light

comprizing:

means for {luminsting the region with pulses of the ﬁght 8f a pulse repetition
~ frequency to genepate photoacotstic waves in the region;
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photoacoustic waves at locations in the body region occupied by blood;

15 a light source that illuminates the body region with light at a second wavelength that
1s absorbed by the component to generate second photoacoustic waves at locations at which
the component is located;

at least one ultrasound transducer that generates first and second signals responsive to
the first and second photoacoustic waves respectively; and

20 a controller that;

(a) receives the first signals and uses them to determine a spatial distribution of
blood in the body region and therefrom a location of the blood bolus;

(b)  receives the second signals and uses them to determine locations of the origins
of the second photoacoustic waves;

25 (c) uses second signals corresponding to second photoacoustic waves having an

origin in the bolus to determine concentration of the component in the bolus.

53. Apparatus for assaying a component of a region of interest in a body comprising;
a source of radiation controllable to provide pulses or radiation having a wavelength
30  at which the radiation is absorbed by the component and gencrates a change in an acoustic
property of the region;
at least one ulirasound transducer controllable to transmit ultrasound;
at least one transducer for sensing ultrasound that generates signals responsive to

ultrasound energy incident thereon; and
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the radiation that generates the change in region;

(b) confrols at least one transmitting transducer to transmit ultrasound that 1s
5 incident on the region and thereafter incident on a sensing transducer that generates

signals responsive thereto;

(c) receives the signals and uses them to measure at least one effect of the change

on the ultrasound;

(d) uses the measured efféct to determine concentration of the component in the

10 Teglon.
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