WO 2013/ 003454PCT/ US2012/ 044392 QUANTI TATI VE NVR CLI NI CAL ANALYZERS W TH
AUTOVATI C NVR TEMPERATURE SENSI TI VI TY COVPENSATI ON THAT ACCOMMODATE LARGE
AMBI ENT GPORABI@B¥L TEMPERATURE RANCES Rel at ed Appl i cat iPomaIS2¢100@BpIhi s
application clains the benefit of and priority to U S. Provisional Patent
Application Serial No. 61/502,965, filed June 30, 2011, the contents of

whi ch are hereby incorporated by reference as if recited in full herein.
Field of the Invention [0002] The present invention relates generally to
NVR systens and may be particularly suitable for NMRin vitro systens
capabl e of quantitatively analyzing biosanples. Background of the Invention

[0003] NMR cl i ni Ca%@&ﬂ'ﬂiﬁﬁ‘ivﬁ%@n@@i’lmeﬁi HN&Y’E@RSGWWH Inc., located

i n Ral ei g RN ziq(r@ t hat
3:;5%st@§§&%§ng%§5 y5| I i popr ot w%@tﬁg Qz%bet =

Pat ent Application Publication No. US2005/0222504 descri bes exenplary NWR
clinical analyzers. U S. PatentRrNatedoAppoatiofls descri bes exanpl es of Type I

di abetes risk assessnents and | glucose neasurenents. U.S. Patent
Appl i cat@08&] Publ i Thisiapplidation EJSE@SI@IPMMBM apépidetityde U.$.gupyisioarlPatassul i n

dever opfghoAanSEaY MGl Db el pt L e FRPEPE0 LB e ang

pat ent ﬁtaatploﬁaaédWhe&t&idee@tﬂleét&daheulmﬁaeby i ncor porated by ref erence as if
recited in full herein. [0004]1t is well known that NWVR anal yzers are

tenperature sensitive. Anmbient tenperature fluctuation can result in
unreliable quantitative neasureﬁgﬁt(ﬁthL Pddd§ioRast . NWR anal yzers,
particularly those used for quamtrtatrve nmeasurenents, were required to be
kept i n[00021Ts Wi tmhepnetserrmhﬂ\edtmemm%sagmemﬁy td NMRaysltsymmmtmaj/bed to be
wi t hi n about +/ - e%Me gree Cel si us, 3&}? dress t robl em | ndeed,
the twoP#HF éewwt@hes BEMB Aetidic systrtne Seraiicet e nipt %I ogi es, I nc.
and Br ukgk, tgglg:g,pl n Corp.) state in their site operati onal manual s t hat
while the instrunents can operate from 17-24 degrees C, for optimal
performance the WO 2013/003454PCT/ US2012/ 044392 room tenperature nust be

regul ated, e.g., the room teggeléatura ihﬁ);id bE maintained to within +/- 1
degree C. This tight tenpera mai nt ai ned i n dedi cat ed
NVR | abgogpaf it i SIMRCLGIRATEALyEErs hhidb&alustdPy Liesbiease, IhtQI6catdd iRospi t al s
or connerC|aI | ab environnments, as nmany comercial or ¢li ni cal | abor at ory

envi r onReleigh, 866, fd grserse euantitatispeastements af bipsamanlenthatassrss a@ﬁ@?%ﬁ rigk er

time. The. chan f W &55},

perfor rraﬁ%oemo 9%Wylélse (:Tng %;/élggrﬁ?ﬁ%ere ﬁﬂ%h&éﬁ%ﬁé g ect t he

accur acyndysi§ lipaprotdit alebspeneras.uUe @atent Aﬁ@lﬁ)@}ﬁmmbhctahen Nol s a need for NMVR
clinical_analyzers that _ can operate in_env ronnents that nal\}/ %to\g te in

anbi ent USERPuP2d2904 desraibes exeplary SIMRdigicpl anadggersy U. and the
I ke) aags[cﬁgesv&ra}ﬁlpl ég‘% gggmdaaﬁe@égqakgtsetmg atdttﬁntgﬁz ?lﬂgos%trﬁéa%u@ﬁ@%at e

accurate quantita surenents. Sunmar ments of the Invention
[ 0006] Efth®.diatasin Apphfatioh @ ubhvatiohiNm Uﬁ?@l@l’ﬂt%éeﬁesmbammenﬁdnﬂmmﬁer ature

F erper i SIS G oM doER b L FSHTHLE F AR EPE YIS dBoNR.
si gnal Sc&ﬁeﬁQ%Pfﬁ@tabI)&H re?&@ﬁb%ﬂ% $WhE ahdhhRhi HplicAiATRILEBtdnG AREAlbyr es at the
time of signal acquisition 007] The NMR anal yzers can operate at

t enper atrmoas)r«'dv@bya‘:fcremmdfteetmbmafullﬂlereﬂange that is at |east between

b 6 d 7-24 d b 60- 85
P e

t enper atdmigeritaRIRctifion 8 tekulPimuirdigabi Oquant ek @ hkadvBnsnecl thepise NMR
measurenents to thereby allow for operation in a w de range of anbient

t enper attEzesh pprtisHiseEtthose LoGhBT Hrand#y capassHesA sWere H@qw@ﬂ tahaksidh s can
t
001y 4 0 TRSEALAR S Bl Sl G0, 8

measur e, (o addiesattiyproblen? Yndéeed) dictten)largpd OR Ispemmeet@rhadifavtnts, t he

NVR anal rs _can electronically apply. a . _ .
Xgl? nt Techno? g?es Inc. and Bm){(er gg)S%ln Corp.) state in their site operational manuals

that while the instruments can operate from 17-24 degrees C, for optimal performance the
1



tenperature correction adjustnent, which varies with anbient tenperature
based on a nonitored on-board tenperature, to an obtained NVR signal based
on a pre-wef2nmaw3dsunear or non-linear nodel of signal i RCENS2A1R/0¥BPBUS
tenperature (thus not requiring the use of an internal calibration standard
or artificial signal faor each NVR sjgnal acquisition). .[0010] So

enbodi nrgﬁ{nstelgp%ra&r?g@@ rg@ﬁﬁg@,msthgfro%é?g}gqrﬁare Ow&ﬂﬂp E’@H‘.%O The

met hodsyjiglidede @e)c.p*rﬁfglt%gt RpRMRLE cbitrd 1D6fiéh RhintiindIVR de@igsiba xeRer ; (b)
el ectronically obtaining NVR signal associated with the sanple froman NWR
probe hebsbutnt is met ¢romeomin cimidihRbs peaht asdhesean hospatplselr semmeniiddth y det ecti ng
at | east one tetrrperature at a V\D201f’,ggﬁo3454PC‘I§/0U826(1)l 2/ Oiﬁ\%ﬁlzel.ocati on
that i soTPUBRI BRI HENRTES gkl PP BRAPEYY ERYORS POSHCHEId ng the NWVR
anal yzefempexirs et @fferent bdiRs hed/bhsyed b, MHRGhsiRAN térhigiat(e) afflché ONi cal |y
correcting the obtained signal using a tenperature sensitivity correction
fact or tehsitivity arndphase perfoymsaes ofNMieingvaentaad caniheradergmegHhglyaaffastite of
NMVR signal tenperature. sensitivity; and (e) generating a quantitative
measur efrent of %q%%%q%ge%gqa%ge%ﬁ%tcorrect ed obtai ned signal. [0011] The

el ectropoosy | y detagt iheg i€ amebiefos ANNVRedinival anadjzog thattcamppérateine sensor t hat
resides in an NVR consol e of the NVR anal yzer, and wherein_the,

el ect r offivéignMgnig dhat say flyciatednjambigt fSraRFrgite Qs Hwede e Boyindallyt y of

t enper i I 0 %giee; @ |inear or
non- 1| i ﬁ%gérl&%ong%ﬂtmg% n%“%&ﬁ%iﬁft%‘?%z%g%an‘gg‘%%%ﬁ ta de%tiuﬁ%gn?gtrlrlger ature
range t gmberate socuchessquidiiRtasivgmebsurerhenisi ty adj ust ment that varies as anbi ent
tenperature varies thereby allowi ng for fluctuating anbient tenperatures
over at least 5 degrees F (3 degrees C) within the defined anbient

tenperature range. [O001Q]:ih& | SFRAIRIWHENS D Bhd InvehdloOF r€Ction factor can
i ncl ude a non-tenper at ENsSTTIVe 1T nstrument normnallzation correction
fact or [0906her ebyEmbodindcntsef teaisuensiparire diregieshio gutemagedoempattaiurg  of

di fferent NVR analyze 4] The el.ectronically detecti can, be rried
out usi WYSEVY ggﬁélf%ﬁﬁésff’%%ﬁ%@ms eﬁ%eoard? SHAT }éarg Gt gg?lﬁ%raf\lﬁ? gﬁ%l yzer

pr oxi NMei@uamehss afe Hevtronlddfly appild tovBRIncd MRS GRRAD At @fint!fr Agngersthndar d
nmodel of tenperature sensitivity based on neasurenents of a plurality of

di f f er evariakinRiTonbighclemperapwes 4t dhestimp of igpal GpgwsiHed by measuring
t | f ' ' fined
enper atd(“)Z] :,/::] ; g?h%ﬁ?ﬁ{ %(rgaéyz%% &h o%%gal@%%gggﬁérgtg?éls #ggf £alRled ta}{féraﬁréj eltine

t enper at ur Signal t enperat ures over the
t enper atayge thaalkGe 1dast begva&viabagess-1Ddgeastat! §-2dniegadeaiamd tymiddly twitwbena
sl ope. [0016] The tenperature sensitivity m

asur enent be carri ed out
whi | e t FROKRKRSararipel sligréntior duptyagon § 28l 8VEoht forIeadBRYH ¥ Bhment
and expﬂ@gge sk gggi@etfdf s&u&ggnggémﬁgtér%{Haﬁﬁ%eﬁ@ td MRSy alI9R 4] Dat a

for the can generated at a use site of a respective NVR anal yzer
t o def i ogeration instwidereaige op embienttesipepdure p00L8ITms. nodel can be val i dat ed

and/ or ated, _at |least jn-part, a yse site using a,small anbi ent
t enper aﬁf?ﬁ r ange™ $951€ §12 %IIHE % t@%@%ﬁnﬁyﬁéﬁ %aﬁ‘eoé’%faléer %&Inbé%gé?ﬁrﬁbl 13
anbi ent teh%{épﬁlﬁtéﬁ HY & aQRGE MR G hBaES0-d5AURERL] hgatit abNbgganChenaar ri ed out

when the NVR anal yzer i's in a room having an anbi ent tenperature range of
bet weengetstaiingéecutaig N rEesnisnivatst(typi@lly H(aBowvr batkerjegr ees Cel sius) to

about 7 rees about, 24 degr.ee i np can
fluct uaﬁ}eo(agf I easiil é&%u?n%dﬁlm%&getg? gg@ Ig‘x\g(lgg(ﬁ%(garne%%?}&;{ {C\%ﬁ}' %lli%r?g'ta he
t enper ateuiRrdtadIBire@it AMNBHREN, Which vEsA0ilBAM0BAGMEd/atise 6dsel 044392

generating step generates quantitative neasurenents with +/-_ 2 9% accuracy
as neasmoaHoOISY oa-topidisRgatuse.de pe oheingd MNIR)signghbassd on ppaedefined 14saiMe can

be a huﬁ&p—li%a? %d%%f‘g{%r&ﬁ iﬁéﬁﬁ%eﬁh?@ﬂﬁ@ia@u@ '@t‘ﬂug R& requiring the use of an
internal calibration standard or artificial signal for each NMR signal acquisition).
[0010] Some embodiments are directed to methods of operating an NMR analyzer.
The methods include: (a) placing a sample in a bore of an NMR spectrometer; (b)
electronically obtaining NMR signal associated with the sample from an NMR probe held in

the bore of an NMR spectrometer; (c) electronically detecting at least one temperature at a
2



obt ai ning can be carried out when the NVR analyzer is in a room having an
anbi ent tenperature range of between about 60-85 degrees Fahrenheit ("F")
(bet ween wbaot3/msssdegr ees Cel sius to about 29 degrees CpChiUuskomzomser at ur es
that can fluctuate at |east about +/- 5 degrees F (3 degrees C) within the

t { ... Th i t er t ti i
o abur oREHICE Gtan(Lpn-bettor i QS By prgopg ot frots Holme b BN apptazer
[ 0021] Tﬁ%xﬁ‘i‘?ﬂ@lnbt?rﬁé‘toblﬁg Bblali§RSte RS (ﬁ@eféc@@rﬁceh@vc%n%cmg%e b¥Rirliapgal The

correcting can be carried out” using the slope to calculate the adjustnent
f act or . usfinga thetpectted semsitpatyatoueetiaafacion thatidesckcted bpsadamuhedétacted m xer

regi on on-board the N | yzer ich correlates to anbi ent tenperature
hat 15 BerRBh b suodar Dol Besaitt Ehel B pORd SaTadie m xer

t enper afuihBitatily O BR3duléifeR B Aisith PR BRI tREcHiPdctddasbtandd e the NVR anal yzer
is in a roomhaving an anbient tenperature range of between about 60

degr ees[0011117 degFeedeqjoniagllzdeiceting candwrerrsyl it ysiag s tEmpeFtuagnesdhat) with

t t ures. t hat f t t] E.(
o " Lo AR R DR oS ROt s ARG AR e PR, o

quant i t RicaMRdPRARUIRTRH bRirdlay ofteniRagtirep derihgthg@btattiag ytep. i n the bio sanple
wi th about +/- 10% accuracy over a tenperature_ range of 60-85 degrees F.

[ 0024] TH@13hnpl e Ehgympdel gafh hera AnpATEs doBdMGH 1BPdeh PA S renasntignptadarioven e
ener at | i : At d i r ement
Por ot 1 oaufRlaBBREA Bnd ol e K e A B, e

of bet waabieatenipetin8bartaghaesy HlowWing A5 flicarasagphbicottentperaturbtioneen atileasie

bi osanple and the generati, an generate a clinically acceptable
quant i t AfP&rEeRe G5 LfeEsRe nggnﬁmeglagfafa mt’ﬁ?‘@%‘ia!wé?\é@lnﬁ‘?'e in the biosanple

OVer a jgRiBEr at urepd éﬂ‘%@ra@&re k&t B 0P B8P cHLUERES a Fon kGRRAtEENEr
enbodi nents are directed to NVR anal yzers. The anal yzers include: (a) an
NVR consapkigive (isjrusent masilizationtcerrpeioatfacter wehereby norbwédize measyserostitprteken t he
NMR consol e; ~and (¢),.at | east on rocessor in comrunication with the NWR
consol eo%%ﬁfﬂllbrﬁﬂtgoo(%tdb@e&%ﬁwg %E'tzgl§l gnal collection tenperature

sensi ti Wity corr echd QBctichiGilIgRlecHRd darl B GOHINLKIt Gsih|: @nlewbtione @mpprdorr d t he
anal yzer. e at |east one processor is configured to adjust NWVR signal

i nt ensi sepserstbaids an-ddandithNYIR apgdyzer prxémaigiagixahdd¥ysi s using a correction
factor varies, W.th .in ' ' i e based
on (1) [RSLY ot ur Sndlib el Ag e BRI g SLRARAATS! Rl AP LRRIES PF)C)
nmodel obasce GpefcAtwEResedSs h biuvality odHifiekat NMRabnsold or portions thereof obtained

2013/ 003454PCT/ US2012/ 044392 intensity over defi ned anbi ent  tenperature
range tRAMCPRIBEIGERHANC YaHsreasytcsy sthagr 1@1%3@@?@@&6@}16 o at

| east a e ssor

i s conf %%eéa éﬁeg&%h@g@é q awtv‘?lta ést %\%ﬁﬁé&gtg%gﬂlﬁg Ss&he; :ﬂgegé#ﬁgﬁﬁléﬁ%grggt ure
dat a anteihpevernghel to gbhavate nige ftardafd modelaritmgslapdhi ent ext ernal tenperatures

of at | t . about degrees F (abqut 3 degrees C) proxi,mate.th

anal yzefoﬁﬂ hi n tﬁge test eﬁéﬂeéﬁ%?té‘ﬁty m%@gﬁﬁrcé‘n Sr‘f@é”ed[oﬁg‘é’ﬁlﬁ'ﬁ'@'}l\iﬁ& east
one Pr oG pAks £8RelA8n 6 WP GHORA dnBoNEDEIRBMIHAIHA dxBbieMQo IR BRE BYE o hat
are accurate to wthin about +/ - 2% over the defined tenperature range, as

measur edefimeddempératrdmphgaceti c acid (TMA) control sanple. [0028] The at
| east o nper ature. sensor. can J ncl ude a.sensor that resj roxjijmte a
m xer bﬁﬁ) 1|t7f| t he hﬁ% f85ﬁ’§6]il%qeff%’0%§e?ﬁréﬂ%§oast -8y 51?1% €6 eé;f:i}’?d@%ﬂg%%&{g?vi ty

correct ioiefERAnhdtDMhOspeaiRRiskipe. t enperature fluctuation of at least 12
degrees F (7 degrees C) within the defined anbi ent tenperature range,

[ 0030] THOIRMVR anailje erodelanihe vebertedndéer goperated) Jtieashingrahpt duseg UsHE at
| east o t j ' teast one
L bicnf
B L e e S R o e L L S v
+-10% [Ridtikependef raga. be an anal yzer-specific nodel.
[0019] The obtaining can be carried out when the NMR analyzer is in a room having
an ambient temperature range of between about 63 degrees Fahrenheit ("F") (about 17 degrees
Celsius) to about 75 degrees F (about 24 degrees C) with temperatures that can fluctuate at

least about +/- 5 degrees F (3 degrees C) within the temperature range, and wherein the
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[ 0032] The nodel can be a linear or polynom al standardi zed nodel used for a
plurality of different NMR anal yzers. [0033] The nodel can be based on data
fromin swOrot3wepesnat ure versus signal neasurenents takeoTaser12a4sabset of
the defined anbient tenperature range at a field use site at installation.

[ 0034] The NVR anal yzer can be configured to _evaluate at |east one_ target
anal yt ezengrafing plepgeneses quaptitabive BleaSHpHPRS Wilelef o 245ETaQNRS BISARBEED:an
oper at e_.i ir inhg a tenperature range of between about 60-85
degr ee?nb&m{ﬂﬁgaﬁéélaf%m‘&}%@lﬂognper ature fluctuations of at |east 10

degr ees[0030le at |Hasdamphecapriecdasom kasd ipeuraonplagme dtbstimpkpmbyhd he

post -signal ., correction to generate cli nlitycal, uantitative nmeasurenents using

NVR si gPPidiningcan he saraed paiphsndhe NMR apalyper 18 diiies RAving Hragedierto035] The NVR
anal yz i 1] i ' i@ a human
bl ood %g?%t%?r@%?&%ﬁ%ﬁg%a%ug@%gltregriegs ?Ah}géﬁﬁgt(ggg%%@%%%%%gat e in an
envi r ondagndes ICalsiusgo abte 2P elegtens €) wathgempdratuedsieascambocinaté @t BbstabguteldsS F
whil e al |l ow for tenperature fluctuati ons of at | east 10 degrees. The at
st st s Rt SER R B i s gl bRt R (tERoRE ot | on
to genepghBtabivé BlesdirerltANHithali198, a@@ﬁwy\?gigggmk&nd\imesmgm jobt ai ned at

tenperatures in the tenperature range. 3/ 003454PCT/ US2012/ 044392

[ 0036] THHO2H: | easThomedq) carbe s tinearamodse aet ecandhaire a segasivestope o hacoirentiai t y

of target .analytes.in respective .biog . t have +/ - P cy
Gsi ng. N Brgiia bk AR o Ralpy DRy RS A e 0 S et QL ShREENEE s
degree &antif¢TRGd AtciRrat@8 §ea nliRE3I¢Libh on VR dRaNMR anglgirer Behi SO riefatéd ano
evaluate a plurality of analytes in a urine biosanple. The NVR consol e can
oper at eambicafrfempcRBhhehis bebvaengbautdnpe dagrgesbalom die arbesed delesichBvtRr 60- 85
degr eesteﬁ?%ﬁitdr allowing for tenperature fluctuations of at |east 10

degr ees. € af | east one processor is configured to apply the post-signal
correctjooR2l o genthadtaaigingrah bathvied vaawheetie NMRtanal\kR is iganslonohdvangned at

tenperatures in the tenperature range. 38] Y t her enbodinments are
di r ect edf ¥BLIEPHEBPEEIT e ﬂ‘gbq}ﬁs%i el p@%c%g%f» g et o
conpensgd &egr&rs g gﬁ%g&%ﬁ@g@ﬁ @&h}lg\cl%'\r/XRt'quéé tRft 34 L aast PREtMNGtanal Y 4 reesThe

circuit 1sconfigure ust signal intensity of a respective NWR
anal yzeF (&idsgedsdf)ed wi th a bi osanpl e undergoi ng anal ysis based on (i) a
detecte erature onboard the NVR.consple proximate in fine to.the

anal yo DOGTE (1 o) s Pate fche Houeroiang Digshaunearera Ay g v
signal jRh@Rshdnis QY 6f ledst @8 tRed afilhieaR thd MORAAE With abage- D% heduesn at

| east about 63 degrees F (at Teast about 17 degrees C) to at |east about 75
degr eesoWr @atroprraipre ragg efd)-8) degregs Ibircuit is configured to generate ‘
quant it gf.l measys enment.s _usi ng, t he r at: t at | east
one rmd@t(h%gf tenpg{rl%?aﬁr%peleg h |L\1/r|n%r§/gl§%)(?g%/{ﬁ%gotr$ ggr% I%E%Ht’aﬁlg |%léi tgﬁbi ent

t enper agéHeefinkRad Rer@ifité b @R Aly aoptablehpalivitivnatasaemeny fir at east@nt target

defined anbi ent tenperature range. [0039] The at | east one processor can be
i n conm@l e e igsemplerovepatampsiuRRI g detgen shoutt NeSadcaresdt one

Pr 0Ces s fpp8an gen%%a/o&agnégg @a{}{]ﬁé @ﬁ@ﬁ{ﬁl g@gﬁ&&%ﬂé gnd mege@érsm?gc&wg%@mfe%

W t hin +/ - e define Ient tenperature range using the
at | eastlimosdlynedgltabld eansitative astaswnmentrfor st onatargse hiedyte én thedrosamiplenear

or non-linear predefined del t agé gte rature sensitivity

cor r ect PUH AGRPYPLULraGEY et‘f"ﬁe_él %19%{ éf’l PE¥t'ensi ty. [0040] The at | east

one pr OFﬁ‘éﬁfr canofr bAbLEGHIBHR £&Hir&ie Mo NIVMR arlaBB8ls. a8 MR e IREIder (agnd
eas

t he at one processor can generate quantitative measur ements of at
| east omeNMR getsom &)yt Eastronedepparaiuvesebbasahpird or prasimate shealy I eensoleo

within ab +/ - 2% over the defined, anbi. erature r.an a | uat ed
st ng 2SR ieke g Oae BE s R DRy R BT e MR Sp & forlRASR ERp Tt mnt <
are di r gedt8tnhPedMeOERSEADErabiRe bdrGiivae chaea@binus kigablt @tacdodvrittgivalwittsi ng
data fromat | east one defined nodel of tenperature sensitivity of at | east

one NVRomgrtopidthe amfzest Theatdeash aae pisgessor is spalsaredtosddiishNMR s8Rl t y ver sus

t enpera .of ; i I2) : t | east
about . oieiny? el BRI LLAHAC AR TR SERFRE) Lhfed BRATIATNNREN,S

degr ees with,insvbig dndtdeerchiviy: smbieat teinperngt bysed dnuHtterepdratuyiiata from the at

2013/ 003454PCT/ US2012/ 044392 vari es as .anbi ent tenPeratu ar.i es thereby
al | owi niFAFtaMeADRATEAES S595 Bl Sk 2 Mafe O SFTpeEuEs ARSIty Sla%%r ees F (3
degrees C) within the defined anbi ent fenperature range. [0042] The
processor can be configured to apply a selected post-collection tenperature
sensitivity correction to NVMR signal data for NVR signal data coll ected
over a tenperature range between about 60-85 degrees F based on a
tenperature detected proximate a tinme of signal acquisition, and the node

~rN AT O OA L




adjusting NVR signal intensity to conpensate for tenperature sensitivity of
an NMR anal yzer. The conputer program product includes a non-transitory
conput er weadsloassgdt or age nmedi um havi ng conput er readablPeTarSogram3ende
enbodied in the medium The conputer-readabl e program code including: (a)

conput er readabl e program code configured to.adjust N i,gn Lntensity
associ ategsiy Prerg %f@g%ﬁ%bﬁnhﬁa‘@?@&rgéan&ﬁé?@éﬁatéét‘f’?ﬁn &lti{?%ﬁészﬁflﬁ%%des%%essﬁ ivity
based 0{17(& r@s (5 WPRELHAKOURTS Q6488 e (AdbhinAlegh @B EY). TRE af BARLAGDrdcORBE | ON

i nside the NVR anhal yzer or at |east one external amnbient |ocation

associ atsswnfigtid theeriMR quraltijatise npagRemente uping theremperagirgdain anddgi Bpdslon of

a respective hiosanple and. (ii) a del of rat.ur IV NVR
si gnal f Q"éﬂg?‘f%ﬁ‘{j{t}%ﬂng aﬁlgfq%h%’%ferffﬂgﬁgglﬁf ra uer?r%)%gg e&?tea%ro gtngg%%ésb%{a%%% at

| east ab@ibesdd) HIEGRRSHE NME «88gsaasiti) Healofined abienelmptraiie dageees F (24
degr ees . The NMR signal intensity adjustnment varies as amnbi ent

t enper al@R8] var i eShe pdeasbynaploseisaicande cpptigired i gryeriiuititaii¥emper at ur es

over at |east 5 e Whbhi of | €

terper aflif o RS IS el CRABAE Dot 1 Pl bty WARICERE BRRCRTR Eibec, 1o 1 e

r eadabl enepsigd By cxdehglortiigatie (fVa)geneslahmphuant i t ati ve neasurenents

using the adjusted NVMR signal intensity. 00_4611%1'gl'he corrgfxltéer readabl e code
b2 £35Sy

that gef¥R8l es t hdheallsst EReKIPCERHCHENSObRTT 1§ frgpidesPTORimals
measur e : target analyte in respective biosanples.

[ 0045] The S@a@érlg&r}éénlﬁgﬁ%%(%@@g accurate to within +1-10 % and wherein the '
target 029yt es i Mt poe-signab@lietiomsnsifiody6frTdvntion efin albwy fampdiatur e range

can be between out 60-85 degrees F he sur.ement s.can be of
| i popr of @RRFEAES OBPE?}(}@ ?gﬁ%\gr?)‘?sa@&r%ﬁ%eﬁg‘ggé’ﬂ{h‘@e[‘%gﬂﬁ*ﬂ@e@orrput er
progr am athfé%ngcdj usts the NWVR signal intensity can generate

measurements that are accurate to within about +/- 2% as evaluated using a
tri met hyd03teti c Tbe NNRMp)lycoean bt covigurel ©EnREZe kigaepleersehasticestr ange.

[ 0048] The conputer program code, t.hat adj u J i i.ty can be
confi guroB%lp’Eogg 8] f?éltgeflgfé%lﬁ\#?agﬁtﬁhﬁ? mﬁgsidrrl%rﬁ%ﬂ%f) %I %ﬁ 8%#%@%{9% e@%i&g?e %{ue:lt ors over
at | eastespb@ie blaka MW t88Ss icdugow withidegoees1@p. Wi t hi n the defined anbi ent
tenperature range. WO 2013/ 003454PCT/ US20Q12/ 044392 [ 0049] The conput er

r eadabl d0Q3dgr am dbaeaseheanderaadnelyzeigipaeficanpdeNVR si gnal i ntensity can

i ncl ude uter r I r.ogyr : i f nper at ure
sensi ti W@ﬁassoci@? gﬁ%\%ﬁ% q%%‘elﬂ&ﬁﬁgglﬁﬁol}%%a ﬂéﬁgﬁﬁgd’? éédgpg?eggfp Iz:a% pr oduct

may i nclpudelig@mdiffeeént NMBabhigzgas.ogr am code configured to comunicate with a
renote control systemthat is off itg%fromthe NMR anal yzer to allrlow t he

remote ¢ ol sydiemads! eagrherhasedopdais TR TEY EEIRRREANIR CENSSIEPRY £ or

t enper a INAAYY . ] I i¥1dl usB eiad
e R R Rt e

t enper atauinstatlatige can be between about 60-85 degrees F and the neasurenents

are of ast o tabolite in. urine bhiosanples. [0054] As will -
appr eci i@@tﬁby t hg@’érﬁﬁ\d P]:yFeri Cﬁ‘ntbﬁéoﬁggur?(ﬁ%l %I@W%OQF Eﬁaﬁteorlﬁrt%@\é\en%nal}peem

di scl oSy Rast RO R PickaRblcl McRILHENMREVAME Odh dPRYatd ficdnugeibRibadsS,
systens, apparatus, circuits, processors and/or comnputer praogram products

or conbiamgaerismpéretueofangg OOBHY ey 2ieat 64-82 degrees F while powjes faamgerditt s of

the present invention w be  appr egi ' iy dhein the
art Fr ol g BRsidderGer 2BC Se Fle pibelRRnGLcabRRRALI SPN e

pr ef er r gRsEedBRd icoRE: BN td dénetnt tiovical suaftitapgoneptienrenizaising MikiRedignal
illustrative of the present invention. Features described with respect with
one enmbowiaastat sempaseiuie dbihs derBPEYUH PR8Gt her enbodi nents al t hough not

speci fi di sc Y] id td eviafuaol 6 diipbs A2RR&LS 20f the
i nventi gﬁbid%scri bg%%?ﬁ}dﬁm?%@g%}c%ntby&gﬁféé‘gﬁ%odei r?er?t, %a§/ lb[l;}g&i ncg?polr gt ed in
a di f f errmpianeidueithasendt orasetuno biphamplt, whecinfthe NME caesberdabegerats iatany e

thereto. That is, all enbodi nents and/ or featur f. an dipent can be
conbi ned™YHORRGLRAYIDE AP BPIR BDIRSR ?fg?itw poatapsy 8%%?%%‘?&%%?1?‘?9‘6%% o
change apy ﬁr‘afugé ﬂﬁl‘:tﬁéhofngloﬁﬁjt 14RO reds. I TheaReafl@ie prateBoresmPbdltdidigired

i ncl udi ng fhe right to be able to amend any originally filed claimto
depend ftpapplarbd post-sigoargpoeaie tamgnéretgtalinisabduaahiptive mepsuetraems 8 NNGugh not
originall laimed jn that manner. The foregqging and ot her aspects of the
pr esent Si%\?ﬁﬂ@?‘é‘ﬁgéitgmgﬁrﬁiﬁ?%ggﬁﬁ {ostesyr ra|‘I%g’[ he specification set forth
bel ow. Brief Description of the Fi guresS [0056] Figure 1 is a front view of
an exenplary NVR anal yzer with an NVR console and a tenperature sensitivity

correction circuit and/ or nodul e according to enbodi ments of the present
i nvention.



[0057] Figure 2 is a block diagramof conponents/inputs to a tenperature
sensitivity adjustnent circuit according to enbodi nents of the present

i nvent i orwO 290/@8463/ 003454PCT/ US2012/ 044392 [ 0058] Fi gur @C3AISR&1284439DNt Vi ew
of the NWR console shown in Figure 1. [0059]Figure 3Bis a rear view of the

NMVR con sho in Figure 1 and 3A. [0060] Fi 4A |
pers pec@%@ Vi eme & l%gg‘fr}egﬂﬁo‘&#s‘g g 5%&??3@ hﬁ\lﬂﬁ‘%ﬁmﬁ? th B@‘f%‘ﬁ%ﬁﬁ%é
[ 0061] Fiaur& ifBe éct?verb@@samgie%%é%fhawe/- ROPL bRy vshig MNVREEnad h@ml})ﬂa n Figure

4A il lustrating an on-board tenperature sensor proxinmate a m xer box

accor di NYIR anadyreethepoperated wihinodontemt® 8dflegrheF teraperaturd navgnt i on.

[ 0062] Fj e 5 i ic illustrati f N I di t
erbodt 7o ¢ nE N ERERR YAy san ottt prfth Y B AT Y BT P "0 O
i Il ust r@idelonpte. NElWRAREELISYIR BILAEraR iRt edildnmedt hivag@h terhjerite@l NVR
anal yzers that are in communication with an autonmated renote

[ser Vi i:ellaggmpﬁheﬁwseyﬂsﬁtbem & 8oeetrers f whiderbleiving Aerstemperatise Bretyatinmsiof¢easton.
0064 Figure 7 s a graph i | I | . t
ot e I PR TR S e =

enbodi ngstefatOfudnbitatipe aRasifrerthente td NMR sigh&l @b%finddi o tongpeBatii®s &n fheow chart of
exenpl ary operations that can be used to carry out enbodi nents of the
pr esent EPEERHLE &41126] 0066] Figure 9 is a schematic di agram of a data

process (08@8]5 yste W&;&g&% 8#119@10"?71{8? Qﬁrggc@& fo ?icuﬁtg %ﬁﬁ [fefifiRlat ie@é‘c%‘% ion.

[0067] Figure 10 is rap nt egra rom Assay (normalized and
fit to peconc @nfigirepdd yoropanaity faraemparatira sansiti vitg wp et latstiose NMR endypaee. from

installation tenperature of fo MR gonsol.es accordi.n enbodi nents of
the pr e?%%fquueﬁ}%ﬁ?f}f&qred[te@éwtﬁ&@@g&%nﬁe%ﬂfg d @dppart g%m%%n Zer area
t enper alddb§adg 3t BifQMpI CHRREAing ﬁlaﬁsiéo%h‘gégc]h%?g?h Hé’teeik@B&? i91211‘215{;{3@29ultemeoard

embodi ments of the present invention.” [0 -igure 1 scatter plot of
m xer athedMBmoesat¢ proginiate gr ews tQhevienlysis and Omat Baplemaueds] OtiegpersiF) at

N o SRR R AT U DSBS DR e

hum di t \ba@Geentdianigtes BTRAestREEuS 19iefloes OF %€ Mast D611 @grees F (about 24
degrees C). The circuit is configured to generate quantitative measurements using the detected
temperature and the at least one model of temperature sensitivity allowing for fluctuating
ambient temperatures in an environment about the NMR analyzer over the entire defined
ambient temperature range.
[0039] The at least one processor can be in communication with at least one NMR
detector and the at least one processor can generate quantitative measurements that are
accurate to within about +/- 10% over the defined ambient temperature range using the at least
one model. The at least one processor can select either a linear or non-linear predefined model
to apply a temperature sensitivity correction factor to adjust the NMR signal intensity.
[0040] The at least one processor can be in communication with at least one NMR
detector and the at least one processor can generate quantitative measurements of at least one
target analyte in respective biosamples that are accurate to within about +/- 2% over the
defined ambient temperature range as evaluated using a trimethyl acetic acid (TMA) control.
[0041] Still other embodiments are directed to processors configured to adjust obtained
NMR signal using data from at least one defined model of temperature sensitivity of at least
one NMR analyzer. The at least one model represents signal intensity versus temperature of a
standard over a defined temperature range between at least about 63 degrees F (17 degrees C)

and at least about 75 degrees F (24 degrees C), wherein the NMR signal intensity adjustment
6



[0071] Figure 12B is a table of LDL-P (nnol/L) vs. Tenperature at high

hum dity according to enbodi nents of the present invention. [0072] Figure
13A is a wabkhs/s4sMDL- P (tnol /L) vs. Tenperature at | owPhmrisdiip44ezor di ng
to enbodi ments of the present invention. [0073]Figure 13B is a table of

HDL- P (non s.. Tenperature at hj hymi di t i nbodi t f
e pr CSBIR o1 kAR BRPoretes sots RedeasH BaTrE s iR SabRab P APEIT e 104 i s
a scat t &fer p 1@dst Wd%?retzé F 9Heéf&ls ) V@i‘ﬁﬂﬁ@ﬁg dkﬁﬁb@ Bmb¥APlehlpbrdt@¥ @ngh. Ver sus

m xer area tenperatu degrees 'C) at high humdity according to
enmbodi ni®A42] of th’éhemre%mr cambe nonftgured ©CPB]YR gplactediptBt-¢@legtigr nperatige ot

with fit a . rs

Ferper sXREVEGEGTEEeh & MM egH BPaNIR aBEE u TS e el Sher ¢ ne
pres e”trah%’é/@éﬂvbé}ﬂabohgw 65 EeguéseF BB ios adempahiues ddbadd Wokiindté b tiefe d£DL- P
concentra nnol /L) level 1 versus m xer area terrperature (degrees C) at

| ow hundighal 9cca@szmrd |an@ ﬂtedn@iﬁﬂ)éﬁi brendefingt linger gndes anp-lingarapededn.

[0077] F e 15B f R4l Tevel 2
Ver sus L%gg‘r‘e]r ar eaAa(gﬁp%aI&gPuP gsgarrgggg%ﬂg C%P@%?‘ELM%A@?’ rcgaccori/#—ng to
enbodi NnRRESingINMR&igaEReAkity v@hipeasate fRAAB)drhgty @ndifity f en NMR t er pl ot
with fit of HDL-P concentration cfwnnoI/L | evel 1 versus m xer  area

t enper adnahee]. gByr @aEpUEy PRSI GROHIGhiNgIudgS & BeRsHANGTY SPTBRHiidRARCSIRE] he
present %@\ﬂ%ﬂrﬁef(v?{% P&%{eﬂ:@&l@i}‘l‘é% (#gﬁn'c%d@eﬁﬁgﬂl&ﬂn L AfedWnt hThd &onggut&"—- DL-P

concentra rsus m xer area tenperature (degrees O
at hi ghrehdutileiplograaccatedhsigdihg: (e)rowaputentadable grbgrapr @sleconfignredtol agijust

[0080]F| ure 17A is a scatte th fit of . HDL- t
ol MR Faglintenej oSt 4 cfh Aristob Bl i abgR dBS e o ow
Egm di t é’en@ﬁ?ﬁ%r gbs@ﬁ 0591) DR AR %s@élaﬁﬂ /il R %28 orleNi@Afal beatibR fdidelthgur e

is a scat with fit of -P concentration | evel 2 versus m xer
area t eNpER amajymr ()dagc@wneﬁ)xtanaﬂ ambltmd‘v@itlpy a@@@@&dl\?ﬁ@l the NviBaaklyeeit s of

the present invent Fi 18A | t abl e | /L) % bi
vers 55 Pré’ﬁﬁ’égr 8%/1}11}‘1&!3 & Slg%\(i/a q};rlﬁ“‘i h&lﬂk}ﬁ’a eé%ercg?'ﬁ lotg%n%lﬁﬁ% (llﬁ)e d‘%fo rfr?he ?)r eselnf1 >
I nvent i RfhpelH083bshBlity@f NNBRI sterd] indddlsRy 6FerlaldefiRed Miblent fenffeRbias ratge 98

terrperature at high hum dity according to enbodi nents of the present
i nvent i between at least about 63 degrees F (17 degrees C) to at least about 75 degrees F ?24 degrees

C). The NMR signal intensity adjustment varies as ambient temperature varies thereby
allowing for fluctuating ambient temperatures over at least 5 degrees F (3 degrees C) within
the defined ambient temperature range. The computer program product also includes (c)
computer readable program code configured to generate quantitative measurements using the
adjusted NMR signal intensity.

[0044] The computer readable code that generates the measurements can be configured
to generate clinical measurements of at least one target analyte in respective biosamples.
[0045] The measurements can be accurate to within +/-10 %, and wherein the target
analytes include lipoproteins.

[0046] The defined temperature range can be between about 60-85 degrees F and the
measurements can be of lipoproteins in human blood plasma or serum biosample.

[0047] The computer program code that adjusts the NMR signal intensity can generate
measurements that are accurate to within about +/- 2%, as evaluated using a trimethyl acetic
acid (TMA) control over a 60-85 degree temperature range.

[0048] The computer program code that adjusts NMR signal intensity can be
configured to adjust the NMR signal using different correction factors over at least about 12

degrees F (about 7 degrees C) within the defined ambient temperature range.
7



[0084] Figure 19A is a table of HDL-P (p.nol/L) % bias versus tenperature at
| ow hum dity according to enbodi nents of the present invention.

[ 0085] Fi geioeo3@B3458 a table of HDL-P (gnol /L) % bi as vePshaSt@npes3at ure at
hi gh hum dity according to enbodi nents of the present invention. WO

2013/ 003454PCT/ US2012/ 044392 Det ai |l ed Descri pti on_ of Enb%gi ment s OI t he

| nvent i 9849] 0086] Trrecomrakea seadahlpgnegiam GRdp coMiyresktogdist theddMBoianat ul | y

her ei na; PN VLY o j ' ' r '

mvent ety bl MOk e R R b P R A St e ot be
const r usasiasity nssotierdd watht the nexdbiodi nent s set forth herein. Rather, these
enbodi meratglnare pr.ovi ded so that thés di SClcﬁS re wll be horou%g agd

corpl et WOS8hd wi | Fhe sAMBPtE GrQ@pmIPRdust B13¥ UGG ROMRNE Aeadahle PEoRRB LIS ki | | ed
in the ahlfoutdd b BEmARANLRASIN 4 thSotD UHRATI Sydteh Shat §Codile Grph BIBOVR

t hr oughout ,” and t hi ckness, size and di nensions of sone conponents, |ines,

or feataragzentyallow thx aggse avwbl fspstern|tamonitor aifdéorevalpatedlic NyEt andlyses fend/ or
st eps i%lustrated in.the figures or recited in the clains are not intended
to be | \CHPFERESIHESr der presented unl ess stated ot herwi se. Broken |ines
in the fgosyr es, WIRS Molisiadh bb BYlSRiallfAhedriodegat ur e, operation or step so
indicated is optional unless specifically stated otherwise. [0087]It w ||
be undel¥63bd t hathewmedelzan bap wpe;lingdidho¢ed a | ayer, region or substrate, is
referre as beij "on' . anot her tur [ el jrectly on
t he ot hg)r()%?]e at ur e‘rg‘?de ["&ment peorgr&ﬁfenl{agge v(iglrrlL ?Dr? 3“6%‘%%5?‘ Lg:g gét 6a0| ﬁé / %%Q%ﬁlg?rfag{ I’(li ttgg may

al so bempags@iénts 4B of ks she metadbliRnn atieerBivkarhsles.ef erred to as being
"directl ' anot her_feature or _elenent, there are no intervening el enments

on' i ) A €|
present lﬂyﬂﬁfﬂ wi |1 Apedll be appiaeinted Sy dhass of skilie thearkiadieht of B¢ PESEHent i s
referreg ' N Lo at s . ’
Foat ur olise B5ftE, iR OBNGE pRGen: Tl B RES indticy RONDLE vt LG ¢
t he ot heircuits grecdss@r andibrecongnitergregremygmoductsayr dombpragisentherebfi cont rast, when
a feature or elenent is referred to as heing 'directly copnected",
"di rect [@_9531 t ache “rﬂ&ﬂr%ea&?rF%@fiY%pt%g‘}ﬁﬁ?‘ég‘f’taﬁ%’féﬂ%?’iﬁ’é‘?mé?vé’ﬂjém ‘,’Vﬂfﬁ%r e are no
i nt er veRh ngigk& BB Mo3c B S8Rty sidl LD AMGR HG8 ahédiath Oths NRWRs Whd theliBRAEEL tO
one enbodi nent, the features so described or shown can apply to other
enmbodi méescapti¢r0eBB breifessl citvdimergethdefollewd suchl deserintion beingahardiyng t echni cal

and scientjfic terns) used herei ave, th a nmeanj ng,. as _ co nl

under st ﬁﬁ’ﬁ{rf}%"eoﬁgl“eo?l)e%epginﬁ’gﬁfns l}:inelal ur?sndets%goe rqﬁ}rgsl?/ﬁ%} %’ﬁhtoﬁf SPRVEITET on

bel ongscad be Mtbrboaged ikl Hi@Er dstatHE@o dithdiah noespificalle Hisasséperwddf i ned in

commnl%bused dictionaries, should be interpreted as having a neani ng that
I

i s consilbatantit iginptedithasiappagtsaadithryiny entionelessihed weithgrsnegetoraue spbrdinggnt, and
this appl.i.cat.i oyl 1 i i i r.overly
formai - Dy S8 P Ble LU AP L BGERRCEL Aol AR CURATLARA B e Y
"and/ or therdi6] Theds,all\enodingdnts Qldri featies 08 aof eromelimentroan e obmbined asaoci at ed
listed itens. [0089] As used herein, the si n%ul ar fornms "a" @g and "t he"
are i nt 3RdeBYPbCaRRinaRD- tARplisRireseryes thasrigd to,ehange apy edgingliefilcd sladgor

cl earlygingi : i ; ' nalilvidigg t er ms
"conpri g gé;&ily(i%&ﬁc/‘i%@{ é;Egéfr/r&pr %’iliﬁ%?%\%\ﬁ%eﬁ@%}ggjf)?ﬁ&% #gﬁérglteégl?ﬁr%ggﬁ (}),n, WO
2013/ 008kb4 RCI¢paR2 BbR Hdid892cspaatciany titrdurp of senctbendlaist dtledgh eatt ur es,

I ntegers,. steps, .operations, elenents,. and/or, conponent.s, but, do not
prec ? udBHg’ﬁéﬁg Flég%fﬁﬁ%% REE iﬁﬁ fg]feg@ﬁlg agfl Oﬁ’ff %Sq;(%ftﬁ é)? hpé’é?sl%telg,verqupeger s,
steps, QR&LPLIRASH dehB e iHe Spe G AEMRRARBL forthBBOT  gr oups ther eof . [0090] The

term "about”™ neans that the specified paraneter need not be exactly that
anount and can vary slightly, typically by +/- 10% For exanple, "about 2%
means that the nunmber can be w.thin.2.2% e end and within 1.8% on the
ot her. [0091] Enbodi ments of =¥+ rﬂ1 cnzt /o e 1 ureglmaly be used to anal yze
any in yogsep bi osamire 1 iJhEobt visaratlag er@iplagy NNMR alyAdy withlah WMBRr@hssle

sem -solid form The biosanple may include tissue, blood, biof]|uids,

bi osol i @8d a#HanRokIe; REsihEtEOTechan eibm andtor sisiutanseaiding teigbodinats &y m

"bi osa "ol by way of exanple and without limtation, whole

bl ood, ”ﬁeﬁgﬁeﬂﬁﬂp‘d%@?@&m urine, cerebral spinal fluid (CSF), |ynph sanples,
sal i va, [@FI{um sFigiredspbiek diavages corsporents/ihpigs toestempachhoe stodivitfyl ui ds
and chem cal constituents thereof, in raf formand/or in preparations. The
aut omat 881U ISHE EEGUItNeROTAHE t SEbOHRENEO %?Plie&qﬂt HeYiQi tabl e to anal yze

met abol ites and/or |ipoprotein data in8in vitro bl ood serum and/or plasnma
sanples or urine sanples. The term"circuit" refers to an entirely software
enbodi ment, or an enbodi nent conbi ning software and hardware aspects,
conponents or features. [0092] The bi osanpl es can be from any target

subj ect. Subjects', according to the present invention, can be any ani nmal

o b o -




be carried out initially and at other desired intervals. Thus, the use of
the phrase "at installation" is not limted to a first set-up at field

pl acenentwO[20039Bp4fhe term "aut omati c" neans that subst amrCiraister2ak43onr al |
of the operations so described can be carried out without requiring active
manual input of a human operator, and WO 2013/ 003454P%[/ US2012/ 044392
typi cal I0)5%eans tiigare 3 igplenirvien o6 She M Rronsple shoyrkin igure I direct ed

and/ or @ggsgi ed Olnaf%u;f&@s {81 Thr BERIIIRNURR FRRABR shH@h i} h&ﬁ%ifaﬁa@mper ation

or devi an co nicate using any suitable electronic nmedia and typically
enpl oys[0p6@igr anefigaed 4 A iscorear wiplperspetthe vionoiia podivh ofi a detwee ehowen gont r ol
system t hat be renote and one or nore |ocal NVR anal yzers using a
comput ‘gHE"ts\r/%Er/%?diﬂ%)O%] The term "protocol" refers to an automated

el ectr Ol{obsual gori ﬁigme(mpg £Rh Vie® FWPHrabn B GO URRer Whdvon IBFRaRE4ACal
conput ations, defined rules for data interrogation and anal ysis that

mani pul idugsatingRn dattwatdtenpeampanme strsof proxngaipe maxarbex seemsiling ¥o sgme [ 0097] The
term"circuit” refers tpo,an enti.rely software enbodi nent or an enbodi nent
conbi ni%logﬁlf?’&%%gngﬁﬁoﬁgpaﬁ?%13%%%18{1'5, features and/or conponents

(i ncl udjppgz] for exBaRd Bis PscREMASESTRAGLrAER cﬁ?qhwmmnals@acdca&aﬁlgttber ew th
enbedded therein and/or executable by, for programmatically directing
and/ or pebddmnents gl hemresert iedionbed actions or nethod steps). [0098] The
term PloggsprTL ! ERhLYs i PR bR ARSI sAIRPof AR ect ed
and/ or carried ou By a (ﬁgl al"signal processor and/or conputer” program
code. Siowall cihlcyl NMRearay s thhteet frocvineabhiydtioneeifisat imbmated rahetp or operation

can be carried out in an autonmated manner using el ectronic conponents

rat her IORERC/FHARGEISYSeBacersing toembadimentsnf the it} EMUR anal yzers can
communi W th g / t hSe |

differ eﬁ’?k?loom f r]glr%h? ‘Fplzkss%%%}[ﬂlri gﬁrrge)?er S qur[%gégrregndgﬁggg%ﬁpyﬁ? éer? hl?ehwi}}hr%lécrlmt e

| ocat i owithoutat¢rhpamatiifessensitivitycaroartion eccording bt @nboditButs péthemaesanidngerdiopze t he
NVR spectra to geperate.th atient diagnostic.reports with guantitative
val ues. ﬁ{"éghom Thelsues S'acﬁ?r‘g&b%‘? Oﬁﬁ’f‘l\%g%y OPWC"P%%EMO%BWSPS ecapéﬁé’&% area
net wor ksmbddients Wr R RéRa: ineiMnks (WAN) and may, in certain enbodiments,
include a private intranet and/or the public Internet (also known as the
VWorl d Wo#é6Meb or Figune9 webschemThe diagram ofredaipplosessingysystenn ageeidsigtthat one or
a plural i%(}/ .Of Iogﬁ{ anal %.l%er . can comuni cate with at | east one renote

(1 ocal #RBYHPeRELE e eEBHPYEIN0 st em The remote control system may be

hel d i njgehpcal " Figaas1o isaosfapiial THEA Hedpadldtc ThMAshey Mivmatized bedit to

anal yzer and not subject to the sane biohazard control, .

requi r esRsARG pidshpelyremiab verses NVRUE] fempeiafurg ddfeyense froppselatied i s wel | known
to thos f i1l ci t .Y e to an NWR
spect roﬁe&%ga%?g Erfdslﬂtl\%)hqg\nc%é%qtl%si %g%éﬂ%{ggog ?I{S)tr?gﬁﬁé&sp%%ér E[r%E 8{‘5?{ %ﬁggnrfpl e. The

i nt egr aj0068n r ef eFigude 1 ha 04 sattef plat sfraxief area paglerdtaretvieesubddonspect rum  The

area of the peak |s proportional to the concentration of that particular
speci estempsEtwEe st low hymidity agereding g e‘é‘gﬁ’fegﬁf“is&? HEPreeRhiddeials neasured, the

| ntegraloged] ue W flgude 1 PBRSE aftfed flof OnAMFrEPRAJATRLRILIISIOWERES | S
perform ng correct gy e.g., the value is wthin'a target randge, such WO
2013/ 003t eEIELIBRO (@gbebd 39 2t igh himidifyaccomsling tb snbodmeantbhaidherpresent +/ -
about 2% Alternatively, the integral can be based on nore than one peak,
or even™F} the peaks of the NVR spectrum but it is more conmon to
measur egghe ar ea FICFu@@ ¢246f i pet paakL-H AGLI2) VhernpeasueianBvahikhioiw
concentration standard as a stand-al one "calibration" sanple, the Integral
provi desccardjoptd arelydiments ptithg preseafapyensienst or mance that all ows quantitative
NVR wi t addi ng. an_iot,ern st f ' ' . The term
“Concentt] on' st Sidade 428 FLF BpI Y SETR ghRuR, hETRREHiES ™ BRATEN S e or
nmor e peakerdifg &ebiimpas bf thiypréssariplagioaf concentration standards include
et hyl benzene solutions for or?ani c._systens (non-polar) ani s%gi u(in acetate
tdovwr me 1f;

sol uti of72br aquEigwe d3atieadablq of HRELE gimelfDeisnbempripiice 2 % et hyl
acetic aglind0l HLOQAIRY oPhieRednAfydpAncent ration standard.  The T

sol ution can have a SpECIPIC ronic strength so that it behaves as

pl asma/ $&078M or ofFiire 3B & table ofifIBE. a5 ¢Lmwd(l) s\l ¢rhparats et thighohukNEity

behavi or. g .0103%{10 eval uaéei]gmhet her an. NVR anal yzer or related circuits or
pr ocessBFSIINGAS FRAEMERFRE S T ENIBHPER At i on protocol s can achieve a

+1- 2% accuracy over the large tenperatfire range(s), a TMA test solution
(typically "fresh" and in a volune of about 30 mM) at a defined tenperature
can be used. Typically, 10-20 NVR test replicates of a test sanple are
generated and the nmean val ue of the quantitative neasurenents can be used.
The TMA neasurenents can be carried out with a standard contai ning 15nM
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tenperature. The neasurenents can be for |ipoprotein analytes such as
HDL-P, LDL-P and triglycerides. NVR neasurenents of |ipoprotein subclasses
used to dwDenmaessHDL- P, LDLP and triglycerides are knoraTas2desessvbed, for
exanple, in U S. Patent/Application Nos. US2005/0222504, U.S. Patent No.
6, 518, 069 _and US2010/0100334, which were i orated by reference

her ei na[l%ﬁ. Si mE‘gPrerE%%}stasscetF?r-PﬁcitGV]@)ﬂ g? Ofgtgl?{’ r‘ﬁonﬁ%fﬁra%né‘%ﬁ%léﬁgavefldr ot her
NVR quanddisingRbearaN@inpbasurt (elghds NBumidiBPARIdH I ol ORAEH thE ef er s
to a mat eursfat ?nga[r rep eseﬁtgﬁ on F%gt efirr?éslggr accﬁt}%?tgtely 1esti mat es

t enper gireseat Bwagidn vity of an NVR anal yzer over an anbient tenperature

: del gcan b d i -1 i | i it
data oVl e derfiates Fubbarsetr oo angLar Ra ol TS atRroe (R el 2er .
nor e t halgRREixBAE] tchpBraffe Wi ebed 1] afRigAMRLAME Alc6rdd}eo¥mbdandmsist the can be

automatically (programmatical I'y) sélected based on a contenporaneous
oper at iprgsenemyentainur e - (e. g., either or both an external or internal or

"on-bo ~otenperature ssociated w th anple. .[ 0010 t.

cont enﬁ“ﬂ?@d t hat ﬁtgHEe %‘7‘? Hi acse?ﬁé‘ﬁ ta‘ﬂlgl? 9?%@;6%?%"3@1?@?%%}’EW‘S‘L@JFY%B le to
obt ai n iR niRasHELRBPemnt (Dges3 e fow Rehidbyngeddiakitd ahby@nRAM/ @1the
gquantitative neasurenents that can be used for therapeutic or diagnostic

pur posereseahthveytifitcal |y for di agnostic purposes that neet the appropriate

regul at gui del . . acC depsngi : UGS GLCE | d/ or

t est be@&%ﬂper f orirv’rlgg.§e Hﬁ }Sga %F@%ﬁ%m enp gtcggce?]}%%&t?g%&g{ﬁ gé-wt%ie?rggrrsg?ur e
conpensaixed Brep tahmeathrevidédredsaDedtiléw hbmidibasdoeingto eafboliiviR ntjuafithe preadite

nmet aboljtes, in human biof luids of the type serum plasma, urine, CSF, senen,
sput um VeR¥es and the |ike. [00107]In sone embodi ments, the autonated NWVR
anal yze n be i i r

requir el:?grzglg suc hﬁgg IAéE Eég&s gsdad%acgggﬁggtd‘g% ﬁfa%ﬂ??%?ﬁ IC('t;em:]cg iétgzglrog I (ﬁrgfgg %? g‘]?loln S,

i ncl udi vagsushoiser arpa @IpErRIre $dagnecas")21 highRugdditumtortingBRibbdirhents afidie cal
devi ces. ;ﬁ%g NMR.cl i ni cal analyzers can be constructed and/or configured in
such a PREPEMVER"Y be able to obtain PMA (pre-narket approval) and/or
510(k) pepspval frRmrd (6B WY dcderPlod wsh FOSCHBDIL- e NSRTdRY pinol/Bl Vel

and/ or correspondi ng foreign agencies for perform ng diagnostic tests. NWR
spect r oRrEeIsuSMiKee agg sdnhpeniteref(degreadt) @ miglmammdBy aefosding (herabodimeuis oéd

Vari an, IGngé Entirqa\’iing a principal place of business in Santa Cara, CA and
Br uker @l & ﬁl n, ‘@51}8 | ocated in Billerica, MA. The VanteraO NWR cli ni cal
anal yzefo0sof h t heFidvR $DR6 & @arteslof Wit fit SGHDEAP Forapatratiingghl/ey Idvebsanpl e
handl er is available from Li poScience, Inc., located in Raleigh, N C The

t er m " NKASUrBIXGL &Fa tennsrasyts (fegreesdorat inhumidityaceordingde enbrdigsats i dhet er s
and ar 8@%&%&#’? as NVR detectors. The NWR anal yzers WO

2013/ 0 12/ 044392 can have integrated or discrete cooperating
aut ormat I8Nl e Figndé £TB id oscattergtat witls &hpl BDaRRLysestraivd levet 2 oases

t hrough- put. [00108] Enbodi ments qf the . present..inventiqn can carried out
o ConpERE RGPy EHE CRETST bt DEHIEH S ACOUIAS e R ERD Gk o BRIFH ng

t he useQfntfyn i Nternal standard, e.g., a standard in a respective biosanple
undergoing testing. While the use of an internal standard nethod has an
advant af®82hat evEiguré 18Aes 3 pbltofdidt-Er(npel/LbVnkiat ecrstsdampsraturhiet loeWange
relativeg t 'tt he internal s(iiand rg wi | | ebfi con[s(;tant, t he use of an internal
st andar d"F* V@ﬁ?qr&ngéﬁﬁ?lp% men& o} e B RN purity and concentration to
be addef)o8grur at ekbuk®18B & SABRI & [ PEniOFL P biAneirhRItemp&HRiIrd®hiIgEe t he
shelf life of the standard and/or if it wll have any chem cal or

spect r obwaisiity aceprding de embedimantsiof threpresepbinaentia®n109] Figure 1 illustrates an

NVR ana 10 t i N7 16 and
an int egwrbéf? d sangfgilrgg%%%eg&%& &%{ég%@m&& /%%ggtg rs%te%a%@@%?iggvmmn
housi nghu@fdityHovedeg to tibodiMnanrdllyzmeschOinveytidie confi gured as separate
conponents in different housings. The NVR apal yzer 10 includes a U (User

| nt er f alB5] As shBilgyre 498 15 tab}%&f&Haé-PaMéﬁ (%élraéé(ﬁrsﬂ%@mpfe%’? ahhighe g.
an MM i RHTRRCAREN nbRRIh AT nd Softnl ReRfbroper at or to communi cate wi th
the instrunent. The“term "NMR console” (also known as an RF console) refers
to a housing or portion thereof that encl oses hardware conponents that
support the NVR spectroneter including circuitry, wiring, an RF anplifier,
one or nore gradient anplifiers and associated electronics for transmtting
an excitation RF pul se(s) (pul se sequéfice) to an RF coil in the NMR probe
32 (Figure 5) and obtaining NVR signal of a sanple as is well known to
those of skill in the art. [00110] The NVR anal yzer 10 includes at |east one
tenperature sensor 30 and al so includes, or is in conmunication with, a
tenperature nonitoring circuit 130 and an NWVR signal tenperature
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WO 2013/ 003454PCT/ US2012/ 044392 tenperature controls by adjusting NWVR
signals of a biosanple using a tenperature sensitivity adjustnent that
vari es OWEO 2a1®pg3er at ure range in a known or predi ct ablPeTrsre0443P0 sone
enbodi ments, the adjustnent is carried out using a slope of a defined
pre-obtained signal (integral of a control standard) that varies
substantially linearly and predictably based on tenperature over a

temperature range Of.iicd BRsiAAHe AANEEREERSer (ATl sOTE embodi ment s,
t he terrper ature co P ocol Ccan be contigure 0 cover a

t enper a008e r angeTIm‘preaentl 1am1tloalv\oﬂlnow2>e de@nb@tmﬁre(ihﬂy h@amtlfteibmmhlc?h degr ees

C). The ra e. bet ween abo t 63 - gree typ| cally
bet wee nené %tFe %lfergg’é‘raéee 2[%2%8 lggnﬁggl}oéveeg &t ﬁ%(gé only a data
correct §iplreRf féhﬁ@éﬂd shBuld not WOIRLRIdIa8 Midlited &Lthe embadiﬁ{e@trs s@Ifedl Berkimof t war e
appl i ed post-signal acquisition w thout requiring_any NVR hardware changes

or act i RetheroBieserpbodimentmase ereyaieil se fas this digcloguR il deybaspughcand Cém@}?te@per ate
| f .anmb |
The. postrbP B sl LR PR N itaR PR RS Nl b b T T ity e ontY

exanpl epurhthies NMRt@NIR J&BdEs hadughpa, aid&hlbmeasxmze ahd ﬁmmlbﬂmfebmb ures of
about 60 degrees F, 61 degrees F, or 63 degrees F at the |ow engwy
?rhe hi gh

about STERAFEEBIINES, osﬁa@é@rré@sbqﬂasgﬁrﬁ%@éé@ﬂw drhegrdey gfprssatiops

end all i r o TETS]

enbodi rre%!’){mhﬁs(?rﬁ{éa%whg %glieg?g&ggéﬁﬁg nsat %ﬂgg%?:éalyn&gftﬁ%dli outlhﬁéedztg%ef&g% degree
F anbi epiesdnedpmicas wited ofhervdtd. Mrokaniees (iabefiguacs] Wheegised iGicatethpethat ur e

range, from 60-85 degrees F fhat .can.co nsate.sensitivjty loss or gain to
gener at EAGHRMPPREPR 0SIRMR iadicated it O%ﬂ?éllawlg%ss'sﬂe "E?iléf teéis K%rﬁ?’dfﬁ as

| i poprofgighs- [ 00 Jvéil 'b@ uﬁ@éf&o@@%@'bv‘ﬂ@ﬂh $eatdrBSsub APL ALY &@gleﬁﬁ Subleatsensor
30 i s between about -15 degrees greater, on average, than the anbi ‘ent
room t empefBErbdu tceas b'EImg"onf anotbaralagthes, orj elenndné, iseamdrsrdigotly an theeothirfestuishanber

42 reads ture of. 75 degree t he cprrespondi n

t enper a?’h& ?IEZSH‘IP%f Bt 2183 i‘a?%%%m&y a‘o b ﬁ"gesgﬁ q’?@%éﬁsgmre g al}ls 75
degr eeselEmeﬁthl@ r&@rrélpt%rag beRBPEITadH $h"iafoBér Re@reaselémerdtotheréalic né he detected
on-board tenperature, while increased relative to_anbi ent room tenperature,
may havinterveliing elemants peaspetr 4t wilkalsobe wndgrsiond thas, whep a Saturepe plemgaNSt he

about 1g fgr?e%rtg%g belﬁgec’,‘on%egced" .Jcltgaléfl&f &l%ﬁ?gﬁ"%%%%ﬂ yGlath eolll%ie'il?etn'? ifaf,2 from
terrperafures €a’to environne 3 enper at uires over a

range obe 5@6(815 odﬁ@d’c%@ atfachdder ¢dupledhia Iﬂhdbtht}t)el@ﬂmﬂ br ﬁ]ltﬂmmg vlamieatsinery of
about 13.6 degrees at 85 degrees F %nd a varj at @;‘e ahout 15 degregs at
60 degr BeBrefent] Boaopsp \jh?féa featyrp ppelemgnids referr 1i“?tas B grreqthyes tBnsol e
16 (i nsi r nai a Kk [ rat 1 Iﬁ{érgyv of
R A N S R e R e
conpar t pesdnt 4&1mlsug}y¢nsmdiddwrahd\wamﬂl redpatt toane smibdément dmdifeatutesfsor access

to internal ectronics. This co rtoent also typically contains some WO
2013/ 00§?Pf513! L%?WTQP@QE%@S?O 9@?‘%9ﬁeﬁtﬁr handl i ng and RF el ectronics. In
some enmpRds[rENt s, Ualest %@M@@&ﬂ&ﬁpﬁmhﬁg En86dEL fecBRichiSinglsaiestid Rrhk) S
conpartment 40. Figures 4A and 4B i1llustrate a m xer box 42 and

pr eanpl ifdddrerei havegthty eamle inganihg as ewnpankyradersod biriogapeodlmaay golliin thgst r at es
a suitabl .on 30 r a t tur e r

conterrplmﬁ%&l?1 §t %V(?P %IO%%S ?ﬂ‘&%{%\/gun Fo‘ﬁr{h%%heo?dg 2& téelfg%f g‘%de]i%grllossgr 30 can

be a thgefmeqtRbAMIALy wsed dicgidniriest fRuld tetintehnEted s amn@emammgahatﬁner mal
insul ator or thermal barrier substrate 31 ﬁto prevent thermal contact with

the met amsn%e%w@rth%mea@)lg fothe canisst @ftthe wlgvaaiarbandghis applieatiopapd shquld

eval uat K tative
Corg. " Bt hitielc iRl CRAPAR GBFEIY R e e O BB

t enper atAsreedkesing theitdryn 'adilles't imeldeq aty dndaﬁtcofnbnnatlbﬂs Aprieamtimat® 0fRe NNR
consol e). The terrperature sensor 30 (such as a thernocouple) can be

posi ti oRgcialediisied igMswer 40 so that it can be nonitored by on-board or
remot e g goyar e AR SR SRR s H%ﬁfa% forhddig", MR drQr e iaPt @fdAatd laapieaat ur e
can be disp ayed on t QU 12 igure 1). 'However, it is contenplated that
ot her | tegilin@hformays wleﬁpnﬂ@s:ﬂw ¢cmmxeclehn11y inditiateis otherwivR ﬁp@&;lthecfn’é @rs from

ot her manyf r other configurations wth

componePEeTaaye 1y e SRRy CSapED| B BeP AP e oS fghis QBB En
Further, nore than one tenperature ca lhe nonitored at different Iocations
and the high, |low, average or nedian val ue, or other correspondi ng neasure
of tenperature, of those tenperatures can be used for tenperature
sensitivity conpensation. [00117] O her tenperature sensors and/or |ocations
may be used. For exanple, a tenperature sensor 30 may be incorporated into



conputing, both data and software are typically fully contained on the
user's conputer; in cloud conputing, the user's conputer may contain little
sof t war e WO 20st@345per haps an operating system and/ or welpChrusesieny43oand nay
serve as little nore than a display term nal for processes occurring on a
networ k of external conputers. A cloud conputing service (or, an aggregation
of mul tSPEFEY e prrgeResd srisdsPatisy, BEPegientPRY PRETREANS: FERCR'S W/ A he " Al oud” .
G oud Séo%ﬁﬂ@rgﬁ%t us'pbwigcladmé%L?seﬁcerbﬂftau@ﬁ%ﬁ@fe&m&h@fe dat FeathRE age where

data is stored on nultiple virtual servers, rather than being hosted on one

or nor eintgdiscsi¢isdoseativas sclerDatts, composées, apdior pwupntheygof.ed and can be done
via the ernet using a ppropriate fir. |1s to conply, wWith i stry or
regul at ngﬁlst andaﬁb"’ste’g’?] cﬂ%&g lfgf?aﬁgﬂ,‘a%i\tie qug?@mﬁmgplé%ﬁgﬁw bg Sﬁ?ﬂﬂé’gﬁj re

bei ng anab# 8l cal@ry SIgRIYHYPRAY b%ﬁrﬁ)%.m:émaﬁalg;et, etbodt 29,emechahad@bi ned
by the Health I nsurance Portability and Accountability Act. The patient
dat a carunbescabe withinck ¥ oinome sudped wathin Héhtarftheptheyender, age and test
data. | 3] The adj ust ment .circuit. 140 configured to sel ectively
i ot DREEST gnal PEBOTRITS of Bleiichy MR hng SRS s B B

t enper apigsndeVTiad 6issaye iy db owtiqliddegidesh dorfseminsali Pfoese The dadsum@tt or

baseline) tenperature of the NVR anal yzer t'fépi cally taken at installation.
I'n ot hemapishuicrssitesblophdiafyids birsatids andhe ke a5 well aseomisatipas heasrdn i f t he
t enper el ! nti al. i T

i R S e R S e o R S VO
still aplpdya ar eeum hieimeetaatbalespiah duid (CSF),Agmph sanples)aalive, sppatmpstoflact or to
t hereby normalize nmeasurenments taken over a plurality aof different NVR

anal yzet&IPlgso By 2ees Fichishetissurs, PRAPT hrdy. s andgeics C(gf}%&r%@rt%eri BPh

t enper aﬁ%%nﬁ/%? S He%‘ir&tYorﬁ.o The %ﬁéoﬁ&té&qhﬁkﬁf NRAR Ghd1§528r by It Gaticullichyf er ent

sites that are in c I i

mmuni cation wth at | east one'renote site 15R, 15' that
al | ows suitablelte anidywsl metdba@itesdaidéor flipoprotcie Hatamafnyzéer bi®dsadhoand/endsssna

nonitoring., In some enbodinents, .a renote site 15 El qure .can downl oad
ot s pet sl Ee SHRBRG g op e Apes: B a) RatheDarony e Sppagig Rl b oo
Raw TMAefiédiRbRedonttidng 86l arb Bh& BhrdlvaMedspetts, compohdntdldr@itufegper at ure can
be plotted. Electronic nonitoring of this data nay inprove the defined

sl ope ud882F or si Greabiogrornlesceande TFamm agutargat sehiesle Shibigetslr eaverting @rilig or -
nmonitor_for changes in output.  J00: rate in
enviro renetné %{Vﬁ% Op F%ﬂg?% I%}galﬁlrﬁalasg‘%feéﬁ%a&?err?p%z%?mxé%ﬁ? &%b‘f@cgs %%r ees (or
even NDRE@hanst ¥Riires) felinkebaeast, edprinegslvinebaduings rdégite@sic;ahs drhatdrs,( F)
(about 17 degrees Celsius ("C')) to about 73 degrees F (aIU%OUt' 23 degrees
O, al | SHNPAPIEHPT Atherpl PAICINCS FIIREL MINEAYS ALY HElAEABOBASINNRE AHHRVT 4 Rfom of
at | eas Y H.C i : | e
Fermer a0 Ao o Rl e T o e R e ces F
(6 degr eesndgyed awmddfisd, iahd/ogehethert bemug ghenatary alf¢red lifesigamadendist alietdd an WO
2013/ 0034%3PCT/ U§20,12/ 044392 accuracy of between about +/- 2% The accuracy
of a medelM&MeHed apmg F#ALUORS t enperatures within this range can be

eval uat foypi ng aTﬁ&t%ﬁﬁmIaﬁbafa't&? el RO RESFN0 PSR REnWidntheaf, NVR

anal yzer having the automated fenperature sensitivity conpensation

pr ot ocotypicilg colResnialloy zknicali{o.gl, doprited) enhomuenss dul lonettiegrrqeieaded and/ or
provi de_acgur at.e val yes for. the,concentration standa i.nt earal jcally
Bt aboutetaty SHigglhEEonmuch SEpRaT KRB bty TR PRt SRl onal
target Ean@ecla8vdylarfOsiiRes it &Rlosekeveral fped @@ tsES/sfen(soPcombeiciag aid/about
17-24 degrees C or between about 15.6-29.4 degrees C). [00126]1n sone
enbodi niaseasch pyrposeRRn gl nps bipically dedigated tekpisiguandyong erinensNYBnper at ur e
sensiti Xlilatl e%dj ust nent protocol of the obtained signal to allow for an even
greater anbient tenperature operating range, e.g., typically between about
61 degr p@94F ( aboThe fmdagtadiagor’)refens @tset-e@asta fdldiabBiked@tgr #hs sdt-upZan
degrees. C) with tenperatures that, can fl ctﬂgite at least about +/- 10

degr eesPECyred ey inialliopng pther degirsdate i WS> (e vpe pHBe p de.g., 70
degr eesilﬁ)allﬁf?oﬁ"hﬁhottl itOWMB A0 HEEP aLAfld Pldckiheg€Nerate quantitative
measurenents wth surficient accuracy, e.g., +/- 10% typically wwth +- 2
% accur #5] | n soffke embdditorntis’, medre thpenbitisiadly all angk of the dperabensween about
60 degrees . 0 agbout .85 degrees F...In sone enbodi nme t he al | owab] e

t enper agfﬁcgg%‘i) X %Bjﬁ%a‘?’l’g(‘—?’? hQULEAYIHRE pcty’s Iﬁwg@?u@rﬁa}%aq WA Yegr ees
F, such as 83 F, 84 degrees F, 85 degri@es F while still providing the
desired accuracy. The accuracy can be at least +/- 10%for clinical sanples
and typically about +/- 2% accuracy for TMA control sanples. [00127] The

tenperature sensed by sensor 30 can be above the anbient tenperature. In
some particular enbodi ments, for a tenperature sensor 30 nounted to the

- e -, o o o B o r



[00133]In particul ar enbodi nents, each NVR console 16 and probe 32

conbi nation will produce a unique (instrunent specific) value for the

i nt egral Wb 2a1300845@¢nt rati on standard sol uti on run under PETAISA@R2M44392
conditions. To normalize the di ffer ent anal yzers 10, a factor called the

I nstrunent Normalizatjon Factor ("INF') can be identified and It|p||ed by
the i ntté{@ICa]Ily Wansﬁhaté%e@ﬁ@twmwﬁn be amé%ram%c by Sirgeted and/Pheasye PutvaI ue

t hat h rNW I (such
st hos DR 2GbL Rinky haREbAEBle YR b o s R st RS s s 5565

pr oduct sudtable brotramiomycdia dnd tylblealbamhploympro‘gaﬂnmattwgﬂy coiRIamathgzer used an
instrunment sensjtivity factor tha sured at_installatio t he

i nst r ungRMEHER on betwiqe a\/ﬁé’gtr?]hgé'ﬁteghﬁg{aﬁm% ¢ FRnQS, AR bR Rt o2, gh@}ﬁgl gnal
anpl i t ugdg 08 SRR @mpiR Skl pl i ed by this value. The normalization
factor can be uséd to standardl ze the measurenents of different NVR

anal yzef0§96] 00134TIi tbfne FeotochiVReferoloes antdnhatérbel ectringd @ genthm (ttxmwﬂalal y

i nstrument eC|f|c nS| ivities based on the "Q' factor t he Rr

e 1 e a8 Fher) aB dieerdi e R pREEaRraceRF s R Ain ot ke RharT

power  bapiwisahit. m:ﬁa@ﬂ@t@mﬁ/ﬁ{ @A BothpdRate o te@iaramir€ serlsitiviggt hyl acetic acid
(TMA) can be run on each NMR console and (and with different RF probes),

and the[ﬁﬂﬂﬂegral Bite terre "GrBItprefeis e ae sk SpEE9MT eabedimsRtpidar di ze it to a
fixed v rati n d the
B e e R S e L

fact or " (in@ding,Hosexxaipld)@ piseesdrand 'S(&’mlﬁb disoeiadidftherewith eddbRiddahgrziar s by

mul tiplying any raw NMR intensity hy the nolinalization fact t he
NVR nor m/‘i’fzeé??%@bl? hutlor Pf@é’ﬁmﬁéattcénﬁ dirsgtiong and/os petiope egtan ﬁmwg‘?ef& yzer

and resgcqi%g gg@ﬁ and, in sone enbodi nents, adjusted for each NWR
anal yzer at eS| re ervals (such as after certai n nunbers of sanpl es,
upon st H0D8Lp, up®he dah épﬁdgmmm:&ti@llgzhm&gt@ that teebsritesh dretpl caopedateitotal

condi ti on 0013 an vement , al |l ow for operation.i. h
! ot GG saAURL LY giiiph A Eoreensal ko rosmmLsEo SRR ke Syl e, e
stored {jeintBRciNYRcaIYS hitAhd Baf Be Qtep of bp&tiidn ERMHcVarr k@ Jubd! & adbRRgdW th a

tenperature determned as a baseline for tenperature sensitivity for that
i nst r umeatner[USPE3IBLironia ddinppumts rathtefianedpnval nemsingakntekitensi onshi p of

I
be usod B8 hange PG Un e b e whv I Ae Rend ETBRLRL USRI o) The

sensi Ui ¥érhyutehl i§ 14 8iTRLord P40ME 80N hE sbEMpRTeRI¢)0 a&ém@d@lc@hlphfb@ iIsarg@h@e Was run
and the tenperature at which the "baseline sensitivity" of the instrunent

was det Bcaiione@ allppchammaic eempiteionbEipbRMR spechaad aﬂﬂ% He PBYRISASGHS t he -
t / hi t t

e AT AR SRR MR gyt 3 rmeracure

pre-i ns[m)lllm]t ion S?hé &rmdborppmtemdtwaw inkdudegy onm bymrqol@callam mftwodke NVR

anal yzer in a sinulated system In any event, te re sensitivity
adj ust ANy aFidparea peorlsHVEAN) ¢n¢ 1py; @&Fﬁ?néﬁ’t aﬁﬁ?qng %dé%bvﬁfeed for

every SitRhanlifor ARULORE iitbiGiot AW LBRnQREAANOHAMPRE WS ohalEw LD CaRE et L he
result based on the roomtenperature. anpl es of INF including'tenperature
sensi t i wirmy'networlesl!' ispstem anaansitat ondedc Iﬂeﬂabw ¢filpcal healeacanmmnmmlwp
identifie O (or ta) I.NF) re al so di scussed | ow, .The

t enper af”&t?‘é‘?ieéﬁsqnf ir é)??tﬁ %8% ) FFSI%%OE%%/Y 58@4%%5 Ef%f@ PEPGASEIR ¢ cui t
140 (Fi %‘h@lﬁ ifa lh]l AP Boohe HRE Isl séSAritetitbnd 6 MR in@fal anksyARd atidgotHM  or Ul
of the display, for exanple, or via a local comand or a renote comand

from a sdneatdd theisame b{@@&@@}ﬁﬂﬁﬁdmmwn@fcoﬂwﬁi #ibe NMR chipisalarebyidet i cal |y
| ect d
o RnownERL Y o PRER BT RAGSI e BB i MESHER R s b i rchas el on

post - si gnal NMR Icsj@@trbmeteﬁfafére@d aroﬁbtaﬁlbdlslﬂ\mmgnﬁla(e}b@truﬁﬂulfhIsmhpler Yhei t hout

requiring any a tional change to NVR hardware. 0013%} parti cul ar
enbodi miiesal apaciRiiovihe risael a speciie prak dm s M Rapegfain, Bélteaﬁf thenegk 1S near
nodel r erated

usi ng dgf g%hgkgpﬁzgé %ng%ﬁ%aﬁ%ﬂ%ﬂ%gﬁ)bﬁ%hlﬁré egg? r gﬂnég? %Irr % qg%lglgﬁ ?ﬁyl nsi de a

t her mal kynceatnitionl dtz&ﬂaﬁh&rrim@mré@@hmmﬁg,ralodahmrmi/l/éyps:om‘tambf the™NMB this data is
contenpl ated as will be di scussed beI O}&ﬁ@ihe | i.near rel ati onshiip is
det er m ARRFUSMCIEHGRRHIMSNT I8 PRERERIDE CRITRS p%ét’ ey 1s BRI, tane el Sangsni cal |y
configured to deternmine concentration Bf an analyte that is corrected for
t enperature based on a known tenperature sensitivity nodel using an
internal or external tenperature that is directly or indirectly correl ated
to anbient tenperature at a tine of measurenent. [00140] The tenperature
sensitivity rmdel V\:hl ch may be a substantl aI I Yy I | near reI at| onshl p/ rmdel

o, S - . o o "




WO 2013/ 003454PCT/ US2012/ 044392 [ 00143] An exanpl e of a mathemati cal
equation that can be used to calculate a tenperature sensitivity adjustnent
fact or (awOabi8AP3458 shown in Equation 1 bel ow where sl opeTits2abe46PDpe of
concentration standard signal (of a, "control or calibration” material)

versus tenperature over a tenperature rapnge and "consgl eTenp' refers to a
cur r ent 25~ {&hpaprdin spmesnakpglipents, Ao 0. GHieEnatels s nGREhEARRE t he NVR

consol ' QRBLEE R 8R4, BNt Rem6RI i ed
out s e R B ol O D B P A P O e
part i scdnfmeon ttsmeasoerthe aee whbne dtfingd peact or (| NF) and anot her can be the

t -d t t. i ch b d t t itivit
St opey T NE O sfeEisbrreaneatniar Soedites AParG B Eegr ces O -
consol erd, 6PRELRT W1 thd RERN k)ﬁivii&ég@%ﬁ&%&?f&kd&%@é@&%‘y%r%ﬂﬂ(}%gfth@@ =

instrument specific normalization factor, typically fmeasuret
i nst al | atdvermuanttktve NMhyithoetcdmgtandnienal steraduad fada reBpective bisaampleuThe

enbodi nent s, can be cal cul.at s Bl = (avera congentration standard

"t egr s ceopenatien odirarsir 35 e DpiBiGh R85 LRGN BRELPReRFIENE, ence
bottle ANNEOR debtrum0Fkdshbids oF cHietr@iciiandbrds igclidd Byl denfne koRtiaMafoy t €
peak versus tenperature to a straight |ine, an average sl ope _can be used.

| n Equagtgamic systenss geapotaihandefodiung acehate peJponstionriepuesypienis. Je patisular

t enpera .of th S | / i an sl ope
taken £ PoreRsnb P T ASRARHA T ERE: By BRI SRR DD SR

anal yzegtandafA& Tigd ENIAadudmtéon dahéal s speditenionicnacmngth is@ dtak abehaet as  at
installation” is a val ue obtained usi n(g tfge i nt egﬁ\ﬁ\lﬂ g}f t he concentration
st andar Blagraa/gerumyssher gamplg @f sdersst wonldgithrespsetie NYRPeha¥iPhed or known
tenpera ‘cons b BSA Pk B teflcd Li@hts Bk hRWSssbRE with
instru dr?ltiﬁ%]o yi e?%g%%ﬁﬁﬁg%g{%ug%%gﬁiﬁ%st ant | %I Ily I (S:Ient)i casiS I&St\?/]1 ot her
NMR anathgzengeratird ¢ougpeksatichn gedtderdsl cabmwheeyve and-2%¢ avcuey ovantbolagde enper at ur e”

is avalue reflecting t erature obfained,proxi mte tqg or i ng,N

T gnal SRR TSI e SALbPSALY ¢ Bt e Qufe o dipf S0 Rl

[ 00145] Gach MRt GReR@ cAR bEBYedhavidillf BI-enNMR st fdphbdtys ¥ telt@BRBleAt U €
sl opes or substantially simlar sl’'opes. For the linear nodel tenperature

sensi t i wietggnerdied sndretmeanarhieNyrhageaniitesive MGagaemes evnld wadedhe dMAt abl i sh

an instrunent -speci fi c_response,.profile or sl. hel d,i |l ation or
2t an: cEorenBEHn o FRPRRSNGY St Ry PBRT B SNEAT & DRO oo
cont r ol besthéeReslatoi@nex being SaFfcide spanise-iaf fol guarifisitape Then use
the sane mat hemati cal (known) relationship of NMR integral i gnal ). versus

) S
t enper ateunstatyrg of theraiihe TM@. doimy BBUs amtreqssiten foy! eg ain’gschPH . but

the slo erd yal he i I i gnal
versus. Py ble R b R e e S A p Y kS T s
t he t emaeuhtddrie vathipe.seprebe(dldbenrohthd targettthepéraelrel at i nstal | ati on using
tenperature data froma snmaller te rature range. that is timated or
proj ect EW184k si deF?Wﬁq]%llqazﬂ’ﬁéSWﬁn?q%ggﬁﬂq syplst FleB]é‘?eé]ltq ?ff}ﬁ‘f BYYFRHoh e
range. IH st} hae Hath g dvitdid B/-a 085 bR IR 1Hrgclt88PQGRRE: S| Ope
as di scg%sg;eélgfbagél %ﬁqﬁ%ﬁgglﬁggﬁ?ﬁ%ﬁe aadj uslt rlnsnt .sl/(?)pe or bregeuseg to

est abl i smganThaist-rl0Meviriasipe carf bemsasupesl atian lperating fempesitarpen thettemperaiwrdt her

instrunments. [00147]]n sone enbodi nents,. a hybrid nodel.m e, us so t hat
e, NVRER R SERDALH oo et af S sain S wheRLA oRR iyl R e

cor r espedgi NordtR] 8anPIVRIALRATRISE o BORE RinieseWrh bt pladB®¥dmp@led Withknown
tenperature range +/ 3 degrees C (5 degrees F) of an_installation

t enper atinidevabies dwnahelomar BednResearch haberatorigp darklens, 3¥ ashingkans of the dike,

t enper at ur. a 1 The fir el... . r.m tnk A i | ation
wni e ¢ hEe BBTaRs RGO R TP R TR e s T TR B MIG S aE b F
anal yzesahdpdsebiat tehPRihdt lon abaun e 7 dsfrecd IR degrees (51 apday, d'husibepef téxs
tenperature correction can be used on different NVMR anal yzers 10. This data
can be [fovivaralinbetiisenlf0) s by GEiear ot LESPSFtive femRegatBistand 411¢ANat i on

t hat ca E%th . res [ - j ohe

parti cul(}zg???ﬁ{s%?{fi% I'e P %? 6@%%§80§hgfﬁ ﬁ%éﬂeﬁz/l\'ﬁ/g*’éﬁ% ?%%%f{ém%giesn;gggﬁ‘éﬁ%?ﬁ range
of t enpdMR wargstidneang.the GhpBiatute gpmpensition p®Bcoh adé gnebsevuatddipasedjona
installation,. the NVR anal yze .cap include a slo assessnent de to
masur e 4 HETHiOR PR DGRAPCSUTS ¢ G Bamor iRtk b De STFD ShHM B8Ry | ¢ he
data onsite substantially agrees with that associated with the standard

sl ope. In sone enbodi nents, the "standard" response profile or slope can be
established using data froma "master” NWVR console or portion thereof or
froma plurality of representative NVR consoles, e.g., at |least 2,
typically at |east 3-10, for each NVR console 16 nodel. D fferent NWR

o o o o M Y 4 o o o



4551 4573 4558 22 Raw TMA Integral 4818 4963 5079 261 [00150] This data can
be normalized so that the integral at 75 degrees F is 100 as shown in Table
2 and Fi guoeois/oosxsher tenperatures may be sel ected for whe/usermmiiszed
adjustnment. Table 2: Normalized Summary of Auto-INF |Int egral Performance as
a Function of Tenperature Chanber terrperature &756963% e AutPo

| nt egr dPMPEBtueolne merpurengents qaike it Wppaptengya engChLaSﬁ@ 5DL-Pavg151] 1 n

use, the L RER&SANVIR nfEl5eherl of BPolEteMPElivRESY usdt b r?l@{enﬂlrfeWL@ j5; 08
P and triglycerides are known as described, for example, in U. S. Patent/Application Nos.
US2005/0222504, U.S. Patent No. 6,518,069 and US2010/0100334, which were incorporated
by reference hereinabove. Similar results (+/- 10 % or better) can be expected for other NMR
quantifiable analytes including TMANO. .

- [00105] The term "model" refers to a mathematical representation that defines or
accurately estimates temperature sensitivity of an NMR analyzer over an ambient
temperature range. The model can be based on linear and/or non-linear signal intensity data
over the defined temperature range. For a respective NMR analyzer, more than one model
can be used and an appropriate one of the models can be automatically (programmatically)
selected based on a contemporaneous operating temperature (e.g., either or both an external
or internal or "on-board" temperature) associated with a test sample.

[00106] It is contemplated that the clinical NMR analyzers are particularly suitable to
obtain data measurements of biosamples including qualitative and/or quantitative
measurements that can be used for therapeutic or diagnostic purposes, and typically for
diagnostic purposes that meet the appropriate regulatory guidelines for accuracy, depending
on the jurisdiction and/or test being performed. It is also contemplated that the auto-
temperature compensation protocol will benefit the measurement of NMR quantifiable
metabolites in human biofluids of the type serum/plasma, urine, CSF, semen, sputum, lavages
and the like.

[00107] In some embodiments, the automated NMR analyzers can be configured to
meet governmental medical regulatory requirements such as those described in applicable
federal regulations, including those in 21 CFR (such as 21 CFR 820 and 21 CFR 11) for
medical devices. The NMR clinical analyzers can be constructed and/or configured in such a
manner as to be able to obtain PMA (pre-market approval) and/or 510(k) approval from the
United States Food and Drug Agency ("USFDA") and/or corresponding foreign agencies for
performing diagnostic tests. NMR spectrometers are available from Agilent Technologies
(which acquired Varian, Inc.), having a principal place of business in Santa Clara, CA and
Bruker BioSpin, Corp., located in Billerica, MA. The Vantera® NMR clinical analyzer with
the NMR spectrometer (from Agilent) and integrated biosample handler is available from
LipoScience, Inc., located in Raleigh, N.C. The term "NMR analyzers" refers to instruments

that include NMR spectrometers and are also known as NMR detectors. The NMR analyzers
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obt ai ned approximately every 2-30 seconds, typically about every 10
seconds. The high, WD 2013/003454PCT/ US2012/ 044392 | ow, nedi an or average
readi ng ovoaopmlwsshii ty of readi ngs taken when a bi o sanmpCe/liSg012/044392 est

| ocation can be stored in a history record, e g., database In particular

enbodi nents, a running average of the | ast 10 readin such as bout 7,
i ncl udi 4 haxa tpejated BF diserets Cﬁppaﬁt%aué@aﬁtafi S%teal&hétl FISTC 5 awtemattgsagtp

acqui si £ﬂa‘P§?§1s aﬁt’&%&éasla‘ﬂ%u@{a conpl etion of signal acqw sition of a
spectrum of a respective sanpl e can be maintained in the database
(correl (0408}t o daEmbbdimentsrodtlor prpsent srventsamgaindge. caWndmuatcscpmmemslm fs
acquired t (runnln ) aver age. te ture. of the onso e n, be saved
e oA P R PR i YT RIS Bt < A8 TS bREB S & he
sensi t1 yhidhr&Bf 4 i%%écﬁt?e bio 811%&1&%@&1&1@ Res@ing. e WL Re @d,%cbtf Qﬁﬁn@ﬁﬁpﬁhﬂﬂﬁfﬁ of

t he adjustnent calcul ation uses the average sl og fromfour (Agilent
400MR) NRRRoddrs an advanage that e‘t'dnl-‘lf ﬁe{spaqmnstewes”zn(lwp changes,che ohaage

tenperat o Byera con e was_det rm ATI ON 2
whore it e BieShGE) SRS Sl BEBMIEE B AR S R BT MBI Lo el ) -
1 wher erdBirks$a ét@r&iafdlﬂﬁa{mx&ﬂﬁﬁitfl hid @dideiBration (A\¥E addedeiGirhicl folthStadiste tolhe
value of B2 is the average of the slopes fromdifferent NVR consoles of a

part i cubatestedpdnphegissuer ey bfﬁ@ﬁlsbﬂf hfF’(ﬂfMJP ganosd and/or iHavilldereane tenp" is
t he cur L runni ng average) ..[00153]1In
sone en%lg%{mél ?Qferc?}hé’c iltae%lig en%er @ﬂ%§n' £ee configured to request (via the
HM or gidpdpy 12Figulpel 1msﬁﬁ&§dﬁM/IRMﬁalslﬁérllmltbﬂ hao a heuding LOh that imcluldes

i nstrunment. The NMR anal yzer 10 can ‘aut o- cal_i bration" 6out ne t hat

may be PRYMER sensols J&eareﬁedategate&r%aawlq lamgrelr &tk Wigh Bred¥MFpmagnet 30 Bsidedal uat ed
or run. cé%{noﬂ 'ilot?ﬁﬁéi SHQ\FVe\H?ethéFL{I\@R%ﬂh DLl ‘tgepé&l'ﬁ fredBY sgﬁre{t&m each

shift, dai or at er I nterva |nc ud |ng re frequently) or |ess
frequen bdnypomntson dtffayertt howtiegsh efhedeviRainalyzar Hhintledss ab/é (detr dutedace).oAbe

tsi de def t | limts. F t h f
it ocal PP Ao UF B ooch e er BRUEA (o o o6 ROIBH maPhing,
117093, RR&AcixoZPBW/ 4 ét%]r)to cbﬁﬁna%teemﬁ tHfindintdht aTRe icRAONROR at ed by

reference as 1f recite full herein. Daily (or at other intervals)
cal i br at@r@nle&éalsmhrﬁwnmw cmmelemmﬁensm@@hgmmg ornm%elsthétebf thetiensiesesit i onal

f Th d f h
< andar SRRl somonst D% HBEraR RV BehiRel LR Abaldif o aRERE™ ' "

measur e aﬁagtlﬁel{ Ofl&AhIRerafié ehnplifietsemn emt:iatea e(l)d%ttbhﬁs cfarl tidkmittingat esul t s
can al so be part of testing. The three caljbration values that are nost

af f ect e8x@iptip Fpaudse(m @latee%qt%e)ct@r@eétﬁ gait nghe NV arabg 32 Figgerab) andhe

t PVW0). Th
concent PAPIRENRICHERS of B3 id Do RRoe R GEe it L Ml T eb | R and
t he phagtinek V\DTBQM/IR)@B&@ZH?@AW&];% &4&3@2 tmﬁeaatufeysema;cdéﬂtanﬂ alsance t hat

can be updated by running the Qallbratlonaaln TheP 1t e
typi cal rrycﬂuieﬁa.qté%lnépmrwgt%ﬂ HOR W10 2 tqueRGE BT, ?IBE?ftﬁlﬁc’?HCtblf g?n ﬁwfi

t enper agy ?é}gﬁ. O] FRMLOIRL GRulitaudtchPhelud

routi ne}sg\fllgltﬁﬁa1 I onr‘%c %nFlﬁgﬁ{, Qag}r)tmr%g?%sﬁ?elngﬁl %;i tﬁz g\% I|:Igrlrl1tt S are sceut et o]

al | ow t ypleasiloné étbgl&ih)l&lgttﬂhpﬁ]@tssbt thet matuldmcon[lm@qrﬁﬁwxsmmddb tltvéca“ppﬁt eltilthft ed by

one of skill .in the.a ent inventi,on

appar at (&PPoR? tHrt?tSﬁ%sﬂnwg' ‘iﬂjé‘f 815% ﬁﬁﬁacfcef)sr%ﬁaé’s %%@?'be na@'r%ar/ %rrfel&c’ 0rtput er
pr Ogr amoRs efifkal NGNS P EssorSa S rREuRDN €6 czlrﬁeomrt@@&ﬁﬁstin@ﬂte Mhe@n may
take the formof an entirely software enbodi nent, or an enbodi nent

conbi ni Fgsiswkettempesatarischsardilenea ba opeoex! qran thegeamhwuaing the NMR oralwzer or
ft b ted
ove) U DN G A 3B R Rl bR o

t he for andlfzea 100 Mht bEEagd LAY feriPepitNnE $eiisod B0 ahmﬂmbup@iﬁmabd) eeftor age nmedi um
havi ng conput er -usabl e program code neans, enbodi ed in, the nedi tg%rqﬁgq(

sui t abl &nersrdutesH thelab gpyisonmest (disecily 06 diestin) 28401 Meinfansigh

CD- ROV I é‘ﬁgﬂ@ [QR158] The
comput erN l\ggabﬁ%heo?&g%%pgﬁtegﬁﬁoggga%fehrre I u%ﬁ&a‘r%z'%} ge 11}? Rll\%%ﬁ%tanle?m ted to,
an el ectta‘mpurmurermgsmehn@ an Imrtrnaiatbmp&ameer mmmmthtlnugten@gmetrbs:cani tefst@edth a or

Spoci 11 SUaRe I EE e RORDCRRLAR 1 &Incfletsaeg[mﬁ SRBibton - oadabl o nedi um

woul d i ncl ude the followi ng: an el ectri®al connection having one or nore
wWres, a portable conmputer diskette, a random access nenory (RAM, a
read-only menory (ROM), an erasabl e programuabl e read-only nenory (EPROM or
Fl ash menory), an optical fiber, and a portable conpact disc read-only
menory (CD RCM Note that the corrput er- usable or corrput er- readable

oy



[ 00159] The flowcharts and bl ock diagrans of certain of the figures herein
illustrate the architecture, functionality, and operation of possible

i mpl enentwOi20B08f54anal ysi s nodel s and eval uati on syst ewsTAISA¢1Q04439Dgr ans
according to the present invention. In this regard, each block in the flow

charts qr bl ock diagrans_ r _preser]%s ? nodul e, segnent, Q@ eratliygn or
por ti orl%8t1{ode, IﬁﬁP@ﬁe@ﬁg‘m@&t 7 Pt EHIEMRIANER Y rfeps Ydedths f or
TPl el B {hfpeRREE L5830 1Al K2 SURERANIR)malyberSTIO WA SRiRAREOL €d

[
that in sone alternative | nplenentations, unctions noted in the bl ocks
may oc MPBoainsolf 16hes willderdi smsyed rfurdhsr befowt. ikefbirmghts Figired, imsontee f i gur es.

For example, two bl ocks shown in .successj.on i act be executed

SUbst arfE oS e ErGRITYe St RS FuRe Ty d e Be BREE U ed | n ¢ he
rever sesQtifGity adlG RSO AQui AP afdVh-bHE HHeQMRIR diynal BYA26d0. [POREO] Fi gure 8
illustrates exenplary nmethod steps that can be used to performcertain

oper at | e dimens,dinagr bothefittediiresrts $3Gb 1140 lan pe reseie fromibaenadyzer Ttegther at ur e

on- board [or in roomof t | yzer is detecte .0ck .200). NWR
si gnal sP& ﬂg’rﬁquﬁe({}ﬁtﬁ aﬁ&%ﬂgﬁwﬂﬁ% oW P geb%mgfu% rhgn %i%kggrhé Szer are
obt ai nedrdulth 09K 1302)n bAcdBIERAIIAMs W sengS&igd it otiskyar@ddl Usd ARAE thhaeker s

el ectronically applied to the obtained NVR signals based on at | east one

det ect edroUéfper at ure taken during or proximate in time to the obtai ned

st cHOPLES L ? Rt e iR g A RONN e ol BRI TS S eBha b GRTT AL C
NVR anagenzeie &péedtiontc tbiNperaturelbiserridagbasat 48 thak isowreatibRecoeised eo thenper at ur e
o7y igRepkbiorasansd o b SER VR PEat e A gRh e s &heiGabiBiher | ned
usi ng aoptlﬁf-ep.{:Théj&ﬁ'f%litﬁ)ﬂ%ﬁlqg@gutéﬁl?g%ag%'\@n%g%?Jg?ﬂﬁm%ﬁ@l@ﬂﬁ%d%u@VﬁgaaﬁEntl east

a 10 degree t enperat ure range ypi cal |y about 12 degree F (7
degr ee idpntiffengeta, pioSihGA} Tdvati Serogata, ¢ahtyipe, and/dr et timepddte, spd ¢hd like. SThepe of a
cal i brag] standayd (e,.q., .T integral versus tenperature (bl.ock 209).
The o opbilaigar 10 & i &t Bheingi vl Jen S PR dnaaitmed Sy e Tomy

I Nt egr alhi¥ efisual &EHP6T Ak WspedtRletdsadb®) canthée 15 AP&t&itrs@ollgfibedndisi Nng a
field-obtained tenperature slope based on a subset of an operati n?

Tenper atemperatungete¢ted groxirgate inimedepidlly drgug thoNMR digyalacquisifionet gener at e
a projected..slope ver the entire erat| I n k 211).
[ 00163] Ifgis%etﬁ%e glofasfnée's Tt ?’@b?q& ﬁgt ’rsgﬁ%fr}g%‘}gag%glgsﬁéaéib? Oogl%gtfé&%?%c essi ng
syst em #£Q8ast 524 se@S? 30&IuHAE en MMR s@nafl Quguisitardf aghmbphe Thestrenit 180 cathe
circuits and/or data processing WO 2013/003454PCT/ US2012/ 044392 systens
405 dat ertisnale defpedemperearmsubaipntialy contrys i @t peleciediigp indervals gt

process '?.% it I, G8nQr i i Lqur, t he
processg\gedﬁ c%r‘rﬁ%&l isgg(%ng{ég%\&ﬁ%t()%gc %ﬁgf‘@?@ﬁé 0 (}191 e%&&!ggd%ﬁ onboar d
pr ocesslike. OTheadeteztioh étgawslaassimc)easnaitomaticatiy e ermprbture ahargeadtheess/ dat a

bus 448. The processor 0 can be any comercially avail.able or custom
m cr opr %@@%]o‘?_'n.m%‘é‘e%ﬁg/ltoy 0 %&?alidsth? st ﬁl’t‘aé’ﬁ%@o\é’? atcﬁléaIB\?&D&Pﬁ OTHP&Y ar chy
of ”E_”DHé/créja%é’h&t@&aﬁ@iﬂ?@f@fe@&nﬁ&@tu?é)ifsfsﬁ@é’cﬁlﬁ@ﬂ? otz used to inplenent the
functionality of the data processing system  The nmenory 414 can i ncl ude,
but is HL13]i ni t eBh¢ MR healyzsid thiangbetoppEguredl talese ape o1 mywe hbthe REIWEtePROM

EPROM EEP f] ash nmeno SRA an M [00164] As shaown F re 9
i |l ust rngB?mtt &t J‘Otﬁi%ctﬁ?ﬂ%% Selqk a%(f?r Faﬂ%ql?ﬁag\é } \e/%’rogﬁllngﬁ) ga‘%}’olnefl%agf {ﬂgagf t war e
and dat gha#g€dhsithe tiethdird cRAMEOSHAIY usisb afust R sREVANMR sysltdEm 452; the
application prograns 454; the input/output (110) device drivers 458; and

data 45biosarpple dertempgatusasensitivity @éthe aplyeer. dehedemmrgiyes ayehs gytable

illustr iLcatlo r [ erature
sens: t1 Oy StRLERRELF At AR RS e WD R MRt CT P o
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degrees at 85 degrees F and a variation of about 15 degrees at 60 degrees F.

[00116] Figure 3A illustrates a front view of the NMR console 16 (inside the external
housing) and Figure 3B illustrates a rear view of the NMR console 16 with a Pneumatic
Front End (PFE) compartment 40. This compartment 40 is typically a drawer that can slide

in and out for access to internal electronics. This compartment also typically contains some
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valves for air handling and RF electronics. In some embodiments, at least one temperature
sensor 30 is placed in this compartment 40. Figures 4A and 4B illustrate a mixer box 42 and
preamplifier 44 are held in this compartment 40. Figure 4B also illustrates a suitable
location 30x for a temperature sensor 30 (Figure 4C) contemplated by embodiments of the
invention. The temperature sensor 30 can be a thermocouple 30t mounted to the mixer box
42 and held on a thermal insulator or thermal barrier substrate 31 (to prevent thermal contact
with the metallic mixer box 42) for temperature insulation. After extensive evaluation, this
location has been found to be particularly representative (e.g., a good predictor) of NMR
instrument temperature sensitivity for temperature sensitivity adjustment (at least for the
Agilent 400MR NMR console). The temperature sensor 30 (such as a thermocouple) can be
positioned in that drawer 40 so that it can be monitored by on-board or remote software. In
some embodiments, this monitored internal temperature can be displayed on the GUI 12
(Figure 1). However, it is contemplated that other locations may also be suitable. In
addition, NMR spectrometers from other manufacturers or other configurations with different
hardware components may have other suitable temperature monitoring locations. Further,
more than one temperature can be monitored at different locations and the high, low, average
or median value, or other corresponding measure of temperature, of those temperatures can
be used for temperature sensitivity compensation.

100117] Other temperature sensors and/or locations may be used. For example, a
temperature sensor 30 may be incorporated into a printed circuit board, placed inside the
mixer box 42, placed at other or additional locations inside the compartment 40 or at other
locations on or in the NMR analyzer 10, typically on or in the NMR console 16.

[00118] Figure 5 is a schematic illustration of an NMR analyzer 10. As is well known
to those of skill in the art, NMR analyzers (also known as NMR detectors or NMR
spectrometers) include an RF amplifier, an NMR probe 32 that includes an RF excitation coil
(such as a saddle or Helmholtz coil), and a cryogenically cooled high-field superconducting -
magnet 20. The analyzers 10 may also include an enclosed flow path 180 that directs
samples to flow serially to the flow cell 60. The NMR probe 32 can be a top-loaded probe
inserted from a top of the magnet bore to a predetermined analysis location in the magnet
bore. The high-field magnet 20 is held in a magnetically and/or RF shielded housing that can
reduce the magnetic field level that is generated to within a relatively small volume. The
flow cell 60 is a passive device. The probe 32 broadcasts the RF that is put into it and returns
a small NMR signal for processing. The term "high-field" magnet refers to magnets that are

greater than 1 Tesla, typically greater than 5 Tesla, and more typically about 9 Tesla or
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greater. The NMR (flow) probe 32 is in communication with the RF amplifier/pulse
generator and includes an RF excite/receive circuit held in the bore during operation.

[00119] Still referring to Figure 5, the NMR analyzer 10 can optionally be configured
to communicate with a remote site 15R via a computer network (hardwired or wirelessly)
typically via the Internet. The remote site can be in a control room onsite in the laboratory
facility or building, and/er at a remote site away from the lab building itself that monitors a
plurality of different NMR analyzers at different facilities. The control site 15R canbe
configured to monitor temperature sensitivity of different analyzers using concentration
standard integrals and detected temperatures of a respective NMR analyzer 10. The NMR
analyzers 10 can be configured to accept updated temperature sensitivity control algorithms
from the remote control site 15R or a service person can update the temperature adjustment
circuit per instructions from the remote site 15R (typically based on instrument specific
operational information collected or analyzed by the remote site 15R, such as data from a
calibration assay, such as a concentration standard integral at different temperatures over
time).

[00120] The NMR analyzer 10 can be configured to serially flow biosamples using a
flow cell 60 as noted. However, other sample handlers and biosample introduction means
can be used. For example, the biosample can be processed as it is held in a respective tube or
other sample container (not shown).

[00121] Although shown as separate circuits 130, 140 and a separate data record
database 145, these circuits and database or portions thereof may be combined or otherwise
provided. These circuits and database 130, 140, 145 may be integrated into one or more
processors in the NMR analyzer 10 or provided in one or more remote processors. The
temperature monitoring circuit 130 can be configured to identify when a temperature is under
or over defined thresholds and send an error message and/or alert to an operator. The alert or
message can be provided on the display 12 and/or to a wireless device, such as a portable
communications device, and the remote monitoring site 15R.

[00122] The circuits 130, 140 and database 145 an be integrated onboard the NMR
analyzers 10 or at least partially (if not totally) remote from the respective NMR analyzer 10.
If the latter, one or more of the modules or circuits 130, 140 or database 145 can reside totally
or partially on a (remote) server. The server can be provided using cloud computing which
includes the provision of computational resources on demand via a computer network. The
resources can be embodied as various infrastructure services (e.g. computer, storage, etc.) as

well as applications, databases, file services, email, etc. In the traditional model of
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computing, both data and software are typically fully contained on the user's computer; in
cloud computing, the user's computer may contain little software or data (perhaps an
operating system and/or web browser), and may serve as little more than a display terminal
for processes occurring on a network of external computers. A cloud computing service (or
an aggregation of multiple cloud resources) may be generally referred to as the "Cloud".
Cloud storage may include a model of networked computer data storage where data is stored
on multiple virtual servers, rather than being hosted on one or more dedicated servers. Data
transfer can be encrypted and can be done via the Internet using any appropriate firewalls to
comply with industry or regulatory standards such as HIPAA, at least where patient samples
are being analyzed. The term "HIPAA" refers to the United States laws defined by the Health
Insurance Portability and Accountability Act. The patient data can include an accession. -
number or identifier, gender, age and test data.

[00123] The adjustment circuit 140 can be configured to selectively adjust the signal so
that it is carried out only when a detected temperature-deviates beyond about 1 degree C from
a preset (defined or baseline) temperature of the NMR analyzer, typically taken at
installation. In other embodiments, the adjustment is made to all sample data even if the
temperature is substantially constant. However, if the temperature-sensitivity adjustment is
not carried out, the NMR analyzer can still apply a non-temperature sensitive instrument
normalization factor to thereby normalize measurements taken over a plurality of different
NMR analyzers.

[00124] Figure 6 illustrates a network of analyzers 10 with temperature sensitivity
correction modules or circuits 140 at different sites that are in communication with at least
one remote site 15R, 15' that allows for the download of data from each analyzer 10 and/or
remove monitoring. In some embodiments, a remote site 15R (Figure 5) can download data
periodically, including, for example, dynamically as it is acquired. Raw TMA (or other
standard) integral versus console mixer temperature can be plotted. Electronic monitoring of
this data may improve the defined slope used for signal correction for quantitative
measurements and/or monitor for changes in output.

[00125] The NMR analyzers 10 can operate in environments that fluctuate in ambient
temperature about +/- 5 degrees (or even more), typically between at least about 63 degrees
Fahrenheit (F) (about 17 degrees Celsius ("C")) to about 73 degrees F (about 23 degrees C),
allowing for temperature fluctuation in the lab or NMR console room of at least +/- 5 degrees,
and more typically allowing for ambient temperatures within the above noted entire range of at

least 10 degrees F (6 degrees C), while still generating quantitative measurements with an
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2013/ Oog’rﬁgidérﬁ)t er/nge%% u%e2 é}?e%g’c?nggzrange, e.g., typically between about 61 degrees F (about 17
degrees C) to at least about 80 degrees F (27 degrees C) with temperatures that can fluctuate at
least about +/- 10 degrees F (8 degrees C) from a defined nominal with the range (e.g., 70
degrees F) so that the NMR analyzer can still generate quantitative measurements with
sufficient accuracy, e.g., +/- 10%, typically with +/- 2 % accuracy. In some embodiments, the
operational range can be between about 60 degrees F to about 85 degrees F. In some
embodiments, the allowable temperature operating range is at least 63 degrees F to at least 82
degrees F, such as 83 F, 84 degrees F, 85 degrees F while still providing the desired accuracy.
The accuracy can be at least +/- 10% for clinical samples and typically about +/- 2% accuracy
for TMA control samples.
[00127] The temperature sensed by sensor 30 can be above the ambient temperature.
In some particular embodiments, for a temperature sensor 30 mounted to the mixer box 42,
the temperature monitored on the analyzer can be, for example, between about 10-16 degrees
above the ambient room temperature, typically about 12-15 degrees above as described
above, but larger or smaller temperature differences may exist.
[00128] The temperatures used for developing the linear or non-linear mode] for the
adjustment can be based on on-board (e.g., mixer) temperatures over a temperature range in a
lab. The system performance can be defined based on the ambient room temperature (e.g.,
lab temperature).
[00129] As noted above, it has been unexpectedly determined that when monitoring
temperature using a temperature sensor 30 (e.g., one that is mounted on-board the NMR
analyzer, such as, in the drawer 40), the NMR sensitivity and phase changes are
approximately a linear function of the temperature when the data is statistically fitted to a
defined mathematical function. In other embodiments, the data may be somewhat non-linear,

but evaluated using a least squares best fit first or multi (e.g., second or higher) order
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to ambient temperature. Further, although described as using a linear relationship of signal
versus temperature, it is also contemplated that non-linear relationships may be used. Figure
7 shows a situation where a linear model was used to correct to obtain sensitivity fidelity.
Figure 10 shows an example of a non-linear fit to the temperature/signal data using second
order polynomials with equations similar to y = ax* + bx + ¢. In many embodiments, where
within about 2% of accuracy is sufficient, a linear model is contemplated to be suitable. In
other embodiments, such as for applications that may require or desire a higher accuracy, a
non-linear model may provide a better protocol. The non-linear protocol may also be more
appropriate where the NMR analyzer may operate at the low and/or high extremes of the
ambient operational temperature range.

[00131] In particular embodiments, the NMR analyzer 10 can be configured to include
both linear and non-linear models of temperature sensitivity. The NMR analyzer 10 can
select which model to use based on the detected operational range and/or the analysis of a
particular sample or groups of samples at a particular lab. It is also contemplated that the
NMR analyzer 10 may use both types of models as a validation assessment to compare
calculated adjustments of the obtained signal. This "double check" can be carried out
periodically or for each sample.

[00132] In some embodiments, the NMR sensitivity vs. temperature performance of a
respective NMR analyzer can be defined for that specific analyzer (or NMR console 16) and
the output of the analyzer 10 can be adjusted by multiplying the obtained signal by a
normalization factor that changes as a function of the system temperature.

[00133] In particular embodiments, each NMR console 16 and probe 32 combination
will produce a unique (instrument specific) value for the integral of a concentration standard
solution run under standard conditions. To normalize the different analyzers 10, a factor
called the Instrument Normalization Factor ("INF") can be identified and multiplied by the
integral of the concentration standard to produce an integral value that is substantially

identical with other NMR analyzers of like kind (such as those already operating in a
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production laboratory). In the past, the Vantera® NMR analyzer used an instrument
sensitivity factor that was measured at installation and the instrument-specific INF was then
saved in the system software and signal amplitude for samples were multiplied by this value.
The normalization factor can be used to standardize the measurements of different NMR
analyzers.

[00134] Different NMR probes will have different (typically instrument specific)
sensitivities based on the "Q" factor of the probe. Q is defined as the frequency of the
resonant circuit divided by the half power bandwidth. A standard sample like, for example,
trimethyl acetic acid (TMA) can be run on each NMR console and (and with different RF
probes), and the integral of the CH; protons can be measured to standardize it to a fixed
value. The ratio between the predefined (fixed) value and the integral under then-current
conditions is termed the "normalization factor", and this can be used to standardize different
NMR analyzers by multiplying any raw NMR intensity by the normalization factor. Hence,
the NMR normalization factor can be calculated in sifu for each NMR analyzer and
respective RF probe and, in some embodiments, adjusted for each NMR analyzer at desired
intervals (such as after certain numbers of samples, upon start-up, upon detection of a change
in selected local operational conditions).

[00135] As an improvement, to allow for operation in the ambient temperature
fluctuation of lab environments, the INF value can be stored in the NMR system 10 (e.g.,
circuit and/or software) along with a temperature determined as a baseline for temperature
sensitivity for that instrument.

[00136] In addition, a defined mathematical relationship of sensitivity vs. temperature
slope as a model of temperature sensitivity can be used to change the values of the obtained
NMR signals to correct for the sensitivity difference between the temperature at which the
sample was run and the temperature at which the "baseline sensitivity" of the instrument was
determined.

[00137] In other embodiments, rather than determining the temperature/sensitivity
baseline at installation, this temperature sensitivity data may also be determined at an OEM
site or a pre-installation site, or potentially using only a portion of the NMR analyzerina.
simulated system. In any event, the temperature sensitivity adjustment can be electronically
(typically automatically) executed for every sample, if appropriate, and the operator does not
have to correct the result based on the room temperature. Examples of INF including
temperature sensitivity corrections are described below (in the Equations below, identified as

AUTO (or auto) INF), are also discussed below. The temperature sensitivity correction
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circuit 140 (Figures 2, 5) can be selectively turned on or off using the HMI or Ul of the
display, for example, or via a local command or a remote command from a control site.
[00138] Embodiments of the invention can automatically electronically
(programmatically) adjust collected NMR signal data based on a known model or relationship
of temperature sensitivity thus applying a post-signal collection correction adjustment factor
(multiplier) without requiring any additional change to NMR hardware.

[00139] In particular embodiments, the known model or relationship can be a
substantially linear model or relationship. The substantially linear model can be generated
using data obtained when one or more NMR spectrometers are held inside a thermally
controlled chamber (however, other ways of obtaining this data is contemplated as will be
discussed below). Once the linear relationship is determined or known, a respective NMR
spectrometer can be programmatically configured to determine concentration of an analyte
that is corrected for temperature based on a known temperature sensitivity model using an
internal or external temperature that is directly or indirectly correlated to ambient temperature
at a time of measurement.

[00140] The temperature sensitivity model which may be a substantially linear
relationship/model can be provided as data associated with a line with a slope that defines the
correction factors for different temperatures.

[00141] The data to generate the appropriate temperature sensitivity model for a
respective NMR analyzer or versions thereof can be established per NMR spectrometer at an
OEM site or assembly site or at a use site. Alternatively, rather than a custom or per-unit
defined temperature sensitivity model/relationship, a sample of NMR spectrometers can be
evaluated and a "standard" model/relationship can be established for similar NMR
spectrometers, based on an average, median or other parameter of temperature sensitivity.
The temperature sensitivity data for NMR spectrometers (new or in the field) may be updated
or recalculated as new models, new versions or replacement components of on-board devices
or components are implemented or used.

[00142] The temperature sensitivity data may also be established using a sub-assembly
that is placed into a dedicated "test" NMR spectrometer console or a "phantom" or
"simulated" NMR console as, for example, components of a mixer drawer sub-assembly and
associated spatial volume may sufficiently represent conditions allowing temperature
sensitivity for a corresponding NMR console and/or analyzer to be determined prior to full

assembly.
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[00143] An example of a mathematical equation that can be used to calculate a
temperature sensitivity adjustment factor (autoINF) is shown in Equation 1 below where
slope is the slope of concentration standard signal (of a, "control or calibration" material)
versus temperature over a temperature range and "consoleTemp" refers to a current or
temporally relevant temperature of a location on-board the NMR console 16. In some
embodiments, the automated correction can be carried out using an "autoINF" calculation that
can have two or more parts. One part is the instrument normalization factor (INF) and
another can be the temperature-dependent part (which can be based on temperature sensitivity

slope).

autoINF = B1 + slope*(current console temperature ( degrees C) — console

temperature at installation(degrees C)) EQUATION 1

where B1 = instrument specific normalization factor, typically measured at installation, taken
using a concentration standard. B1, in particular embodiments, can be calculated as B1=
(average concentration standard integral (e.g., TMA integral)/concentration standard (e.g.,
TMA) reference bottle integral).

[00144] Fitting a graph of the integral of the analyte peak versus temperature to a
straight line, an average slope can be used. In Equation 1, "slope" can refer to a slope of
analyte peak versus temperature of the respective NMR analyzer or an average or median
slope taken from slopes of analyte peaks versus temperature of different NMR analyzers. As
noted above, the instrument "normalization factor at installation" is a value obtained using the
integral of the concentration standard (e.g., TMA) to produce an integral value at a defined or
known temperature "console temperature at installation" that allows the instrument to yield
normalized outputs substantially identical with other NMR analyzers of like kind defined
above, and "current console temperature" is a value reflecting temperature obtained
proximate to or during NMR signal acquisition using the at least one temperature sensor 30.
[00145] Each NMR console 16 may have different sensitivity vs. temperature slopes or
substantially similar slopes. For the linear model temperature sensitivity adjustment, each
NMR analyzer 10 can be configured to establish an instrument-specific response profile or
slope at field installation or at an OEM or assembly site (using a defined evaluation protocol
and controlled temperature exposure). This response profile or slope can use the same

mathematical (known) relationship of NMR integral (signal) versus temperature, instrument
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to instrument, but the slope or numerical values of the profile/response may vary (signal
versus temperature) instrument to instrument.

[00146] In some embodiments, the temperature slope can be determined in the field at
installation using temperature data from a smaller temperature range that is estimated or
projected outside this range to the defined total operating temperate range. This field data
can be integrated with a "standard" response slope as discussed below to establish the
adjustment slope or be used to establish an instrument specific slope without using slope data
from other instruments.

[00147] In some embodiments, a hybrid model may be used so that the NMR analyzer
10 employs a first model for a temperature range corresponding to an NMR console
temperature within about a first temperature range +/3 degrees C (5 degrees F) of an
installation temperature based and a second "standard" model outside this first temperature
range. The first model may be determined at field installation while the second standard
model can be provided based on data from other analyzers/consoles.

[00148] In some embodiments, a "standard" slope for temperature correction can be
used on different NMR analyzers 10. This data can be provided as an auto-INF
programmatically carried out calculation that can be programmed into a respective NMR
analyzer 10. This may be particularly suitable for labs that do not anticipate using the full
range of temperatures (e.g., 60-85 degrees F or 63-75 degrees F). During installation, the
NMR analyzer 10 can include a slope assessment mode to measure the TMA integral as a
function of mixer temperature and see if the data onsite substantially agrees with that
associated with the standard slope. In some embodiments, the "standard" response profile or
slope can be established using data from a "master" NMR console or portion thereof or from
a plurality of representative NMR consoles, e.g., at least 2, typically at least 3-10, for each
NMR console 16 model. Different NMR probes 32 (and versions thereof), console
configurations or suppliers thereof, placement of the at least one temperature sensor 30 and
the like, may result in different response profiles. Thus, any "standard" response used for
temperature sensitivity adjustment may be based on like kind models. For example, a median
or average of slopes, where used, or other data from response profiles (signal versus
temperature) can be used to generate Ia "standard" response profile that is used for production
NMR analyzers 10. Any NMR analyzer 10 at a field site operating with a first response
profile or slope may be updated over time to use data taken over subsequently produced

analyzers.
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[00149] Table 1 includes data from a test ("pilot") NMR analyzer 10 which was placed

in an enclosed temperature controlled chamber. NMR sensitivity vs. temperature was
measured, then this data was used to test the auto-INF algorithm’s performance. Multiple
TMA samples were run at 75 degrees F, 69 degrees F and 63 degrees F and their integrals
were averaged. Plasma samples were also ran at the three temperatures (data not shown) to
verify that the NMR LipoProfile® analysis worked over the wide temperature range. Table 1
below shows that with the auto-INF operating with the correct slope for the pilot instrument,
the system produced excellent results. If no temperature compensation was used, the results
would have changed approximately 5.7% over the temperature range but with the auto-INF
on, the results for the TMA integral varied by about 0.5%. The temperatures in the data
discussed in the Tables used for developing the linear or non-linear models for the adjustment
are based on on-board (e.g., mixer) temperatures over a temperature range in a lab. As
described herein, the system performance can be defined based on the ambient room

temperature (e.g., lab temperature).

Table 1: Summary of Auto-INF Performance as a Function of Temperature For Pilot

2nd 35.3- 32.7-

Unit
Chamber temperature
75 69 63 Range
AutoINF TMA integral 4551 4573 4558 22
Raw TMA Integral 4818 4963 5079 261

[00150]

shown in Table 2 and Figure 7. Other temperatures may be selected for the normalized

adjustment.

Table 2: Normalized Summary of Auto-INF Integral Performance as a Function of

Temperature

This data can be normalized so that the integral at 75 degrees F is 100 as

Chamber temperature °F

75 69 63 % Range
AutoINF Integral 100 100.5 100.2 0.5
Raw Integral 105.9 108.1 111.6 5.7

[00151]

obtained approximately every 2-30 seconds, typically about every 10 seconds. The high,

2

8

In use, the temperature sensor 30 can be monitored so that a reading is
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low, median or average reading of a plurality of readings taken when a biosample is in a test
location can be stored in a history record, e.g., database. In particular embodiments, a
running average of the last 3-10 readings, such as about 7, including readings obtained prior
to signal acquisition, during signal acquisition, and/or just after completion of signal
acquisition of a spectrum of a respective biosample can be maintained in the database
(correlated to date/time and/or patient sample). When a spectrum is acquired the (running)
average temperature of the console 16 can be saved in memory with the spectrum data and
this temperature can be used in the sensitivity correction.

[00152] Equation 2 reflects another embodiment of the adjustment calculation which

uses the average slope from four (Agilent 400MR) NMR consoles 16.

AutoINF = {1/(1+ B1 + B2*(current console temperature — average console temp

when slope was determined)} EQUATION 2
where B1 = Sensitivity_Const = (average TMA integral/TMA bottle integral) — 1
where B1 is instrument-specific and B2 = (Avg.) Sensitivity _Slope. The value of B2 is the
average of the slopes from different NMR consoles of a particular type (e.g., four Agilent
400MR consoles), and "console temp" is the current temperature of the NMR console
(running average) .
[00153] In some embodiments, the NMR analyzer 10 can be configured to request (via
the HMI or display 12) that a standard TMA solution to be input into the instrument. The
NMR analyzer 10 can run an "auto-calibration" routine that may be required to be executed
prior to allowing biosamples to be evaluated or run. All or portions of the auto-calibration
routine may be run each shift, daily or at other intervals (including more frequently) or less
frequently, according to whether certain parameters are detected to be outside defined
operational limits. For further discussion of autocalibration routines, see, U.S. Patent
Application Serial No. 11/093,596 (US 2005/0222504), the contents of which are
incorporated by reference as if recited in full herein. Daily (or at other intervals) calibration
can confirm that the NMR instrument passes defined operational specifications. This
includes obtaining the integral of the concentration standard solution. This integral
measurement can utilize the autoINF measurement.
[00154] The effect of temperature on the calibration results can also be part of testing.
The three calibration values that are most affected by temperature are: the concentration
standard integral, the spectrum phase and the length of the 90 degree pulse width {PW90).
The concentration standard integral may be adjusted by using the auto-INF and the phase has
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a fairly wide tolerance that can be updated by running the calibration again. The PW90 limits -
are typically defined at installation. However, too much of an ambient temperature change in
the room may make the automated calibration routine/evaluation fail but for most scenarios
the PW limits are set to allow typical lab environment fluctuation.

[00155] As will be appreciated by one of skill in the art, the present invention may be
embodied as an apparatus, a method, a data or signal processing system, and/or a computer
program product. Accordingly, as noted above, the present invention may take the form of an
entirely software embodiment, or an embodiment combining software and hardware aspects
(as used herein, "software" or "software and hardware" can both be described as a "circuit" as
noted above). Furthermore, certain embodiments of the present invention may take the form
of a computer program product on a computer-usable storage medium having computer-
usable program code means embodied in the medium. Any suitable computer readable
medium may be utilized including hard disks, CD-ROMs, optical storage devices, or
magnetic storage devices.

[00156] The computer-usable or computer-readable medium may be, but is not limited
to, an electronic, magnetic, optical, superconducting magnetic, infrared, or semiconductor
system, apparatus, device, or propagation medium. More specific examples (a non-
exhaustive list) of the computer-readable medium would include the following: an electrical
connection having one or more wires, a portable computer diskette, a random access memory
(RAM), a read-only memory (ROM), an erasable programmable read-only memory (EPROM
or Flash memory), an optical fiber, and a portable compact disc read-only memory (CD-
ROM). Note that the computer-usable or computer-readable medium could even be paper or
another suitable medium, upon which the program is printed, as the program can be
electronically captured, via, for instance, optical scanning of the paper or other medium, then
compiled, interpreted or otherwise processed in a suitable manner if necessary, and then
stored in a computer memory.

[00157] Computer program code for carrying out operations of the present invention
may be written in an object oriented programming language such as Java7, Smalltalk, Python,
Labview, C++, or VisualBasic. However, the computer program code for carrying out
operations of the present invention may also be written in conventional procedural
programming languages, such as the “C” programming language or even assembly language.
[00158] The program code may execute entirely on the user's computer, partly on the
user's computer, as a stand-alone software package, partly on the user's computer and partly

on a remote computer or entirely on the remote computer. In the latter scenario, the remote
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computer may be connected to the user's computer through a local area network (LAN) or a
wide area network (WAN), or the connection may be made to an external computer (for
example, through the Internet using an Internet Service Provider).
[00159] The flowcharts and block diagrams of certain of the figures herein illustrate
the architecture, functionality, and operation of possible implementations of analysis models
and evaluation systems and/or programs according to the present invention. In this regard,
each block in the flow charts or block diagrams represents a module, segment, operation, or
portion of code, which comprises one or more executable instructions for implementing the
specified logical function(s). It should also be noted that in some alternative
implementations, the functions noted in the blocks may occur out of the order and/or out of
the blocks noted in the figures. For example, two blocks shown in succession may in fact be
executed substantially concurrently or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved.
[00160] Figure 8 illustrates exemplary method steps that can be used to perform
certain operations according to embodiments of the present invention. Temperature on-board
and/or in room of the NMR analyzer is detected (block 200). NMR signals of an in vitro
biosample in a flow probe of the NMR analyzer are obtained (block 205). A temperature
sensitivity adjustment factor is electronically applied to the obtained NMR signals based on
at least one detected temperature taken during or proximate in time to the obtained signals
(block 210). At least one quantitative measurement is generated using the adjusted NMR
signal (block 220).
[00161] In some embodiments, an NMR analyzer-specific INF is determined at a

. known NMR console temperature prior to active patient sample testing, such as at installation
(block 207). A slope of temperature sensitivity of the NMR analyzer can be defined using a
priori data regarding sensitivity versus temperature over at least a 10 degree F temperature
range (block 208), typically about 12 degree F (7 degree C) range.
[00162] The slope can be an instrument specific slope of a calibration standard (e.g.,
TMA) integral versus temperature (block 209). The slope can be a standard slope of a

_calibration standard (e.g., TMA) integral versus temperature (block 210). The slope can be
defined using a field-obtained temperature slope based on a subset of an operating
Temperature range (e.g., 3-6 degrees F versus 10-12 degrees F) to generate a projected slope

- over the entire operating Temperature range (block 211).

[00163] Figure 9 is a schematic illustration of a circuit or data processing system 405

that can be used with or forms part of the system 10. The circuits and/or data processing
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systems 405 data processing systems may be incorporated in a digital signal processor in any
suitable device or devices. As shown in Figure 9, the processor 410 communicates with the
NMR analyzer 10 (and may be an onboard processor or a remote processor) and with
memory 414 via an address/data bus 448. The processor 410 can be any commercially
available or custom microprocessor. The memory 414 is representative of the overall
hierarchy of memory devices containing the software and data used to implement the
functionality of the data processing system. The memory 414 can include, but is not limited
to, the following types of devices: cache, ROM, PROM, EPROM, EEPROM, flash memory,
SRAM, and DRAM.

[00164] As shown in Figure 9 illustrates that the memory 414 may include several
categories of software and data used in the data processing system: the operating system 452;
the application programs 454; the input/output (I/O) device drivers 458; and data 456. The
data 456 can include temperature data. Figure 9 also illustrates the application programs 454
includes an Automated Temperature Sensitivity Adjustment Module with Optional Remote
Communication 440 (which can be all or part of the circuit 140 at Figure 2, 5).

[00165] As will be appreciated by those of skill in the art, the operating systems 452
may be any operating system suitable for use in rapid data processing, including, but not
limited to those from Microsoft, Inc. (Windows), Apple Computer, Inc. (MacOS), Wind
River (VxWorks), RedHat (Linux), LabView or proprietary operating systems. For example,
VxWorks which can run on the Scanner's sequence generator for precise control of pulse
sequence waveform timings. The I/O device drivers 458 typically include software routines
accessed through the operating system 452 by the application programs 454 to communicate
with devices such as I/O data port(s), data storage 456 and certain memory 414 components.
The application programs 454 are illustrative of the programs that implement the various
features of the data processing system and can include at least one application, which
supports operations according to embodiments of the present invention. Finally, the data 456
represents the static and dynamic data used by the application programs 454, the operating
system 452, the I/O device drivers 458, and other software programs that may reside in the
memory 414.

[00166] While the present invention is illustrated, for example, with reference to the
Module 440 being application programs in Figure 9, as will be appreciated by those of skill
in the art, other configurations may also be utilized while still benefiting from the teachings
of the present invention. For example, the Module 440 and/or may also be incorporated into

the operating system 452, the I/O device drivers 458 or other such logical division of the data
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processing system. Thus, the present invention should not be construed as limited to the
configuration of Figure 9 which is intended to encompass any configuration capable of
carrying out the operations described herein. Further, Module 440 can communicate with or
be incorporated totally or partially in other components, such as NMR analyzer 10 and/or
remote computer 15R or server (or the Cloud).

[00167] The I/O data port can be used to transfer information between the data
processing system, the analyzer, and another computer system or a network (e.g., the
Internet) or to other devices controlled by the processor. These components may be
conventional components such as those used in many conventional data processing systems,
which may be configured in accordance with the present invention to operate as described
herein.

[00168] In certain embodiments, the automation module 440 may include computer
program code for communicating with a remote control system (local or offsite). The
automation module 440 can also include or be in communication with program code that
provides: automated multi-parameter process monitoring, temperature of at least one on-
board sensor (and optionally an internal and external temperature sensor (external to the
housing of the analyzer) to monitor ambient conditions, a log of operational conditions that
may be correlated to patient samples (including time/date data), selectable test formats and
selectable test analysis, a log of data variability and/or service history, a log of the number of
patient samples processed (which may be parsed over desired intervals), and archived process
parameter information for remote interrogation, diagnostics, and other data as indicated
above.

[00169] In particular embodiments, every NMR console 16 and probe 32 combination
will produce a unique value for the integral of the TMA solution run under standard
conditions. The INF, which when multiplied by the integral of the concentration standard,
will produce an integral value that is identical with the other like-kind NMR analyzers that
are operating in the field and/or a central facility. When this instrument sensitivity is
measured at installation, the INF is saved in the system software and all subsequent samples
will be multiplied by this value. Now recognizing that the NMR sensitivity can depend on
the NMR console temperature (which depends on ambient temperature), the INF value can be
stored in the software along with the temperature at which it was determined.. The sensitivity
vs. temperature slope for an NMR system/NMR console can be utilized and an appropriate

correction value is used to electronically change the output of the system 10, corrected for the
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sensitivity difference between the temperature at which the sample was run and the
temperature at which the instrument was installed (or another suitable baseline temperature).
[00170] Embodiments of the present invention will now be discussed with respect to

the following non-limiting Examples.

EXAMPLES
Testing Agilent 400MR consoles performance as a function of temperature
[00171] Three identical consoles that had already been through the initial pre-assembly
process at a vendot/supplier, and one new NMR console that came directly from Agilent
Technologies Inc. were analyzed for temperature sensitivity. All four of the consoles'
performance was measured (serially) in a controlled temperature range from 63 -80 degrees F
in a temperature chamber. The chamber was a constructed modular 8 x 8 x 16 Styrofoam
lined room that could be placed around an instrument and heated or cooled as desired.
Temperature loggers were placed around the walls of the temperature chamber and several
inside the NMR console cabinet. Calibration and TMA assays were run. The most recent
console from Agilent Technologies, Inc. was different from the previous three because it had
two fans on the card cage to improve air ﬂow‘ and hopefully improve the lifetime of some of
the boards in the card cage.
[00172] All of these tests were done with the same Vantera® NMR analyzer operating -
system (sample handler, testing software, exterior housing). The only component that was
switched between tests was the NMR console. The general testing procedure was carried out
to start at 80 degrees F and slowly cool down the chamber while two back to back auto-
calibration tests were run followed by 3 TMA assay tests. At the start of the experiment, the
flow cell was filled with TMA solution via a hand syringe and refilled as needed during the
experiment. The cycle of 2 calibrations and 3 TMA assays took approximately 20 minutes
and the cycle was repeated continuously until the final temperature of about 63 degrees F was
reached. If the experiment could not be completed in one day, the experiment was started the
next day making sure that there was overlap between the final temperature from the previous
day and the starting temperature. A summary of the data is in Table 3 below. The slopes
listed in Table 3 are for a least squares line fit to the data. To get a percent change in slope,
the slope was divided by the integral value produced when the console temperature was 31

degrees C.
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Table 3: Summary of Agilent 400MR Console Performance as a Function of Ambient

Temperature
‘Console A Console B Console C Console D*
(Gen 3) (Gen 3) (Gen 3) (Gen 4)
Card cage fans
ON
Lab 80-63 =17 °F 80-63 =17°F 80-63 =17 °F 76-63 =13 °F
Temperature 26.7-17.2= 26.7-17.2= 26.7-17.2 = 244-172=
Range 9.5°C 9.5°C 9.5°C 7.2°C
Mixer 35.3-254= 343-24.6=9.7 | 344-254=9.0 | 33.15-26.46 =
Temperature 9.9°C °C °C 6.7°C
Range 95.5-77.7= 93.7-76.3 = 93.9-77.7= 91.8-79.7=12.1
17.8°F 174°F 16.2°F °F
Slope for TMA -70.3/6701 = .| -81.1/5272= -77.2/6256 = -58.74/6173 =
assay per degree -1.05% -1.54% -1.23% ~95%
C
Slope for -68.5/6722 = -80.8/5293 = -72.9/6272 = -57.9/6179 =
Calibration per -1.02% -1.53% -1.16% -0.94%
degree C
Tuning 399.9367- 399.9367- 399.9367 399.9367-
Frequency 399.8977 =.039 | 399.8977 = .039 No Change 399.8977 =.039
Range MHz MHz - MHz
Match range 3.94-33=3.6 | 2.39-1.79=.60 1.4-.66 =.74 2.05-1.25 = .80
(only 2 points
were about .33)
PW Range 43-385=.45 | 4.45-395=.50 | 3.7-3.35=.35 4.15-3.9=.25
(microsec.)
 Phase 20.8/9.9=2.1 | 20.8/9.7=2.14 | 16.3/9.0 =1.81 10.7/6.7=1.6
change/degree C

* An amplifier went bad on the instrument before the experiments were finished so the temps
80-76 were not done.

[00173] When the TMA integral data is plotted as a function of the mixer temperature
there is a bend to the curve as seen in the graph of Figure 10. The x-axis shows the
difference in the mixer temperature from the mixer temperature at installation. Although the
data is best fit with a second order polynomial, it was only slightly better than the linear |
equation fits for the data. Since all of the consoles have different slopes, the data was
normalized and combined to generate an aggregate slope for both the second order
polynomial fit (Table 4) and for the linear equation fit (Table 5). The calculated TMA
integral for the overall model was compared to each individual model and the percent
difference was calculated as the measurement temperature differed from the mixer
temperature at installation (approximately 31 degrees C). The agreement at temperatures near

the installation temperature is good. As the temperature gets farther away from the

installation temperature, the difference in slopes causes the % difference to increase. If the
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lab keeps the instrument mixer temperature at +/- 3 degrees C, which is about +/- 5.4 degrees

F of ambient temperature, this composite model should work well. The composite model

may not be suitable in cases where the instrument is installed and initially calibrated at either

the high or low end of the temperature range.

[00174] Table 4: The TMA data fit for a second order polynomial.
L % difference from one overall
Normalized to 4510 model
Mixer | Console | Console Console | Overall | Console | Console Console
Temp A B | Console C D Model A B Console C D
-7 1103 1116 108.5 1084 | 110.7 0.4 -0.8
-6 109.2 110.1 107.6 107.3 | 109.3 0.1 -0.8
-5 107.9 108.6 106.6 106:2 | 107.9 0.0 -0.7
-4 106.6 107.0 105.5 105.1-106.4 -0.2 -0.6
-3 105.1 1054 1042 103.9 | 1104.8 -0.3 -0.5
-2 103.5 103.6 102.9 102.6 | 103.2 -0.3 -04 0.3 0.6
-1 101.9 101.8 101.5 101.3 | 1016 -0.3 -0.2 0.1 0.3
0 100.1 99.9 99.9 100.0 99.9 -0.2 0.0
1 98.2 98.0 98.3 98.6 98.1 0.0 0.2
2 96.2 96.0 96.5 97.1 96.3 0.2 0.4
3 94.0 93.9 94.6 95.7| 945 | 05 0.6
4 91.8 -91.7 92.6 94.1 92.5 0.8 0.9
5 89.4 89.5 90.5 92.5 90.6 1.3 1.2
6 87.0 87.2 88.3 90.9 88.5 1.8 1.6
7 84.4 84.8 86.0 89.2| 865 1.9

Table S: The TMA data fit to a linear equation.

% difference from one overall

Normalized to 4510 , model ,
Mixer | Console | Console Console | Overall | Console | Console Console
Temp A B Console C D Model A B Console C D
-7 111.7 1123 110.3 109.1 1114 -0.3 -0.8 1.0
-6 110.0 110.5 108.8 107.8 109.7 -0.3 -0.7 0.9 1.8
-5 108.3 108.7 107.2 106.5 108.1 -0.2 -0.6 0.8 1.5
-4 106.6 106.9 105.7 105.2 106.4 -0.2 -0.5 0.7 1.2
-3 104.9 105:1 104.1 7 103.9 104.7 -0.1 -0.4 0.6 0.8
-2 103.2 103.3 1026 1026 103.1 -0.1 -0.3 0.5 0.5
-1 101.4 1016 101.0 101.2 101.4 0.0 -0.2 0.4 0.2
0 99,7 99.8 99.5 99.9 99.7 0.0 0.0 0:2 -0.2
1 98.0 98.0 97.9 98.6 98.1 0.1 0.1 01 -0.6
2 96.3 96.2 96.4 97.3 96.4 0.1 0.2 0.0 -0.9
3 94.6 94.4 94.8 96.0 94.7 0.2 0.3 -0.1 -1.3
4 92.8 92.6 93.3 94.7 93.0 0.2 0.5 0.3 1.7
5 91.1 90.8 91.7 93.3 91.4 0.3 0.6 -0.4
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7 87.7 87.2° 88.6 90.7 | 880 0.4 0.9 0.7

The few darker boxes indicate where the TMA integral would be outside the +/- 2% goal for
accuracy.

* Console D was not tested between 76-80 degrees F so the high temperature values are
extrapolated and have high uncertainly.

The auto-INF slope may be measured in the field at installation

[00175] Measuring the INF slope in the field can save time and potentially provide
better assurance of performance. With the assumption that the service engineer or technician
would likely not be able to expose the analyzer to the full operational temperature range in
the normal lab temperature environment, it is envisioned that smaller temperature range may
be used. The data from larger temperature runs was broken up in to smaller temperature

ranges to see if they would predict the overall slope properly. The data is in Tables 6-9.

Table 6: Comparison of slope for small temperature ranges compared to the slope for
the total temperature range for console A

% difference from
Console A Linear model
Mixer 34.4- 32.0- 29.6- full2nd  34.4-  32.0-  29.6-
Temperature 32,5 29.8 27.1 full linear order 325 29.8 27.1
35 ‘5914 5999 5954 5948 5900 0.6 -0.9 -0.1
34 6001 6065 6033 6025 6001 0.4 -0.7 -01
33 6088 6132 6112 6103 6097 0.2 0.5 -0.2
32 6175 6198 6191 6180 6188 0.1 -0.3 0.2
31 6262 6265 6269 6258 6273 -0.1 -0.1 -0.2
30 6349 6332 6348 6335 6354 -0.2 0.1 -0.2
29 6436 6398 6427 6413 6430 -0.4 0.2 -0.2
28 6523 6465 6506 6490 6501 -0.5 0.4 -0.2
27 6610 6531 6584 6567 6567 -0.6 0.6 0.3
26 6697 6598 . 6663 6645 6627 -0.8 . 0.7 -0.3
25 6784 6664 6742 6722 6683 0.9 0.9 -03

Table 7: Comparison of slope for small temperature ranges compared to the slope for

the total temperature range for console C

% difference from

Console C Linear model
Mixer 35.3- 32.7- 30.1- full 2nd 35.3- 32.7- 30.1-
Temperature 33.1 304 27.5 full linear order 33.1 30.4 27.5
35 6395 6411 6482 6419 6389 0.4 0.1 -1.0 ;
34 6473 6489 6544 6489 6479 O.3 0.0 -0.8
33 6550 6567 6605 6559 6564 0.1 0.1 -0.7
32 6628 6645 6667 6629 6644 0.0 -0.2 .06
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5981 6009 5995 5981 0.2 -0.2 33 6047 6066 6055 6048 0.1 -0.2 32 6113 6122
6114 6114 0.0 -0.1 31 6179 6179 6174 6177 -0.1 -0.1 30

WO 2013/003454 PCT/US2012/044392
31 6706 6723 6728 6698 6718 0.1 -0.4 0.4
30 6784 6801 6790 6768 6788 -0.2 -0.5 -0.3
29 6861 6879 6851 6838 6853 03 06 -0.2
28 - 6939 6957 6913 6908 6913 - 0.5 -0.7 01
27 7017 7035 6975 6977 6968 -0.6 -0.8 0.0
26 7085 7112 7036 7047 7018 -0.7 -0.9 0.2
25 7172 7190 7098 7117 7064 -08  -1.0 0.3

Table 8: Comparison of slope for small temperature ranges compared to the slope for
the total temperature range for console B

% difference from
Console B ’ Linear model

Mixer 34.0- 31.4- 28.8- full 2nd 34.0- 31.4- . 28.8-
Temperature 31.8 29.2 26.3 full linear order 31.8 29.2 26.3
35 4892 4981 4899 4949 4908 11 07 1.0

34 4995 5058 4986 5029 5006 0.7 -0.6 0.9

33 5099 5135 5074 5110 5100 0.2 -0.5 0.7

32 5202 5212 5161 5191 5191 -0.2 -0.4 0.6

31 5305 5288 5249 5271 5279 0.6 -0.3 04

30 5408 5365 5336 5352 5364 1.0 -0.2 0.3
29 5512 5442 5424 5433 5445 -1.4 -0.2 0.2

28 5615 5519 5512 5514 5523 -1.8 -0.1 0.0

27 5718 5595 5599 5594 5599 =2.2 0.0 -0.1

26 5821 5672 5687 5675 5671 -2.6 04 -0.2

25 5925 5749 5774 5756 5739 -2.9 0.1 -0.3

Table 9: Comparison of slope for small temperature ranges compared to the slope for
the total temperature range for console D

Console D % difference from Linear model
33.2- 30.5-  full full 2nd

Mixer Temperature 30.8 27.5 linear order 33.2-30.8 30.5-27.5
35 5914 5952 5936 5911 0.4 -0.3
34 5981 6009 5995 5981 0.2 -0.2
33 6047 6066 6055 6048 0.1 -0.2
32 6113 6122 6114 6114 0.0 -0.1
31 6179 6179 6174 6177 -0.1 -0.1
30 6246 6236 6233 6237 -0.2 -0.1
29 6312 6293 6292 6296 -0.3 0.0
28 6378 6350 6352 6352 -0.4 0.0
27 6444 6407 6411 6407 -0.5 0.1
26 6511 6464 6470 6458 -0.6 0.1
25 6577 6521 6530 6508 -0.7 7 0.1

This console did not undergo testing from 76-80 degrees F
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6246 6236 6233 6237 -0.2 -0.1 29 6312 6293 6292 6296 -0.3 0.0 28 6378 6350
6352 6352 -0.4 0.0 27 6444 6407 6411 6407 -0.5 0.1 26
WO 2013/003454 PCT/US2012/044392

[00176] The models with the smaller temperature range generally did well when the
temperature difference was within a few degrees of the installation temperature (31 degrees
C), but the error usually approached the 1% mark at the edges of the temperature range. This
data was collected under ideal conditions where many good samples evenly distributed over
the desired temperature range could be obtained. Table 10 shows the slope of the mixer
temperature vs. TMA integral for the individual segments compared to the entire data set. In
all cases the uncertainty in the slope is much higher for the shorter temperature ranges. For

most of the shorter ranges the slope uncertainty is in the range of +/- 10 %.

Table 10: Comparison of Mixer Temperature vs. TMA Integral Slope for Short
Temperature Ranges and the Entire Data Set

temperature uncertainty
Instrument range slope +/-
Console A 34.4-32.5 -87.0 8.9
Console A 32.0-29.8 -66.5 6.6
Console A 29.6-27.1 =78.7 6.6
Console A ALL Data <774 1.8
Console C . 35.3-33.1 777 9.5
Console C = 32.7-304 -78.0 8.5
Console C 30-1-27.5 -61.6 13.5
Console C All Data -69.8 2.1
Console B 34.0-31.8 -103.3 6.1
Console B 31.4-29.2 -76.7 5.7
Console B ' 28.8-26.3 -87.5 8.9
Console B All Data -80.7 14
Console D 33.2-30.8 -66.3 6.7
Console D 305275 | -56.9 4.9
Console D All Data -59.4 1.8
[00177] NMR signals are known to vary in amplitude depending on environmental

(ambient room) temperature. Figures 11A and 11B show examples of linear regression
between the recorded environmental temperature and an example mixer area temperature. As
seen in these figures, the mixer area temperature was relatively stable for each test point,
whereas the environmental temperature varied as it was controlled over the course of running
samples for the test point. Given the relative stability of the mixer area temperature and its

more definitive relationship with the NMR signal amplitudes, the mixer area temperature

39
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[00179] To generate the data for Figures 12A, 12B, 13A and 13B, a custom
temperature and humidity chamber was constructed. The enclosure consisted on typical 2in x
4in construction with double wall insulation. The length x width x height of the enclosure
was 16 ft x 8 ft x 8 ft. The insulation was manufactured by R-Max Inc, model number R-
Matte Plus 3. The insulation was a rigid foam plastic thermal insulation board. Two 24,000
BTU air conditioners for cooling and humidity conditioning were used. The units are
manufactured by Denso Corporation, model Classic Plus 26. The units had digital
temperature control, power of 230V, 60Hz, 13.8A. For temperature and humidity
monitoring, two data loggers were used by Extech model number 42280. For humidity
conditioning, silica gel by the manufacturer Hydrosorbent Products, Inc. was used to lower
the humidity. A total of 30 boxes each containing 900grams of silica gel desiccant were
used. For the purpose of humidifying the chamber, two Honeywell QUIETCARE
Humidifiers and two Vicks vaporizers were used. To distribute the air flow inside the
chamber two small TORNADO fans were used.
[00180] For brevity, the mean, standard deviation, and CV% for LDL-P, and HDL-P
from the control material are shown in the noted tables. However, TG, HDL-C were also
calculated at each temperature and humidity test point. The temperatures in the chart were
within about +/- 2 degrees and the humidity was believed to be within about +/-5% RH (non-
condensing). Each test point met the precision target for each analyte with one exception: the
%CV for the level 1 material at 80 degrees F and low humidity was 6.2%, slightly higher
than a normal target %CV of <6%. However, 6.2% is well within the 95% confidence
interval observed for within-run precision of samples with low LDL-P concentration.
[00181] The second order polynomial regression between each analyte value for each
control level vs. mixer area temperature was calculated. In cases where the second order
regression term was significant (p<0.05), the polynomial regression was accepted as the
relationship between the analyte and temperature, otherwise the linear regression was

calculated and accepted. See, e.g., Figures 14A, 14B, 15A, 15B, 15C, 15D, 16A and 16B
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-66.5 6.6 Console A 29.6-27.1 -78.7 6.6 Console A ALL Data -77.4 1.8
Console C 35.3-33.1 -77.7 9.5 Console C 32.7-30.4 -78.0 8.5 Console C
30-1-27. 5wWoRM1303F45 Console C All Data -69.8 2.1 ConsolPeTRS3012044392 8

which show the accepted regression for each analyte and control level vs. temperature. The
relationship between analyte values and environmental temperature was determined to be
polynomial for the low humidity testing and linear for the high humidity testing.

[00182] The %Bias vs. temperature was also evaluated based on the mean analyte
value at each test point and independently based on the accepted regression equation for each
control level and analyte. The study protocol states the reference for the %bias is the test
point (across the temperature range) with the lowest mean analyte value. However, the
lowest mean analyte value may be a temperature at which unacceptable bias exists (>10%).
Instead, the %bias at each test point was evaluated relative to standard ambient temperature,
or 77 degrees F (25 degrees C). %Bias based on the mean analyte value at a given test point
was calculated with respect to the 75 degrees F test point, as this is the closest test point to
standard ambient temperature. %Bias based on the regression equation was calculated with
respect to exactly 77 degrees F since the regression equations for analyte value vs. mixer area
temperature and mixer area temperature vs. environmental temperature allow for continuous
solution. The regression equation used to calculate the relationship between environmental
and mixer area temperature used the equation in Figure 11A. The %Bias based on each
method is summarized for LDL-P and HDL-P in Figures 18A, 18B, 19A and 19B. Similar
measurements were taken for TG and HDL-C.

[00183] The %Bias estimated by the two methods was similar for each test point. One
temperature and humidity test point for LDL-P showed unacceptable bias >10%: 60 degrees F
at low humidity. Using the regression equations for LDL-P vs. mixer area temperature for
this test point and mixer area temperature vs. environmental temperature as shown below,
10% bias in LDL-P relative to standard ambient temperature occurs at an environmental

temperature less than 60.8 degrees F:

32.6°C = (77°F * 0.5218) — 7.56

LDL-Psy = -895.3 + (119.2 * 32.6) — (1.896 *32.62) = 975.5nmol/L
LDL-P; 0, = 0.9 * 975.5nmol/L = 878nmol/L

LDL-P4, =-895.3 + (119.2 * 24.2) — (1.896 *24.272) = 879.0nmol/L
60.8°F = (24.2°C +7.56) / 0.5218

This indicates that an environmental temperature of 61 degrees F yields LDL-P bias less than

10%. The other analytes can be evaluated at 60 degrees F and be within the %bias target.
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known to vary in anplitude dependi ng on environnent al

[00184] The relationship between analyte values and humidity was also examined.
Each temperature test point was assessed at relatively low (target 15%) and high (target 80%)
humidity. Humidity data were recorded through monitoring of the instrument environment
and was observed in the range of 17.5 — 34.2% for low humidity (mean = 22.7%) and 63.2 —
89.7% for high humidity (mean = 77.2%). The %Bias between low and high humidity tests
at each temperature were calculated and summarized. Table 11 and 12 show the results for

LDL-P and HDL-P.

7 Table 11: LDL-P (nmol/L) %Bias vs. Humidity

'Mean @low Mean@hlgh -

= i %Bias

362.4 9%
900.4 1.2%
- 917.5 "6.4%
1673L1 . 921.8 5.9%
, ' 951.4 926.1 2.7%
‘922.8 966.0 4.7%
937.4 915.7 2.3%
11966.1 1922.6 2.2%
[2004.7 1989.4 -0.8%
120787 1995.3 4.0%
167312 21654 2030.6 6.2%
‘ 20996 20124 4.2%
= OD3ls 21382 0.3%
20744 2014.8 2.95%

Table 12: HDL P (umol/L) %Bias vs. Humidity

Mean @ low | Mean @ high
Control Level , %Blas
. humldlty humldlty _
26.72 26.47 -0. 9%
, 27.34 126.98 -1.3%
1673L1
, 28.49 27.75 -2.6%
l, ; 29.05 28.20 -2.9%
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Control Level Teneprature (OF) Meanlow humdity Mean @high humdity %Bi as
60 878.8 862.4 -1.9% 65 911.3 900.4 -1.2% 70 980.3 917.5 -6.4% 1673L1 75
979. 5 921w6 205/(8345480 PCT/US2012/044392

in the exemplary embodiments without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such modifications are intended to be included
within the scope of this invention as defined in the claims. In the claims, means-plus-
function clauses, where used, are intended to cover the structures described herein as
performing the recited function and not only structural equivalents but also equivalent
structures. Therefore, it is to be understood that the foregoing is illustrative of the present
invention and is not to be construed as limited to the specific embodiments disclosed, and that
modifications to the disclosed embodiments, as well as other embodiments, are intended to be
included within the scope of the appended claims. The invention is defined by the following

claims, with equivalents of the claims to be included therein.
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951.4 926.1 -2.7% 85 922.8 966.0 4. 7% Overall 937.4 915.7 -2.3% 60
1966.1 1922.6 -2.2% 65 2004.7 1989.4 -0.8% 70 2078.7 1995.3 -4.0%
WO 2013/003454 PCT/US2012/044392

That Which is Claimed is:

1. A method of operating an NMR analyzer, comprising:

placing a sample in a bore of an NMR spectrometer;

electronically obtaining NMR signal associated with the sample from an NMR probe
held in the bore of an NMR spectrometer;

electronically detecting at least one temperature at a location that is (i) on-board the
NMR analyzer and/or (ii) in a room holding the NMR analyzer proximate in time to the
obtaining step; then

electronically correcting the obtained signal using a temperature sensitivity correction
factor that is selected based on the detected temperature and a model of NMR signal
temperature sensitivity; and

generating a quantitative measurement of a sample using the corrected obtained signal.

2. The method of Claim 1, wherein the electronically detecting step is carried out using
a temperature sensor that resides in an NMR console of the NMR analyzer, and wherein the
electronically detecting step is carried out to detect a plurality of temperatures during the

obtaining step.

3. The method of Claim 1, wherein the model is a linear or non-linear model of a
concentration standard over a defined temperature range that provides NMR signal intensity
adjustment that varies as ambient temperature varies thereby allowing for fluctuating ambient
temperatures over at least 5 degrees F (3 degrees C) within the defined ambient temperature

range.

4. The method of Claim 1, wherein the temperature sensitivity correction factor
includes a non-temperature sensitive instrument normalization correction factor to thereby

normalize measurements taken over a plurality of different NMR analyzers.

5. The method of Claim 1, wherein the electronically detecting step is carried out using

at least one temperature sensor that is on-board the NMR analyzer proximate a mixer box.

6. The method of Claim 1, wherein the model is generated using a standard model of

temperature sensitivity based on measurements of a plurality of different NMR consoles or
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1673L1

portions thereof obtained by measuring temperature versus peak values of standard signal
integrals over a defined temperature range, with the signal values at defined temperatures over

the temperature range being averaged to generate the standard model with a slope.

7. The method of Claim 6, wherein the temperature sensitivity measurements are
carried out while the NMR analyzers are held in a temperature controlled environment and

exposed to temperatures over a defined temperature range.

8. The method of Claim 1, wherein data for the model is generated at a use site of a

respective NMR analyzer to define an instrument specific slope.

9. The method of Claim 1, wherein the model is validated and/or generated, at least in-
part, at a use site using a small ambient temperature range that is a sub-range of a defined

larger acceptable ambient temperature operating range.

10. The method of Claim 1, wherein the obtaining step can be carried out when the
NMR analyzer is in a room having an ambient temperature range of between about 63 degrees
Fahrenheit ("F") (about 17 degrees Celsius) to about 75 degrees F (about 24 degrees C) with
temperatures that can fluctuate at least about +/- 5 degrees F (3 degrees C) within the
temperature range, and wherein the generating step generates quantitative measurements with

. +/- 2 % accuracy as measured by a trimethyl acetic acid (TMA) control.

~ 11. The method of Claim 1, wherein the sample is a human blood serum or plasma
biosample, wherein the obtaining step can be carried out when the NMR analyzer is in a room
having an ambient temperature range of between about 60-85 degrees Fahrenheit ("F")
(between about 16 degrees Celsius to about 29 degrees C) with temperatures that can fluctuate
at least about +/- 5 degrees F (3 degrees C) within the temperature range, and wherein the
generating step generates quantitative measurements with +/-10 % accuracy of lipoproteins in

the biosample.

12. The method of Claim 1, wherein the model is a linear model and has a negative
slope, and wherein the correcting step can be carried out using the slope to calculate the

adjustment factor, and wherein the detected temperature can include a temperature in a mixer
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region on-board the NMR analyzer which correlates to an ambient temperature that is between

about 10- 15 degrees below the on-board detected mixer temperature.

13. The method of Claim 1, wherein the obtaining step can be carried out when the
NMR analyzer is in a room having an ambient temperature range of between about 60 degrees
F (17 degrees C) to at least about 80 degrees F (27 degrees C) with temperatures that can
fluctuate at least about +/- 10 degrees F (8 degrees C).

14. The method of Claim 1, wherein the sample is a biosample, and wherein the
generating step generates quantitative measurements for at least one target analyte in the

biosample with about +/- 10% accuracy over a temperature range of 60-85 degrees F.

15. The method of Claim 1, wherein the sample is a human blood serum or plasma
biosample, and wherein the generating step generates a clinically acceptable quantitative
measurement for at least one target analyte in the biosample over a temperature range of

between about 60-85 degrees F.

16. The method of Claim 1, wherein the sample is a human urine biosample, and
wherein the generating step generates a clinically acceptable quantitative measurement for at
least one target analyte in the biosample over a temperature range of between about 60-85

degrees F.

17. An NMR analyzer, comprising:

an NMR console;

at least one temperature sensor onboard or proximate the NMR console; and

at least one processor in communication with the NMR console configured to apply a
post-signal collection temperature sensitivity correction to signal data in communication with
or onboard the analyzer, the at least one processor configured to adjust NMR signal intensity
associated with a sample undergoing analysis using a correction factor that varies with
increasing and decreasing ambient temperature based on (i) temperature data from the at least
one temperature sensor and (ii) a model of temperature sensitivity of NMR signal intensity
over a defined ambient temperature range that is between at least about 63 degrees F (17

degrees C) to at least about 75 degrees F (about 24 degrees C),
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wherein the at least one processor is configured to generate quantitative measurements
using the temperature data and the model allowing for fluctuating ambient external
temperatures of at least about 5 degrees F (about 3 degrees C) proximate the NMR analyzer

within the defined ambient temperature range.

18. The analyzer of Claim 17, wherein the at least one processor is configured to
generate quantitative measurements that are accurate to within about +/- 2% over the defined

temperature range, as measured by a trimethyl acetic acid (TMA) control sample.

19. The NMR analyzer of Claim 17, wherein the at least one temperature sensor

includes a sensor that resides proximate a mixer box in the NMR console.

20. The NMR analyzer of Claim 17,wherein the post-signal collection sensitivity
correction is configured to allow for ambient temperature fluctuation of at least 12 degrees F

(7 degrees C) within the defined ambient temperature range.

21. The NMR analyzer of Claim 17, wherein the NMR analyzer is configured to
analyze biosamples, and wherein the at least one processor can generate a quantitative

measurement of at least one target analyte in a respective biosample that is accurate to within

about +-10%.
22. The NMR analyzer of Claim 17, wherein the model is an analyzer-specific model.

23. The NMR analyzer of Claim 17, wherein the model is a linear or polynomial
standardized model used for a plurality of different NMR analyzers.

24, The NMR analyzer of Claim 17, wherein the model is based on data from in situ
temperature versus signal measurements taken over a subset of the defined ambient

temperature range at a field use site at installation.

25. The NMR analyzer of Claim 17, wherein the NMR analyzer is configured to
evaluate at least one target analyte in at least one type of biosample, wherein the NMR console
can operate in an environment having a temperature range of between about 60-85 degrees F

while allowing for temperature fluctuations of at least 10 degrees, and wherein the at least one
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[ 00185] The %bi as associated with humdity was | ess than 10% for each

anal yte avoeatdnosssaperature test point. The overal |l %bi asThiStewesmsvhe two
hum dity test points was |less than 3% for LDL-P, approximately 1% for
HDL- P, and al nost negligible for TG and HDL-C (<1% . [00186] Addi tj onal
anal ysi Brogessonis eorsiavies t0appiniBe posisicaak ¢raregtion ©rgengrateatliniGabasiitiyet ween

anal yt emgééu%?&enﬁr\gsi%%@nagﬁﬁggl ir}e%@%‘er e'ﬂzftﬁregﬂ{th% hénpitufahgh ty and_high

hum dity testing (p I near relationship, respecttvely). The
di fference between the |inear and pol ynom al rel ationshi ps was nost

significant at 85 degrees F resulti in.the highest %bjas ys. humdity for
each anal yt e?édftT%FmMﬂtaé‘élty_zﬁd?f ?mh'iﬂ?fgl‘? nﬂﬁ’ V‘a;webléﬁ8¥1§$ur€\€§’ f ound not
to be %@u&wé ity 62U A hubhPin1 G5t pIh ORGSR bloRAAEIR!E @Ber%ﬂﬂé@r ature

and humdity testing was perforned on Vantera over the range of 60- 85
degr eesNMRitonsotelvah operatedn i ghvinemiedit byving e stmpeegtutetrenghafbetiveencbpotsl- e

%i as | t han, 10% for .LDL-P, TG HDL- d -P h test int with
{he excERFBFEdt W 2 Bt &y agraees B RS of Rurealt gSare. panupdR | he

| ar gest (¥ RastARe BrHteshop & @abg@bl ALY HRDoMBS gl chbiRe:tRa 16 88Heas cinitAst
point at both humdity |levels. [00188] Based on regression anal ysis,

envi r onfeantitative srepereinente o NNR bignglahtpenasiat emperggred dythe dempergivesdgege. LDL- P,
TG HDL-C, and HDL-P results within an acceptable 10% bias range relative
to those produced at standard anbi ent tenperature of 77 degrees F (25

degrees C). niITHeaNMRUnaBRGESTIEhint NPT tie adashottadocessdreai gékratt i onshi p
with analyte values, humdity was not found to he a si g[ni ficant contributor
r

to bi asMepOIBTTSTR plarakigoeiigrgctanalytesinratrediayedrosnwlsstaadnye mlénti on and
i's not {851 b chd REE BEHESS: thePbbOais Bidhin] SuEX BORS e
enbodi n%%?%%gﬁgggﬁiﬁlﬁ%\l@%% frgﬁltﬁ%@gd%een?%téscr [ %eg, t ﬁtgus egasgll(lﬁl ng [ ngrteﬁe art
wi || reBdéhperatppracgat e t hat many nodifications are possible WO
2013/ 003454PCT/ US2012/ 044392
28. The NMR analyzer of Claim 17, wherein the NMR analyzer is configured to

evaluate a plurality of analytes in a urine biosample, wherein the NMR console can operate in

an environment having a temperature range of between about 60-85 degrees F while allowing

for temperature fluctuations of at least 10 degrees, and wherein the at least one processor is

configured to apply the post-signal correction to generate quantitative measurements to NMR

signal obtained at temperatures in the temperature range.

29. A circuit comprising at least one processor configured to compensate for
temperature sensitivity of at least one NMR analyzer, wherein the circuit is configured to
adjust NMR signal intensity of a respective NMR analyzer associated with a biosample
undergoing analysis based on (i) a detected temperature onboard the NMR console proximate
in time to the analysis and (ii) at least one model of temperature sensitivity of NMR signal
intensity over a defined ambient temperature range of between at least about 63 degrees F (at
least about 17 degrees C) to at least about 75 degrees F (about 24 degrees C), wherein the
circuit is configured to generate quantitative measurements using the detected temperature and
the at least one model of temperature sensitivity allowing for fluctuating ambient temperatures

in an environment about the NMR analyzer over the entire defined ambient temperature range.
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in the exenplary enbodi nents without materially departing fromthe novel
t eachi ngs and advantages of this invention. Accordingly, all such

nodi fi catwonsi3aoassunt ended to be included within the scopg/ustoiiousso2
invention as defined in the clainms. In the clains, neans-plusfunction

cl auses, where used, are intended to cover the structures described herein

as perform nt-tThe cirest efddlamy 48 Whsenibe #deashAnS/PIeeessit IS hfordiunsali®nt s but
al S0 ealli(al B ol KAk HE@Stor, EREWHERIRtheldt 1cSt dnd pREcUBR BLPEARAL Nt the
foregoing is illustrative of the present invention and 1s"not to be

const r ugdntititive mebederhentd thet specddrate tewitbo abent §/- d0%adves thet ,definell arhlaient

nodi fications to the discl o?ed enbod(}i?ienlt%s,. a]i v%ﬁl | as other enbodi nents,
are i nt SHPEEH 498 UHRE (fifet] 155t peme¢Rl g Ut atienst I ERERSEOTHRRSHES The

i nventi Qpel 81188 0P GG A¥edr PeedeBhbPOBY 6 |a€%lg§1te dhugditnyiah 8P berr&kiohhe
clainms to be included therein. WO 2013/ 454PCT/ US2012/ 044392 That Which
i s C ai faetr icsadjust the NMR signakettersityof oper ating an NVR anal yzer, conprising:
placing a sanple in a bore of an NWVR spectroneter; el ectronically
obtai ning NVMR signal associated with the sanple froman NVR probe held in
the bore of an NVRisRESE CRIBDLE! wherein th€htEl6dst 6Rd fdkésforde ireedrhMPnidhtidreast one
tenperature at a location that is (i) on-board the NVR anal yzer and/or (ii)
in a rowithkbleaitnge NMR HrRetanang »derqin Hiei atdaast 9ne PrOGeRsor 621 BRICHHE ai ni ng st ep;

h i call : : y _
Sengi t1 91 foESE PRt SPLIEE W OE RIS R B Blon ibRRUBL BTG 1€

t enper ajdeuaatatpdvichinabalt +of 2%vResthg dafinddentasmatémperateresiah go/ast gralvated using
generating a guanti tative measurenment of a sanple using the corrected

obt ai ne#tréngfayacetic acid (BMAYgentilt hod of O aim 1, wherein the el ectronically
detecting step is carried out using a tenperature sensor that resides in an
NVR consol e of the NMR anal yzer, and wherein the electronically detecting
step i s carr3zdAguicessor detfentredatopldiirsabbthiped NMR sipaalatsirgedatalfroinrd ldakteone
obt ai ni ng. st.ep. 3. . The net hod .of d ai wherein th del is a

i noar. GO heLFmRBARIC SRS L rEPono LR AR By & i et medd

t enper a%éﬁf&eﬁtﬁ&%gﬁhﬁﬁen@ﬁ?Vé@@ﬁeﬁl‘}!@%ﬁhg B8R stafMRD S|4 REINUS tiItkathRatngear i es

as anbient tenperature varies thereby allowi ng for fluctuating anbi ent
t enper abetwesn aeast aliout ehdegriesdefli7edegraes C3 avdafrleass al@)ut vip hpnees We2ddédeiersd

mbi : . : . Ih . hod : [ wher.ej
Cemper af b mecanel RV B sty ) pdds PRI affbic SylietwliHG felsbS

sensi t i ¥goving feruTRAfatiNE hfBldn? Rhiperht@es bestat RastfSadeefies FQ3 dogieedy) wihimal i ze
measurenents taken over a plurality of different NVR anal yzers. 5.

The net Avdlefredymbignttempgiates Hnghe el ectronical ly detecting step is carried
out using at |east one tenperature sensor that is on-board the NVR anal yzer
proxi mate a m xer box. 6. The nethod of Claim1l, wherein the nodel is
gener at ed usBhdhe pséceasdaiof Chanted2, oheteanthe pedcasser Saafipured toafpdg e delested
measurenents _of a plurality of different consql es or )

2013/ 00B2%APactioB ML ueFGISIHGEY $UFRSUPH &%R 85{1% @J%M&@B?li dagp

t enper aty{RiUh SiSteRfRfanB kMRS HelwthaBOR 6d- @iRdes P8 & & tYRkatdredef i ned
tenperature range, wth the si gneﬁl val ues at defined tenperatures over the
t enper atlete@ed progendie b tigheanfaigngbatquitipenendwhereinghs madelas d dafigkel lingat h a

sl ope. 7...The thod of Claim®6, wherein the tenperature sensitivity
neasureﬁ%q{?rsnoﬁr'lé“eéﬁmpmfi@d out while the NVR anal yzers are held in a
tenperature controlled environnent and exposed to tenperatures over a
defined tenperature range. 8. The nethod of CJaim1, wherein data for
t he nodel i s34ehermpetar progampiedsgttfer asussing VIR stgngbinfqueity ipatonensaty def i ne
an instrunent specifi.c slope. i .ein the
model 1 SR lBEG iy By CEBME w iy PETRD Ryt Bpict sl PRHEL" (1T
a smal | anbi eabn-t@ARREAtUHButEERAEbIOAbraps mediBubhavangenvjuter idafableed | ar ger
accept abl e anbi ent tenperature ogperating range. 10. The nethod of

O ai m 1Progrsn epde eopkodishiaispidmacdivpsaheprpieaeadably Roeraihesle cARPRNRS:

anal yzer is | V| n ' : r - : bout
63 degrees FgﬁP@#EIg@?a J}%Fﬁlj)agr(a g’b%ut ?%ﬂ%g%(?{eg;%ﬁ%%&l ug?g%?@n%gﬁf&é%&gtggr ees
F (aboutvithd degnedsurderguitgdartabyspeioatempestite atnsitantyfHasat aralipa simpeedste about

+/- 5 degrees F .(3 degrees C) w.thin the. t rature range, and wherejin the
gener at F‘?gfﬁc@iegﬂv 18’@6 i‘?ag? Y 1&‘.?5‘#1”1\1 1?%%"%“%&@%@@ APy EE R %tJr]F?St é’ng/oe’étc‘?&@l acy
as neasured by a trinethyl acetic aci dqTMA) control. 11. The net hod
of Caiml1, wherein the sanple is a human bl ood serum or plasnma bi osanpl e,
wherein the obtaining step can be carried out when the NVR analyzer is in a
room havi ng an anbi ent tenperature range of between about 60-85 degrees
Fahrenheit ("F') (between about 16 degrees Cel sius to about 29 degrees C)
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14. The method of Caim1l, wherein the sanple is a biosanple, and wherein
the generating step generates quantitative neasurenents for at |east one
target amaiDyos/iosusthe bi osanpl e with about +/- 10% accuPaEyuSeMe 044392
tenperature range of 60-85 degrees F. 15. The method of Cdaiml,
wherein the sanple is a hunan bl ood serum or pl aspa, bi osagrz%llg% and wherein

the gendPBientigealiongssyeistsdayigsthy NYIRANGREZFLPIQEIRa IITRe thu ujsjigon of
measur e QL bRkarhFRShd BN hBAE R (@RNRMER kit HIQSARRR AUEsi

t enper a%rﬁe? ecrlgngets%x#ﬁbglt%g@ﬁd about 60-85 degsr eels ﬁv %%1 Thes'lt?}et hod of
d ai m lovenhekefnal dnhiseitdemperaiuse mnpeinbiretwedma ldsbamupb e degioat fidrdegreeshe
gener at | st ep gene es a i.ni cal |y accept abl uantitative asur ement
Por o Foaut 1GRMPHF Lotciaratyed Sehern o) BT beanre pene! plimsly altr B ange
of bet wegs ababichPrRpeRaRE 8Sesithereby allowifg FATINNRHAR abEAE tenfRAMIELST NY:  an
NVR consol e; at |east one tenperature sensor onboard or proxinmte the NVR
consol egveantileast 5 degtee B3 legnes QF withindoe défined embpiant tempeorungirenget ded NVR
consol e configured to ply a post-signal.collection tepperature
sensitivity EomEtrraiRreiriio sy iied S el E T R s d ¢ e
anal yzegsing the aa}usdengcg@apfnmﬁﬁor configured to adjust NWR signal
intensity assocliated with a sanpl e undergoi ng anal ysis using a correction
factor that varies with increasing and decreasi ng anbi ent tenperature based
on (i) temnpe r ] ) (i) a
model of ¢ onpert g SPbEs bt Bibdh Rt SRR S H RO TRahIGIk |
anbi ent thaeggeradsihemieasugandiais coafipatdeegenatatd datdal ateasiiretaentsefatdest F (17
degrees C) to at |east about_ 75 degrees F (about 24 degrees C), WO

2013/ 009%SatseMabgo 1respestgobiosamplegner i n the at | east one processor is
configured to generate quantitative neasurenents using the tenperature data
and the nodel allow ng for fluctuating anbi ent external tenperatures of at

| east about %6.dégreespufer prigoanm pBdieigefddsinCy S, priwxéimticemedserchiRiscanal yzer
within the defined anbient tenperature range. . 8. The anal yzer of

d ai m 1%V lPITZRQt o, qg HYHCETHR lﬁrtﬁr(gggﬁ'%fyt‘?ssmﬁl&}ﬂ? ﬁwg‘rﬁlqso gener at e
quantitative neasurenents that are accurate to within about +/- 2% over the

defined tenperature range, as nmeasured by a trinethyl acetic acid (TM)
control sanpB®.The computed propiam RivRuahe Glaier 3bfwigrein theldeflingh taneiopatuieaange

K A

17, wher BioBd phema @$ kerindiadanpMsl ection sensitivity correction is configured
to allow for anbient tenperature fluctuation of at |east 12 degrees F (7

degrees C) wthin the defined anbi ent tenperature range. 21. The NWMR

anal yzer of b i J | ze
b1 osampl oo, aua nrearprt? FfEle bREEROR QR Y1 ek Sn Wk A ey ok
quant i t dfat ¥§ustedeNMREMgnadntaisity tasinfigmedtapgetatanaehyrenénts that espeatratee
bi osanple that is accurate to within about +-10% . 22. The N

el yo ol BHRITkp B 172 e S EGB ey 11 A A M i PEer et
23. Thed%@ YA&E +focC @i m 17, wherein the nodel is a linear or

pol ynom a stgﬁJgardi ie ermdel used for a plurality of different NWR
anal yzers. 24. The NMR anal yzer of Claim 17, wherein the nodel is

based on data.fromin situ tenperatyure-versus sSignal nmeasurenents taken
over a subs e? 9'01?het°r‘i’glp8gef Pﬁo&a%?@ﬁfof%lﬁ%?g.t@eégpglheg%on%&ulfg FPEMY 4S8 site
at i nst gak adjuRHNMR signaldRtendifieis MR aRed WzRlusofhe ARMBidnal uvihg dgTefertthe NVR

anal yzer is configured to evaluate at |east one target analyte in at |east
one t ypeomwsctioh daserporer afifpasteabaut Hedegrms dd@buitd degreed pe wathén the dgfined

envi ron i enperature range of between about 60-85 degrees F
whi |l e a?ﬁg\}ﬁnﬂ% glfgduﬁgtrrr%n ature fluctuations of at |east 10 degrees, and
wherein the at | east one WD 2013/ 003454PCT/ US2012/ 044392 processor is
configured to apply the post-signal correction to generate clinical
quantitati ve4ﬁeﬁ§tﬁO§}P@Fﬁr§Y%?fﬁ@r‘P@VRt o G 3dpvhereia hea?“?@ﬁ?fé?%({]ah es in the
t enpera : NR2; (_gngJ rel he NWVR
anal yzeﬁjﬂl{ggaﬂégﬁ%ecgoﬁlrﬁ gglr etd ggg(\l}gpggt e a@gl%h¥§ﬁe?§{yof rﬁ'ﬂs S%’é%%% rgédr%grﬁan bl ood
pl asma progsan woddthetsdefinbea slnpeofiempehtrdbRstony akectbml witle thetneodeh an

envi ronnment having a tenperature range of between about 60- 85 degrees F
while allowing for tenperature fluctuations of at |east 10 degrees, and
wherein the at | east one processor is donfigured to apply the post-signal
correction to generate clinical quantitative neasurenents to NVR signal
obtained at tenperatures in the tenperature range. 27. The NWR

anal yzer of Claim 17, wherein the at |east one processor can generate
measurenents of a plurality of target analytes in respective biosanples

AN N7 T~ o



29. Acircuit conprising at | east one processor configured to conpensate
for tenperature sensitivity of at |east one NVR anal yzer, wherein the
circuit iwocorsfdogesred to adjust NVMR signal intensity of PaTNS3@RO¥4i39E NVR
anal yzer associated with a bi osanpl e undergoi ng anal ysis based on (i) a

detected tenperature onboard the NVR c?nsole proximate in tinme to the
anal ysi s and*{-ilhy camprignrrogemePiedhel of Silameith dvrthes campEsBE LORPHET of NVR

si gnal | j v %§ pzTpaeTh aeen at
eat alau Pl bl Blic TR ARl SRl oo P Dpout 75
degr eesoffsifedbmu theMMBemubesr G)allowtthe einmote hentwil sgatérh to soodof dngllnredaluate
generat&lgﬁgﬂritative measur enents, using the detected tenperature and the
at | east™® PORPETdPT ERRERIYE ST tivity al l owing for fluctuating

anbi ent tenperatures in an environnent about the NWVR anal yzer over the
entire defined anbient tenperature range. WD 2013/ 003454PCT/ US2012/ 044392
30. The ci r c4l.tThefco@paferp@@ramhmdettrofitlainad4, vdestin theengded sessibstangaliyn
communi cation with at | east one NVR detector, and wherein the at |east one
process ealiﬁ*‘i’dg“lenerate quantitative measurements that are accurate to

Wi thin about +/- 10% over the defined anbient tenperature range using the
at | east one nodel, wherein the at |east one processor can select either a
| i near or nofd./Thesamppieepricrave dradueled! GlainnppIwhezeip gippaedal iy enaehagar vi ty
correcthgg factor to adjust the NWR signal intensity. 31. The circuit
of Claim @j wherein the at | east one processor is in comunication with at
| east one NMR detector, and wherein the at |east one processor can generate
quantitati ve44re@sbRFERE frogfarbrddassds Clhign 3ANERkeiR AR Jefifed eniReRSEt | Ve

bi osanpl es that are accurate to within about +/- 2% over the defined

anbi ent rangariseiesiveanabputfigel ade sscas | fu andwhersimie meapyrpienty preafet legstoaprd (TMA)
control.etab hwigﬁ“npbﬁg cassor configured to adjust obtained NVR signal

usi ng dara Prom at T 8ast 0re defined nodel of tenperature sensitivity of at
| east one NVR anal yzer, the at |east one nodel representing signal
intensity versus tenperature of a standard over a defined tenperature range
bet ween at | east about 63 degrees F (17 degrees C) and at | east about 75
degrees F( 24 degrees C), wherein the NWR signal intensity adjustnent
varies as anbient tenperature varies thereby allow ng for fluctuating

anbi ent tenperatures over at least 5 degrees F (3 degrees C) within the
defi ned anbi ent tenperature range. 33. The processor of Caim 32,
wherein the processor is configured to apply a sel ected post-collection
tenperature sensitivity correction to NVR signal data for NWVR signal data
coll ected over a tenperature range between about 60-85 degrees F based on a
tenperature detected proxinmate a tine of signal acquisition, and wherein
the nodel is a defined |inear and/or non-I|inear nodel. 34. A conputer
program product for adjusting NVR signal intensity to conpensate for
tenperature sensitivity of an NVR anal yzer, the conputer program product
conprising: a non-transitory conputer readable storage nmedi um havi ng
conput er readabl e program code enbodied in said nmedium said
conput er -r eadabl e program code conpri si ng: conput er readabl e program
code configured to adjust NWVR signal intensity associated with a bi osanple
under goi ng analysis for tenperature sensitivity based on (i) a tenperature
associated with at |east one internal |ocation inside the NVR anal yzer or
at | east one external 50 WD 2013/ 003454PCT/ US2012/ 044392 anbi ent | ocati on
associated with the NVR anal yzer proximate in tine to signal acquisition of
a respective biosanple and (ii) a nodel of tenperature sensitivity of NWVR
signal intensity over a defined anbient tenperature range of between at

| east about 63 degrees F (17 degrees C) to at |east about 75 degrees F (24
degrees C), wherein the NVR signal intensity adjustnment varies as anbient
tenperature varies thereby allow ng for fluctuating anbi ent tenperatures
over at least 5 degrees F (3 degrees C) within the defined anbient
tenperature range; and conput er readabl e program code configured to
generate quantitative nmeasurenments using the adjusted NVR signal intensity.
35. The conputer program product of C aim 34, wherein the conputer readable
code that generates the nmeasurenments is configured to generate clinica
measurenents of at | east one target analyte in respective biosanples.

36. The conputer program product of Cl® m 35, wherein the nmeasurenents are
accurate to within +/-10 % and wherein the target anal ytes include

| i popr ot ei ns. 37. The conputer program product of C aim 34, wherein
the defined tenperature range i s between about 60-85 degrees F, and wherein
t he neasurenents are of l|ipoproteins in human bl ood plasma or serum
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