GENERATI NG A DATA PROFI LE OF BI OVARKERS | N BLOOD Background to the

I nvention 5There is disclosed herein a catheter, in particular a catheter
for collecting a plurality of sanples fromwithin a | ength of a bl ood
vessel . The present invention relates to associated nethods, in particul ar
a nmethod for generating a data profile for one or nore biomarkers enmanating
fromthe wall of a blood vessel, a nethod of profiling a length of a bl ood
vessel to determn tyat he bl ood
vessel wall, and a%nggﬁtﬁP@R%llgﬁlg qﬁlg Wﬁ%%ﬁﬁga{ﬁ% QDf/essel It
is known fromV\D 2006/ 126002 to take a plurality of sanples of blood from

al ong a | engt rBa% 0‘1?*8?‘9*'5(%@]5"5?5'&8"“ sanpl es are taken fromnear to the

vessel 15 wal | can be a so as to determ ne concentrati ons of
bi omar ker s that are present t here and hence to determ ne positions of
vul nerabl e_p etc t he bl ood vessel along the | ength of the

sanmpl i ng pg F ét I‘?ed@étﬁéae'?ere'ﬂl B fARftes U rPastigylare %"F%Fﬁgé%ﬁ@‘?cﬁﬂ@ ajery

useful and ef fpﬁﬁéllt%@f sérhﬁtésmcﬁﬁmhm @Qengm‘ aSﬂ&Hlbbu%séﬁeﬂpﬁﬁ@br&eﬂﬂmﬂléﬁuon
configuration of the catheter and | ocati on and/or size of e vessel

under test. Fé&RlateRalPppesodiated s’“ﬁ@?d%\,l Napartipvlae @ mgthach ferapeeeratieg @ siatml e
col I ection arganpf f&r%ecalr%f]e%uoh{&fr%rg (ftn'aﬂﬁ]% SR tHeOwh i Gt ¥€f)‘°&fo due

to the varying geonetry e vesse traints I n posi |on|ng ‘& the
cat het er. Themgikaskaf Pmtﬁthg @alengih sfealbfpadovesisel tit detehroime théEpaithlbglcull ¢ri es

ot ueen the. aBriayogBaHAlse B e Mol Bee WAl Rt AP B erETBBE L e ot
whi ch t hose biigodokea bladevesselst sanpl ed. As detailed below, this is

achieved by inducing a flow fromthe boundary | ayer towards a sanple
collection area. 30 Summary of the Invention According to the present

i nvention, theiekhowpfow ded mUMZMth@rtalQ@@Qﬂ@ﬁahwgofasdiﬂﬁl@s Rt Blddcefrbr one
of nore b| onar kers emanat.i nqpfromthe wal | of bl ood vessel, which nethod

conpri ses anaf'§49 AgeBOIRIAt PaPIPeq Vessah| Hirisasamps éée tarkéﬁtf'é?%lnééﬂgt flhéat%wiat
has been 15 xaﬂalsub@haﬁtueaéﬁét¥% §58s t&aef@ﬂtr@ ccﬁ?&bﬁﬁéuﬁs Bhﬁoma%ﬂs \\gﬁfe'

to include blood present in boundary | ayer at the ood vesse
the bl ood sargiPe¥epriitnferaarad hence desieterniee postion®ré valneraple dlagugt letof t he

5bl ood vessel; LS ' Ling a
concentrati ona ﬁg‘/g@d&@%ﬁ%ﬂ%@bg?h?%@ %ﬁhﬁeﬁm‘ﬁ 2 fm Ofdje{géralﬁn&n}'ng a
first concentration correction factor for each respectlve bl ood sanple to

(l;f)(r)(r)gcts a];rglr %{hfcﬁéﬁ SuER eaplle%%n%e% area\r/]éjryqjsle%ia%d gﬁec\{\ge th%yfpfreesteei‘trt]t

20 dtffcu!ttes depending on the configuration of the catheter and the location and/or
size of the vessel under test. For example, it is not always practical to
manoeuvre a sample collection area of the catheter into position near to the
vessel wall, due to the varying geometry of the vessel and constraints in
positioning of the catheter. The present application seeks to obviate these

25  difficulties and to improve the consistency of results and obtain closer correlation
between the actual positions of sources of biomarkers and the positions at which
those biomarkers are first sampled. As detailed below, this is achieved by
inducing a flow from the boundary layer towards a sample collection area.

30  Summary of the Invention

According to the present invention, there is provided a method for generating a
data profile for one of more biomarkers emanating from the wall of a blood
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10determ ning a second concentration correction factor to correct for a
measur ed background concentration |evel for the bionmarker present in
general circulation within the bl oodstream for each bl ood sanple, applying
a respective first and the second concentration correction factor to

t he neasured concentration | evel of the 15bi omarker in each bl ood sanple to
determ ne a corrected concentration |evel of the biomarker; and,

generating a dakgelPihich! RefodCerhsiiEe8 thrfa®ReRNA rpmrhmg I DG shpleshfom a
bi omar ker al ong? the length of the blood vessel. 20The col | ected sanpl es can
be represent athleadsteamhiat hap leeepr veedsuubstagtially aeress dhe radiabpyient af the n

fromthe cent 3)?052}‘ Yés'%@l & ﬁ@%&g:@%d‘éfe%ntbmﬁr{e Eb%@g@g?&géggaﬁg? ?‘F og’/"ég}ésse!

The term boundary [ayer 1s use over a
i ncl udi ng 25boetdl, thel Wedd pamplesdeing takge @ respdctilief tboations ddonmd dength af éres.
cont ai n bi omarkers whi ch can

Sampl es of _bl god extracjed fromithe ve | . may...

be defi nedsas%gorﬂ?evﬁa‘?‘ameeﬂ %'%mf:ﬁ]g{ngistﬁgéfﬁpé&f‘i vel y neasured and eval uat ed
as an indicator of niesorhg ki obegintration pateh @l egbionfirkereiaseschoblood sample;

phar macol ogi c t her ageuti c_int eé\(enti on where the

| 30.re nses to
Char act or | St | QE1TRHIINE haroePTRRBITANH) Satecton) fastorotor | ercky reshvphveeHGRd

chem cal s and sgpbrCldl RFrestioh dferénddisds sa:ﬁﬁ@iﬁild}ﬁe aRb elilgfién B&twWdSnaiikrent
met abol i ¢ products. Optionally, the nethod further conprises the step of
anal ysi ng at PEg8tsagiEesl ood sanpl e col | ected from an upstream | ocation to

det ' h g j | t
eterm neypne 5ec0Hgteﬁﬂfnrnﬁftdbggcérﬁmf(tgreﬁc%rﬁrahtgn %Pr:e'cﬁé% actbP o ”&ﬁfe;ég 46 a

concentration levels of the bionmar . Qoptionally, blood sanpl are
anal ysed to nawaaviedt hrekgemdneansentatiar lexek fof érehvenarisekpiesent egrrreadl

circulation i@ir&{ﬂa‘?ioﬂ'@ﬂﬁﬂﬂee@%@ﬁféaw a known or neasured concentration,
ve

wher eby a respecti Irst correction factor is calculated for each bl ood
sanple to correct foorealitf bérehcempbet apepinghe mspectived fichnamhtthat sepondf t he

reference nargc?nrce”}attlohne c%lrr%%gons aflggtlo? t%ngwet r}n""etasiuPed concentration level of the
15  biomarker in each blood sample to determine a corrected concentration level of

the biomarker; and, ’
generating a data profile of corrected concentration levels for the

biomarker along the length of the blood vessel.

20  The collected samples can be representative of the entire cross sectional area of
the blood within from the centre of the elongate central body to the blood vessel

wall.

The term boundary layer is used to cover all types of boundary layers including
25  both velocity boundary layers and diffusive boundary layers.

Samples of blood extracted from the vessel may contain biomarkers which can
be defined as any characteristic that is objectively measured and evaluated as
an indicator of normal biologic or pathologic processes or pharmacologicai
30 responses to a therapeutic intervention where the characteristics could include
whole blood, cells, cellular components, chemicals and molecules such as lipids,

proteins, nucleic acids and metabolic products.



10general circulation. Optionally, blood sanples are taken fromw thin a
coronary artery and at |east one bl ood sanple taken froman aortic arch. 15
Brief Description of the Drawings The invention will be nore clearly
understood fromthe follow ng description, given by way of exanple only,

with reference to the acconpanying drawi ngs, in which: 20 Figure 1
illustrates schematically a catheter for use in an enbodi nent of the

present i nventpfhaly, the b Surtdrcoipi gL % SEBIERAIGN e RAsPLICHABA Ve

catheter for use in an enbodi nent I nventl on
schenat i cal | ysamplgl codeetedifiom @atlm@treamfIocatumetoudetmmeerwmjsemd odrradtien

cat hoter s 1 or ) Re dhBlsfitne BeasUaiEdRb B fosevesn b Bl i o6 o

cat heters for use
preferred catheter Figure 6 illustrates a catheter simlar to Fi gure 5in

Cross-sect i |l ust es schenmmtical l i ng el enent;
Figure 8 i QPF%[%’E' Z‘ﬁ’(grrﬁ?me 9redﬁn55y§%c§ ﬁ%tmgésqf?xﬁhﬁg ‘g“‘i-ﬁ?érﬁi"’” Ii?fgélre 9

il ustrat es sefaBRéd elrker mngaiéﬂrmiulaﬁannh&h@gﬂ&id%mah hdffg SkSowP or
illustrates schematically a m xi n el enent folded in a stowed position,
measured concentratlon whereby a respective first correction factor is

calculated for each blood sample to correct for differences between the
measured concentration of the reference marker in the blood sample and that in

10 general circulation.

Optionally, blood samples are taken from within a coronary artery and at least

one blood sample taken from an aortic arch.

15  Brief Description of the Drawings

The invention will be more clearly understood from the following description,
given by way of example only, with reference to the accompanying drawings, in

which:

20
Figure 1 illustrates schematically a catheter for use in an embodiment of the

present invention;

Figure 2 illustrates schematically an alternative catheter for use in an

25 embodiment of the invention;

Figure 3 illustrates schematically an alternative catheter for use in an

embodiment of the invention;

30 Figures 4(a) and (b) illustrate schematically alternative catheters for use in

embodiments of the invention;

Figure 5 illustrates a preferred catheter;



Figure 11 illustrates schematically m xing el enents stowed adj acent one

anot her; 15Figure 12 illustrates schematically two m xi ng el enents fol ded
together; Figures 13(a) to (e) illustrate folding of wire structures;
Figures 14(a) to (e) illustrate the folding wire structures of Figures
13(a) to (e) 20froma different view, Figure 15 illustrates schematically
an exanple of constructing a mxer; Figure 16 illustrates schematically an
exanple of fitting mxing elenments; Figure 17 illustrates schematically an
alternative exanple of fixing a m xi n? el ement; Figure 18 illustrates
schemat i cal | y FguralG illustiatesa catheterminilarde Flgi(f@ﬁ in graseysectionist r at e

cross-sections of nulti-lunmen tubing suitable for use in catheters for use

i n enmbodi nents of the present invention; Figure 19(f) illustrates a
cross-sect i on Rigural7titugiaites echamhdticallyaenixinglelemgerdui t abl e for use in
catheters for use in the present invention; Figure 20 illustrates

schematicaﬁly a manifold for use in a preferred catheter for 5 use in an

embodi ment  of Hdige Brifgtiited SoHRMAtRANY fm Bdmaiile niXingpélealeds schematically a
sheath for sealing with a nmanifold; Figure 22 illustrates

schematically a sheath for sealing with a raised portion of 10the catheter;

Figures 23(a) g é@)ulldétr'a%%‘écﬂ{eﬁw tBaMRESH h&GhutfOmidilteesamRL! ength of bl ood

vessel three d| erent ivid /groups or other comnbinati ons of nDIecuIes
or biomarkers associated with different stages in plaque evol ution;

tF'hguggfu fgf) a) pgg[a s 4B) Hdsltr%}’%g%c%%ﬁatngﬁly;égﬂﬁﬁﬁﬁefg%me‘?ﬁfc% QeI TAETS ,ﬂfsﬁ@ﬁnt at

on ' Of vesse of p aque, where little or
no m xing occurs within the bl ood vessel; and Figures 25(a) and (hb)

iIIustrateth concentra n_of ,bio sef t ral . region
of a blood ve éqéjlre g{‘ '"V%téaﬁﬁ %cfheﬁ.'aq%a@? mﬁfnﬁeeerémxﬁta \t7]\/|{%t\"f21e %Je&l?f o(g%
vessel is usednother:

15  Figure 12 iliustrates schematically two mixing elements folded together;

Figures 13(a) to (e) illustrate folding of wire structures;

Figures 14(a) to (e) illustrate the folding wire structures of Figures 13(a) to (e)

20 from a different view;
Figure 15 illustrates schematically an example of constructing a mixer;

Figure 16 illustrates schematically an example of fitting mixing elements;

25
Figure 17 illustrates schematically an alternative example of fixing a mixing
element;
Figure 18 illustrates schematically a multi-lumen tube;

30

Figures 19(a) to (e) illustrate cross-sections of multi-lumen tubing suitable for

use in catheters for use in embodiments of the present invention;



Det ai | ed Description 25There is disclosed herein the provision of at |east
one m xer on a catheter for taking sanples within a blood vessel. The at

| east one m xer is for creating a flow of blood fromouter portions of the
bl ood vessel to an inner central region of the blood vessel where sanpl es
can be collected by the catheter. For exanple, a plurality of sanples may
be taken along a length of a blood vessel such as a 30 coronary artery,
and those sa d i r i dentif

VUl ner abl e pl L905 TATLNEEARIPE £1GREE sl R RSB b ER AR Lo oo
fl ow of the bfoodevresstbetersSiorluselirethermgasentiiglentioe danaged epi t hel i al

ti ssue, healed epithelial tissue and in general any |ocalised process in
whi ch bi ol ogi cal or pharnmacol ogi cal processes are underway e.g. tissue

response to sFiglid 2Qillustarerstheniaticdlyda witindk® foF Q5 HH U preRr@asiAkktst Rt S,
ti ssue response to bal] ogn angi opl asty, stent grafting and any ot her

natural proce$s® §ran enediesnt ehthe presdiyeBtiakiat ni ght cause a | ocal i sed

ti ssue response. In 5 particular, it is desirable to create a flow fromthe
boundary | ayer at the wall of the bl ood vessel to the central region of the
bl ood vessel .Figuretil Jusiegtes pehrraatically asdsathtfonsedlingwithl amasifoldom t he wal | s
of the bl ood vessel can be sanpled and detected by the catheter
irrespective of the radial |ocation of the catheter within the bl ood

vessel . 10 Fifgoure 22 jllusiates sicbsmatiballyaa isbedthyfon séaingt Withhfa @isddopattivessel 2
i nto whi cila atﬁgk%‘%g& 10 has been inserted. The catheter 10 includes an

el ongate centra y' 12 having a plurality of collection areas 14 al ong
its length. In this illustrated exanple, each collection area 14 includes a

respective call ecti pori . .15.16 for callecting an indivjdyal sanple.
However, t heq'ld%LfrFﬁc?%?@ntoa&édi“sirﬂ?%‘iﬁpgf:ﬁ‘éer%i f R'/’gl AR '%éﬁ?gﬂo‘?ﬂa VeSS her
known neans afirebakdifgestanpdioRiuaPgroupsiced sM¥r i Behbifationy oft NABIcM8s or
col | ection p%riét for collecti ngitre%{;ecti ve sarrBI es. As illustrated, a

plurality of D¥AM@KErsigpspsiatidsyitt, diferend gtages iy plagee e¥alytianof the 20
catheter 140. In particular, the mxers are provided radially outwardly of
the el ongate central body 12. The m xers 18 extend in a region of the bl ood
vessel 2 at Féses 2itpeand (Phidlustratertheatancentratinn bl bisenarkerspresenhati thehe
boundary | ay J fLL Gl h Of ixer 18
upstroam of & a8 e} blogfitssbBa ekt G biapfc THEHlY P35 FiY

addi ti onal ngars withia thg bddod Yesskel;@pd wi t hin the bl ood vessel 2 is inproved

such that the, resu 0 I t,, the tr.al ni on. of the blo vessel
can al o be | I95Fa a0 st TP ok PapF B OB BB R b iRar 8 s

m xers 18 anderitied segian efrblocdduastibgeausbyit df plagubyiveerahiigngatigliy the
30bet ween ad'lac nt collectjon areas such that each successive collection
area i s sanp?PhYVESH(% &¥%i xed vol une of blood. Figure 1 illustrates a
bi omar ker rel ease stream 4, for instance resulting from plaque on the wall
of the blood_vessel 2. Bionmarkers released into the boundary |ayer wll
tend, if undPSRIPHRESH W min in that boundary |ayer such that optimal
sanpling by a catheter with collection areas in the central region of the

bl ood _
There is disclosed herein the provision of at least one mixer on a catheter for

taking samples within a blood vessel. The at least one mixer is for creating a
flow of blood from outer portions of the blood vessel to an inner central region of
the blood vessel where samples can be collected by the catheter. For example,
a plurality of samples may be taken along a length of a blood vessel such as a
30  coronary artery, and those samples analysed to detect biomarkers and thereby
identify vulnerable plaques and other phenomena releasing biomarkers into the
blood flow of the blood vessel. Such phenomena might be damaged epithelial

tissue, healed epithelial tissue and in general any localised process in which

5



5vessel 2 can be difficult to achieve. It is possible that the catheter
(for instance on a guidewire) is off-centre. As will becone apparent bel ow,
the m xers can have a second function of biasing the catheter to the
centre of the blood vessel (for instance by their inherent
10resilience/stiffness acting against any off-centering force of a

guidewire). Wth a structure such as illustrated in Figure 1, where a
plurality of syigegRsl a.epﬁarwcauolg&au %rﬁe@&’ééjﬁ% uhdernayfag. tisQue %%ESﬁ%é &
t hat each m xer provide 100% m Xing. It be appreciated that for a

mi xer 18 havi rﬁgermm% @fefarsuﬁe@mfydrug Hretale ir@m drmg rplensing stests. isewel regponse to

Succesgive COBBbOSaRARSN" Hork® AR, B PRHF RIRR SRl 4

93.8, 96.9, 9 for ciencies o o M Xi Ng
will occur wi tmtepmntxemmagﬂmedﬁrd5hat931ig§ht B8ust, a0%ddlis&d. tssudOfespodsd. orn

m xers of 90l effi c W t rcent a 90 7.5,99 4 99 8,
- 100. 20By PakiPRFIH ﬁ"és %1"??'?3’ %?%&ﬁa:“? 3w hf”c‘i‘ é&?‘b‘ﬂ‘ﬁ‘?aw [ygf Ay thgew égggl bl e
to predict V\heh@bloaawelsélh@tﬂeemﬁdal ﬁg;dm@ftaabtmuefeséa It thés WapHdk&tkers

rel ease stream 4 enanates from rse, where the bionarker release

stream 4 and i %Beﬁp@euwméh%w”ﬁdél be SR ervshsan deapdngledmnd
l'ength of the wadchat By tﬂe?catﬁe{ér%égp@@n@é 8BhelddidP HIcaBamMoPthd E‘ﬁh@!e?'\mt'hkf

rel ease streamw || not sanple 25any biomarker at all (or at |east wl

only sanpl e atishblegdyasell evel ). In one exanple, a collection area is

provi ded ygstream of any mxer 18 such that an unm xed sanpl e of the bl ood
can be taken so as to provide an indication of any background | evels.
The additi onaFlgmsﬂr dstratels| MIcaH)ea lengtii ghlay b®oddvessehgeimds which a

perform ng nor f r les. T
schematical ly %F EZ?frdaﬁga%r%Eﬂ ge'?%ﬂuﬂﬁe:%a@re gépl{d;gnn&g Ee%ﬁoe ?@t‘? i\ eﬂg"ﬁly
di fferent waybody 02 ihasingnaeplasalityanif rra;llébtum stedd d4naboags itoriengthbuh ethts
m xers. A ) . . . .
illustrated example, each collection area 14 includes a respective collection port
15 16 for collecting an individual sample. However, the collection areas 14 may
alternatively be embodied with other known means of taking samples, or indeed

may include more than one collection port for collecting respective samples.

As illustrated, a plurality of mixers 18 is also provided along the length of the
20 catheter 10. In particular, the mixers are provided radially outwardly of the
elongate central body 12. The mixers 18 extend in a region of the blood vessel 2
at least close fo the outer wall of the blood vessel 2 and the boundary layer at

that wall.

25 It is sufficient to have only one mixer 18 upstream of a plurality of collection
areas 14. However, with each additional mixer, mixing of the blood within the
blood vessel 2 is improved such that the resuits of sampling at the central region
of the blood vessel can also be improved. Hence, it is desirable to provide a
plurality of mixers 18 and these are most advantageously distributed alternately

30 between adjacent collection areas such that each successive collection area is

sampling a better mixed volume of blood.



static mxer is a mxer that achieves its mxing by staying still. It does
not add energy to the system It nmay work on both | am nar or turbul ent
flow. A mxer that acts upon turbulent flow may include a static m xer and
requires that there is sufficient energy within the flowto generate
turbulent recirculation. In a mxer 5 that induces turbulence as the core
mechani smfor mxing, it may do this by shearing the |liquid or adding

energy in the o] Q r 0 p d i el epent..

Pref orably, ¢ ROOEE dr MSREE A BRmrioniubtoel B 4. TBY e Setitpantiom

i deal I'y oper aplequé on thé wdilyafeise bfootllvegseli2. Biorharernarelessed interthlbonhdamest
defined as Reynold Nugb.rg]rs .f@gng(gl x10-6, to 10,000). The term | am nar and
turbul ent is TYECYHPEER ! updis _b 'tt%f?m?'@ri_f‘ that Rpupdrvdayersuah that erfimalder ed
llam nar if thearApIRlgYEY @ SRALRr '\Aﬁthcc‘ftﬁl'é?% aledB- in&hé WeRthP Rigidd Qth{@bPPHa” be

consi dered as bel ng made ufg of lots of lamnar sections going in different
directi on® Hassel 2 san ppdiffedl t ashiever onary arteries, although the pul ses
fromthe heart may be considered "turbulent”, the net flow characteristic
within that artery is best considered as 15being lam nar. Irrespective, in
some exanpl eslt ist pessitilg ¢hat the cathepdrdfabngahceom a duidewira)t iowdtcente:. iNsagilli ve

state to a s d nd active state. | articular. ip sone

exanpl es, t hgéze%laﬁ%eer 5&5%&@?%%9 % &eamgfe&éan ﬁ?é{gﬁ g%éoﬂdaﬁdgg{'q{‘ \‘}{EP'@W”QHE? are
cl ose 20 to dafeetenttertheucémtoe off tHehelceldongsde (Ganimstdndaody thairs idlardriat
the overall cross-sectional area present by the catheter 10 is relatively
smal | . TﬁPs JF?'E%CE?ﬁﬁnéﬁ? ﬁ@?'@raqegnﬁ(%@"%é’?ﬁgﬁé?rf’@dofﬁ%fat%‘é‘d%‘f‘%@d vessel 2
nore easily. Once the catheter 10 has been inserted into the desired region

of the blood vessel 2, the mxers 18 are then noved to their deployed and
active stat e Wit a Hructweaguch asllusiyated dn Tigusdx marrde urlMEliy 9f surrgpeive he

out er regi onsniRérst g iPIPOAJNESES 2 RBR é?s%n%@frﬁét'eé&!hoévﬁfe?g&%)@/i%afoo% ea

presented by the catheter 10 is increased. It is possiblet orma m xer
f r om f oam andniKingult ailbbe pppreciatedthas tienmixec 48 hpviaadih effisienzg, thawnined

depl oyed 45 oam, [ kesiSpi48d a@gu&%&e%'égg c}slliééstk%lsér%?é%@%%%nﬁ%ﬁi té%’%;rﬁt%ﬁ]esé of

arrangenent in which a cathet constru
plurality of 50i @bed7dy, 93.Bs196ek. 98T#he Simitarlys far mixdrstWids effidienies adi7arsd y

tooperat o withrg B sl afBiveEpaget g el P dPar abBh o B aft tof ™' ©
di amet ers. | mitdrs 2f s@dpefticiency with pdesintadyseoftdoad7isheodeebdyadosi@ie of the

m xers extends over a range of dianmeters. For smaller dianeter blood 5
vessels, the m xers 18, 28, 38 extend fromthe elongate central body 12,

22, 32 apgl t Byahkihhehued ImiRingt epbhead iNess&loudt, T Wiklleapssdidle tdeskbaied
mxing, it is sufficient for the mxers to extend to a region close to the

wal | of the WheGd alergdhe Jengln ofethel gathalesrertbe hipmarhes ieinasaasiieamyder .

Bl ood vessel sma Ofr oI HOT, Si : ' i fabl e
for the cat hzrtnef@tte g %gMéb({Jg Ctmg)bé1ga Un@ﬁ%?\mgommagﬁ%rt fﬁ%%ﬁé’i‘eﬁﬂo? gﬁgl'gsgd

vessel , irreajpectated pifueharei pesitiongd shrewbele. alpeadbe Ioyathsifrige dathatgabl e
m xers, the {3 V. t ' j t xt end
' |

Gl ose o the e g 1Rl Ea Y 6 bler e Bk b s e B e
of the HSoodanyesismiarkar at kit opdileast will ohly sampdea thackgnoanddeve)si n certain
arrangenents, the m xers provide the desired mxing irrespective of

In one example, a collection area is provided upstream of any mixer 18 such that

an unmixed sample of the blood can be taken so as to provide an indication of

any background levels. The additional upstream collection area is highly

30 advantageous in performing normalisation of data acquired from the sampiles.

The schematically illustrated mixers 18 of Figure 1 can be embodied in many

different ways, for instance as lamina flow static mixers or turbulent mixers. A

7



the direction of flow Al so, where the m xers are bent over fromthe

el ongate central body towards the walls of the blood vessel, it wll be
appreciated that they will be angled towards or away fromthe direction of
flow. Indeed, with the mxers in a deployed state such that their distal
ends, or tips, neet with the walls of the 20 blood vessel, if the elongate
central body is noved within the blood vessel, it is possible for the

m xers to be @?&It#:erﬁkgfhssé'gﬁlxépﬁfatta@ﬁu}év??ﬂ@ n%hmnstay.ﬁg%smf%dag rtd%vzﬁeds

and faci ng awa rectio In“virew of "this, preferred
arrangenent s (ehetgyeto ithex ey stemp §maayewb tr omboth igminiae of ttmnmentrﬂmpe%mnw tioat

whet her th f t

flow 25 Cort 2t GhfifanGhEodh dray teds' €¥dte mBEs AMIMEALET st inbi st |
best potenti aLsufrarenfreaé é;lygushm éhe diepl tbygamratemummgwtanedlrwawradnm abxérl ty
requi renents.

t d
bi omar ker Pr oﬂ??édﬂ@éc% gt?”lrﬁé’g’&og? f*(ﬂ)%%%v'rf&eﬁhg@?@n@é rﬁ'ﬁﬁ‘gr & fné‘VI({P %? %gh
the bul k bl oodnéariy the nhbfa Mwhg@ﬁérgym tHefafhwer §dc@h6§ryqfov¢ 8EPEREREY

fluid m xers have been osed using a series of helical sections, each
hel i cal secti movm/elﬁgneah plesably dheistatietmiser isfontivisad {Ar damings flewmixiadt he

adj acent hel i Q{ldé b¥tate3RbOH eé(oﬂl?@nﬂee(lgﬁmdalrlMﬁifﬁﬁﬁeﬁﬁ"@e@@ Inge

arrangenents or S?IQ{I C m Xers. m xers of ures 4(a) and (b)
i ncl ude a pl ursiReynolds Nvirerg fr@heﬁne‘(ﬂétMD,@ﬂﬂhﬁﬁ@ﬁarméﬁIh@Bryn@ twhiiehtis

el ongat e ntr od 1 4 f

cl enont o 10 amPiE8 erg o u IBuBhERuciial el s SxfHinbR WhATE e,
central body éRalgdis sba@ledachatgyd, 4. aEmdDhlem fowgpati eambe obhsidéfed 46beihg has
a helical and screw SF@%BF as to rotate.the es in

the | ongi tudi made din.p IYBAIPHGE @OH’@nWr(&{ferﬁggg'rﬁ?mnﬁsaﬁ%lnf:%s?t téfaed,

each m xi ng et&@nt cdr@h@@%“cetnaéoalmuﬁﬁ% pilges frbmetae heaitxhagbe ensidéred
rotates in an OppOSI te direction to any m Xi ng e& enent a€%§ cent . O%CL@S

this way, whilterbyleatithe mgt é’P\é’rr%’?ﬁ'a‘étSU?&Wfth'ﬂl that pEEM 5 PeRtat s

di recti onys Whghing Rahinht ui d flow reaches the next mxing elenment, the fluid
is caused to change its flow and flow in the opposite direction. It wll be
appreci ated t hat any nunber of mxing elenments could be used as a nmi xer 44

but that 20 lWe@%:gcg har* %‘l‘tﬁﬁoéxa%lgs Theifides! &gecﬁgpﬁoﬁfb‘?e ‘ﬁ% a flrkt SPRELd

al so be apprecia er arrarigenents coul d use simlar m xing
el ement s whi cind iobatie sﬂataotoga sgoomrd deplbm anthactigsetate.inqartieular, in some

T ura T om orSaRies, ghe rtiRerRete Salilh o ke dieklie SR B R Anb Btk Blose 20
il( e;ren: hczfo t te tnﬁmtendsagage e:h‘ errmtelbn]gdatn dt:elneal bodys12 atield theatdhgp logerad] dFmsyd[) e

a is is achieve altern ei n
rotational ly %’F?‘%‘éﬂ et é%? ‘f‘g%ﬁ’ﬁge (’J:?Mers o fd%\l'vteg'r ﬁ@?geﬂé'ﬁlailﬁwé%gﬁent sg

45, 47 by 90.ca8ter 10e Bé rRegedwith teé bEiongéeséi(m)wot&eagnyxomgeeihaeaahé&rM
45, 46, 47 of the arrangerrent of Figure 4(a) are epI aced l%y rP
mi xi ng el enentlshaubesininsegedifdo e desired reglo of the blobd Vessel 2 tHe mixers. 18

are then moved ta their deployed and active state. In this state, the mixers 18
25 extend outwardly toward the outer regions of the blood vessel 2 and the overall

cross-sectional area presented by the catheter 10 is increased.

It is possible to form a mixer from foam and Figure 2 illustrates schematically a
catheter 20 having deployed foam mixers 28.

30
Figure 3 illustrates schematically an arrangement in which a catheter 30 uses
mixers 38 constructed from a plurality of fibres or bristles. The fibres or bristles

extend radially from the elongate central body 32.
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In the arrangenent of Figure 4(b), a helical, spiral or screw section is
repl aced by two dianetrically opposed, but relatively angled planar
sections. Considering the pair of mxing elenments 54, a first mxing

el ement 54a extends fromone side of the elongate central body 52 of the
catheter 50 in the formof a 1800 sector for 5 filling half of the internal
space of a blood vessel. The first m xing el enent 54a passes through a

di aneter of the elongate central body 52, but is angled relative to a plane
perpendi cular to the axis of the elongate central body 52. On the other
hand, the secdénspréfeiiable tthbmiers Srbatié td hpaenatiai witldh bluodi vegsek erfaniasiebAof

whil e sinilarly being a sector aS|ngthr u he f the el ongate
central 10 boazjﬁeéeft' @ewgﬁﬁm%ﬂgoé\ éslrﬁsp%c ﬁ@ ‘%ﬁsérﬁg'egge{)@ﬁd?e&ﬂyép st¥et he
axis of the eborr@atrﬁxe?ergxlt@idsb@@ $72andeNof Riafnet@rs, FoPenifibf d@mé{b%bl&gd

el ements 54 functions crudel 60 spiral or helix. Preferably, at

| east one df Y&SefS the mxas éécgﬁ&aﬁ-’&tﬁﬁ@ fr@ﬂem?rﬁ'@“@iﬁ central hadyi 12,122 3Ror m
of a sector jysd tQY& theBWal O|5c9‘ fh@ai?loé@ew‘/egsélsz S?ﬁ%tﬁ%ﬁ%é"ﬁe?ﬁe& ?'%f_’nguﬁ iQf

m xi ng el ements when vi ewed axi al e exa re 4(a)
it is preferapifficientfor theenixerd @te&ﬁnd‘ﬂome@formiesep@l theo'cfallmfxme\gloeljmmls 54’

flows into an,
as illustrat ed%ﬂBQﬁéﬁé@ fn%? W'{hr&tﬂer nabdg'%I g'j B@&#q it S,S %rg uggfgqin!_lls%
are arranged wemané:npngcbe taperee. Ibishdesimbte fmf tlaaé teﬂhawreom dlsle @ fuHdtibni Ng

central oy 3908 InglendinsSFe pRE Gesde. SeReRis oL PR AbeR HieuREr ERE.

m xi ng el enertsusing d@pro&ablednlxeré?ahé MixdroweaEbe depldyBe tardi f@é?ﬂ@@&ént@fto
Figure 5 the |nc1bV| dual nl?é r}g 25 el enents of the pairs of mXing elements
are arcuate d84thPEEYENt claserthdhe el of ”1‘?1B'oﬁf’)é’ieﬁﬁe'épe'??ﬁﬁ?rswﬁ?tethﬁ"i’tlefna'

ef fective in GauEinds ieliAbb®Deel hhal bait, ithld sLeraR eamgh t he catheters and
for causing opposing counter-rotation at different portions of the nixer

al ong the length of the cathet er 30F| gure 5 illustrates a non-helical

m xer. TRe mjXidaetaf Qﬁ%éner% e?igrm&e i H@?ﬂr&f%h%%e%&n\% Qi s of

the el ongate central bo ot her ng sli
di scussed abdhe direetians ofi§ewr Adoe Wftﬂfe tthe mikgksr aret beteo s fray dbé eldngate

stowed positi Qﬂt?alcnl Eiosvg ughﬁe?\}aﬂg h% lﬁ&% @éselp |Il f ergngemgttggﬁ e?etgpetag ody

depl oyed posi “t1ons & ten at war y “away rom t
towards the ait bﬂe apgletpheandsafr aavayl fcmsd th&adnsaitmn&ﬁﬂowoh&fbedpﬂvitmmd fxerd Xi ng

R T O NN T R O

possi bl e2d or btobd%seelx ifitBe elongarng Seritfallb@dfmé dﬁﬁed%uﬁgﬁ BiI9bd tvegs« Uit &
surface of the elon ate centra@nga However , is desirable to be able

to stow the RPS&PE OR the fpixerse efﬁﬁ?ﬁ‘i’e?uqfhgﬁt §epdeerpPeMRah SRS e
arr angenent sfacint0 tdwardh | ind> Ladip ' fedy2 k8 fh tt!ﬁ@tdsﬁebﬁ‘orﬁﬁf% ofr L& BF hi9

el ements of the arrangenments of Figures 4(a) and (b) nmeans that the nixing
el enent s t heRE&RE ardegehenta«xrf dhemmixers aperate domaiing Hedflow drespectiveeobut er

surface of t{RitheF M rﬁ%%féx‘cggnt‘éltﬁ@ﬂé‘tﬁ%og\ﬁw&@e a%ﬁ'fr%fn theHi@HER. S
illust razgses one enbodi nent the present 1nvention allow ng good
Certain exemplary catheters use static mixers, these offering the best potential

for meeting size, deployment, mixing and manufacturability requirements.

It is desirable to provide complete mixing whereby any biomarker propagates
30  both about the circumference and radially through the bulk blood flow in the
blood vessel.



m xi ng and effective stowage of the m xers before deploynent. Figure 6
essentially illustrates the arrangenent of Figure 5 in cross-section, but
is in conjunction with a collection port of a type to be described in
greater detail below, in particular with reference to Figure 20. 20 As
illustrated, the mxing elenents are arranged in pairs, wth individual

m xing el ements 124a, 124b of a pair 124 being arranged on opposite sides
of the el ongatig Jhifdtilchs hAddgPFriutd @ixe?d ReVebedr? BropbRedidtligva deaés Bt xi ng
el ements extend radially and circunferentially fromthe elongate central
body 122 and hefcalsiestipasidrach helical sectianiayingr e vepesiteetidedtiont ¢fdwisitvdtmal
out er peri pher Io&ﬁiﬁ . m xing elenents take the form of
sectors of relré%%éfoyp’sena aég]ﬁg%}caa#g%g'g@nt, for instance in the region of
904. Each individual mxing elenment may be generally planar and follow a

pl ane extenpdi t hr h l ter .of the central el ate..body 122. In an
Bt Test st Bt e Pyt 8 gl &) AERUAE 485 P T B s Bp B R S Reg ers  errent s
may extend outwardly perpendicular to the axis of the elongate central body
122 and lie in a conmon plane._ Figure 5 ilJustrates the mxing el enents
deflected in &?@hlogﬁ'&? Fl'fg?rﬁé’l?ﬂﬂuf f‘ﬁaé)ﬁ,"d\ﬂh)e'f‘@é!gelﬂi @HYai'tVG"gi(ml"gQ?'ﬁﬁ‘éﬁtst hose
i xi ng el enentyhideditesd plidlly i GRPOBhGRe eRgAltisdynal direction. In the
illustrated exanpl e, adjacent pairs of mxing elenents extend fromthe

el ongate central body 122 in different radial directions. In the
illustrategd e ; AR Ua\Ofg il exkend i e h,adi al
di recti on, gmﬁfg%s(??lﬁét gé n(?ﬁ]fggféeg\?}agdfogg}nﬁlglﬂgf9%@)‘%}3%331 )é?rb%tgsérg’x?Zn%rrei n a
di fferent radeabngid abnigothe lpngtheofatbleyelangd@@entiak bedyf #2 sif the teathedercd@et of
m Xi ng el enen L0t rqss-secti f._FEi -section

t hr ough opposF%Sh -Ir@)%ﬁﬁgélswgﬁ ﬁtﬁsgiﬂé’ é?,&%%z%gegéag%ﬂi?gﬁﬁ{ gﬁﬁ}& g(glsasnliOxi ng
el ement 125b rdtateotheVvilea kif dluithds anmoves Xn tige édreyitadinall 86etiansof/ tisd bloagitehi nd
the el ongate central bo 22. 10 The advantage of the arrange , of

i qures. 8- andoaial Bor a2 IS THETDiety SRRt i S arl O B SRRERE 0 Ay ¢ o
be fol dediml oagech heixihgrgement rétaeselnongaipposkatdirRkti®ndy dd2mpisy Wiepead
partly around i_té@np%erl phery. 151t wll be apg’reci ated that, although the

exenpl ary cat AHRERNtLP tEIyiicway while @'q meingelemenk cauisassd fgytp pefate in

el ements, witéhd BRbMidRUNneN MaGuig! RIERLShEA I Bex hthgrble®ehenthe Alid is
appropriately 90 and alternate pairs of mxing elenents angl ed relative to

one anot her bfausegrteshargeity oo andtieerindherpprasitardigatiehdhys berapnsegstedl e
using mxI “g.ﬁhF%ﬁgtﬁurﬂé Abf frﬁ&iﬁgtel%gmsa&mﬁ&t ysed 49 ﬂl:j{efresz%ht {0t
nunbers of m XI ng Iemsn?s In any one group and using a different hunber of
groups of20m xpraterable renta radrengixiryeelbmegtsharef uselde ltedhonlghaleo berpratcistedy

of ihe mxi ng 8 SheheleraTubi SR ud abliel REbdMShe Ry BaBun/FRE "

al ternat e paimsse @desdhffant3edre is sone overlap of the m xing el ements of
successive alternate pairs when 75viewed axially. For exanple, a m xing
el ement having a sector of 100 could be appropriate for this arrangenent.

The ar rangengntcedalrPufrahfehentsOosed &4 OvkEREd an deglreys) ethst AltivardTHHRof
i nel udi n%s fluid from one mixing element is directed towards a surface of the mixing
element of the next mixing element. In the illustrated example of Figure 4(a),
this is achieved by one set of alternate mixing elements 44, 46 being rotationally

offset relative to the other set of alternate mixing elements 45, 47 by 90°.
30 In the arrangement of Figure 4(b) the mixing elements 44, 45, 46, 47 of the

arrangement of Figure 4(a) are replaced by pairs of mixing elements 54, 55, 56
and 57.
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at least two mxing elements that remain fixed wwthin a blood vessel so as
to 30 sequentially separate, rotate and re-conbine fluid flow and so as to
effect m xing across the radius of the bl ood vessel. Because of the
symmetry of the arrangenent, this will work with a fluid flowin either
direction. Also, this will work with varying degrees of m xing el enent
angle, in other words the extent to which the mxing elenents are fol ded

of i xing oF oporee ThgLne R e Y ol ifial B SR Bebkof |y

1;] | ow. By ﬁttabmwgdtdlmtncadiyr@p@bedmbul tsrelabvelhanglledlrpjmi? seehbmsalcmgiermaZ and
i ngi ng them i ongat e.centra 2 and t

bl ood vessel, mt%ﬁ)rea'rrﬁt}eﬁ'ﬁ@ge‘?' {é%wg‘gmf"mgd’gam%‘ glgad%{tepﬂé AL ehe pige g
range of bl ?ﬁdf tie efatigath eémtafebady F? o@tﬁmatrrmgdso irf e f§ﬂ‘ﬁ(|<j)\‘ a?'ﬁ@egfié’tﬁﬁﬁf'
|arreers i enents w ed over towards the elongate
central ﬁﬂg ﬁ%'ggf ?t}eo}ntqragb%qaca ?fcﬁjg\?ggé’@%el fhe fisstanixipgeelement g%ray
ext end dl rectﬁass@yfthrbugwmnede@@gmeeensﬁgmé eéntgeg%d}%% b@ﬁ&%gfedﬂ%tawe

contacting the wal bl ood vessel rely inteffering wt
t he boundary m@@!an%gmn@@ﬁxwmg@thﬁaw%of theteipndate e@ntrahQOéy &aenghé othd:ed

agai nst the g @[ﬂ{dr C

arranged ar o?nég]%f he ca t@r’mqgg}éﬁé@ﬁe@}hé %"S‘F‘e’g‘%%'f?‘ﬁ?%w%“wg

from t he cat Fmiarlyl Beingoa sectos lmspmgethtmmﬂh)el digmetenethe alodgalel camttane

m xi ng elgme f stowed .1 p5|t|onto n
active pO?I teré)ﬁy %qg Aﬁéd %&%’V\g if)(%até rhe &?&&e“dﬂ%‘za'sf?eé% s of Z‘é“?/e can
t hen 3e plﬁs hefbrtmmek conteal tduy $d.Xh ﬁlxge/l/zﬁ,miﬁlé @aﬁ&ﬂ&iﬁlﬂmgt&h@:ﬁhﬂg Qﬁﬁdrﬁfﬁb?@aCk
towards the elo [ t within the sheath or sleeve
in their stoﬁ@%‘n&'ﬁ?%ﬁb E'ﬁ&r‘?rg’&‘?ﬁ é(’&f%?%'y tHeastioneRy tee drdnd segerd i on
whet her or nohixiheYerhaste 343 G4B%is A bR hhrcldr gl dvkpPwsoThey ®hPHgre NOW
the mxing elenments errerge fromthe sheath or sleeve is not inportant to

functioni ng &F SAR@ ONeRkaR Of thadaéef mixingelereents athep vigwed axialived axi al |y

wi thin aqibl ood vessel such that the m xing el ements are caused to be

defl ected between an orientation angled into or away 25 fromthe fluid
flow to the é8héth e exanapleof figye (amittinerdfewmbie thadine buﬂaﬁtdfcfm\ngf afe t he

m xer s not ,k; t e xi bl e.
Thus, opti ongklﬁ?%ﬂgg r%féxr{?%‘gs g&g@nst 'gtoa%}ﬁoﬁéﬁe%at%ﬁ dsﬁﬁé Egg{eﬁ %’ 8635‘“90 ty
to provide thlemeatesdarljen®) aoithistrateidoim 6fguloe)t4(b) esltdrnatec paisn bf cralyrlg ance

to enabl e sa tive use ssel i onal |

ensures t hat L'?H%ﬂ gé’r é"‘fe afrgﬁg?%‘wtgfremeec r%’ |réf?£ﬂ93h %B%bﬁ %C
nmakes a 20 osmixing elainidnts BS, Bﬂtae@ﬁnﬁtsedaﬁglétoﬂgoafaﬁohetr@ a¥ig ovmelonﬂbfehom
damaging it or (l%ﬁ'blgagé cones close to the wall of the bl ood vessel so as
to interfereSht P¥% boundary layer. In addition, as nmentioned above, such
depl oyabl e m xi ng el enents nay, due to their resilience, act to urge the
catheter intg a central position within the bl ood vessel. The m xer

el ements car 8¥ec nﬁ’(“ﬁﬁé{')eédal ﬁ”’ﬁ‘eﬁa@"i@tgyen‘tﬁ”td‘ivh?f@réhﬁ g esimenta @e

vari ety of Cﬂrfafn%%@rlﬁ pARE eﬁb@é%r""ﬁi & a??iﬂg@ni’é‘ﬁ?%f ﬁ@luf'ég tpé‘ﬁ!o(fvngt‘?é}lﬂéf(ﬁg‘s nts

of the invention. is preferre or t m Xi ng ements to
depl oy &&d fﬁﬁfﬁffﬂ@rpflfhet@laaé@fwggeleéerhwsmgelamL@ﬁ&laectd(Sa@felew shanm&(]‘ie range

of 2.3 to 4 eantﬁ@%léJﬂéﬁtspér%f IPQ#@! tl%e %u@ln&/@]&héﬁoa‘) C?gla Xf ﬂunQe

m xi ng el ements are Fom nat eri al
around the catheters and for causmg opposmg counter-rotation at different

portions of the mixer along the length of the catheter.
30 Figure 5 illustrates a non-helical mixer. The mixing elements, or fins, are not

tilted relative to the axis of the elongate central body (other than being slightly
folded in).
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resistance to allow the m xing elenents to deploy (for instance upon
retraction of a sheath) by expanding (in the nmanner of bendi ng outwardly
fromthe elongate central body) until the m xing el enent reaches ful

depl oynment or, alternatively, contacts the inner wall of the bl ood vessel.
Optionally, the mxing elements are 15 nmade frommaterials that, once
depl oyed, exert a stiffness appropriate to resist the flow of bl ood.

However, they A%Fm%lgsée a%@fzé @l&%ﬂaal@t foF mearhrxéﬁbeto%e déﬁl@g@blé honeReMdeEe! i al

| ayer (| nner wal | ) of d vessel. tionally also the m xing elements
are made frompegitiens 9'I0§e ttfhﬁte @ﬁ@ﬁﬁté Cﬁﬂﬁahﬁ%@ff@ gathetsr F%ﬁ%@%%@?ﬁmons

subj ected to a, fé?:hle&pcﬁlt\'/}?# i gg\ﬁ'ﬁyb)fo,t,,hﬁe‘)@%rnﬁéﬁéeceﬁt% d tgﬂ%\?l ¥ & Bér

sheat h or 20sl eeve over oyed m xi ng ments an
their stowed ypedphery oSaibicdd vsessat erials are pr eferably bio-conpatible and

i ncl ude nedic rade eI tor [ rj [N eYe) r nes,
t her nopl asTi cﬁl\yuﬁ%ggﬁ*’%%@e emi @ e{(%'“g%@ dlfz}lJ ép}osm anﬁ (ﬂ%ﬁ%urg seh&%
non- el ast oner lappnaspdatea&naga“rmbeahwaet whlege lneycmtattﬂchedgottheleﬂorgfmemtenyal for

i nstance, their cross setlon ar ea, e ropriate stiffness
characteri sti €89Y:\ I\ﬁdﬁé’PP%Jg? ff’h Egﬁx‘ﬂge?ﬂq%’ﬁ? ooip,eﬁpgfqﬁg 9?’“3&5‘%%“
freeform fabrisgaddeosr thetibRfate SbMtralodly, HERERMAGs AEsiARNOS bedbian fiswused
to make the m xing elements. 30 The m Xi nggel ements can be fornmed from

singl e mat eri HISSMiXgRcH HF0fR caBRag) MIrRRFShaN Isgrossible Wih thrseAENaaments.om a
metal tubgpf Oft n%%gﬁecrmgé utartcmé BxRRABLHEENRINY diBhahtsf tﬁé’erﬁ'ﬁbeﬁ)feﬁ‘{s

exanpl e nitinol Isre Figure 7 illustrates a fin profile cut
into the wal | obfigaresuféa)aant Wemeﬁm; degt thet mixing elaments itheroselgasideedttor mi ng

I
Gi 11 oront - mac g el & BEORKRr i e SUGFERIRS, & RER R SRon Ml o

8 il ustr at eselangatetcentralstodigs. 5 scaffold 130, for instance made fromwre,
such as flexible or shaped nenory or super elastic wire. This connects the
mai n body 132 of the m xing elenent to an elongate central body of the

cat het er . 1sTheFigmien 5biidytrdtd® oriy ebeboatirdentl 60 thea peisehe rieventiont alowdihg good
particular that .can conformto the circunference o

b
provi ded wit hTiing gngz #MEeh&: SRWAs 1f olica &' Q%ﬁ{?{e e({eé’gqyw da/‘ir@eS

mnimse any gagRgsiyt Mustritksatle VaSSRlenvdit! of AijerenBiin a@dy-s@emﬁal tutCigninbe
nol ded, cast or stanped. Figure 9 illustrates an arrangenent where a main

body 132 is f@MEGleR d%’fhaapwlﬂﬂ?ﬁ?” fAartyPhRalype do o dracribes Ay sarien d6talthi ch
extends to fofdRhe pafRlulRfwith reference to Figure 20.

20
As illustrated, the mixing elements are arranged in pairs, with individual mixing
elements 124a, 124b of a pair 124 being arranged on opposite sides of the
elongate central body 122 of the catheter 120. The individual mixing elements
extend radially and circumferentially from the elongate central body 122 and

25 form paddles or fins which are to extend to the internal outer periphery of a blood
vessel. The mixing elements take the form of sectors of relatively small angular
extent, for instance in the region of 904. Each individual mixing element may be
generally planar and follow a plane extending through a diameter of the central
elongate body 122. In an at rest state, opposing mixing elements of a pair of

30 mixing elements may extend outwardly perpendicular to the axis of the elongate
central body 122 and lie in a common plane. Figure 5 illustrates the mixing
elements deflected in one longitudinal direction, whereas Figure 6 illustrates

those mixing elements deflected in an opposite longitudinal direction.
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15 mast and preferably has shaped nenory and forns a super elastic wre
frame or scaffold. Figure 10 illustrates schematically the nain body 132 of
a mxing elenent in its stowed state and positioned between an el ongate
central body 122 and an outer 20sheath 140. As illustrated, the flexible
structure of the mxing elenment allows it to conformto the outer surface
or wall of the elongate central body 122. Following on fromFigure 10, it
will be appreciated that, in sone of the exanples, different m xing
el enents do not overlap with each other. in this respect, it is 25possible
to use profil édthedijostratedodxaasple,| dzdjad:efrrhtpabrsicvf rﬁix@ng eletriert® gutemdefdmotirer | ap

of mxing ele s, whe he enent.s re Cco ed, agai nst the outer
surface of thg%gé%tﬁgcﬁpﬁatle‘?ﬂyw uﬁg{@ereﬁrapgl |TGSC(§!0883gf)@}eel”lg%rqtgcgewplgm e
fin thicknessaltermnatenpalissef hivang @etheitbi xdeiRiSh oie @lélhﬁr%t%hn@hé}%ﬁﬂbs
when sheathed F as_illustrated in i nner fin

t
profile is?pr @\ﬁ@é&é‘{’]?}o;}%g%f diXB\9s e@ﬁﬂ%\}%r%@%fmt%gﬁ?rﬁnhg’aéqaéréerﬁp%omsza
and 13213, El‘e@#é@l? al@()alo tr ﬁr@? al?é}ﬂateﬁsfe%f hﬂ(l&@éle'rﬂé%tﬁﬁk Iur?‘th\é"dfr@ e s

structure such as nentioned with reference to Figure .
i |l ustrated i$eatipg@f e‘ggtnrs(%)crfasﬁdsqaupa)throsgbmgwg iXEGr elgmmwemfta anflul |y

stowed state ’Mébh%r%) @'FPE%%r%s Ihikd k‘ﬂﬁéél@r‘h@ﬂt gﬂ?#:'i 6?§Iﬁfb$e( ghd% J’Iﬁ)(lﬁ% 136

Figures 13(a) to strate an e Vi ew cat

and sheat h 14€empat t20a iFivinible behintidhe etongate ¢dntratbodyt €22 si de view of the
catheter sth wires 136 and sheath 140. As illustrated, each wire structure
136 is able to fold into the sheath 140 by col |l apsing the wire structure
136 in front Tfe iadvarﬂagedeﬁahébﬁfﬁhr@bﬁ\eﬁtmftmgmreteﬁ einded idtthat-thguimdividudl he

Vr: ;?ﬁgcgreﬁ;h{lgﬁlgaelfem%n S are abl]eleeaxslueltg bteh%oldefcf L«%‘nS'}ﬁe qee#g%ﬁ oa} t eaesforgggte
central body 122 and wrapped partly arcund its periphery.

15 It will be appreciated that, although the exemplary catheter of Figures 5 and 6
includes six pairs of mixing elements, with individual mixing elements having a
radial extent of appropriately 90° and alternate pairs of mixing elements angled
relative to one another by appropriately 90°, other similar arrangements are
possible using mixing elements of different angular extent, using different

20 numbers of mixing elements in any one group and using a different number of
groups of mixing elements along the length of the elongate central body 122. In
this regard, it is preferable for the radial extent of at least one of the mixing
elements to slightly exceed the radial angle between the alternate pairs, so that
there is some overlap of the mixing elements of successive alternate pairs when

25 viewed axially. For example, a mixing element having a sector of 100° could be

appropriate for this arrangement.

The arrangement allows there to be provided a deployable static mixer including
at least two mixing elements that remain fixed within a blood vessel so as to
30  sequentially separate, rotate and re-combine fluid flow and so as to effect mixing
across the radius of the blood vessel. Because of the symmetry of the
arrangement, this will work with a fluid flow in either direction. Also, this will work

with varying degrees of mixing element angle, in other words the extent to which
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Various possibilities exist for constructing the catheter with the m xing
el ements. The m xing elenents could be fornmed separately and then
individually stuck to 15 the outer wall of the elongate central body. For
exanpl e, adhesives, thermal bonding, shrink fitting or ultrasonic welding
could be used to attach the m xing elenents to the el ongate central body.
Each m xer could be forned as an individual unit including all of its
mxing 20 el HE i gFQém%ﬁé”BJeef Tj@edTHZS\ﬁﬁ ol UAE o difte NBeritiad bBLE RN S
coul d be over of 3 apino propriate dianeter, then renoved and
adhered to t hér hel smgantaallyea’naqesﬂ groupy ¢ of mixing elpmgutseindgce p@wﬁﬁf“mtét@g flows
schemati cal | y y i t i My to
tubi ng 122. hﬁ] Egﬁarba@k gﬁ:d ﬂ&\% B gt]t eﬁlelaﬁ)\(/'re? é?gmg?{% dpzrec y on

t he el ongat e cenfralabodyody2 hAd, hnbgnhg sthemlrm'dryhde lagisnofxibe elondate entral Hedly ont o

f or i i d t f to.the el t b d In th
2t angenenb of SR Be HSGH Yrneol Sir RGP DremEN o6 Tosrade oAbt begpied |
m xi ng el ements sl 2hqar 6f Blobachadel Giahittere! ANoEte? werdss &ir sl;mdw blo'bZi wss@taans

of a tube, tape or other binding structure 150, for in ce heat shr|
t ubi ng or adhé’ﬁ”@@efﬁ HRRIMbHRg ﬁl@"??"tts Mbb%@ngi?ﬁloyegtwaﬁﬂée elonpateH PI y

be part of thesgrAbSOhG ﬁ)trrlé’r‘éb%%od v'é§§el§"ﬂﬁbWﬂxiﬂb%ﬂ@ﬁéﬁtsﬁﬁ@@e%nﬂ%@&m)bed
with reference to FIgures hawn&m&s s, roots or the like for

i nst ance made ofit e ﬁe@Olmm@lCﬁg@al kedyntaZe meghaps\iiat icostastind eersalls 6f thauper
el astic py 8perbé§\?%§le((§£%r bﬁmmfm@%ﬁnﬁ \ﬁi{hcéﬂe%%uhhérgcﬂer%rgaﬁlﬁ hfRe VFB?EW y

pol ymers as pr l es such as I n ienc
possi bl e to pMith the mparg eiemnﬂﬁtbldad agmnsiltbmgmneateemmml bbdr]ya mlchrmcz)

whi ch those rq 130 £an be_i ser a S t gur e
17. Alternati \?gﬁjht?{e FXT r{aa)él gmgr{? Cpng 4%&916} g% éegot%@ @ge |Sﬁggfrht of

ol deI [ Btg t bleeed Oﬁ@ﬁtbe W&Iﬁ‘d(ljrrawh b@rgythﬁZé’athétar dtheso weLtdsexndse tdalecmgcatga
centra oy12|310 nmed, around the r 3 t.he In

illustrated i F‘i% G @nd al[o(w jte é‘"%‘gp@@g\eﬂ?‘%g‘? éﬁg?‘ﬁd? Uglyxf r&l"’h@%é”fe nt s
to be cut{4r Oﬁbélﬁ'&n ¥&lah &dtive sticanaaee tffeeﬁéth@{erbﬁdybémﬂub@ﬂtthmﬁhebm or

desired angle. When nmanufactured froma shaﬁe mem)rg Pn mﬁt al, this
coul d be sleeve can then be pushed back over the mixing elements causmg em to

deflect back towards the elongate central body 122 and fit within the sheath or

sleeve in their stowed positions.

20 In one example, the mixing elements function whether or not they face into or
away from the fluid flow. Therefore, how the mixing elements emerge from the
sheath or sleeve is not important to functioning of the mixer.  Indeed, if the
catheter 120 is moved axially within a blood vessel such that the mixing
elements are caused to be deflected between an orientation angled into or away

25 from the fluid flow to the other of into or away from the fluid flow, functioning of

the mixer is not impeded.

n one example, the mixing elements are flexible. Thus, optionally, the mixing
elements are made with sufficient elasticity to provide the necessary
30 combination of both resilience and compliance to enable safe and effective use
within a blood vessel. Optionally, this ensures that the outermost diameter of the
mixing element, when deployed, makes a close fit with the outermost diameter of

the blood vessel without damaging it or at least comes close to the wall of the
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15programmed with the desired stiffness and depl oyment characteristics. As
di scussed above, it is proposed to use a sheath, such as sheath 140 for
retaining the mxing elenents in their stowed state. However, m xing

el ements could alternatively be self-actuating using shape nenory effects
via both shape 20 nenory netals and shape nenory polynmers. As nentioned
above, the described m xers could be used with any appropriate catheter for
taking multipl anpl es. wever, a preferred exanpl e is,.constructed using
an el ongat e cgﬁ)to?é}fggﬁ%cff %foc'ﬁgi’f?r? ﬁhéta%ﬂ’aa?w:j?ﬁ'- F’\ﬁfiqit'% aLSJB?W&“eHn
particul ar, theowd, sugnteplogatle ahixiag@ernemtt enab e itd elaidesiiansk, def lo@ge
plurality of | unens along its I ength each of "which

| ongat.e passageways oOr | une
can be connecﬁ'@d’a?'betﬁr Bia ‘T’ég'ﬂ?ﬂrﬁ’oﬁﬁ‘f’f‘ vthén @§é’épq<g"‘i§(§?1-ect a respective
sanpl e. A YRé infike) intd sk by [ [ coul d
be used as part.300fr g‘%n%:ngnggfgecent_ rrgpégggy%rg%ﬁ%t%e&gﬁﬁgﬁgw%g&méhﬁ;a18
il lustrates s¥HEbaOf diffargntamadgrials minite rstill ipeeting thegbasie requirgmends (o) the

illustrate a i fie Q [ r t ui t abl e

For “use wi th oapary JEie Préfoflltor THe sl Beri ol (B 5E BRTRE, i) ahd

il lustrated, funhetioruintbloddivessetsuimving interhaldibametepd inrthé iranygeodf 2.81t@aD rhd)

arranged circ iall t peri phery of the elongate central
Y AR bR aby PP g,

body, each | unen nnection to a connection port and
collecting a respective sanple. In the illustrated exanples, a central

el ongate hole.162 i.s ,also. provided, for receiving a idewire for the

cat het er .1%19 (Zé"%a?‘)(,stﬁ?a{'{"é g %leV‘z?f’fse?S? Wgﬂifm?faﬁ?%j? ?’éﬁf&ﬂ’éﬂ? §“§.'P@“t

possi bl e. Fi gusiemnt®t@alldw tHeeilihd SRhertSLto RFIBLEOMASANES APEAR &£ BBh 0!

bodi es having ten | unens of 20 m di anet er unmens of 240 Nm di aneter, 5

0 8 |
| umens of 400 shRa e pxpanding (indhe mannenof Rending oupvardhetiamahe sienaate
di ameter. Cheegfaf Bddyd uptiefrer r'hﬁé?ng[ é@nﬁ%ﬁ@é&e@%@@@ﬁlo?&ehh%r,pilfg?ﬁétﬁ%‘y,

between rate of colleéction, |ongitudinal spatial resofution and tota
sectional ar €antFcty thedanePwvalb of thebload wedseleOptomaliyi tHesmixing ettinaends are
(ideally4gui r i ) ! | .catheter) then
maxi m se1tg hetn?égsegﬁré@i n&ﬁt%gﬁgntggggcag gadr?%c&'?ghag%f t3 %?%S gg{) r?;@g%%s frfe:élék ent
vol une. For tiseflow of blepdndowevemthey shodldife soft £66)ghguetde abrade or damage

the endothelial layer (inner wall) of the blood vessel. Optionally also the mixing

Cross

elements are made from materials that enable the mixer to be collapsed when
subjected to a collapsing force by the operator, for instance moving a sheath or
20 sleeve over the deployed mixing elements and driving them to their stowed

state.

Suitable materials are preferably bio-compatible and include medical grade
elastomeric materials such as silicones, urethanes, thermoplastic vulcanizates,
25 etc. It is also possible to use non-elastomeric medical grade materials by
controlling their geometry, for instance, their cross-sectional area, to provide the
appropriate stiffness characteristics. Materials that can be injection molded, cast,
solid freeform fabrication (inkjet, SLA, etc), machined or deposited can be used
to make the mixing elements.
30
The mixing elements can be formed from single materials, such as molded
elastomers, or may be cut and bent from a metal tube for instance made from a

shape memory metal or polymer (for example nitinol). In this regard, Figure 7
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20cat heter, the outside dianmeter of the catheter in the stowed position
woul d be less than 1.5 mm Figure 19(f) illustrates, schematically, an
alternative nulti-lumen tube arrangenent suitable for use with rapid
exchange (Rx) catheter introduction 25techniques. In this arrangenent, the
collection lunens 160 are offset with respect to a guidewire |umen 163.
Wth this configuration, the guidemﬁre lumen can have an exit aperture for

an associ ated; r i i It
W thout - or ossi ko Rafs ST ER BRAfe B AEHE R 2Re 258 G5 MM BuEB PRt 1o
may be connectowadd!eécmhlygamtm(ﬂetgmnewte collection ports at the out er

surface of the,el on centr body,, for_instangce S ted
schematical ly "KNg; &W%ﬂti ca pki%&/téer JWF)?&% 3[390?% d@‘@a‘yﬁﬁetﬂ] ‘ésed
ef fective radifed differdnipaps ONthe AMEnG ietiamit. tﬁmrel&ng&treteseatrbat rh@@kyorso as

to carry biomarkers fromthe boundary | ayer d vessel to the
el ongat e cent 158?#93‘3&90 fa7 instangernage Hﬂ@‘éﬁﬁttsé“:hlaﬁfg g’&t%%’?q R$4 pemery or

happened to bgup&sdihénfre Orhié BEnRROHe! iRaifi myofsztmhelnqmateterﬁ@ﬁtttbadn body
to the source of biomarkers to be sanpled, then reduced sanpling efficiency

m ght occur. Slorggter eentml ppiyiof thex @ﬁh@ﬁé The maifebedit 132 mayi beymade from a
col I'ection ar g 'ré]‘gn'g'ﬁ Hal2h ;S’a%&h R’Yﬂbt ?orffwrﬁ W G2 #hﬁﬁeﬁ%‘%f}&ku@ ggat e

body 164 so as t 'he & ciTeunterenti a gap or mani etween the
outer wal l 17maamueen>rowgad ewitlert tigl 1:334)d>pns1ﬂ3ulcted‘tfrqrugan veoy esoftl @lastomeer to

G 1 eunt er Shca G 2Bt B fo 2708 A Sedlabal o R 4R Sk B s

with fluid outrmidbel, thst wuytampedl | 170. This is also illustrated in Figure
6. A collection port 166 is provided in the outer surface of the el ongate
central body communicating with a respective |unen 160. The collection port

166 is abl e tpigopd beplsttateAaR! frdigemmdnt wdarerta hian ttaayftcztzduslfzaneciﬁotﬂouever
since the manifold 172 comruni cates with f d fromaround the entire

periphery of PH¥MEA{iIlRRMEAPERA AtoAnd Bpcalfpld t1ﬁf5d/ttaﬁh estengs tto formp fae gt ¥t i on
port 166 {s5 tfdst AR &e'féta&l?'Ha@%%a?é‘@ﬁtﬁor?fang'f&m keugercM8stid Wird REFR or

emanate from an odp05|te side of the catheter
scaffo

Figure 10 illustrates schematically the main body 132 of a mixing element in its
stowed state and positioned between an elongate central body 122 and an outer
20 sheath 140. As illustrated, the flexible structure of the mixing element allows it to

conform to the outer surface or wall of the elongate central bady 122.

Following on from Figure 10, it will be appreciated that, in some of the examples,
different mixing elements do not overlap with each other. In this respect, it is
25  possible to use profiled edges, such as illustrated in Figure 11 to prevent overlap
of mixing elements when the mixing elements are collapsed against the outer

surface of the elongate central body.

It is also possible to use variable fin thickness to minimise the total thickness of

30 the mixing elements when sheathed. For instance, as illustrated in Figure 12, a
thinner fin profile is provided in the regions of overlap of the mixing elements
132a and 132b.
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20Figure 20 illustrates an arrangenent where only one collection port 166
is provided for collecting sanples in a respective collection area.
However, it is also possible for others of the lumens 160 illustrated in
Figure 20 to connect to collection ports in the same collection area. For
i nstance, two dianetrically opposed |unens 160 could both connect to
respective collection ports in the 25sane collection area. Figure 21

i 1lustrat henmt j i t 1| 170 wh
Singi e oheat nf SHGY LAablaef andsfays IRssid i SHisTie Sib a6esmined 154
and can al so witilrefehshdehtoorighreh9! AsdebldyeafstateBniidstathd mhﬁga%aﬁﬁxaiéﬁg

30hol ds the m xi ng_el ements_124 down and eng;‘iges the raised outer wall 170.

Fi gure 22 il | iR}aPuccessienbioras mpva o aifubly Sloweth§éatenvithint aaleatthesuse
of a mani fol g ; i i r:al .ends to
a level to belll%gggagégl%ghgggﬁﬁée?gﬁ?eg?ﬂH(ﬂ%l ﬂ:glgﬁéil) 5§Ar¥93d@es?reg‘? gﬂ%lntﬁ 4&5‘8 be
desi r abl e & oroft accalieiar withievires E3falandi sheatthd 40hwbergiashbigeesl 74(aprto (e)
col | ection po i 84S ARt . t ] i n.0 r arrangenents,
because the s'g%%ﬁ%}%gsﬁygé%géhn% ?Aéﬁ?{eegw%&vﬁ'%éégéréen%rs geﬁlu.éﬁ?@n of the

| umens. 5 The lunmens and the volune inside the sheath can be saline-filled
so as to prevgnt, bubbl.e rel ease en t sheath,is retracted and the system
depl oyed. It %BIHFEJ'"" g, ﬁ@?éd”'fehé f”%‘HEf‘ng%r‘%sag’ﬁﬁ & ?%'ddg{?aﬁ]eysg?ﬁtgi}f\hoeﬁy to
force bl ood icaliapsig Grecairt $radEreings W frdnt@f & AR saibed sX/etRith Aiférence
pressure/ neric However, it would be

t mos O pressure inside the |umens. How
possi bl e1$o de W%ﬁr?pl%*é%a’tfﬁﬁ@”ﬁé@éﬁi#@"ﬁ?é‘é@%'bﬁ g1y fijny @ng drence act as
ai r/ at nosphethe npifs sldhidntst hi s can accelerate the rate of flow Having
obtai ned sanples with the catheter, those sanples may be renoved for 15
anal ysis in any convenient manner. It is possible for the sanples to be

Wi t hdr awn fr%‘riED@P{)%ﬂﬁeé@iiéﬂoﬁ&%é@@tiﬁ%@l@c‘g%‘%glﬁegsf whi 45111%@‘%639{8%{5?” ed

embodi ment, the collection ports 166 or throu ol es ave a 'size
and shape suilhabhigingoglemeots oould be formad sedatatdlp matidhgn pngetiualy sthek & t he

outer valb 140 LSyl b BPLHIE b S Bl e, TBEF !

wi t hdraw a shomdiegf stuinkt fiténg oo udthasoaicewd@hgnbouith beensidi aftedh theTiedigy Now
follows a des(éwg-ﬁ{tifnh()f ‘how a gltur| ity of sanples can be anal ysed. After
a catheter f6 2GSt P 3’087' sanpl es has been inserted into a

Each mixer could be formed as an individual unit including all of its mixing
20 elements. For example, a mixer, including the mixing elements could be over
molded onto a pin of appropriate diameter, then removed and adhered to the

elongate central body.

Figure 15 illustrates schematically a plurality of mixing elements 124 being over
25 molded onto tubing 122. As illustrated, the mixer is being over molded directly
onto the elongate central body 122, but similarly the mixer could be molded onto

a forming pin and then transferred to the elongate central body 122.

In the arrangement of Figure 16, individual mixing elements 124 or pairs of
30 mixing elements 124 are attached to the elongate central body 122 by means of
a tube, tape or other binding structure 150, for instance heat shrink tubing or
adhesive lined shrink fit tubing. This structure could actually be part of the

manifold structure.
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25bl ood vessel, such as a coronary artery, it is possible to obtain an

i mge of the position of the catheter in the bl ood vessel. The catheter may
be inserted into a bl ood vessel using conventional Percutaneous Coronary
Intervention (PCl) techniques. Accordingly, catheters 30 according to this
invention may be introduced by neans of standard PCl equi pnent, including

i ntroducers, guidew res and gui de catheters. Such introduction may be via
over-the-wire (OTVW) or via rapid exchange (Rx) techniques, the latter of
which is preferred. Sites of interest within a bl ood vessel under

i nvesti gati on Feamikiagietenentsisadh by descliben wittarefersnog tk higures &ahdiwmg For

le, the cl h t t d de
bl 000 vessel drtpteqoaBatff ke Briied@ i alFoirdy calpRifeef falsPaR tulr
addi tionally, sﬁb@é‘%rﬁ'oryrm%ﬁgr élasiicpeyehiedgfor ¥kimple mbaildsudtings ARBGKor

pl aque Iocatl ng system could be used. Once the sites of int erﬁst have been
i dentifiedd t 1SBAPRAMMRIMYY RAYMBE: 2§ ATAYises By eormPaRigs §HCI 2N suNemgsgjance

introduced as gigsay,ii gﬁqm%mm@to brovideeagertifesoisd MP@ENdod e %ehtaantbd@vmbeen
i ntroduced into the vessel over 'a guidewire, the catheter can

i ntroduced folintewihich thesegants A ermbe insedrd a@ndHixedasgilugratedin ﬁw‘y@é@n
removed. 10 e L3 DELRE Hﬂ?%g%‘?arﬁé@ﬁ ked t@ée& Rt Egt‘?lgtﬂeoﬂﬁer‘f A5cided b B

standard quoroscoplc tec provi o opaque
mar kers al | owelvgugataecpmimltbaﬁy o221 h\eottm lveards, thedelongatecednteadthiody P is t o

be record [ as opaque markers may be

| ocat ed a?ﬁikeyormgpxq,rgﬁr&tgt@ r@?? %(z’ap@gsfﬂgﬁg ezed'{a%nthe sheath tip and in the
bl ood coll ection regions. Optionally, a radi opaque narker band may be

| ocat ed adj acent. t h Ioodcllectlon th thi.s. data, it CONMes
possibl e | at e?‘ t”&‘sgr\?g?‘f iDHee ?’e b ?'§°e?f’s§ﬁ@ ft&hﬁ\%é‘?‘éalé‘f'x'f‘ﬁeeig'gﬁﬂtlség Gt o
an image of tBet fbraaHe vRASE! theZloVtRE ceardl syl £1d BeMosANBIY dagiteRr ¥ngiee to
be analysed, it is preferred that the total |eng th of sanmplin

suf ficient toVYhed oEavfastirad] omt 9 %FP?H@QF@RQPH yoRert We”?f’d?loﬁg’ﬁycoé’r‘q &8 and
where posgd bl ?ro@ré?HHédf\AnﬁV\(h%%tr@d Kl sshdaripldyenett Rarddftzges. i t 1S

preferred that t'he catheter has been inserted previously into a coronary
artery and aorta in this way prior to sanples being taken. 25 A plurality

of bl 00d sampheSRLALAEoLE o8 ARG G20 aNEhdR! Sil 8 Uk DUE for

proteins. ei'ns can e chosen 't ar e |nke in any
way to the vanenta)msgsthagmxmgfelearedtsoma’&weulsmwehi séﬁseHo@aw snizige sslemants

a1y nf Lam@ef emane B s RlR Y S et 8PS v P 48 aque,
| eakage dfo t hihembey inetai®bad shese manasyotynpdrsr e, pl aque cal cification and

pl aque stabilisation. Exanples of possible nmolecules that are weakly |inked
with these different stages include | CAM and VCAM

As mentioned above, the described mixers could be used with any appropriate
catheter for taking rultiple samples. However, a preferred example is
constructed using an elongate central body which is formed from multi-lumen
25  tubing. In particular, the elongate central body preferably includes and defines a
plurality of elongate passageways or lumens along its length each of which can

be connected to a collection port and used to collect a respective sample.
A variety of different designs of multi-lumen tubing which could be used as part

30 of an elongate central body of the catheter. Figure 18 illustrates schematically a

multi-lumen tube.
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1 Soluble CD4OL any of the matrix netall oprotease famly Sol uble E-selectin
Monocyte chenp attractant protein-1 5Macrophage col ony stinulating factor
P-Sel ectin E-Sel ectin Cathepsin S Neutrophil el astase Endotheli al -l eukocyte
adhesi on nol ecul e-1 10-Intercellul ar adhesi on nol ecul e-1 Sol ubl e Vascul ar
cell adhesion nol ecul e-1 Tissue Factor Pregnancy associ ated plasnma protein
A Protein-bound-Insulin-like growh factor 15Neopterin Sol uble P-Selectin

'L-1, 1L-6, | Fl’glnrgmlé(g? toHefg) ﬁ'ﬁgﬁgtepré) t \%nrri]e%y of different multi-lumen tube
arrangements, suitable for use with over-the-wire (OTV1) catheter introduction

techniques.

5 As illustrated, the multi-lumen tubing includes a plurality of lumens 160 arranged
circumferentially around the periphery of the elongate central body, each lumen
being suitable for connection to a connection port and collecting a respective
sample. In the illustrated examples, a central elongate hole 162 is also provided
for receiving a guidewire for the catheter.

10 .
As illustrated, a variety of different arrangements are possible. Figures 19(a) to
(e) illustrate respectively elongate central bodies having ten lumens of 200 Nm
diameter, 8 lumens of 240 Nm diameter, 5 lumens of 400 Nm diameter, 8
lumens of 400 Nm and 10 lumens of 400 Nm diameter. Choice for a preferred

15 example depends on the priority between rate of collection, longitudinal spatial
resolution and total cross sectional area of lumen. Priorities would be to
minimise the diameter (ideally suitable for use in a 2.00 mm (6F) or smaller
guide catheter) then maximise the resclution and accept an extended time to
collect sufficient volume. For use in conjunction with a 2.00 mm (6F) guide

20  catheter, the outside diameter of the catheter in the stowed position would be

less than 1.5 mm.

Figure 19(f) illustrates, schematically, an alternative multi-lumen tube
arrangement suitable for use with rapid exchange (Rx) catheter introduction
25 techniques. In this arrangement, the collection lumens 160 are offset with
respect to a guidewire lumen 163. With this configuration, the guidewire lumen
can have an exit aperture for an associated rapid exchange guidewire whereby

the guidewire can exit without crossing any of the collection lumens 160.

30  Individual lumens 160 may be connected directly to respective collection ports at
the outer surface of the elongate central body, for instance as was illustrated
schematically in Figure 1. However, mixers may be used which provide effective
radial mixing on only one side of the elongate central body so as to carry
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20- Chl anydi a pneunoni a |i popol ysacchari des Degraded interstitial collagen
from plaque (Type 1+111) TNF-al pha Myel operoxi dase 25The plurality of bl ood
sanpl es obtained fromthe catheter could also be tasted for TRNA. nmRNA is
nucleic acid that is used as a tenporary instruction to nmake the protein -
It is a biological entity that instructs the formation of a protein from
the DNA instruction. I's possible either to | ook for the gene expression

si gnal that | ﬁgm&é - the! GouTRSE [98: B 8L6bB REsldl bk dBhgdiecRlsy o "
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correspondi ng tq, and w ence t ver

were ool ect ogn 8 AEPEUleSE o K Binaste Bttt datie el T HiothaREr e
conpr om sed bbekbhg)l@pmaﬁ@auced shmphitgeficiehey meghtogstrem a dilution fact or
of approximately 12-fold is proposed. 5 Thus, for extracted sanples of 2

NI, it is ?)roposed to top up the sanples vmth 23 NI of assay buffer

according to BRRFOROI |ﬂt§§f&ﬁ‘§§%¥e% gﬁﬁtleﬁ il th&ﬂeth&’@o‘ﬂ@éﬁod BrdaSinBfugB9SRd to
use the nmultiplex Lum nex (trade na at orm for detection purposes.

According to Phﬁeé walk 449 ewsiounding them@ttai felangate befinsiSdssa @sofo defipd beads

are incubat ed i d}nh'fet%}ﬁlag 85%} ?rﬁﬁﬁ‘;'fméi glﬁnl%ttv@%n Ftﬁé’to%'tétswé’l 1'76taq{cfﬁfon85t%

bound by ant i Bodi &s e bea proterns
det ect ed beadcd:mraj@ady|1|64aTbmelgha‘tqleseﬁ74 hmmroytdedéhreugh/ﬂse pater waill t70i &t

process, S SSI e to,use LI N tr S as
b ovi ded Y LPRR. distipbiing e irctinfsales BERECEIEh Y LrdisGEarFasey
proteins si numbam@IGUSﬁz)/c@:twrrihﬁth@\tespmbqru&nbnhldeeuml sutei s, 11(heTlﬁsxﬁ§ atsbed
and diluted s | es are analy to | ook f r ot elc aci
rugs usi ng oTHEGHEY THEioRro bk cateelon 2aaH ebrisBravry by phfe: SufiadHaf tne"
nmeasured wi t hajengaeh central @odﬁy%rﬁﬁﬁntcafmgormte'@ ﬂa@ﬁbMWeS Iurﬁéﬁm@@ trhe
20Lum nex system will allow analysis of to 100 proteins at
sensi ti viti escayection port 166 is able fo coliect a sample from fluid in the manifold 172.
15 However, since the manifold 172 communicates with fluid from around the entire
periphery of the catheter by means of the through holes 174, the collection port
166 is thus able to collect samples of biomarkers even if these emanate from an

opposite side of the catheter.

20 Figure 20 illustrates an arrangement where only one collection port 166 is
provided for collecting samples in a respective collection area. However, it is
also possible for others of the lumens 160 illustrated in Figure 20 to connect to
collection ports in the same collection area. For instance, two diametrically
opposed lumens 160 could both connect to respective collection ports in the

25 same collection area.

Figure 21 illustrates schematically an arrangement using an outer wall 170
where a single sheath 140 is used to deploy and constrain the mixing elements
124 and can also seal the through holes 174 of a manifold. The sheath 140
30  holds the mixing elements 124 down and engages the raised outer wall 170.
Figure 22 illustrates schematically a similar arrangement without the use of a
manifold where the collection port 166 is merely raised and extends to a level to

be engaged by the sheath 140.

20



approximately one picogranminm . As part of preferred analysis of the
extracted sanples, the assay data is nornalised to a reference anal yte,
such as a protein, present in each sanple. 25 The reference protein is one
having a concentrati on which can be expected to be constant throughout the
| ength of bl ood vessel in which the catheter had been used. In particular,
it is a protein that is not produced or absorbed in this region of the

bl ood vessel . I rtjcularly for.corana rteries,, includ erum
al bumi n or ga'r%%"a"&n‘?(?g’éf’f’%%e ¢ & iy Pe; dRsiRble Taf ieoslezth ﬂ%@t@i%’r’aéwgﬁw I
be run 30 on tealyhsenes ar4 o8 3oMction portacbedHbwever s ok dtedstEntidi dtHerom
any one assay can be used to determ ne the nass of a particular protein in

that correspoHEANEEMEND I ReCcAYSS Bigtampiiggiase begantrelied By peessorategulaiianeét a
predet er m necdhe @fgEMICe curve. Because the concentration of the reference
protein can be assuned to be constant in each sanple, then the determ ned
mass will Sbe directly proportional to the anpunt of sanple vol unme assayed.

5 1n this way t i ol ..8ach _bj or._all .of the sanpl es
extract ed frgrnqe: Egnég%t g?te}b@c\gﬁ % 'h%’?%ﬁtﬂeséeh% ylégéfgeer esﬁgréé'{'@eq e ?Se?‘ér ence
protein. |n gmevesybubbie releast whencbe sheathds ratedctesl arsd thet sistémeldployed. it
cal cul ati ng er f | ,of the reference lues fromall of the
extracted sa%gf)é@. ge\ll'l'peoz%?q(ﬁaﬁ?/ti sllﬂgf’ PP KErY é‘ﬂ’é Sé‘ﬁﬁ'et'ﬁetﬂ {%C%gl"r?gl indxd
wi th referenespbsed hirsens! ante vabr 6Betdrne @) Usher&t adnpldskure?aibsphemd €' S
referencq val ue i s ex rei%eﬁi as a fraction of the average reference val ue.

I

15The vol Bne PLSISHER {1 dEmens, FRwavele itywewd: e pessible tdraysamyriesl |
proteins in @bingsﬁ\ié?bﬁ\ﬁe Sprekbare i(FelathrePA8 S hPlafmbspiedic! §Fbsdurs); Vaid atdPns in

volune transferred fromthe catheter. In particular, this is ‘achieved by
mul tiplyi ng 8sealeraiahedate offlave by the correction factor. 20The fol | owi ng
table illustrates data for a series of eight sanples (Ato H) for analysis.

Having obtained samples with the catheter, those samples may be removed for
15 analysis in any convenient manner. It is possible for the samples to be
withdrawn from the lumens using suction from either end. In one preferred
embodiment, the collection ports 166 or through holes 174 may have a size and
shape suitable for receiving a standard laboratory pipette. Where the outer wail
170 is used with a plurality of through holes 174 it may merely be necessary to
20  close all but one of the through holes 174 so as to withdraw a sample from the

though hole 174 which remains open.

There now follows a description of how a plurality of samples can be analysed.
After a catheter for obtaining a plurality of samples has been inserted into a
25  blood vessel, such as a coronary artery, it is possible to obtain an image of the

position of the catheter in the blood vessel.

The catheter may be inserted into a blood vessel using conventional
Percutaneous Coronary Intervention (PCl) techniques. Accordingly, catheters
30  according to this invention may be introduced by means of standard PCI
equipment, including introducers, guidewires and guide catheters. Such
introduction may be via over-the-wire (OTVV) or via rapid exchange (Rx)

techniques, the latter of which is preferred.
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25 30 Bl ood extracted and assayed in e.g. a mcrotitre plate well

E F GH Reference protein anount from assay 17 15 16

10

15

20

25

30

Sites of interest within a blood vessel under investigation can be identified by a
clinician using known techniques. For example, the clinician might inject contrast
media in order to image the blood vessel and to determine sites of interest.
Alternatively or additionally, standard imaging tools such as IVUS or the
InfraRedx plaque locating system could be used. Once the sites of interest have
been identified, the catheter for obtaining a plurality of samples can be
introduced as described above. In the case of imaging tools that have been
introduced into the blood vessel over a guidewire, the catheter can be introduced

following the same guidewire, once the imaging tool has been removed.

The catheter may be tracked within the blood vessel using standard fluoroscopic
techniques and may be provided with radio-opaque markers allowing the
position of the catheter and each collection port to be recorded, for example as
an image. The radioopaque markers may be located at key reference locations
such as at the sheath tip and in the blood collection regions. Optionally, a
radiopaque marker band may be located adjacent to each blood collection port.

With this data, it becomes possible later to overlay the results of any analysis of

the samples onto an image of the bicod vessel.

When samples for a coronary artery are to be analysed, it is preferred that the
total length of sampling is sufficient to include the majority of the length of the
coronary artery and where possible a bulk flow sample from the aortic arch.
Hence, it is preferred that the catheter has been inserted previously into a

coronary artery and aorta in this way prior to samples being taken.

A plurality of blood samples obtained from a catheter can be tested for multiple
proteins. By way of example, proteins can be chosen that are linked in any way
to the various stages of cardiovascular disease. Such stages can include healthy
endothelium, preliminary endothelium loss of function, early inflammatory, late
inflammatory, cap thinning, vulnerable plaque, leakage of thrombotic molecules,
plaque rupture, plaque calcification and plaque stabilisation. Examples of
possible molecules that are weakly linked with these different stages include

- ICAM and VCAM
22
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17 19 21 16 17 Average ref anount across all

assays 17.25 17.25 17.25 17.25

17,25 17.25 17.25 17.25 Correction factor 1.01 1.15 1.08

10

15

20

25

30

~ 1 Soluble CD40L
- any of the matrix metalloprotease family

~ Soluble E-selectin

- Monocyte chemo attractant protein-1

- Macrophage colony stimulating factor

~ P-Selectin

~ E-Selectin

- Cathepsin S

- Neutrophil elastase Endothelial-leukocyte adhesion molecule-1
~ Intercellular adhesion molecule-1

- Soluble Vascular cell adhesion molecule-1

- Tissue Factor
Pregnancy associated plasma protein A Protein-bound-Insulin-like growth

- Neopterin

- Soluble P-Selectin

~ IL-1, IL-6, IL-7

- Chaline

- Heat Shock Proteins

- Chlamydia pneumonia lipopolysaccharides

- Degraded interstitial collagen from plaque (Type I+IlI)
- TNF-alpha

- Myeloperoxidase

The plurality of blood samples obtained from the catheter could also be tasted
for mMRNA. mRNA is nucleic acid that is used as a temporary instruction to make
the protein - it is a biological entity that instructs the formation of a protein from
the DNA instruction. It is possible either to look for the gene expression signal

that instructs cells to make the protein or to look for the protein itself.

With a catheter removed from its collection site, individual samples can be
extracted and retained in individual sample containers corresponding to and with

reference to the length over which the samples were collected.
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1.01 0.91 0.82 1.08 1.01 Raw data for Biomarker 1 cone from assay 140 159
179 190 185 182 170 160 Corrected concentration of Biomarker 1 142 183

Analysis is possible such that sensitivity will not be compromised by this

approach.

In one preferred system, a dilution factor of approximately 12-fold is proposed.
5 Thus, for extracted samples of 2 NI, it is proposed to top up the samples with 23

Ni of assay buffer according to appropriate assay protocols.

In one system, it is proposed to use the multiplex Luminex (trade mark) platform
for detection purposes. According to this arrangement, multiple different classes
10  of 8 gM beads are incubated with the diluted sample and the proteins of interest
are bound by antibodies fixed to the beads. The bound proteins are then
detected bead by bead in a specialised flow cytometer. As part of this process, it
is possible to use LINCOplex (trade mark) multiplex assays as provided by Linco

Research Inc. This allows detection of a plurality of proteins simultaneously at

15  low picogram/ml levels.

Thus, the extracted and diluted samples are analysed to look for protein or
nucleic acid or drugs using a highly multiplex assay such that many analytes can
be measured within each sample. Systems for protein analysis, such as the
20 Luminex system, will allow analysis of up to 100 proteins at sensitivities of

approximately one picogram/ml.

As part of preferred analysis of the extracted samples, the assay data is
normalised to a reference analyte, such as a protein, present in each sample.
25 The reference protein is one having a concentration which can be expected to
be constant throughout the length of blood vessel in which the catheter had been
used. In particular, it is a protein that is not produced or absorbed in this region
of the blood vessel. Examples, particularly for coronary arteries, include serum
albumin or gamma globulin. This additional "reference” protein assay will be run

30 on each separate sample extracted from the catheter.

Data from any one assay can be used to determine the mass of a particular

protein in that corresponding sample by comparing the sample's data point
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Bi omarker 2 cone from assay 4000 3790

193 193 168 150 183 162 Raw data for
2 4059

3800 3960 4250 4700 3900 3870 Corrected concentrati on of Bi onarker

against a predetermined reference curve. Because the concentration of the
reference protein can be assumed to be constant in each sample, then the
determined mass will be directly proportional to the amount of sample volume

assayed.

In this way, the data obtained for each biomarker for all of the samples extracted

from the catheter can be normalised by reference to the reference protein.

In one system, a volume correction value is determined by calculating an
10 average of all of the reference values from all of the extracted samples. The
individual biomarker data can then be normalised with reference to this volume
correction value. Optionally, each sample's reference value is expressed as a

fraction of the average reference value.

15 The volume correction value can then be used to adjust the data of all proteins in
all samples so that it is possible to correct for variations in volume transferred
from the catheter. In particular, this is achieved by multiplying each raw data

value by the correction factor.

20 The following table illustrates data for a series of eight samples (A to H) for

analysis.

25

30
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4359 4097 4018 3859 3861 4205 3927 As illustrated, raw data is avail able
for a reference protein and al so for biomarkers 1 and 2. Thus, for sanple

A, a value of 17 is obtained for the reference protein, a value of 140 is 5
obtained for biomarker 1 and a value of 4,000 is obtained for bionmarker 2.
O her values of reference protein are obtained for other sanples. For
exanpl e, sanple E has a value of 19 for the reference protein. Using this

val ue for A——t—woul-d-be i se the
sanpl e E rhw d5ta of 1 3 b|or¢|arkepl aﬁd4§501 irker 2 with
regard to ao(t;:dctedéand N partlcul ar, fof sanple E| the raw dat a
coul d be ﬁ‘fd by, 17/19. As|illustrated, iph this nt, an
average re esr ©"™aount i obtajned for all of|the 5 sanpl es by averagi ng
t he indivi glareference val ues for the reference proteinjacrogs all of the
sanpl es. aring [the dctual| indiyidual refgerence val ues for respective
sanpl es wi rHctr?' reaverage rdf erenice anpunt, | i ndiyidual corgection factors

are obtain afeOMelEach sanplle. The coryrectipn fagtorsican {then be applied to
t o lnor i.se that data hAcross all |of the

the raw bi et dat-s 3685 -o—no
sanpl es. 1"63##?18 Cor r eqt Zd VaPues Por tHe bj Bhar k& s/ h#f ecult®s ¢an be
present ed [yomimansmt
from assay

Average ref 17.25 | 17256 | 17.25 | 17.25 {1725 {17.25 | 17.25 | 17.25

amoaount across

all assays
Correction 1.01 {1.15 |1.08 | 1.01 [0.91 |[0.82 |1.08 1.01"
factor
Raw data for 140 159 179 190 185 182 170 160
Biomarker 1

cone from
assay
Corrected 142 183 193 193 168 150 183 162

concentration

of Biomarker 1
Raw data for 4000 | 3790 | 3800 | 3960 | 4250 | 4700 | 3800 3870

Biomarker 2
cone from
assay

Corrected 4059 | 4359 | 4097 | 4018 | 3859 | 3861 | 4205 | 3927

concentration

of Biomarker 2 J l

As illustrated, raw data is available for a reference protein and also for biomarkers 1 and
2. Thus, for sample A, a value of 17 is obtained for the reference protain, a value of 140 is
3 obtained for biomarker 1 and a value of 4,000 is obtained for biomarker 2. Other values
of reference protein are obtained for other samples. For example, sample £ has a value
of 19 for the reference protein. Using this value for the reference protein, it would be

possible to normalise the sample E raw data of 185 for biomarker 1 and 4,250 for
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achi eve t hfeguged.ecln. particular, molecular concentrations could be compared with the most
upstream sample port and expressed as a relative difference.
15
In a case where a catheter has been inserted in a coronary artery, preferably the most
upstream collection port samples from the aortic arch. It is then possible to show a
differential of blood within the coronary artery relative to blood incoming to the coronary
artery. Samples taken from parts of the catheter which were adjacent to respective parts
20 of the coronary artery show an increase in specific molecules and thus the release of
these molecules within those areas of the coronary artery as compared with levels in
general circulation,

The catheter may be provided with radio-opaque markers to facilitate correlation of

25 regions of biomarker heterogeneity with the location of the catheter within the blood
vessel at time of capture. This enables localised regions of biological or chemical
heterogeneity in a blood vessel to be identified.

In one arrangement, the various information contained for the biomarkers can be

30 displayed directly in relation to positions along the blood vessel, for instance the
coronary artery,

As mentioned above, a catheter can be provided with radio-opaque markers. With an
image of the blood vessel, such as the coronary artery, available, the particular bicmarker
35 values can be overlayed onto that image, either numerically or graphically. It is possible

to provide an apparatus and a display for processing data appraopriately and presenting
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Figure 23 illustrates schematically an exanple of displaying data relative
to an image of a 5bl ood vessel, such as a coronary artery. Figure 23(a),
(b) and (c) illustrate respectively for the same | ength of bl ood vessel
three different individual/groups or other conbinations of nolecul es or

bi omarkers associated with different stages in plaque evolution. The stages
of the various pl aques found as a 10result of the detected rel ease are
shown at p03|;1é%gts m at ve to the len h of the blood vessel. A bl ood
vessel is shonn gk tsl‘%%leép‘?rﬁpE'?t%r?Q Hteg PEIGraRs/apitvare naayr ales bef provided

over | ayed ontfmmrtcanafedhadtuab(anﬁepvﬁ es&dhidv thideffiRPI I ng | ocation. 15 The
di fferent nol ecul es can be anal ysed and |inked to stages in plaque

devel opnment so as to create a risk assessnent profile. In the i I I ust rat ed
exanpl e, ear |Fjguse a@elustvaiésrwhahbﬁﬁcaa dn Skahbie oPh DR, ah
“differeny stages can be illustrat eg in |‘I) ere’%é]g\ﬁ %ggetgtr%ve 13 Préma‘?%?fa

i nst ancegvm t B R PETa ch B3 peeney EI”ﬁernS| ties or colours. The intensity

20or col our in each exanple can then show t he anbunt of rel ease and hence
i s proposed that this technique could be

the scal e thr I e.
usedst o det erF he 8% ﬁ)arz%)f %Qa@ﬁ/ﬁ'ﬁ@% respectiveliferdhe same lengthhef bipgd véssel three

particul ar, cferant moidualigtopd enbther cdrfitiihations! bgﬁb@%!@s B} B@H%?Ife?? el
e used

25assessed o The approach could _al so

proprietary %’?én&ﬁeﬁt Stagﬁgp @ﬁ%‘f%?ﬁ tiopy JWe stases @bmee\@rfp’cbmp@qdes found as a

i nter prik at i tasubfof Hecdatatted nddase ur@shov af pEtitions JreIWeQS%@IengﬂI & tﬁ'&%k}%

obt ai ned and, | ysed at nultiple points throughout a patient’s t erapﬁ1
(and 30i ndeed wih nmultiple patients). In this way, it becones possible to

make a correl ation
A blood vessel is shown schematically in transfer section with a series of boxes overlayed

onto it, each box representing a sampling location,
15
The different molecules can be analysed and linked to stages in plaque development so
as to create a risk assessment profile. In the illustrated example, early stage, vulnerable
and stable plaques are shown. Those diﬁerenf stages can be illustrated in different
respective forms, for instance with different respective intensities or colours. The intensity
20 or colour in each example can then show the amount of release and hence the scale
threat of any plaque.

It is proposed that this technique could be used to determine the effectiveness of clinical
therapy. In particular, the number and extent of truly vulnerable plaques could be
25 assessed over tima.

The approach could also be used to develop proprietary biomarkers. The approach
allows the collection and interpretation of accurate molecular information. Molecular data
may be obtained and analysed at multiple points throughout a patient’s therapy (and

30 indeed with muitiple patients). In this way, it becomes possible to make a correlation
batweean molecular expression and clinical outcome. By using this information, it
becomes possible to identify molecules having biomarker predictive status.

The analysis can also be used to provide information regarding the impact of local
35 device-based therapy, such as stenting or angioplasty. In particular, it is possible to

assay and analyse molecules associated with damage, such as inflammatory processes
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bet ween nol ecul ar expression and clinical outcome. By using this
information, it becones possible to identify nol ecul es havi ng biornarker
predictive status. The anal ysis can al so be used to provide information
regardi ng the inpact of |ocal 35device-based therapy, such as stenting or
angiopl asty. In particular, it is possible to assay and anal yse nol ecul es
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assessment OF The eX{seXe and locationef damaga rag el wmad agaih, ittrecbvagai n, its

recovery. Figures 24(a) and (b) and 25(a) and (b) illustrate respectively
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25( b)> wi t FEEREHRE e Blord yessehme indidatedbyoimadksiieading e | buti on first reaches the
central region C, it will already have been m xed significantly and, hence,
wi |l not lgguaet#tse"hi gh concentrations discussed above for Figure 24. In
fact, it 199 RNIGHARS spmghatschematicatebow hdicenaRerd 8ikiribRiskliQ hpef Or e

rapi dly | ofveipbdidn the didvat vea¥&ny Ghah Hiihdd | 25 |In either the unm xed or
mi xed exapplg, een tﬁiﬁ '%?we’s]g‘l%regt %8?‘3’8?'@8 deBeding Hre thehe

it il be , _
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& biomarker distribution first reaches the central region C, it will

already have been mixed significantly and, hence, wili not be at the high concentrations

discussed abovs for Figure 24. In fact, it is likely only slightly to exceed the even

distribution E before rapidly lowering to that even distribution.

25
In either the unmixed or mixed example, it will be seen that the first detected position of
the biomarker is always downstream of the actual plaque P. For the unmixed example of

Figure 24, the length of offset is considerably greater and also the predictability of that
offset is lower.

30

For either case, it is proposed to introduce an additional step between obtaining the
corrected concentration data for the biomarkers and displaying that information for

instance as illustrated in Figure 23. In particular, it is proposed to introduce an additional

Correction with regard to offset. Taking into account factors such as blood vessel

35 diameter, flow rates and catheter properties, it becomes possible to offset the displayed
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: it i duce an additional step between
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part i cul ara e I?fp;?po‘sl'gki ng into account factors such as bl ooplb?/estsel
with regard to offset. erties, it becomes possible 0
oTTSen e AP AR B oy nmuesusatal v 1o
of fset the displa e ' A esentative o

the image of?%‘ﬁ@“%@@demesaﬁétwb@ghg%cfgg%gigﬂ% gts 4 r'ﬁclsué’n%t& above, the
actual posi!| X gffﬁgzv Plsa(r:]nljg,h sho.rter and ,m)re 5 predictable, t_he (T])‘(Fdw
offset for a mxe . i he offset for mixed flow,
flow has si §ffauseant e e, WeeBisB Ny o a8 P sl S enoria armetsul ar,
[he 2o P Y o ARG crataene bt gt o
he accuracy I : ; ) t he wa _

i the art e%‘f)‘eéé'ﬁwb@ewhanae'@aafts\;h\jy ehRGOAR MeTERE: 0 Aol ngiticias hene

b o0 vessel -ro-Lof | SELAN F Bt oencihonnemasioaniun abaiiopte e

bl ood vesse, - : - 0_act ua ae

cat heter. SBCeased Ryousinglenatlbdge bﬂ&g ﬁﬁg;bﬂg??g@g&%ggsdgtegzﬁaﬁ diver lew ver e
(and corr ecﬁ&ﬁl)ntqé/hg%:gféau ikl_%e\?s\rlngiffw\é@lood vessel te |golestian tnoets anaigm% Abfigate
taken froma ca 3 ' change than a pea 0
genere\{’l y s‘??QF'F'é?OdﬁﬁﬂthPfcemﬁm| n””LieeSVf of ftmeg 't T al 50 proposed to take a
dent 111 cal1on by Lhe user. d concentration values for the bi onar kers.
e A B e o oo v dniyoraCaianf ot 2Rl QORLKEL | 8 reached
20Wher e mi xi°nG"icSNApREgLb: g]r i is hot used Jghe eBeDevdlest i on
very rapi dlfgowevérnvglﬁi@f@h%@rﬂ?é; : rt\(‘é"ﬂg aﬁ?‘ﬁég"ﬁﬁ%ﬂfﬁ&? taken fram a/gﬁtmm,usmg\tﬁikm?f! ear
i s sonewhat, variabl e, . ' Resul ting
o en BT Bl st ot Sl

i ff nt i &r ideatifivago SEY. i di scussed above.
gldditi onally, can be corrected for offset in the manner

CLAI M5

In view of this, it is also Proposed to take a differential of the corr

ected concentration
values for the biomarkers.,

er is reached very rapidly.,

20 Where mixing is employed, the mixed concentration of biomark

In comparison, where mixing is not used, the concentration is somewhat variable, By

taking a differential of the values, a very clear indication of initial detection of a biomarker

can be obtained, Resulting differential values can be displaye

d as illustrated in Figure 23
and, additionatly,

can be corrected for offset in the manner discussed abovs.
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1. A method for generating a data profile for one or nore biomarkers
emanating fromthe wall of a blood vessel, which nethod conprises anal ysing
a 5 plurality of blood sanples froma bl oodstream that has been m xed
substantially across the radial extent of the blood vessel to include bl ood
present in the boundary | ayer at the bl ood vessel wall, the blood sanples
bei ng taken at respective locations along a |length of the blood vessel, the
anal ysi s inclegkﬂﬁ the steps of: 10measuring a concentration |level of a

bi omarker in €ac glood sanpl e; determining a first concentration
correction factor for each respective blood sanple to correct for

differences in sarrgl e vol ulrﬁre and dilution between different blood sanples;
det er mi ni ng a'secoftd™MEdiRdk iR aeneratieg @ €t erofiadenroneo o grerec bidarkers

15measur ed bagkanabifireanee maruaafiaomob&v/séseﬁ,%hi&#ﬁxéﬂe@m%@ﬁsﬁ 5780 |
general circulation™w thin the bloodstream or ea ood’’s | e,
appl yi ng & r eBlgeality ofcblped semales frate adieodrreaontieh haatieen mised substantidiigct or

to the measur at i ' r ' ach bl ogd sanpl e
to determ ne aias nieadat sRent B She Hodd Vers STBLBEHL BRE hesi M andne
generating a kiatrdapr dhier eatothec blone ctesgek aad e titer dldcainshepkissbéiny taRen at

bi omarker al o lLength of the bl ood vessel. 2 t hod according to
claim 1, corrpljrglg%%(lrifg?/etI cea%gpgﬁfo&g aa'ﬁagt?/’s&ﬁge gﬁ)opé@é%é' g‘% %Wiysb? WSH‘gS“Q Ee

col | ected fratemsofupstream location to determ ne the second correction
factor tq be applied to the neasured concentration | evels of the biomarker.

3. A net hdd accor diMGASHNgI&Foncenirgionlevelpf ghismaties dheachpred sarple: 30

anal ysed to nmeasurdetdriviniagng emst adncentlioR doRk8i SEctIRKCRatl r@SNRYIR
circulation in the bl oodstream havin known or neasured concentration,

1.Ng a Kr
wher eby a redRRY $YBPIE; tostortast fercdiffergneeg fropamelecneme ansydiuion dzaiiedn ood
sanpl e to CceffeREht H16dd Sapesences between the measured concentration of
the reference narker in the blood sanple and that in general circulation.
4. A met hod accor didgtprengieg &8 secon@ concatrationpedrsdatignbfactu ®anpirest foaken

15 measured background concentration level for the biomarker present in general
circulation within the bloodstream;
for each blood sample, applying a respective first and the second
concentration correction factor to the measured concentration level of the
biomarker in each blood sample to determine a corrected concentration level of
20  the biomarker; and,
generating a data profile of corrected concentration levels for the

biomarker along the length of the blood vessel.

2. A method according to claim 1, comprising the step of analysing at least
25  one blood sample collected from an upstream location to determine the second
correction factor to be applied to the measured concentration levels of the

biomarker.

3. A method according to claims 1 or 2, in which blood samples are
30 analysed to measure the concentration of a reference marker in general
circulation in the bloodstream having a known or measured concentration,

whereby a respective first correction factor is calculated for each blood sample
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5 fromwithin a coronary artery and at | east one bl ood sanple taken from an
aortic arch.

to correct for differences between the measured concentration of the reference

marker in the blood sample and that in general circulation.

4, A method according to claim 1, 2,or 3, comprising blood samples taken

5  from within a coronary artery and at least one blood sample taken from an aortic

arch.
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