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CATHETER Background to the Invention The present
invention relates to a catheter, in particular a

w@ adobebspo f or coll ecting a plurality of sanpl eBCT/GBR009/000106

within a length of a blood vessel. The present
invention further relates to associ ated nethods, in
particular a nethod for generating a data profile for
one or nore biomarkers emanating fromthe wall of a
bl sel, a nmethod of profiling a length of a
MQ§i%E§§§sel to determ ne the pathol ogi cal or
physi ol ogi cal state of the blood vessel wall, and a

Lo bl ood in vivo froma bl ood vessel .
B BRI 008 | D005t b taka o olurality of
sanpl es of blood fromalong a | ength of a bl ood

: x,aelléﬁ?%lre 8;mﬁve7‘1§&pana sq{ag 91'@%? uﬁ F%d.p%aicaﬁr%tér c%ﬁeﬁ:ﬁr% a plurality

can S 0 as
c s sampleatrommdthinfa Ibmgihafzkblpgd veasel. dhe prasestdmentiorefugher relates to
a t; r,agl
e{é%s 5@ nk@ﬁqg i gg?g&\ﬁ/%rgé;@b{h'o gg%ﬁééHJ\d;S : rﬁ?fﬁe EJQ YFe or more
S amwarhqs Gmaﬂatmg fromethe i of @ bloomveweu ghnelmmofemﬂhne g length of a

afﬂl@d&ﬁe@?&i&dé&rﬁww&w p%@ﬁagkalad?%h%&%&él \“ite &M/ blood vessel wall,
present difficulties depen on the configuration of

t RedEPefEpdpf S&ﬁw"@meo%@a@wodw"aﬁavoeﬁ vessge of the
vessel under test. For exarrple it is not always
practical to manoeuvre a sanple coll|ection area of the

ot ReneNn;iam, WS, 2906 13003ci8r ke, phE=I SLRAMRIBR 91 DIgRALITqTg along

t hengﬂabya Bl@o@ 9§&§EI Mhe @famblée akéetﬁﬁéﬂ frcsm elefcw mer\etsiatl @all Bnd can be
en a i cation

p03|& 4; e cat heter. gg

FERYSE S% %t 18TRi0g e°°8F‘?’F’FE‘EﬂSt ?fe@maﬁfae&sd P Agsephipere and

c diepts tcﬁmgmﬁﬁe psceﬁbhs of \aulrbrapd platues ks 8Ibng el tdarf vedsel along the
he act ual Q&ﬁtcéﬁ‘nfeﬁ()f sources of bionmarkers

8r\’/\%ﬂgf BEPTPINgPad e ose biomarkers are first
sanpled As detailed below, this is achieved by

' nﬂﬁ% %l]?ﬁhfé ﬂWr gﬁé?ﬁe%@ﬁtg%?éj%%bgefult%ﬁs ]‘fec% :tﬁ% nglresent difficulties

Acdﬁmeddlng op @%cq‘nnglgatmeqiem catmeterrmdphaabeattom amdéenisize of the vessel

rfe§ p%?ngi\(/\n eﬁkig t ét?/% p@%‘hcélg:f( e@:g%lséé%é’?rllé %Xollgr:tion area
canH@Q e@thetﬁ'tlmmmwlon :maelOdhg yessebwalt |dae t) Uwawimgamtry of the
t o/dlsel 'aﬂ@%ﬁﬁ%udts‘tnop&ﬂgnﬂe%f khePBRRbtE. OFHS e&ln@‘agpllcatl n seeks to
vessel ; at |east one collection area deflned ng t

el qugaéq él"eé%rﬁ'ﬁ'%meﬁ@d'? P JMPEQYP | tBe cppgistency of results and obtaln 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.
Summary of the Invention

According to a first aspect of the present invention, there is provided a catheter for taking
a plurality of samples from within a length of a blood vessel, the catheter including:
an elongate central body arranged to be inserted into and positioned along a
* blood vessel;
at least one collection area defined along the elongate central body for collecting
samples at the central region of the blood vessel; and
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sanples at the central region of the bl ood vessel;
andat | east one m xer provided radially outwardly of

wo bmehwnpat e central body and arranged to cr eBCBEG&2009/000106

fl ow of blood froma boundary |ayer at a wall of the

bl ood vessel to the elongate central body so as to

enabl e the at | east one collection area to collect

sanpl es fromthe boundary |ayer. The at |east one

m xer pr raply. cr war.ds

col | e 5 oA o AR Boial P ¥lera St SRABHE SphEH focy and
| emrgngedrie creatd ®tiow ohblavdfiorh@ muhdmlayeaatm wall of the blood vessel to
r [

oo 83k Boo) o' 4 BPUblertne 3t 128 bng HolelfirHiga fo corect
themnla%fli@méhemda'fyéawenner wal | of the blood vessel.

The coll ected sanples can be representative of the

entire cross sectional area of the blood within the

vdbe at least ape mixesrarefablyeaieates aflow lekblobd tryeards thersoliedtion area of
by chfeteh@obLOR4 e\ﬁgﬁlée{he"@tl ieastBXn bglkﬂﬁorpfar«atah?o Abllect samples

| east one m xer, rrponent S such I onar k
efepreReNtayve ichmateg RIGREM ifsthe 1960 viegree (Adial sBptisdhat defines the

VESEfle bafibeh iR el ANk tRARM Jal oJ Y Bloo§ 96ssBE Drought
rapidly to the collection area along the elongate

central body of the catheter for sanpling. As a
r Elh‘b”cbl,leoﬁsﬁ”'ﬁnﬁ%ﬂest 34€Be fréﬁé@.eﬂta@@é BEtHe erti H;hd:régb B&%onal area of the

pr evi.ou been Iac in a blood flow wll

a@&?F’d‘l’ @1 '{thiee‘feﬁ 8”‘a'5‘? (FaNtre, stﬁhteleéﬁi‘gé'ie ?%Ea'staﬁﬂyc‘@ the blood
ofvedseDwall. corrponents such as bionmarkers. Also, as a

result of bringing the flowto the at |east one

- collection area nore quickly and providing a shorter

| @ygirtuedif theel atdédss ete bﬁ«emmempbhmta@acuais tidhdrkers,0dmanating from as

oL 0B 35 0 BEPR BB 51 2 e B 5 e can e brouan
s eagidly tostbe céllectidreara@along theeldngaigiceotdl badiy dfftfiesedtheter for sampling.
b?\%%&lt’@érﬁpl@@&ﬁéé r&ﬂt &Fﬂ%ﬁg\)&m@ﬂ 119 QQOUﬁW been placed in a blood

appropri ate correct rm bou
udlew) witl reere accurhtelyt rym thef adtusl position ¢fa|yess<81rcmoﬂ tbdseng)mponents

batth ¥& bi‘aﬁ'jahéérsb OM%S’ 3%53’ YiE Efsbrﬁﬁgﬁilg qﬂf)é fidle {o fhe R WHAGRENG cilollection

| ayers. Sanples o extrac romthe vesse
c GfRadMareuisilyr ansk RFovifing 8 sharerdengitudinal edffseipetwaen the actual source

C R bRfiafler ahd thd Ldtplé SitPfal %t Blé{rﬁi\r)(ernﬁééblfoﬁ%eé&qes more accurate,
eval uated as an indi cator of nornal biologic or

pmﬁﬂeo@ﬂdcsww%ssFélghWOmaAPmﬂwaé &ffsqt espmeR snare cansistent

t hidréieanbivigifeHapproprbie@Briddidre the characteristics
coul d include whole blood, cells, cellular conponents,

chenical s and nol ecul es such as |IpIdS pr ot ei ns,
Ntk aéren Bourdiaryalager is used to cover all types of boundary layers including 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 pharmacological 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.



met abol i ¢ products.Different types of m xer can be
used, for instance brushes, sponges, foam fl aps,

whb@dem3spaddl es, helical sections, etc. HowevBET/GB2009/000106
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preferably, at |least one of the mxers is a static
m xer. This is advantageous, because a static m xer
need not have any noving parts and can increase the
rate of biomarker (or any bl ood corrponent) di f f usi on

F coRpeChybine i i B vaet i FRferer B eBffiear oafidleps, bades,

di pdddiesphelical seetiops, Séth\HoWe\BSr referalyX ar leas onb of theaxixdre is a static
[ ner Elase the diffusion of biomarkers, for instance by
Sp|| ting the flowin two, with the resul tant fluid
el enent s belng rotated by 90 in opposite directions to
e t [ of el epent s
hgf}rlﬁsn % Ju&ﬁ %Bgs boeec Sae gtg{'éb }fngi%p Peéocpnr?c}te an g(\/yemf)vm% ggﬁs and can
ot ihereaseShe rataofslmmrkerr(grt anyeblnaccompooertt) difusioroacess a wide range of
br t c|

hﬂe&gg rfojig@{wl? éﬁﬂglrragg{a? ﬁWuHUI&t NShrﬁalng‘%é‘na? ‘ﬂg\g is Iagﬁ'\%[ ﬁrttcp diffusion
b| isrvgnkelpw. dA statie r@tarlclan &eduaeddpeage@set the oasfursleotof dfiomarkers, for

di fngt%lﬁéé)& Qittik W glé)mﬂw Nth e eé{xl{atﬁpﬂr{g? eI'aneh% bemﬁa?tFted by 90°

possible to pr m xers \NhIC are ativ
n'"&Rﬁ’Qé‘Ies@@Fﬂ% tarfach REeE cangalpeing: ragpdined nthe ﬂp@sﬁlemems having

W tikeRgaheldl SYSicHi 886N lelatild '@ dach StHER! s8Rl §pl|t rotate and recombine
preferably, the at |east one mxer i's deployable from

B nPIRERE: P9S8 (UOTRHKe(R I fe fow |2 8igp @R ip ag cplipction area.

C| R§;§éa§n@g ttﬂéept%l:@iégmr@sctﬁé]tkﬁ&harhﬁgyclcfs@ stinaRd ilcPdhskd e effect of
od vessel and depl oyable to a plurality of

ac?'ff\‘/sémé?’hff%% ‘?rﬂ°%’?f*'&fn the at |least one mixer is

further away fromthe elongate central body so as to
MAth oundary .l ayeyr. of the bl ood vessel
| nAfiggh .3 Poetis RaPide tinsd §hicf are Eleva el Brcromssection an,
anhe‘ncercah Ibe snmbdi inta peamomemthlrom aloodivessef mthéit tatinalngate, preferably,
00d_vess

It Eté% BLQ%%} one xea}rllsddeaptlo nglce’?rove %Pgtin e gga (-] |§1 V\F'lbchgb? ?t IFas'? one mixer
m 6 ciylse mjthmetohgatetr:hmrdb bomdfovesmdm infohaeblopd eessaleand éd deployable to
en . [ f

BP0 D0 o Rl s Fop o oo
ar eentrpl bopyise aéémm@deretvothmﬂmdaryﬂaver ofdine bipedivasselmet er

of the m xer in the absence of any other constraining

force, for instance froma sheath. Preferably, the

m Yelhisi waya i) Wetivach)siate, the eathelgspias @ni eveeall sxiall prossrsgetional area
t NRcRlafiY ﬂk&'n&? mtcf 8hd ngﬂd aXo&PvdsRelDeHe rhl%r% ftr%'nede‘MoEllee to its

t he boundary which is along the wall
bl ggue state so as to etter mix blood within the blood vessel.

The mixer may also engage (depending on the internal diameter of the vessel at that
point) and conform to the wall of the artery. This can act to control the deployed
diameter of the mixer in the absence of any other constraining force, for instance from a
sheath.

Preferably, the mixer is able to deploy to an appropriate extent from the elongate central
body so as to best interfere with the boundary layer which is along the wall of the blood
vessel (such as artery) and potentially contains different concentrations (relative to the
free stream or bulk flow of blood) of biomarkers emanating from the wall or absorbed into

the wall as might be expected at locations of heterogeneous biological activity. For some -

3
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the wall or absorbed into the wall as m ght be
expected at | ocations of heterogeneous biol ogi cal
activity. For sonedi aneters of blood vessel, this

m ght rrean that the m xer extends so as to neet with

th e eas er .

1 Forhiers of biok] Settef ks MER frean HAEIHE Huc Yhaond ks 1 et with the
novediof tme Eogbeesselpwherads/foclagee diameten blone Ivessels, tHisemight mean that
bl I e the at

" B8 iSFRFs 1o BERHLATERY B1o8L B REREL S fe PRES s art o

central body. Depending on the nature of the m xer it
”Bgmlpc?d V\(ﬂ@tﬁ% ra?@k@sé&él@ thte {h@CAt qgaesx %Eeln?géte J}}%ﬁq}nhgﬁe side of the
m xer IC S on posite side o e

el aengatecceptsal hagly. @Qagndlnmthe matum ciftbe piiMey it maydeatesirable then to
| etﬁétt.ldeoglele%&x&{e ShbeRfar thcﬁ LHHeﬁP? Qﬁw'tﬁé lo\{)paélt‘éuﬁge bhfhe elongate
el ongat e I n substanti all directions

| rpenﬁalsb%b[y oweyey, pepiasaty, ethecﬁt leasd qmﬁnawereﬁxtetm Q«eﬂuwferentlally

t OarBiine Rk %Qﬁ\g&%%d@WsMﬁnﬁél@rhllQ&dl&ltlﬁ’fe&ﬁfnbp e s \Péy, 'ithsepossmle
bl ood vessel. Prefeéerab | east one m xer

Sl thecber siachvaly &1 My éead frpmqmeosa@nrmathgz neamﬁrv of the blood

arvydsdl tprereribly, fiee Bﬁfehﬁh&l'ey mixer I8 dAhOQEat¥ @S A&W -of blood from the
Althou%g the m xer can enbodi ed as a single

fayet praund the eqtire F’SW@‘eﬁi Gfdhe Riged vasiplr i se a

respective plurality of m xing el enents extending

ra'aII fromthe el ongate centr body. It is )
Pt e iken e, PSS ra HGlP FGTE b % Sjpast qae mixer can
at cdnﬁ:ﬂsé aoespdttivee plutatityedf méixing elefmehid) extendingeadially from the elongate
circ | o|rdent| ally around the elongate central body in

subs 3‘1 4 | y all radial directions. Each m xing

el enent could be fixed relative to the elongate

cenLr |

2Pl b8 od BURYGTt B OB o8 B B ol Biller o
asan extemtvacuinfereriiel!ye rongdithe elongate icemtrab ooty én eubatqmalty all radial
celjlde@dnsPody and towards and away from the el ongate

centra body In other words, each m xing el enent
pi vots about an axis per pendl cular to the elongate

di gLt HangoélerﬁEntl SR™ b8 ML Qalé%é '?o H&aéloﬁée@é‘ Q@ﬁt?al bod However,
direction. In this way, in effe each mxing e nt

cafriigealiysagh a“wmemmeﬁw%@x attﬁéh%ﬁ toitee ?'@@gatﬁgentral body so as to

ag@vasﬁ tr@rel@dgawdmuanoﬂue %ron§étéfc§ﬁt?al ®bdy BRd RIWARERAR! away from
cent r bod?vﬁ? Al ternatively, each m xing el enent can

bet Ele\Rﬂg@@ "8\1‘&°‘!¥wa‘9 ‘?"r‘%ﬁ’{‘t’ i eéP'&ﬁ@’éi’P% elegent Rivols Gpput an axis
t Opé@pPeriidular fo the@lohgatéltite@ioh @bt 1b4st YhyiSdwith thit WorRja®y thigktion.

is pivoted away fromthe el ongate central body
In this way, in effect, each mixing element can be folded down to an inactive state resting
against or close to an outer surface of the elongate central body. Alternatively, each
mixing element can be pivoted up and away from the elongate central body to an active
state. The extent to which mixing element is pivoted away from the elongate central body
can be varied according to the diameter or internal extent of the blood vessel in which it
is inserted.

Each mixing element could be formed from a respective component separate to the

elongate central body and be mounted to the elongate central body by any appropriate

4
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can be varied according to the dianeter or interna

extent of the blood vessel in which it is inserted.
wamb/omi3go ng el enent coul d be fornmed from a r eBEEGBRME/000106

conponent separate to the elongate central body and be

nmounted to the el ongate central body by any

appropriatepi voti ng nechanism Alternatively, at |east

a portion of the nixing elenent at the point at which

bR als By Pahmafsf, Pty & rpfishiof 8 HEEPRLER AL port
Opthichntak | rpixing aaddment Xis rvgaeheelnmthehdsngdne ckatran boldy s made of an
p I radi al and tangential directions
m%?ﬂ' %%égsﬂﬁ%HgEhﬂ el ongate central body. The paddl e
could be considered as a fin or flap which extends

artit ;
eIH%pnga%kygéeJrr}f ﬁ“‘f’ﬁ %@‘ggﬂoﬁ%gh{ég%oﬁ o u%tCp %81% %&?\dm\% i, radial and
t tangbhtipbdirectionsetithaespectiodie elbmgah@cemqgmpgy the nixi ng

el ement has a | ongitudi nal extent which extends in at
| east partly a radial direction with respect to the

elTbegpaddiecontd be chorigereddasthdngartiap Whieh exterdy gutweedly from the
e)ﬁrﬁﬂﬁdlﬁgl stilfie Bk e b Efaer@éﬂfr& lﬁﬁﬁ% e64s td &sn@pﬂﬁl&@&ﬁdv@ﬁ‘\ the blood

para el totan ents romt e outer surface
elvesrghard ease rra'rm@odriﬂnw tthe gnixjag glemest has aé%rtmuwﬂ%qx@nt which

eleRIBRAY inlf A& Y aeﬂdfaﬁblﬂiché{r?wttﬁ) rdsPéct It@ﬁﬁleictﬁ%a@%enw ibddy. On

of the el on ate central body so as to take e form of

a tha e kenddhe laterrl extept of e Mixing; glements pendisdpa dirpgipningrallel to
a t&Hge A HeRTthe BGteCdurtBedTbiAh&Bbhgite Bdntrabddgl di rection
according to the direction of angle. Optionally, the
m xi ng el enments are arranged at successive positions

allm gosltsl’t&e & @gxgﬁm:ainge#ﬁmait td el gngledl rell]dtlh?&, tﬂél’tﬁlgﬁtﬁ!ﬁw dxis of the
rt on IL.na of, the
Rirbae By SOy Sa ot (SR o i PGy apfordier S toarect te

elbdmglabw it @ ptedalerrbioely cirdulrderamtial orgspbletirectton aceyrding to the direction
pgﬁgé#gned at correspondi ng successi ve angl es around
t he ongate central body. In this way, when a m xing
el enent at a first position al ong the el ongate central
b S

IQ?;%{IS n?gr@% rlmg q)glefn‘eﬁtg s?‘éé)a}gn !rjn \AEIELEIC%QSE]Ne positions ?Ionr? the elongate
t Ieentral g and. thuse atel amged @parbhﬂglmdlrbmyom thedength pbthe@longate
loeflrdi RIGNE Af ScBlsROBbdIRS a6y B 4iBnddd %erﬁtﬁar %8Wme mixing
different "parts of the cross section of the
v laseants; gy e Rasiioradh Algeareseifinga puaseRsve qnﬁ'es around the elongate
PasehirfiBbdy., it is possible for the diverted flow from
one m xing element to

In this way, when a mixing element at a first position along the elongate central body
causes blood flow to be diverted circumferentially, subsequent mixing elements along the
length of the elongate central body are positioned at different radial positions so as to
interfere with different parts of the cross section of the blood vessel around the elongate

central body. In particular, it is possible for the diverted flow from one mixing element to

flow into the mixing element arranged at the next elongate position.

Optionally, the relative angle around the elongate central body between mixing elements

at adjacent positions along the elongate central body is substantially 902.
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el ongate position. Optionally, the relative angle
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el enents at adj acent positions along the el ongate
central body is substantially 90 .Thus, after each
m xi ng el enent splits or diverts blood flow al ong the
bl ood vessel, the next mxing elenent is offset by

S %ﬁ aaﬁlteP @ééhy m& Sé?erﬁecqg ts?l tg b%?l(lé 189d %‘L %@;tnp R B|'08&‘ vessel, the

e Cross- sec I oNn vesse
arnexiTging stenvank ik fpridy isubdtantinly 908Isb aatta divert & BARyoffset portion of the

el SoRNesdMeH R bRoE IBLR|. il Sﬁz?qggfneﬁ“\bé&ﬁrﬁﬁhleblgﬁy Wi with mixing

For m xing el enents havin radi al “extent

t HdsfRenty Baving g eadiab pient\né syhstantially POB.e Fofcmixing slereanty aving smaller

M R4 diBICexRinR B Sel G tHR G elBtive PRk HiBh bEMREA su@R84ife mixing! Sements can
preferable for the radial extent of the m xing

o B Hnler cAkal jagle| | 18 pralaseble s theEAdil SHAG @ The mixing elements to

t hagRRaixseRithe fRid Bidie thBRHBIWeSN, S8 TRat NERé |s%BrT%foverIap of successive
successive m xing elenments when vi ewed axi al y

Qd"f"ix'Gﬁﬁfef’]F”tstWﬂ?“ﬁ’i‘e)‘(‘ieHg"x'é'l'Verrents are arranged in pairs,

each pair of mxing el enents being positi oned at a

re ct osition al on the Ion ate centr

P eRElN, AR BTG Lartaed 6yPEdeysach PaY OfikPRements being
eI EosRiohed fted regpettivedpgitivhtatong @S elohdale cerit@eBodyf aridnedividual mixing

%j"ﬁatte entrafl .bod¥[ | n :)Pther wor ds. a€a|_r of  the elonaat
PHEE PLHEAE  TRGR et RS AN ARPR T /GoRICHYR:Fifes of the elongate
exnteﬁtlallbmgy alnmtieer svordsd, amgmbfenmegtereaientsodigh'andu@ermte‘mming element

bo%gt&%‘yﬁ a%'g%]gn Sf&g&g ! %rapgéc? e%éaﬁrf a)?}rtége g%r%%%trgxltendmg below

ere succes |ve m Xi n
c othe eqrgate canptralubadys s Whereasl@bw;vet Migingestémeras rareft corresponding

m &c@%sﬁ/le @ES th%orlvg \6? n%gﬁ eﬁg %Lﬁ?‘ﬁg{' 8ne m'x'?ﬁj element

exten |ng ohe si ongate cen
t hextendingr tonpRe ﬁgieepfet’f@nelomqtea@dmtmj; haglytans Hehethes m:beng element

Of exkdHaiirfyl 10 HEAStRer SRIBIE He emgiﬁe cbhtrdl BofApSSi bl e to use

only oné pair of mxing el énents. However, optionally,
the at |east one mxer includes at |east two such

Payk fsSpdRbibl@ tE'LBS oflyesHRPalr-of Mty BeMhtd e%oﬁlegél'ogptlonally the at least
co rom se between providing an excessive nunber of

1SR @) iRcledes ot least “fj? §‘|‘°ﬁ‘g°a§ 8Pt Mg elemanis: ng.
Addl tional pairs of mxing el errents coul d be provided
to_further increase the alit X|ng Cert ai nl
GoBHF Pisve 5o SanERIE R agh oudng B o6t e of mixing
or elemeitts apd gividg isbiticiamtxeixing.n t he i nactive state, | t i's
possi bl e to deflect each of the m xing el enents so as

to be substantially flat against the outer surface of
t haddiiomappdis of eniking lelebredts. cobidethee padided td) durthieinoigase the quality of

el #I%Bt %eﬂglﬁlysgc?o%ergswﬁg %ar? ng&(?evgg mh ‘ahf‘& éMSal 'l they are

In order to place the mixer in the inactive state, it is possible to deflect each of the mixing
elements so as to be substantially flat against the outer surface of the elongate central
body. Preferably the mixing elements are shaped and spaced such that when they are
deflected in this way, mixing elements at adjacent positions along the elongate central
body substantially do not overlap. With this arrangement, the profile of the catheter is

minimised, thus improving movement of the catheter to a target site.
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positions along the el ongate central body
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the profile of the catheter is mnimsed, thus

I mprovi ng novenent of the catheter to a target site.lt

is also possible to arrange for outer portions of the

m xing el ements to be thinned or profi | ed such that

t

t e A RRRIe"S on 7B el St b R SiHRER Bk trinced or
beorafﬂerchwg@dhatrthanyerlangm ob edjagant opingaelemasin gioes hioltake up undue
co,la{j@'qé #p sanples. However, the at |east one

col ectlon area includes at |east one collection port

| ocated at a respective position along the el ongate
CefHolllediB Yurda8'catt 8k |aﬁ'§ﬁéé319n Any RAVGESH apfpropAlle! Rarfter for collecting

that position. Sanples collected at that position
wi §ampless Hoyavere therﬁé l¢ast ene %‘H'FCt!?"saé?ﬂalné'UéQﬁ atdeast @ne eollection port

t hgcdie Rl YedpRiiRe Péditin biengitké %nghfe b§ntﬁpsb%'d9|f%r lBllecting a
provide catheters wth a varrety of different arrays

o EFREELYSAIRE BLPRIRASTIGR SABAIS Cplsciesa st Bostion wil, of course, be

Pl iHlefddt b)aMbleclidctsd i tHaIRARILHR ByErpriBF @\higRg. for each
m xer. Simlarly, each collection area could include a

plurality of collection ports. However, in a preferred
enbisghosEBIE to ﬂroka:lé @btﬁet@tﬂ withCd VapiBty [ob Hikferiefit 4fa@¥ bidfters and collection

bet dj er.s. ection ort

ARG o FOE PR, & AR, oL Bt pregm o Biog Ve far qagh mixer

pr Sivniilakey, aad’mqﬂécﬁloofarem'umdclgtﬂé)md}ultamtyhﬂ calleahc)fSﬁcﬁhsf (However, in a
I t T ect o orts

PABRRES oBbolRIeNE s dific Blliecli gl e bRty st micers. A

meentiectionfrort mausbapmeude@ eha pgsitian tmtrpdtm rtagonikiegsovdsi to Iprovide a

!SI0 B blod 16 LY i P R0 U B b Bl 01

at Ieast one |lunmen extending internally along the

el .
o PR bl i 0808 Rl o SR e
s aleplinstasce KIPgBING i ySaMRYRE fRogkats Metighemjaht optjenally include absorblng

COMbRAAI MbWROEL in théeeﬂwwﬂﬁﬂerﬁaﬁb Qﬁncﬂt@ edritfal Sgdymhélhdes at least one
saline or equivalent. Natural blood pressure na

LS WEeN XISReias emal d9paine Sipnoatecsnisl kogy ceRestng W'“? the at least

| upmdGollédtioRpBAL | vel y, | ow pressure may be applied to
an opposite end of the lunen so as to draw blood in

t hrough the respective collection port. The |umen may
beTml&trﬁd fdﬁ'rﬁsfh adltiing arag N\Jhﬁihi DEarfié ©f bleb& mag.f@w from the respective

ri os | chol % Q t he el ong
ceRtpfen B0 R rereCean Y BredBy B et oSS agrl biood
[ npnesswé Inyay be used in order to allow a sample to be collected in the lumen.
Alternatively, low pressure may be applied to an opposite end of the lumen so as to draw
blood in through the respective collection port. The lumen may be coated with

anticoagulation materials, e.g. heparin, phosphorylcholines.

Optionally, the elongate central body includes a plurality of lumens extending internally
along the elongate central body connecting with respective collection ports. In this way,
a plurality of samples, for instance one sample between each mixer, can be taken at the

same time.
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al ong the el ongate central body connecting with _
respective collection ports. In this way, a plurality

w@Roogamsbes, for instance one sanpl e between eB€ChGB2009/000106

m xer, can be taken at the sane tine.ln order to

reduce the mxing requirenents for the mxers, it is

possible to use m xers which nerely create a fl ow of

bl ood from a boundary I ayer to the elongate central

bcfﬁ%r&'gr t{@ Qébtucg %eﬁl&ﬁ'{g ui rﬁ%nﬁ&qfop ltl?eog'n >{e|%r 49713 bl% poeuse mixers
entire cross-sect! onaraund e el ongate’ cen

Thyhichhsernely areete aliiowod bfdodvirom artvpandmuu laglen tp theaylengam central body

0 .

. @tthﬁgtgr%g%sla g@ﬂw& gﬁﬁbﬁ t@% %%(t}rg F qgg g&&.@ﬁﬁ%uh&he elongate

t Ivghtral pegy.ed hléﬂnecam thap b@cd fipwdremaa dourdasn Iayert at\oe isigetoé a blood

PRSP hﬁﬁbﬁly%‘b\f%s@ﬁtea tc?lHéL?érh:% Yia@bt {8 le|o‘?1§£t’e%@%tpé? bbdy. To ensure

around eri ery 0 e el ongate cen

Hdmg\,s@fnplqsrpf é‘iﬂ% lordl dawrase takegy it waeldhe pesgible @mgovude a plurality of

CQloligdibh %rté‘ra‘?‘ébndtthé p%h&iwtof-‘ tH’éeélBﬁcf’Jte Q&qbél ibB &Y. U%@e@é? in one

outer wal havi ng an out war d y aci Ng surface and

i rﬁK%HOG’I’S}erF RithRyaklarst aoe caliprtia arednthe elerngate eerifl Iaqqytln@udes an

atodté?&fall havify &Obutﬁﬁ:ﬁlyqﬁcn@&{dﬁ@@ anh?arﬁj Fﬁf/vhlfblefacﬂ@ §l|1qrface and an inner
e outer wa

E((?Jb%af a%ﬁd%g{ ;rilecciollef:tfo@méﬁpp éﬂedg gﬁe inwardly facing surface

t hﬂrtr@éoemtweﬁal arf thelitnerboae Ban akfirdl4 &)buﬁ'fferbﬁlfa@ gwtﬁéﬁébeﬁveen A
n be def.i ned thHYTg@ t he outer ma bet wee

car it
i rvgrgeent 3'61"6‘5 % R FANE %P%F\S‘P‘&Qhﬁ% PH‘&’ wall between its
surnf«axdl@ fadifig scmfafce lef:lGlfsedih mwabllyga@ng‘ aorfddae erTHeOdSnféumferentlal gap can
f or i 1t at st o co i on port

£ Ben B apiefot b g™ gropERbe SlBoRh Pt frard Sy of racia
a duieowref bl ood fromthe boundary | ayer at any
position around the periphery of the bl ood vessel wl]l
be provided to the elongate central body. By providing
t He atiharovgytls. heoflew of idansidfrem dbe dotihdare ayier et pey ippsitiaryaround the
of I t

e oPRE e Al ihiadd o Wbt NGR ay) By proviaing
hdh%éth't‘Qi‘ h%lR%s Saaogdmt@dometeﬁérebm@demqim elor\mse @dre;ra! body, it
Saéﬂ%bﬁsal\&é‘ﬂ%rb‘ésﬁéégﬁté Y)g r¥dank %?aﬁl@gstq}?\groe ?no%@g%f}%h holes, to take a

around the catheter. Because hrough h

c o] eithe &'qorslélowapqueoﬁwmq reassaswﬁaws ahthe; 39 degree segment
medibiiri tle cathg@ecol | ection port is thus able to coll ect

an appropriate sanple, even if the blood flow fromthe
boundary | ayer is provided to an opposite side of the

el Bsrgasetheethtough Hodyark Qalltdbahecﬂéd td heCEdIleBtin B3t BPeans of the

Wi rpﬁmﬁ% ﬁol{;e 5)%2;% het |és etéIE{tg \ébﬁ%:gag)m atp%ro%ngtleesample even if the

blood flow from the boundary Iayer is provided to an opposite side of the elongate central

body to that of the collection port.

Optionally, the catheter is provided with a sleeve within which the elongate central body
and the at least one mixer can be stowed. By withdrawing the sleeve the at least one

mixer and the at least one collection area can be exposed.

In one embodiment, exposing the at least one mixer allows that mixer to move from its
stowed inactive state to a deployed active state. Preferably, by moving the sleeve back
over the elongate central body the mixers can be moved back to their stowed inactive
state.
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and the at |east one m xer can be stowed. By
W t hdrawi ng the sl eeve the at | east one m xer and the

wa@toobegisho one col | ection area can be exposed. PEI/GB2009/000106

enbodi nent, exposing the at |east one nmixer allows

that mxer to nove fromits stowed inactive state to a

depl oyed active state. Preferably, by noving the

sl eeve back over the elongate central body the m xers

can be noved back to their stowed inactive

state. According to a second aspect of the present

| eeortingrio a seeped iaspeat ofvihd eriesentmavdrtidn,f therede peviaked rxgmathod for

d bi Kk
%teﬁerg{ rFJ & %dgta pb(gflle \9@% Snﬁ&gv%: 8?{ %{%?ﬁ‘fﬁagg‘gﬁfﬁm @g gval of a blood
arva$8p55| whicla pekthed| ¢amprisés Hnalysing aardla@rality r afblaod samples from a

bl ] u n
KARASHEER Bt 1k, 80 RSP kil U300 bl B50553 o oo
prvewhto in¢ludehilood predentyn theyboundary tayer dltheolloed gaseél waII the blood
{

oca }e%%rg %‘Rgn Za?{?%g@&w@%%ﬁﬁsaglﬁ %% leh cﬁcﬂ'\% \Hfood vessel, the
arpapysjs S‘CIUﬁ@QGhﬁ ﬁgpacﬁe steps of: rreasurl ng a
C once nHe@Euri?ﬁ 2| &\ﬁ@ént%tloralepél BRbBRarKkePinRAEMoBbE Q:Sjmple

sanpl e; determ nin first concentration correction

f act or dplFMigiagha rf@g preceR}Etion seuedigrphetot dorcenchetespgatiye blood
disafrPleoB RfrebtTob @iffitbiced O LUIRpI8NGIuRNe b ARRGINREM different blood
di fferent bl ood sanples; determ ning a second
coRE®IBr ati on correction factor to correct for a

measur @Gteﬁﬁnﬁh@r@%né RBAEMtratRIn reb®HtactbPo Edict for a measured
bi omar ker %rese gg?rera circulation wthi

bl BGEREeY ”CF’E}Fa“@%\@H d%b'ggﬁﬁﬁépfe%}sfrwqﬁlsraécnrculhatlon within the

r asqueistréans, first and the second concentration

of 't ho B BB PRER sPTPea ARPIG B FBea T abe FFERY Cancentration

co:orrecttoadfacton tetiter méasured eanebntedtiot hm/ebobmarﬁtmarkannd each blood

I S E{p?et t%) %@te?rﬂqlgta%o%aé %c();"nc?;utra%g? L%gl of ﬂw& o@rﬁﬁerptr[]% | 00d
vessel ge@aiingendtiaty profileeot nellrélmﬂ danmcertetion levgls fos e Hidrearker along

Sttﬁ@leﬂ%th%'?ﬂleyo%d?ﬂ/ c8le | €ast one bl ood sanple collected
romah upstream | ocat| on to determ ne the second

correction factor to be applied to the neasured

C Qﬁ‘;ﬁ%ﬂélryame%‘eth@d/ ﬁhﬁer%n?ph?esﬁhé’&@ﬁ Bﬁénal@ﬂb'a? [28Lt ohe blood sample

l'es are analys nmeasur e
Ccﬁ?@@'ﬁ?q femon @pst@afre{oéatgﬁctg determlne the second correction factor to be

applied to the measured concentration levels of the biomarker.

Optionally, blood samples are 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 to correct for differences between the measured concentration of the reference

marker in the blood sample and that in general circulation.

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

sample taken from an aortic arch.
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marker in general circulation in the bl oodstream
havi ng a known or neasured concentration, whereby a

wo empoewsdrve first correction factor is cal cul aperGBer09/000106

each bl ood sanple to correct for differences between
the neasured concentration of the reference marker in
the bl ood sanple and that in general circulation.
Cptionally, bl ood sanples are taken fromw thin a

%86?8153 187 ﬁ'\rwx %@%ctaéf thg }%éseﬂp %vgnt ﬁ %nps §r8¥188$ & Wgthod of

rom an>aor Accor
prpen;lmrg a |Ie1ngtrnof| ahlpod esse! iosdepercrmedtdad mtl’n’@gfmeldstaté or physiological

f : to det ' th
Pyt dihiBod ERG hefl colesREtheaRBr | 2, c°0f the bl ood
v essel infiadlucingoioter® blsbchgesshlen trxigtasvastulai gathetat iheving aibedy section
VRRE WHRS: uralgk//t»l C}g&obécﬁlﬁ&%:ﬁgn@ﬁ‘ r%@ﬁ&ﬁ &%ﬁrﬂ@%é B8nd'a length of

dy sectio d wt ural
céﬂ’ql@i@Qd‘(ﬂSS%orts for collecting sanpl es aI ong a length

of theqyblamh Xlel§§§ |oneqﬁ|9éroéébﬁﬁy ebthaW?/f ﬂ@%afﬂef&?rbody, the mixer

radi al 'y outwar e cat heter

t ﬁf@f@%/ymwwmbw@d@pé%m@ubg@ram tha radjal gKiedisal trnehféoecmsael to include

exjeatprédentif g bBLARy Sa?{hetﬂpodd'\iégé@ﬁalbl ood present in
a boundary | ayer at t bl ood vessel wall; collecting

bl ood S¢!SF¥Y Blred@t s P'@eﬁhceﬂecaev tROTtE SIRWEBtFaaRh Ph et ﬂeleast one
atmikgast one mi xer; anal ysing bl ood coll ected by the
bl ood col | ecti on ports of the catheter to determ ne

data pRAYSNG Bloog erllediRd et g iDIFed| erligptionoporh of dhe atheter to

Mafeterming raaiall@emfualoﬂfng doRéertrafigi lBvel oft dre d? Intvél bioafaB@ks along the
A cordugﬁ Wf rth aspect of the present invention,

a met hod of sanpling blood in vivo
fron1a bIood vessel , conprising the steps of:

DA 8% LR BBl 0 ot BIBEh, P o s metnoa o
blsemlimmblbq;tmlvwn frpmret I&iodid)vesseil ¢amapirising thaastmse&f along a

I th, t

" :gigal r@fogﬁéﬁlﬁ% J@IB?& V%QSIgAa{P%‘e@tbrhg?ﬁet%%§ bﬂ grb%dg'sécgiron provided
t éthed plunalisy wgblwcbsdllemm\mgs jartdellecting @atmbleedakmss ddngth of the
s@gﬁ\te@pt ially across the radial extent of the bl ood

vessel ; and, collecting blood at one or nore bl ood
col | ecErRIAYiRG At leagiqurier Mxafe trdigByeytwaedivrobine catheter body, the mixer

thereby mixing blood flowing within the blood vessel substantially across the radial extent
of the blood vessel; and,

collecting blood at one or more blood collection ports positioned downstream of
the mixer for subsequent analysis.

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:
Figure 1 illustrates schematically an embodiment of the present invention;
Figure 2 illustrates schematically an alternative embodiment;

Figure 3 illustrates schematically an alternative embodiment;

10
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the m xer for subsequent analysis. Brief Description
of the Drawings The invention will be nore clearly

waeaenssend fromthe foll owi ng description, giRPENGB09/000106

way of exanple only, with reference to the

acconpanyi ng drawi ngs, in which: Figure 1 illustrates
schematically an enbodi nent of the present invention;
Figure 2 illustrates schematically an alternative
enbodi ment; Figure 3 illustrates schematically an
alternative enbodi nent; Figures 4(a) and (b) illustrate
s diigamest 4 (s)edridy(bjilltstratesschereaticatyoatiermativesemibadippers;5
illustrates a preferred enbodi nent of the present
invention; Figure 6 illustrates an enbodi nent siml ar
t digtirg)8illestBatésa pretesred embodioent ¢fithpipresent inventionr at es
schematically a mxing elenent for use with the

present invention; Figure 8 illustrates schematically
arfigure 6 ilivatratescamembasiment simpilac toffigure 8 én qbssseachen; pr esent
invention; Figure 9 illustrates schematically an

alternative mxing el ement for use with the present
i riauae 7 diystrategzahematically a btingglerserd doraisa mith e gresent invention;
m xing el ement folded in a stowed position; Figure 11
illustrates schematically m xing el ements stowed
acﬁl%%ﬁtlllqﬂ{éteaﬁel@q%qtlpalyi ngrr@qu mixing ¢lemart for use with the present
sGhefmén:cal |y two m xing el enents fol ded together;
Figures 13(a) to (e) illustrate folding of wire
Sstructures for use wth the present invention; Figures
1 4igyre OaIIUstrhteb Isthighdtiodly drngitefridtich Aeking EI8mEAtITECLSY With Bk present
Figures 13(a) to (e) froma different view, Figure 15
i I'&(?Qﬁ?’bt es schematically an exanple of constructing a
m xer; Figure 16 illustrates schematically an exanple
of .fitt] m.xing elenments: Figure 17 i]llustrates ..
cehi b MR AR e fARS Fourelsign blegd ARl Rstion:
m xing element; Figure 18 illustrates schematically a

doio | s Fj L i Ll e )
criofire 4 TBRr oGl et ibilod sdRhi Gisfanginer
i n enbodi nents of the present invention;Figure 19(f)
il - ' ; ' i.-  umen
e b T Dl S
present invention; Figure 20 illustrates schematically

a mguks Pd(E) thQs) iMRRatk Rold@nd bELIRY StkStufiERGdise®ith tR predit invention:

Figures 14(a) to (e) illustrate the folding wire structures of Figures 13(a) to (e) from a
different view;

Figure 15 illustrates schematically an example of constructing a mixer;

Figure 16 illustrates schematically an example of fitting mixing elements;

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

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

embodiments of the present invention;

11



present invention; Figure 2 1 illustrates
schematically a sheath for sealing with a manifol d;

WO-2@ane032® il lustrates schematically a sheath P@r/GB2009/000106
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sealing with a raised portion of the catheter; Figures
23(a) to (c) illustrate respectively for the sane
| ength of bl ood vessel three different
i ndi vi dual / groups or other conbinations of nol ecul es
or biomarkers associated with different stages in
pl aque evol ution; Figures 24(a) and (b) illustrate the
corigerat!Pétillustrateb alvroasesekiion ¢f mitereative anulti-lueneo duttimgsuitable for use in
" CEicHr ShnbBaileROS 1FSEI Rerdtiopesul t of plaque, where
e Or Nno mxing occurs wthin the bl ood vessel;
and Figures 25(a) and (b) illustrate the concentration
of biomarker present at the central region of a blood
vessel as a result of plaque, where mxing within the
bl bgure\P8slustrates sgerprticali amaaitpliéas ise fin Rerefarrd pnbediment of the
| N¥@&rk AlertBACEr NS the provision of at |east one m xer
on a catheter for taking sanples wthin a bl ood
vessel. The at |east one mxer is for creating a flow
of Figlra@d ilfusPaPsEnBMalidily b @RSatiPfor s&ind WAPE MapRsg! to an
inner central region of the blood vessel where sanples
can be collected by the catheter. For exanple, a
Pl Figadei 22 iI06trHSHTBEIRINANBAIYOS shadtl NorabédN8y ithed GhifecPbomion of the
bIood vessel such as a coronary artery, and those
%§'analysed to detect biomarkers and thereby
|dent|fy vul nerabl e pl agues and ot her phenonena

oG08 R R A gt Sn oLl e s B b ol e
t i different ihaivitasd/gequips loe birel cd)msleatwnabﬂmbtec@anerr libmarkgrs associated
l o i ol ogi cal or

phglrﬁtl'rrg@%r?ntpslia%faég?npp I‘L"@"e\gsvgg‘ n%’?e underwaye. g. tissue

response to stenting, neasures of drug uptake from

ar S@g%?[az? y'ama @ﬁmgﬁat tth%%Hﬁcr%ﬁ&Bﬂn&e%&ganﬁ%{ bi38Lh at the central
pr trgiesf grolaaek vessal ms ageRult gh plaquelvhere It omicgixingangsersavithin the
|Og@b&§§£eﬁé§§ue response. In particular, it is

desirable to create a flow fromthe boundary | ayer at

the wall of the blood vessel to the central region of

t hﬁgbﬂe@ o (a Qa‘h‘éelb) |I|tBtr£tB lthe %Hcenhbt@?iaéfkt%rﬁar‘kgﬁ Frlegéﬁi Gt the central

romp u romthe walls of the blo vessel can
saFﬁ9|'°é‘o°f%1‘a|°%t’"e°éF‘e%F %yesl“Hé’f EE'HH%t"merq F‘l"@‘@p‘fé‘&"? the ’El‘POd vessel is
t hased.

Detailed Description

The present invention concerns 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 coronary artery, and those samples
analysed to detect biomarkers and thereby identify vulnerable plagues 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 biological or pharmacological processes are underway

12



radial |ocation of the catheter within the bl ood
vessel. Figure 1 illustrates schematically a | ength of

W@ 20bood9sessel 2 into which a catheter 10 hasPGEEB2009/000106
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inserted. The catheter 10 includes an el ongate centra
body 12 having a plurality of collection areas 14
along its length. In this illustrated enbodi nent, each
coll ection area 14 includes a respective collection
p r I | ' vi.dpal I However
F R dBPyeL Bopdber 8 Sty Ml M ) B8R B ARG R0 sters
witissueoteheonsie no\mllqmaamgloofastyakmmggra&nglaed an;o iothendatech! process or
{ i
cof Fggrﬁ!oﬁgleprrg%dgae tﬂgﬂngnﬁ%q%gé I.a‘?c%éalllg% t%g{xé resgépse In particular, it is
pldgsigatile to ereatenaxiowsirapg tHesbauhdary ayev atid waall oh thet theod vessel to the
I 1
ed%gltré] o%l?ﬁ %?%@F%L&Eel G thls @aﬁ%lﬁéwe@’ resﬁltt@[fmrﬁ(&ﬁaue from the

are I'y out war
e/\fﬁ"ﬁ af th bippd vesseiean by saaipiediBdedetesiagl hynthe categteurremectlve of the
tngdlglllé’c.%‘oﬂ Sﬁﬁgkatﬁet@rtwdh‘ﬁ'ﬁﬁé bidoB$Bsdef the outer wall of
| ood vessel 2 and the boundary | ayer at that
vvaII It is sufficient to have only one m xer 18

u Fﬁédr@@rﬂu@ﬂcrat@s Qihléhﬁilda“\}' a %fngﬁncﬂf h@fidddRssdi 8 @0 Mjﬂch a catheter 10 has
However, with each ditional mxer, m xing t he

bl 560 RS, Ther@ 1530 e n plopgate RPER) RS\ PR apluralty o

t h@llédtioH lateas Al aﬁﬁiﬁ'ﬂﬂsllé}@trﬁt Intthlg |I%§ﬁété@bmb§&h@ﬁt @hcH d¥flection area
bl ood vessel can al so i mp IS

deth PRlBTRs & GeRFIvE a%'eg'om ReFale fPS/C%‘PCtlﬂg@'Qd"fé”aéﬁﬂ“P'e However,
t has eollébﬁbrm’réés arliviay bIgeRVsy Ye @hibblicd wita @trdk kBdWHin84ans of taking
ction areas s

bet we t colle
55, GEh3Ed el siaa hale i falRgon et b ertna espectie
vodammsof bl ood. Figure 1 illustrates a bi omarker
rel ease stream4, for instance resulting from pl aque
on the wall of the blood vessel 2. Bionarkers rel eased
i rAsoillgstratedoa pliieality df aypers 18 is lalsbaomolidedf alenythe temgthend thet aatheter 10.

;:\Erg:iaﬁiﬁidﬂhttﬁ@%.@%%?y%de ¥§C!§%'1§’|%g‘5¥%’§'2 %tékm?;ate cﬁ-:‘ntra| body 12.

a cat he areas
cefhermixersd§iexstendfn a Froidsl efde bleod wessel 2 ahlednt C@sé fa thealouter wali of

t 4ha6ldbg VEssel 3 ardht Qgéﬁicgal'ﬁa\;é? thshﬁamat heter (for

I nstance on a gui evvlre Is off-centre. As will becone
apparent bel ow, the m xers can have a second function

of it [ si‘ﬁflcl&t ichﬁa\ﬁfgrﬂﬁ&%' mtx@r id epsRahforf plulfityPbtRfkction areas 14.

vessel (faor instance their 1 nherent

r e'é?wvehd@wseachf%ﬁ*eé'gn%emfgw Fisthe igedowithin: e ipoch yessel 2 is

f Oihfpﬁov@ﬁ sac(:j@t!liaﬂfh\éﬂ réfits oM¥drhpiing St fHéQ:Terriﬂ r§g46|’ﬂ ofthe blood vessel can
lustrated in al i

L e 68 Prrovay landais desrhht oiatvidp s iwait of Pixgrm 18 and these are

esmeﬁtadaént&d‘é@tjslﬁ a&hubmeu%mem@w tskwdePO2diabent dtllectioh avdak Isuch that
preci at ed

be &l m xer %g havi ng_ 50%

of PR RURET T TRt o TR g Bled fotims of blood
Figure 1 illustrates a biomarker release stream 4, for instance resulting from plaque on
the wall of the blood vessel 2. Biomarkers released into the boundary layer will tend, if

undisturbed, to remain in that boundary layer such that optimal sampling by a catheter
with collection areas in the central region of the blood vessel 2 can be difficult to achieve.

It is possible that the catheter (for instance on a guidewire) is off-centre. As will become

apparent below, the mixers can have a second function of biasing the catheter to the
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successive collection areas will be m xed by
percent ages of 50, 75, 87.5, 93.8, 96.9, 98.4.
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will occur with percentages of 75, 93.8, 98.4, 99.6,
99.9, 100 and for m xers of 90% efficiency wth
percent ages of 90, 97.5, 99.4, 99.8, 100, 100. By
taki ng these m xing proportions into account, it wll

becdre oF the®idor vféés?e‘ii [f@rtlné‘l‘&ﬁfe%y tRdiQRserd %Qllﬁﬂ&g/ﬁlﬁﬂésst%ﬁng against

catheter 12, the biomarker rélease stream 4 emanates
f r & offcgentesng &ice QiRUdeMie): bi onar ker rel ease stream 4
and its associated plaque are positioned somewhere

along the length of the catheter 12, collection areas
14t §t53’é‘étHﬁeo‘-1“°F Re ilyptsates IndTioyre ! ewese atnlusality af succensive mixers 18

sagpérewaéw nblsofﬁﬁfrBﬁir estent® lthdt %ct@ﬁm*e@%ﬁéwd& |1b09@ﬂ'|1|3(mg It will be

nFF (?k: round | eveeé/. I n one enb

o oPbrcidleh ¥ 3578 S U tevinaL St Plisianen the stk Skt of blood at

s usilitcbdsivie oamedﬂgrﬁfhbéaﬁ wsldaﬁphueed)ﬁy ;séfwedt&gée of i@nsb&v 8, ak@Nnge.9, 98.4.
0 rovi gde nai cati.0 (0] a acC r ound

> ooy P oo, o Tae el e n pprgentages of 75,

hi gh8,y9824) 9ALBT SAL,0108 aind fgranikers B GUY6 BRiCIERdy Wit perterdges of 90, 97.5,

% 0# éﬁqoérom the sanples. The schematically
ustrate ers 18 of Figure 1 can be enbodied in

rrany_ different ways, for instance as lamna flow

o 80 L8 i OMEERL TS, D Sh BTy s v

doelgnsmme lagih @htheqsytftetertmmhsmmerIrelemystmannk4 emariEdéshirom. Of
E%J??J e %ME Byrdker r{elgéé% e dredinEind 1ssBG 5@% %ge are positioned
r ent e

oW nay | nc a static m xer
t ha@mewheare alosg $he ﬂ¢f1§ﬂ'e at theneathpjervi, isottectiore afeaavxﬂt @pstream of the

g€ BRAfaier fdidale! srdtim WRGof St ér%fblorhé}ké‘r amap( ng at l%éét wnII only sample

i nduces turbul ence as the core nechani sm

i t 2RagkaEndiee)by shearing the liquid or adding energy
in the formof a secondary flow or powered novi ng

el enent . PreferabFé'ethe static m xer optim sed for

| alf ST STPRASUSRo SRJeHRD 4reRaIFTGYIdRE PR RREn PLANYReT saish tha an
Of uhmiRed sﬁm@le bfaﬂ‘:cenﬁlbc:n?L @?g HelJfalﬂlel %Btas( Eﬁﬁiov@@f ém‘ﬁﬂjlc%ﬁon of any
rs_from.1lx to
| APPRaTOUH PR plTe: oGP RS Erea ' aB asfertageous i
fI pevfammingaoiraallshyorixs daarseqdisddnl thhesamaples.f t he
anal ysis scale is changed, i.e. a turbulent flow path

can be considered as being nade up of lots of |amnar
sed’hé echengtically illustrated ingixezs 118 of Figate Dran bélentediedtin tniegy different

Waﬁ é%r |ﬁ&5r9créa§sy Igﬁ'\ n%rf ggvrs aﬁ! rtnr)]( %Q{} ;.Jleﬁt;J | ng% e{;&g{%gvmixer is a
chav@cthat ashnmsvtsmmg byatayiag tSelt ylt dee&ae@taddcamsigyeoemb system. It
as nf3G Wik bABbABminar or turbulent flow. A mixer that acts upon turbulent flow may

include a static mixer and requires that there is sufficient energy within the flow to

generate turbulent recirculation. In a mixer that induces turbulence as the core
mechanism for mixing, it may do this by shearing the liquid or adding energy in the form
of a secondary flow or powered moving element. Preferably, the static mixer is optimised
for laminar flow mixing but ideally operates for all types of flow, i.e. laminar, and turbulent

(best defined as Reynolds Numbers from 1x10-6 to 10,000). The term laminar and

turbulent is complex here as a turbulent flow may actually be considered laminar if the

analysis scale is changed, i.e. a turbulent flow path can be considered as being made up

of lots of laminar sections going in different directions. Hence, at the scale of coronary
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Irrespective, in sone enbodi nents, the m xers are
depl oyable froma first stowed and inactive state to a

wae emongh3depl oyed and active state. I n parti cul BET/GBR009/000106

some enbodi ments, the m xers 18 start in a stowed

i nactive state in which they are close to the outer
surface of the elongate central body 12 such that the
overal | cross-secti onaI area present ed by the catheter

1 r I ath ter 10t
%rtler’r?‘]eseeglkh%gbl?( m%ptff f%’lmo h%arg éréay\'% rgergg s |L1rbuler'ﬂ‘)1 él'ée net flow

t neareetehmmwthmOhMaael’g@best oyrsideed asruemgtlaremaiesr red

region of the blood vessel 2, the mixers 18 are then

noved to their deployed and active state. In this

stirsaspectivhein rrorer emtbigliresnts ritle oiters a qeriiqyalaledronhe ficsti stowed and

r %09&5 sPafte Be bé&%ﬂq V(? ed2 dac'iﬂpf r alld paﬂ?ular, in some

Cross- sectrona area pr e heter I'S

i eohediments, the mlserpéé§tanlrrea§t@wrednrmcavemta¢ern whighnthgyanmclose to the

a%@te'l; 'sgr‘f'a{c% of thd EIUﬁéaﬁé‘Eé‘rﬁraﬁ B&%}'?ﬁ Gl thit e B@%rgi?&rgés-gegtronal area

havi ng depl oyed foam m xers gure 3 ilTustrat
S ﬂﬁ%ﬁ?ﬁ\ep @alﬂl‘%/caﬂ’r'?tﬁrﬁoa?@@ﬂﬁﬂ smgjl. vW'i‘i‘SCﬁﬂOHS thetagtheter 18 be inserted

U3ﬁ§ the BRb& v@gseFQ'?ﬁéré watigd ORQMng datréteR!1bthas Yeer 'rrEEﬁecd into the
bristles. The bres or bristles extend radiall

f rd@ﬁrqqrég'en Bhfé‘atb@%'e’ﬁ?ﬁea? tReEjxer18 gre thes maved & el éeployed and

t hativedtater f thicBtald) |tIQe nke@P8 ckicAd Wutwiirdly RIwaasithy %ﬁé? |'e§|ons of the
of a varretgaof different internal dianeters.

r S4qnecyessel; 2 jagd dhss joverpl eraspraectiond %fé%l%‘iﬁéategtbdt @eoqathete' 10is

t hecréassar s extends over a range of dianeters. For

smal | er di aneter blood vessels, the mxers 18, 28, 38

extend fromthe elongate central body 12, 22, 32 and

t d’urs Ipotéﬂﬂe taform @f mixbrefrdoh éoath redsEiglre22 illUstrate tsahematibally a catheter
avm r(’inexlo e%’foammre ficient for the mxers to

ex end #6°% ¥eg| an "UGEe o the wall of the bl ood

vessel 2 and nmerely interfere mrth t he boundary | ayer.

f ,
¢ dare s S Enttal ah BaRhonaik SRR HYsP S ypes mivers a8
t cponarn@taddwnaa ohealityef fibeea gt brisies.aTh fikwes Qrésisﬂ.ﬁS,extend radially from
|rtFl S8 ﬁé?!é?m%fb&d}%z' nternal diameter. Hence, by using
pl oya m xers, the mxers may be deployed to
drffering extents to touch or extend close to the wall

ofyt ik B%f@b&@ @ha‘t/ ﬁ%?d ar@ QbIERS bsdratéhdthint diSod Ve&did&H ahvanety of different

di anet er of d vessel at that point, wt
céF‘Fﬁiahd'P‘a‘ﬁE?é" 'I"rih'éé?ﬁp&F'h itds Paﬂ@élﬁ’e‘ﬁ?‘s‘he th@'°¥§°¥(§?‘§ of the mixers

prextende oldraa ﬁ!\ﬂ?é be diafeterd) ngrrdn%‘ﬂ&e&i&ﬂn&t@r Bibod D&ssels, the mixers 18,
d|rect|on wher e he m xers are

ov?@r § P’(‘}ﬁﬁ“{) Li%méheoﬁlaggaée eg'ﬁrla} B?dybb?dfz 32 and touch tkr)re wtall of the blood

vessel 2. To attain the desired mixing, it is sufficient for the mixers to extend to a region

close to the wall of the blood vessel 2 and merely interfere with the boundary layer.
Blood vessels are not uniformly sized and may be tapered. It is desirable for the catheter
to be able to function along the length of a blood vessel, irrespective of the internal
diameter. Hence, by using deployable mixers, the mixers may be deployed to differing
extents to touch or extend close to the wall of the blood vessel no matter what the internal

diameter of the blood vessel at that point, within a certain range.

In certain arrangements, the mixers provide the desired mixing irrespective of the
direction of flow. Also, where the mixers are bent over from the elongate central body

towards the walls of the blood vessel, it will be appreciated that they will be angled
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towards the walls of the blood vessel, it will be
appreciated that they will be angl edt owards or away
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a depl oyed state such that their distal ends, or tips,
meet with the walls of the blood vessel, if the
el ongate central body is noved within the bl ood
vessel, it is possible for the m xers to be defl ected
S . r.
f gg\p%rbg %" a&vgf?%rﬁn‘?ﬁ(eﬁcgrég I%@?Iog}n alh?é# g/\‘i;tvh ﬂ?en%\%y% .Q% oaeg%yed state
t Feush tf‘pt tl,nreas distadl eads: antipsireeetswitif the wallspiies bloop eemele if therelongate
m f [

ac?(:é'g{ﬂiﬂ r?{o%? {shrjna)fé(fj vﬁthﬁ%f?%g\llbgérf 7 sggl m%aoggbetf&qh%fssto be deflected
f | sy@h thadtherimeve bbwgemetates faﬁngtthwarps eeféfacmgray\@mﬁrpmh@ dieection of
STiRfW. CIn'UnéWBisth reﬁreefgrl%ﬁ?né}ger{tggf g%lx&Qtog)@Fa't@*or f¥ing the flow
meeting size, Xl n manuf act urabi I %/
r éﬁ%ﬁﬂeéi'i@rﬁ S’heth?" th% mixess faeginte th‘bﬂlpq’ tiow aefageaaydtam the fluid flow.
m xi ng whereby any bi omarker propagates both about the
circunference and radially through the bul k bl ood fl ow
i PRl embRMeRis obthe nr?ﬁe& igention éqsa§taa9 mixessh 1gsegffering the best

f 1 pdtéhtigl fSEn8eting ¥Re RRPIOYRICAD AHET AH MshAactRabiIRY rédlirements.
hel i cal sections, each helical section having an

opposite direction of twist with respect to the
ad} B eesitabietol E@lidesepipiand mnﬁtggwméiébﬁa(r@)bnaﬁ&kértﬁropagates both about

I trate two arr epent
o PR PL P eetarlade b onan Be Selkitaloniajehiond ypsel
i ncl ude a plurality of mxing el ements which extend
aanemaeglth & ctio R R i ParEhest @ hesed s, Sy of nelal
4 Tsegtiensa eacmaidaladeotion hdving @angphosié dirbetionl ab hgiat with respect to the
ce;ggc%kﬁ '%ﬁgéiig&wﬁf t he cat heter 40. Each m xi ng

el B 6, 47 has a helical and screw shape
so as to rotate the flow of fluid as it noves in the

!Agﬁ?ﬁi"]g { ?at e@?ﬁlhét%ﬁb Wo )ﬁogﬁblg laﬂg nfsefm gt&lctrﬁl%hﬁ 42.

Ing elenme rotates rou
360 and each mi xing el ement rotat es in an opp03|te

di E&‘F\tdfcfﬁb Fn‘ikew FIdared & a?gﬁdTFﬂg incieas Smahfyoof'rﬁlxm I'élements which

this while one m xin ment causes ‘fluid
toe’?%\ddﬁé'a'iyﬁ’%@eﬁlqnéét?|°8Wa'W@h that fluid flow
reaches the next mxing elenent, the fluid is caused

to change its flowand flowin the g posite direction.
| N MBI BEBET AR MG SlgmeRIAer40fo And i gre amanged along

eI tﬂhﬁwﬂgﬁ'l 6faté @lobgatd Teftrak Body 42 &Eﬂ’\e‘bﬂtrht& 4bh&kch mnxnng element 44,
t re mxin nments are u
D 1 I, L SRPPBIRRES 5 S M S o8 H moves ntne
Coluhgitualmal sdction afrthereddhgae eérarae bbdy wml A:slmlmsmtaaddeeédnfraugb element
tes | SR ééaann%e %} iX b Clgrrnt fotatas At ement.? a t t

as ﬁ? %'W e gLl TN e MR OBTRSR A PRRAR I Airection to any
f | onixohgf al@ment adjacent to it. In this way, while one mixing element causes fluid flow to
rotate in one direction, when that fluid flow reaches the next mixing element, the fluid is
caused to change its flow and flow in the opposite direction. It will be appreciated that
any number of mixing elements could be used as a mixer 44 but that preferably two or
more mixing elements are used. It should also be appreciated that other arrangements

could use similar mixing elements which rotate through more or less than 3609,

In certain arrangements such as illustrated in Figure 4(a), the outward flow of fluid from

one mixing element is directed towards a surface of the mixing element of the next mixing
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one mxing element is directed towards a surface of
the m xing el enent of the next m xingelenent. In the

wo bdoaseasad ed enbodi ment of Figure 4(a), this iBCT/GB2009/000106

achi eved by one set of alternate m xing el enments 44,
46 being rotationally offset relative to the other set
of alternate m xing elenents 45, 47 by 90 . In the
arrangenent of Figure 4(b) the mxing elenents 44, 45,

4%IemAéZ|t OfIn #H@?nﬂlgs{t%%ﬁg%ﬂ%rpggt 53: F‘ﬂ@%& 4@2%53& %9(1 S\f)éda‘rgyﬁ gne set of

alaft@mgtenenmgoﬁlerﬁergﬂ rdd, 46 b;elngardtaéllonajul qffsgipietative ¢o thecoter set of
b odi anmetrically opposed, but
Lha nlnﬁngﬁlg{nggﬁdls 7 thyGhe!

re atively pl'anar’ sections. Considering the
pair of mxing elements 54, a first mxing el enent 54a

e)frli ﬁw@dﬁraﬁéﬂﬂ%rﬁ 'E)?F %64(9)fthé Frﬁx % QI?Q\@&% 4% 64Y g 47%? He fangement

of the ca 80 secto

f iof Figueg Atllare GP'aFﬁ‘ébY ﬁ@'@rQiaT'X"QQJ%l@@e'@i? 54 39l ﬁﬁﬁj’dﬁ?ssel :

The first mxing el ement 54a passes through a dianeter

of the elongate central body 52, but is angled

r &1 #e Yreangemantt Ligure 4 Aplical, aPiral @r serEW BRFoNys releced by two
el fumeiiculy @Pbbstld, Badyeldively @\glbbeblﬁah%éctﬂﬁgdaCothﬁerlng the pair of

second m xi ng_el epent 54b of the pair

of
el’@ﬁﬁ%@?"ﬂ“s ¥hia %’S%F‘mﬂga‘%'?'vefﬂe’i4ﬁge><*§"§%t{9'8r°’}9a%%€l figthe elongate
t Foehteg lbotmsz 6l tageitAsteS0 ih e B BOAT 8o eedtbr 8¢ fillHthalf 52the internal

is a ed oppositely to the ane pendlcular to
PATEE WHOOE VG Theu MATS BEsmEara FRRsesipiougl dititer of the
peuldngefe denttalmgdg b2, rmmtssnalédfrexatwtelt@wlaaé pd@budd:uld(r&o the axis of the
71 900%R ePlca ol St Onafe Eer e e Feoond 1iind et b or the pai
f mf mixirig elements 64, wmetsurnntaﬂy b&iag asaracbhaassmbelnreugrstha @iaeneter of the
f t ' d .
iR nebiMadi ¥eris Sl SpREEN P BaCBapd ARy 1o tre ads o
prte¢ @loaibate thHd lbdgly %Rt Irethisofvay,| thev pair of meixipgiieterteints 54 functions
m I '
Sl (e TRtk Spfd o W Pl @ RBBOGIE'Y 1\ it s Sedfyt mixing
i relements é4a4 6569 is i thecformoba gegtersiugfover 180R go #abihera is seme overlap

56t e aﬁ’r%ﬁﬂ&%%l%&r‘ﬂs@vﬁér%@%e&&uéﬂ?e ot her set of
alternate pairs of mxing elements 55, 57 at an offset

angl e of 90 about the axis of the elongate central

bothwiethe EBBdifheht éf'F'lgb‘i’é L@}, fSs Qrefe%dié‘tﬂﬁt tAE b BITRW of one pair of
where the mxin enents are arran in pairs.

HIMRIPE elements %g%i’fsr Qf?g%fh%?ﬂ“lfi‘ﬂ fﬁ?@g?fqée gext Iﬁ’é" ih BXinggelgments 55.
M Kéridg, aé anusttatsd ah Ft@ﬁe pﬁb)i’ Saltednatd isaufsgofemmgﬁbrérr@h@ 54, 56 are
arcuat e S%Ct ors

ArEBUq LS {ReRe o S VEATL P Bl eR B BTN ST POR By o7 ot an
f | atisek amgizLol 902 dtsouc thielaeis @f he @lvtgéte Icertt Al BodYE20PPOSi NY
counter-rotation at different portions of the m xer
along the length of the

Figure 5 illustrates a further arrangement where the mixing elements are arranged in

pairs. However, in the arrangement of Figure 5 the individual mixing elements of the pairs
of mixing elements are arcuate sectors of less than 1802. The mixing elements are still
effective in causing rotation of the flow of fluid around the catheters and for causing
opposing counter-rotation at different portions of the mixer along the length of the

catheter.

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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catheter. Figure 5 illustrates a non-helical m xer.
The m xing elenents, or fins, are not tilted relative

wo eooblogodaxi s of the el ongate central body (ot hBeT/GB20W9/000106

being slightly folded in).As discussed above, it is
desirable for the m xers to be depl oyable from stowed
positions close to the elongate central body of the
catheter to depl oyed positions extended outwardly away
fromthe elongate central body towards the outer

peri phery of a bl ood vessel. By constructing the

miASi &yugseémbmes it égf dersirghle éor 2ffeamixensdo Pe Hepinyhbls framh gigwed positions

f 1486 ABPHE idrafe e%%r w8l oftftnd %Q@Etgyﬂ@ ro%pfogsa/ gég.ﬁ%qs extended

attached to the el ongate central

f Gutwardy @way i PWgth% elongaie Seplial thedy dowrsds a*@mtqg-@nnmry of a blood
t hesgayt er surface of the elongate central body.

However, it is desirable to be able to stow the m xers

in a nore conpact manner than is possible with these

argyd BERaIng - thbtmmnbl enarﬁe,@tenﬁeﬁg@beqmt BAd (B)h§n§)@f &dure 5 from
of the m xi ngr el enents of the arrangenents of gures

4(3RProprate pAt Iﬂe"‘a‘ﬂéeqsh‘é{f‘e@ﬁ'éeyn?’% |aH©°h@P é‘?rﬁ}?teé%%@rﬁeé‘ﬂé'é@dy itis
I’IQjﬂfésan@ fdr]?ﬂwtaédﬁnlehgoéldﬁént& de be fél@%&@&m?ﬁgélﬁﬁithé P@tepéﬁr%be of the
surface o or r espondj n ongate centra
D TBE @it iy RN D BAsS iR Bio abin g plohe izers in a mors
prodereiatt mamemhams ﬁbbislbwlv?g tmgdrmg@mmngwmbé @pprievited that the
Xers ore depl oy . Fi qur
o RHRPSR? G Rt oo AeP BN A B @l 8 raeany that the
C rroiging sserteéntan thebiselvess need tz:or:ipfurmtim @rdenitd fbeafomﬂlagatrisofhe outer
0 i reater detai
D el orinerkfied B AERRRL B8 Rod'S ' £ (P00, A

|Ilustrated the m xing elenments are arranged in

Bg%iétﬁai S\Z'l"l%nat.bg ghé( ieﬁmﬂ% thf(bfr}ge %Sel%gmpl\?enillg# & V\aﬁaooq m@ung and

el ng arrange te side
el Qifﬁgtb/?estwgprqiltheamrﬂlzqorgfdetpmmat hEigere qeesenﬂaile ilustrates the

| nganbeirat of'hﬁhr@% ﬁ'&&%%&&.oﬂxf)ﬁﬁgmr &juakhion \ﬁig\da collje_&tbon port of a
circunferentially fromthe el ongate central
arfyPg iorae deaertped & geates q'ﬁéa'kmlqm irppastiquiar sith é?f@rem tpifrigure 20.

i nternal outer periphery of a blood vessel. The m xing
el enents take the formof sectors of rel atlveld)é smal |

arffuflustrated 1BR Mixing plemRRIE FR-AT3N9eH fPiEg Vi ingividyglmixing elements

Eamhal fEib\Uf dlpair 104 KbiRG afhRJERINGN éﬁﬁbsﬁ)@s@ﬁ‘&ﬁﬁé bi¥ngHté@ Bértral body
| ane_ext endi throu i anmeter of the

E S %y ?g? 8 w |qge emgnis @xtend radlally and

op:pmannfegenmauyl frogn teadighate chtral tn;any § 29fanm0ftrm}adeleermnh§wh|ch are

war dl er pendi.c to axi. s of

o1 5 W R FhARA Sitey BEAAIRR 4800 vesbic Sha g et take the

Fl fgum ef gectdrs ofselatitedyssrbdlicangubar axjent, for instance in the region of 902. 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 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.

In the illustrated embodiment, adjacent pairs of mixing elements extend from the
elongate central body 122 in different radial directions. In the illustrated embodiment

alternate pairs of mixing elements extend in one radial direction, whereas the interleaved
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el ements deflected in one |ongitudinal direction,
whereas Figure 6 illustrates those m xing el enents
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the illustrated enbodi nent, adjacent pairs of m xing
el ements extend fromthe elongate central body 122 in
different radial directions. In the illustrated
enbodi ment alternate pairs of mxing el enents extend

lefledtS € r 'go®
TP RS FEleb kbl SRERSo S LA, LERIHPR 0810 oo
dual@maieb?ﬁt 9 maifing glements: Twist i the erdspsegtion| of diigwse 6, cress-section
OfthFHuéh %p@!ﬁ ARy eldhEts 1'2E]a EH@ 184 P28 VRAGE, | Her&s mixing element

6, cross-section throug posi ng m X1 ng
eI n% goty visigle And m@'xmeelwwﬂ?ga isyieible pehinp thglongate central
el gggyntoo125b is not visible and only mxing el ement
125a’is visible behind the el ongate central body 122.
The advantage of the arrangenent of Figures 5 and 6 is

t here h&%nta@@'dﬂtﬂé‘aﬁrraﬁbé’fhm | gRed 8 ﬁ&GQ@'tI@atQﬂé'lﬁdfw&fbl mixing
be fol ded al o?vgﬁt he en of the elongate central

bo¥§MerEs PGP ATIN R bﬁéﬁ ?ﬂ/a'a%hhﬁdenqt% °fpf€P ielsigptp. ceniral body 122
W add WeppaPp#ty aoest tdsdriphédt hough t he enbodi nent of
Figures 5 and 6 includes six pairs of mxing el enents,
Wi th individual m xing elenents having a radial extent
of It wmpfe(ﬁp’p'reiiaéqthgﬂ afttivtigh tHessnitiidiméra iof Siggfes Biaxd Bdncludes six pairs
t.o_one anot her . .

pBITBS sBRRyROuLF Bl midng PRaPRE rdne fadhl xgpte! appropratly
posesi ahe altermege npairs ngf emm@rmeme‘rfts carigfealr eslativantpulone another by
ex b d e m XI el ement s

%}?ﬂ% enaégr rég étgé % :Flﬂér a} 'xsg#%n natre ntg? ug*nggr;n A nlgsg]ements of
of dlmmnmgehemesmm@rem eumbergbhmorﬁﬁgtdmmtsolng&ay ene group and
Ce%lﬁ%é cﬁ'fé‘jéé)t( tJ‘uérﬁwtbelj (?l gtr?ﬁpﬁe af1 %‘gﬂﬁﬁ ele}'n% ﬂtssalcml%etpg re%Blh tﬁé elongate

st o

el esntrat Bodyo! 22| s rpaerd cibis draferable defitae radwgmerb@t aleast one of the
U Nl &érﬂ@rﬁt@ 16 8fighly exeki ratd'é‘le%ﬁglf BetwlR R Sidrife WE';"S so that
the mxing el enents of successive alternate pairs
vi BReds ésemamvyr'ameirth%m elements P sycgessive r?@ﬁ't“aﬁaﬁﬁ"ﬁ Whgn viewed
segkidlly. ®or éﬂ?@l@ Qihntinkg &leRmiM ﬁNr‘l@& 8edt& of t1BbScould be appropriate for
arrangenent he arrangenment allows there to be

H\ﬁ?ﬂ@ﬂ'g%(“ﬁ@pl oyabl e static mixer including at |east
tvvo m xing elements that remain fixed within a bl ood

' e%i%!ﬂfﬁsr}%gg‘%[‘{éf@% S6r ng)n @l %wagcp ? rggé%agie?ét?ﬁge(mﬁgr including at least
actvas sniXifge efetrtbintss that rémain bixed dvithirs a ebloodB@6sties 6o Ods {dheequentially
1 B oot Bt BieR PR T o el © R g iy he racus o
Wi the blaodnessel.d Bgeaess obthe symmetyy ef teeramangamghte 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 the mixing elements are folded down towards the
elongate central body 122. The sequentially placed groups of mixing elements induce
counter-rotating flows within the bulk fluid flow. By attaching the mixing elements to the
elongate central body 122 and hinging them near the axis of the elongate central body
122 and the blood vessel, the mixing elements may be folded to adapt the mixer to a
range of blood vessel diameters. In other words, for small blood vessel diameters, the
mixing elements will be angled over towards the elongate central body 122, but, for larger

blood vessels, the mixing elements may extend directly out from the elongate central
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in other words the extent to which the m xing el enents
are fol ded down towards the el ongate central body 122.

wab@segaenti al |y placed groups of mixing el eneCit/&B2009/000106

i nduce counter-rotating flows within the bulk fluid

flow By attaching the mxing elenents to the elongate

central body 122 and hinging them near the axis of the

el ongate central body 122 and the bl ood vessel, the

m X I r .
R 2e R ol B londhg S 8 R Whod iRl BE il rvertering

smiﬂhIthdolbmdarvmeag@hsatma@wsl,ls t he m xi ng eI ements wl |l

be angl ed over towards the el ongate central body 122,

but, for |arger blood vessels, the m xing el enents nay

eWithitte anixieg elepneptgtfoltied againss the @lnggﬂteecmt bedybedpndertric sheath

p 5 BfrgHdeld ol ohiry 65 SR
%r%?%%l nt er%g:;:el ngo r;behﬁga%t oun ﬁ ayer aggl lﬁvse may be

t irathdrawal fram thy eathetpe 128 59 89 telexpeast th mxld@@leamtmmd allow the

thﬁxﬁb %fé%h% tS%@ﬁéc@'oum%f fr8mEHPAGHEY 565%0%“@% tQictWe posutlon After

sl eeve may be arranged around t he cat heter

sHeacatheler Basckern vagd Me Weﬁﬁﬁ?raﬂﬁﬁvﬁr(‘@ﬁ]th%b%a’yﬂﬁde?“k over the

12Ring er@sneh@ BN Pekts dBllect BackabWABS i emeaﬁléem| bBéy 122 and
m Xi nlgae enments to deflect outwardly froma stowed

pd& Mg fnershedth onsleeupdn B SiowsH PORHi9NSr t he cat heter has
been used, the sheath or sleeve can then be pushed
nments. causi ng themto defl ect

k th
g e M RO I ST LS o o vy

V\/lftdm fthet ed 3IbwAt Thesfore| Aewahé rﬁmi.hga lerenrehfsvaﬂerg@sﬂotﬁ fHaSsheath or
one.e

odi nen the. m xi ng el ene ti

WiRREHE S T TRt UpSieBig o heg el yeef ol et 10 s moved
f | adelly Witeinef Woed véssel dueh thatthe hixiigeeiemnersts emecagsedi tobe deflected
t he eeve i. to ti

*b nﬁ%%%tn%éfr&ﬁtaﬁén dagné;c?ﬁd ifto' & \évagg&ﬁ‘é@egﬁru.&l todfie oBek Hhto or away
axfm'h the fluidtflovnfupctiohingef tregsirér isoatimpavet. t he m XI ng
el enents are caused to be defl ected between an
orientation angled into or away fromthe fluid flowto
t hle enenembegdimentt theo mixinga plefmepts arecflexibig. d Thusyeptionally, the mixing

f L@&ﬁérﬁ@ hrrégnége withesuficieRt eléﬁlcﬂﬂo droR&ORE ne%éggé?’? _?_ﬁragination of both

nmbodi nent, the mxing el enents are fl exi o \
opfFF'HﬁTﬁPI%ﬂd eHEPliFNGS ¢ eoRkfeIA(e apd cfigelive yeet within a blood vessel.

n%ﬂoﬁh@”ﬁhn@'&%hﬂe@ﬁﬁt e BURMhee d.aﬁeté}eeﬁ%awxmg element, when
i nation of both resilience and conpliance to

o rERPIYS PakeR SR i i) ahe, QULeRTON amten Slgite \alsskyesse! without

Qoaamugmd iVor dtidaSt nses chsseltd e Walltof the RESEDssélisa BB k@ nterfere with
t he H] X|€y% l % when de I oyed, na_'kgs a CLBOS,e,

711 GrAed 18P orerien. 8 Tiet SYh U] dRRiP¥pRESBIing elements

W inly uduedtarthgi fegilieicepactato Urg@ e canaer iAlo0s Ceritfal bbsition within the

vvablooc?vesser]e bl ood vessel so as to interfere with

The mixer elements can be constructed in a variety of different ways using a variety of
different materials while still meeting the basic requirements of the invention. It is
preferred for the mixing elements to be able to deploy and function in biood vessels
having internal diameters in the range of 2.3 to 4.0 mm, and more preferably 2.0 to 5.0

mm.

Optionally, the mixing elements are made from materials that provide sufficient resistance

to allow the mixing elements to deploy (for instance upon retraction of a sheath) by
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its boundary layer. In addition, as nentioned above,
such depl oyable m xi ng el enents nay, due to their

WO e®plodsace, act to urge the catheter into a cee/G&R009/000106

position within the blood vessel. The m xer el enents
can be constructed in a variety of different ways
using a variety of different materials while stil I
meeting the basic requirenments of the invention.
angﬁﬁ?fn rﬁﬁirg ﬁ@int-n n oo?e\eggg ﬁﬂféﬁﬁl)@fr&ﬂ trt?ee?lgnk?#a?? E&II%FQA&YUMH the
diraining etesnent resgbes ful (leploymentrt dteﬂna@welm captagtsie dnner wall of the
Pritddef Gsyl. 2(%35&"? ge”mxmgoélé Bk ¥ b mgﬁﬁ' Méterials that, once
el ements are rom mat sthm provi
s LAeploy @ raxent astitnegs eppropriale taowsistibe fipwioh gloeue hieweerttbey should
depd O dfolgh 'nBtStfoaJHFSdeLkﬁ}Qﬁrﬁa%% rtﬁ&&hc%wéﬁ&l ; ﬁé#\%au) of the blood
byexpandi ng (in the manner bendi ng ou

t hesel. o (pliPealy it tie mBisiag yelamants a'lehf@afﬂﬁ i(Pﬁ“igmétleéﬁ‘r%mat enable the
I eAREas bELHohad}.Sg Wﬁgﬁﬁje&éd to?d &&I%Fﬁﬁ ¥t by ﬁ\@'Up@Faﬁo'? for instance

the i nner wal vesse tional 3/

i ROV %ISB‘??é'hP’éS‘S‘PV@ %@'@efdlee'ﬁv%mmgaqlgm?m@n GHYiFéQ them to their
dejibvrpslateexert a stiffness appropriate to resist the

fl ow of blood. However, they should be soft enough not

to abrade or damage the endothelial |ayer (inner wall)

OdelthBIebhﬂ@ﬁhlsla@&ﬁéferaaytbl@éﬁlhéaﬂb@ @ﬂ |h<|516demnédﬁ§ grade elastomenc
enents ar mmaterials th bl e the

£ o BB LS Pt S BN TR e M EReSle MR T G50 possible
bytot bse apeeasomerit hedics tgrade miaatiakg b cinealig Qhelr geometry, for
sIe vr(]eco er the d&ﬁ'% erd mxm\g Lnerrentsadt@ eristi
t HOFIRTS: RY; PO e WL 5 e QBICRPEIRE PSS T ”%srs racteristics.
prMétenaibtryat barobe njgotion okeled nahst, ISOlIded&fOTBdfabEid:atlgn gidiget, SLA, etc),
el t hanes,
© R 3o BB b2 5o B4t Akt fikREBerih® 020701
to use non-el astoneric nedical grade materials by
COffd rﬂiL(ilng '&ﬂzn‘fe’ﬂ%‘ dan %@%F%EYromfs‘ﬂ{ id ﬂéfeﬁﬁ\g Such 88 Pn%lded elastomers, or
cross-seCtional area, provi e appropriate
st Ay hesd apd Sealdtam ﬁgtqtai §Jbe Mt"@qtar@pgnqqt?étontaﬁhm memory metal or
' nd)cﬁ\%érQFbr @érﬂ&g nith85.L In BRI rbghrd r#@fr@ bansﬁ%s ‘&aﬁn' r95‘hle cut into the

(inkje A etc machi ned or deposited can
t oWﬂJsﬂé@ twﬁearm thermiglder opktadam wrmaﬁﬁﬁéormlmmwg@éﬁmem
be forned fron13|ngle mat eri al s, such as nol ded
sto or may be cut and bent froma netal tub
f o XNgst %{H%’és (FAT 50 RfIM298 195 7o CORBRYTIG: With Aiffegant mates I?E'r used for

( f @iffereptarapk of metmmg )alerrieﬁt tAkg e Bﬁi@l@frﬁes Elr@urraasz or scaffold 130, for
into the wal

Il ustrat
BB g% fran VBt b  dpfibl of Piersr ety @ Pepet elegiauie. s

M eonngcte ltkammain. body 132 of the mixing element to an elongate central body of the

catheter. The main body 132 may be made from a different material, in particular that
can conform to the circumference of a tube. It may be provided with a tip 134
constructed from a very soft elastomer to minimise any damage to a blood vessel wall.

The main body or sail can be molded, cast or stamped.
Figure 9 illustrates an arrangement where a main body 132 is formed from a polymer film

wrapped around a scaffold 136 which extends to form the root or mast and preferably

has shaped memory and forms a super elastic wire frame or scaffold.
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M xi ng el enents can al so be nmade as a conposite, with
different materials used for different parts of the

waorzoovngp3ed enent. Figure 8 illustrates a root, PEEGBRI09/000106

10

15

20

25

30

35

scaffold 130, for instance nade fromwre, such as

flexi ble or shaped nenory or super elastic wire. This

connects the main body 132 of the m xing elenent to an

eI ongate central body of the catheter. The main body
*?IﬁJs{Fﬁtg§ sél’(e?r@n@alg 'Jwé aﬁ'lnt% c&ra1t33rdf % nI:PIXIH elemen} in_its stowed

par |cu can conform circ erence o

t udiate ahd pasitoried between d@p@longate cantral podsemmidsanrmmrsueath 140. As

f rlﬁ)u@t e§€Iht fhcé%t)fe &JU@J‘E}&%G tnﬁxng%/ Qlemeﬁpalﬁm{: i%r@}q%rltHQOQhe outer

bl ood vessel wall. e or sall can be

nojuifece orovalitof the elongaiecagntralingdy #22) i | | ustrates an

arrangenent where a main body 132 is forned froma

pol ymer film w apped around a scaffold 136 which

extlipywingtan ffamm friouree1q dorill be appreciated dhasria fsemgempoldiments, different

ShRARRY dIERRHLY d8Hbt foQér'E'ﬁ VAt BRAN otReraSih itfis %srp@ctf Kt%o&ﬁble to use

scaffold. Figure 10 illustrates schemati cal
bokfpfiled 2dges, sush 5 dlysteatedimbiguie 1% & e@tﬁ%@vg@a@t@f fﬁ'ﬁtﬂ'g elements

POZhH tAB AtkiRELINRBAs 3R QJIRPRAtRamiths autemﬂﬁécel&%h@%neae central
outer sheath 140. As illustrated, the flexible

stPWture of the nixi ng el enent aIIovvs it to conform

to the outer surface or wal | of the el ongate central

body 122. Fol |l ow n ?mFl ure 10, it

ap'bﬂ%é'?%tpé’as"l"ﬁé? us ﬁ’a%‘?‘r% B ipgNese i @'”‘WfsttE? é???' Fihickness of the

m mixm@ étérﬁm@meﬂ@héwﬁed)y&rrhmaﬁbbt & masiatedt iR Figurd M2, a thinner fin
respect SS to use

SURRIBE R e GoRRS B Gafee SIS SRR o R pig 17

m xi ng el ements when the m xing elenents are col | apsed

agﬁ‘gﬂr%% 1‘3{%2 S l(I garnggs Jﬁ§§e)t (I)usttjrgge g glv?r? %grtgu%i%ycﬁ aals mentioned with
t hiefdtereestot Blgmean 8edepinyed oitate is Hluskated Sn dfiguréese 13(a) and 14(a)
m e

" $L08 IEARALS e, § D9 R0 Wi o e i P
pr dUpldend 14{e) hregyreg)il Y@k toofe) Byatratenpn emd view ofriacathgter with wires 136

el QrEHE ;é‘ﬁe%tl';L 34 wRbdasl F3lres Hiady 6 Se) Likishhte Lsibi€ hie@ G 1 E‘]Qt}leter with

lustrate a Wwre structure such as nmention
VVI Vhes B36andisbeath 34 gure 9. A depl oyed state is
illustrated in Figures 13(a) and 14(a). Successive
Fi gures nove to a fully stowed state within a sheath
as

? IHgteatech eaeh Wire ?—"TUQM% 43618 gl to foifl intepthg sheathy| A0y collapsing the
13(vite str@etre)136 i fisit bAit. eAQBeébﬂSed/btﬁWe Qith Refér@hELioFigute bhthe wires

L aha 0 wh
M Eaitact 26 2 Tameais otia o fiapa hapeaattrs (e P1oicd FlEGes
and sheath 140.

Various possibilities exist for constructing the catheter with the mixing elements.

The mixing elements could be formed separately and then individually stuck to the outer
wall of the elongate central body. For example, adhesives, thermal bonding, shrink fitting
or ultrasonic welding could be used to attach the mixing elements to the elongate central
body.

Each mixer could be formed as an individual unit including all of its mixing 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.
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As illustrated, each wire structure 136 is able to
fold into the sheath 140 by collapsing the wire

waRoootwspe 136 in front of it. As descri bed abpeBGB2GB/000106

reference to Figure 9, the wires can act as a frane to

a flexible thin filmand hence act as the m xing

el ements. Various possibilities exist for constructing

the catheter with the m xing el enents. The mi xi ng

el ements could be fornmed separately and then

individually stuck to the outer wall of the el ongate

c Eigureal 5 tosirateseoheraatizaily ® plusadityesfimmirisg etelmentsal 24lhwirgi avgr molded
S : n r

i 122, Mol @8 Bk 1B b FRINED dHECAGHS 18 songate
beentral Badh 128, Yoat smrj@rlydthbenmen ropeld kesmalded pdiova tdmralngtm and then
[ ements. For exanple, a
m%h#%%gﬁjéd?lngqaie{%n?nélﬁoﬁg S%errents coul d be over

nol ded onto a pin of appropriate dianeter, then

rWeegrrMnﬁqhgf f-‘f?guFeoﬁ hlﬁdﬁlh%\%txﬁ‘wgaﬁgrtnéﬁg 124 or palrs of mixing

Figure 15 il | Ustrat'es schemat| ¢ éée luralit
oﬁ'%%ﬁ%‘é—""eﬁf% gitached topothe @&“9@9@9@@' Pefy] b)hf"@afﬁm |artgbe tape or

12%her Bndirg éiﬁkfu?é esh, térRstimoEreat Shitki tﬁglng\b‘?radﬁggnﬂqgled shrink fit
dlrectl]y onto t eelon ate central 22

sityRinGr @ﬁﬁtWé"“fﬁWd%‘%‘ﬁﬂ")ﬂ bg gart 5 taéﬂ‘aﬁlfﬁ%sﬁuq“dﬂam ng pin

and then transferred to the el ongate central body 122.

In the arrangemant of Fi gﬁlﬁ e 16, individual mx gq
elFOREINRG 4I9RCF Syl 355de5F dxw'ﬂbfe@f%wsﬁ? Fioyres B.and & having masts,

atrbéts bethelive foh&lsﬁhémlglaﬂéfr@rﬁ N\ﬁr‘éﬁborhﬁﬁgédb?- &a@jlamﬁ%h@;ﬁe memory
e or oth er ture 15

t ube
" s e Bl Blarbls (SRR, AR SIIL o e B, shage memory

f idolymeps agyprovided by tormpanigsesueh @k th axlerrmistigndacGmBiY, it possible to

t he mani f al 7y

oL lTnsRle 153 i Wl borbal . B2 IR G 1P 1 120 canve

nasteged aod fioedas ifustrated lreFigane 1i7n sﬁtltamaevetmmm nfixiogrelemeats and their

CQOHkL 'c%ﬁlg &f in ﬁ\UdﬂﬁntWtﬁQ eI%FQB r%dg 12§u9ﬁﬁ{her w|0rds, the
metal's su I T1Nno

el'astic properties exanp h-as
orelesigaiseccentsahbody hRf i fasmed aroupd thei rdetdl 3pwf thempixing elsmsnic h
as in nmNenoscience GrbH), it is possible to provide

apertures 152 in the elongate central body 122 into
whisctustraied dn Figgtes, #3Dalea Rossible o5 individuabmixing; steseenissto be cut from

| lthaisidiabethd BioRb&ts " &ntrdl b&h,I %haa&ém%m Hhg ajes}fémngue When
elenments and their roots could be insert nolded into

t HBanufasked BomensHane MRsRFY Dolymer i BB rthig,5Peld betpregrammed with

el itnegadired efffles DandRhloymAt drardcirigi@. ar ound the root
130 of the mxing element. As illustrated in Figure 7,

it is also possible for individual mxing elements to

beascdiscubseaiadone, ivigblopaed tacuse lacshgathes ik lsBkath a4y for Pflaining the

bemltxmg l"e‘enge%tsamqr?esfrl srtgvgeda agtle.e'HoV\n\/vé\e/gr, mixing elements could alternatively be
self-actuating using shape memory effects via both shape memory metals and shape

memory polymers.

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

port and used to collect a respective sample.
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manuf actured from a shape nenory pol ynmer or netal
this could be programmed with the desired stiffness

waeadepboynment characteristics. As di scussed BODGB2000000106

is proposed to use a sheath, such as sheath 140 for
retaining the mxing elenments in their stowed state.
However, m xing elenents could alternatively be

sel f-actuating using shape nenory effects via both

shape nenory netal s and shape nenory pol yners. As

menti oned above, the described m xers could be used

wiht varighiyof slffferan desigrs efamulitidusrerf ibingaktictyconid bepised as part of an
S 3BRGAS cehtPMBEY of ﬁe@aﬁ‘fefé'r u?é'p@mbgﬁa%s cﬁematu:ﬁllly{ a multi-lumen
constructed using an el ongate centr

f&%ed frommulti-lumen tubing. In partlcular, t he

elongate central body preferably i ncl udes and defi nes

a plurality of elongate sa eways or |unmens al ong
i Fouresn@(a) te ) Hugiraten varie eent Bilidénentube agangements, suitable
C @drlu86 Wit Bv Ahd-wid) gam)esatﬁefér ﬁ%h@&.bn fechiigoact i ve
sanple. A variety of different designs of nulti-|unen
tubi ng which could be used as part of an el ongate

C @t Madtra the fmiiRinteat Blngr inclobiés! iae pilifality! bﬂﬂnﬁeﬂse%o arranged

schemgtically a ti-lunmen ures 19(a) t
T P ERl 2y amacis ForeirY PLiMB HoraRla §or el ey B lmen being
arsulﬂmtjf e Néchnedtiont @hh eedpktives ContlettibnOpert dhbecdikdtidg a respective

et. t.roductio techn| les. As , ,
| Epbler J0 B israihsnonriiin » Lo Jonaiee filesies i o provided for
plrweafingtg/gmdev&uneﬁm'tee d4&betar. r anged circunferentially :
around the periphery of the elongate central body,

each | unen being suitable for connection to a

r dspitigstriated, @ovanielyt ofodiffgrentt areanderoents exd ipnspitale.r dSgeed i19@) to (e)
s

eﬁ\%!r% ééﬂ)ofzma/éi& e; ?etn?rgl yodia ﬂ’l gﬁgttgn Irugnceg\g% 536 Iém diameter, 8
gwm qf 24P gm dlh@etgatﬂwletrens ofA00j U giemeter c8i Iurrueneax #eq ym and 10
Ofjurfibrs§ & 488 LinPdiAAREE B faf gr@ﬂeﬂ%& Qh\%ndﬁe%‘&%% ég émhe priority

to (e) illustrate respective el ongate centr

h®giwegntraf of eelieaticre ongitetinghsratialresalytion@ngd tatelpsossisectipmal area of

mﬂrﬂérﬁ@foﬂﬁes \5odltﬂJ B@fbsmﬁfmléao@ie @Hr&"té}'}ﬁéﬁfy’suﬁaﬂlé"ﬁﬁﬂé |Fifa 2.00 mm
400_mm and | unens of mm di aneter. Choi ce for

pr R &r pEglies ﬂHG‘&Cﬁ@ﬁie’)d%?SHH%“@ﬂ therfesqystiop anel pcaspt waaeﬁended time

r ab eoltlct S@idicit vblOme. IFONQsd HCBon&hctﬁaﬁaM!had 208 %h leéF) %ﬂlde catheter,
and t ot gl fjcross ﬁ‘?‘cu nal rea of lunen. Priori

woDf eHiBEe fiBMesh Phing SatPRier ig it ipwed R‘?S&'QBMW"’&% '?%?BP%‘ 1.5 mm.

for use in a 2.00 nm (6F) or smaller guide catheter)
t rll-etl%urg%(t{n I?ustrt Qg rsgf‘nse(r)rllalflct:alIlg,n aﬁna terna vé) tmu i u(ren)én Pu%e arrangement

suitable for use with rapid exchange (Rx) catheter introduction 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.

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 biomarkers from the boundary layer

of a blood vessel to the elongate central body. With such arrangements, if a connection
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to collect sufficient volune. For use in conjunction
wth a 2.00 nm (6F) guide catheter, the outside

waele@ae9wsp0 of the catheter in the stowed positiRCI/aBeN0d/000106

be less than 1.5 mm Figure 19(f) illustrates,
schematically, an alternative multi-lunmen tube
arrangenent suitable for use with rapid exchange (Rx)
cat heter introduction techni ques In th| s arrangerrent
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pBylet Fyiaee Obwetwgemtrﬁleb%d@mumqa@%w@hga@S@ectwe lumen 160.

c¢n§ [cBllechonl YoktO1d6hR 81!t Ecofdet i eamﬁulsero‘ﬁn tﬂe.db.ﬁ the manifold 172
| ed, then reduced sanpling efficiency m ght occu

EFGRPET60e 108 (YalNias D1 carTgaisE ¢ JURTR aadd T entre
C@lalhrﬁféw Sith&cafeten 51, withs anth@uhreugw\/ab|bs 17"4) 5IEIREHIYA Bt 166 is

traI el on s to
it P GrieEs PRTAS of Bitkee ron F3nds8 earioging anpeqoste side
mmfhetiﬁemnd el ongate central body 164. Through hol es
174 are provided through the outer wall 170 at
positions around the entire circunference of the outer
V\/&Igurelzmlllssj(aleSt draarrarigemenainwiiesé dnly Ghe colevtion patt €86 @ priovided for

'qu, %a?ﬁdﬁligs J\ Eq'e%gcﬁ\z)e (%ﬁ&tloﬂll ree If-'l(;dr\]ﬁcéb/%rr '(T’J‘sI aZ%) pOSSIble for others

ppbmediemehm 16¢ldlug'mte¢ irs frighieec 20 &F comr@ctetooccglact@ncmnsr ialthe same

bQQWecﬁ&H R EGtikd c\é" W @Trﬁaﬁ&ﬁg‘brﬁ Ssehi ltﬂméhs%%ﬁ coq B%oth connect
l'ection port 1 IS e to ect a sanple

f |t<'meap¢qtqu Me@mmﬁswttezamem&@o@qn ared.nce t he mani f oI d

172 communicates with fluid fromaround the entire

peri phery of the catheter by neans of the thro%%

héicsiee 4t7llustraies sehamalicallyan aigrgemens usiag amaytenyalel 0gvhere a single

C@héA6 b 46 RN1RkE S0 AEpIBY QAR EERiraInaME 'ﬁ'mlu{g élgﬂérﬂs Qmiaﬁ& Ban aiso seal
fromanuggégaosme side of the catheter.

RS 'e$n! 73r 7T th BRI Jh%rsée%hﬂﬂo 6‘8@5 é?ﬁ F@&@Q glgments 124
p@oivn A6 ehgages el reiesd baer wall 17ect i ng sanples in a
respective collection area. However, it is also
possi bl e for others

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.

In some arrangements, it may be desirable for the sheath 140 to seal with the through

holes 174 or collection ports 166. However, this is not essential in other arrangements,

because the sampling can be controlled by pressure regulation of the lumens.
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of the lumens 160 illustrated in Figure 20 to connect
to collection ports in the sane collection area. For

WO p@pasmse) two diametrically opposed | unmens 16BCT/GBR@9/000106
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both connect to respective collection ports in the

same collection area. Figure 2 1 illustrates

schematically an arrangenent using an outer wall 170

where a single sheath 140 is used to depl oy and
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or collection ports 166. However, this is not

essential in other arrangenents, because the sanpli n? '

cafaving eanedbrareriesyitththe satheter. itaepgl samnias rody eeemoved for analysis
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be saline-filled so as to prevent bubble rel ease
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pr € Sweyr l&leteI}deene&d%earl/ liHHjltSse atiow Vétie, ofl the Whrdugh MRles 174 so as to
e to atlve ressure

P Ouied 2 SogP eI Bt boie P4 BEER H4nndeeR

accel erate the rate of flow FBV|ng obt ai ned sanples

Iflbercg hgw ?oz%ws? 5 %eScn p on o% h{s)%nprll%rgl|w o{yﬁampées cgg X)e gpaly§e8r

aIyS|s In-any conven en
the samples to be withdrawmn fromthe Iunens usi ng

su i : '

" Ak SR RS el o LR A RSP b vess
a sucheasaepreneapartesyiittisibeasibleto abtaireay inmagezof theapasiiod of the catheter
Iamqﬁ@5@5gvgﬁgette VWere the outer wall 170 is used

with a plurality of through holes 174 it may nerely be
necessary to close all but one of the through hol es

174ne @athdtel Pnaff b q{sér\fécﬁ wﬁ@ APbiBod rv@§§ei higing M OhtiBRAI SPercutaneous
174 which remains qQ here now foll ows a

e SerTBH AR PR plegiriaicey drecarginglve cathetery cacoording to this

angvyriiod manHeQrﬁtro'éluséH therh6dnsiop staRddrd PO SLisindHt Hﬁéihdhﬁg’ mtroducers
of sgg\gll es ee i nserted. into a bl ood vessel

as94 (@Ifterﬁ Speh pedyaypr may Rsotia PYerae- wire (OTW) or
i Mg eapid eid’i&ngﬂ&k)tté@mqmés tthelatteridi @hieh is preferred.

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.
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in the blood vessel. The catheter may be inserted into
a bl ood vessel using conventional Percutaneous
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catheters according to this invention nay be

i ntroduced by neans of standard PCl equi pnent,

i ncl udi ng introducers, guidew res and gui de catheters.
Such introduction nmay be via over-the-wire (OTW or
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| csiaceRtdo sgeht Ripederlieetianrotised. Once the sites of

i nterest have been identified, the catheter for

obt ai ni ng plurality of sarrpl es can be introduced as

de¥itt thie atast\P@comﬂs PResiig daterdp QvaERy g resrdissoftamitanalysis of the

hasaghpoRaeIAtd dH irRgE 6ethe ibJod ve&R). bl ood vessel over a
guidew re, the catheter can be introduced foll ow ng

the sane guidewire, once the imging tool has been

r enweshnﬁa f60d BérbRdry AR¥ry R tbrbacalﬁsudséa it R prefehed mapmd total length
i.,ISI n%\wﬁt andard fl ugﬂr osc ‘the(ihnl ques and ny

be 6?'6’9 INgig SRMERNT RJnQuds, g fea ¥ QE g leN1athy@f thg corpmary artery and

postdré Possile alilCHdwW 84raple dideh ma%bm&drd:rﬁCHérﬁ?dé PGS pretefred that the

AL gr“%igé%‘e'”f%ﬁ%tpg% %VE%aQrCéf”%%e/ B %‘f‘%ﬁ@ﬁ&]\gw prior to

a&saatpldsl’uemghaleanh tip and in the bl ood coI | ection

regions. Qptionally, a radi opaque marker band may be

| ocat ed adj acent to each blood collection port. Wth

t A glucilityeof bloodisenpies obfrinesiifigimea catheter ¢an avtestbd jor nndtiple proteins.

O?ﬂ‘k{ Exa?’ﬁﬁfe a}:ﬂaﬁeﬁ\;%nq;e éHES@ g-lZFIaPeSIm‘RQ& Gh QFSF Wg?gc?the various

OOd vesse en sanp or a coron
argtegep gfr gardigvareulan diseasel, S@ch stagesefcen rl@@ludmélealmyeendothehum

t %@Iﬁmnh&?%%oﬁ‘fehﬁﬁmg '3 fun%tlocrpfédrlg' lﬁﬂgnrﬁ&{onZP‘FAtéquglaH?ﬁatory, cap

%orlt of the length of the coronary art
whiBinging o ¥dnesplele d"ﬁ‘ﬂh‘?k'eﬁk%ﬁﬁ afatfifnnbotie @ﬁﬁ'%@%@hﬂp@ rupture, plaque
ar &dvificelfdH nd blbquc.S sﬁbfﬁééﬁbﬁ eExhipies bhBossiid ﬂoﬂcuf&@ﬁhat are weakly

been i nserted previously into a coronary artery and
aohed pih e difgrentsitagss 'QCB‘d§an'pI es being taken. A

plurality of blood sanples obtained froma catheter
cxcanpl ABABHYCAY-Tan' e chosen'that are | nked in any
way t o Sduble/@D4aus
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
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stages of cardiovascul ar di sease. Such stages can
i ncl ude heal thy endothelium prelimnary endothelium

wo oms/0ef39¢ uncti on, early inflammtory, late  PCT/GB2009/000106
i nfl ammat ory, cap thinning, vul nerable plaque, |eakage
of thronbotic nol ecul es, plaque rupture, plaque
calcification and pl ague stabilisation. Exanples of
possi bl e nol ecul es that are weakly linked with these

((:i:::;;f efé&hb@%&%‘ﬁrb&%dﬁ%on IT‘JO%M gnd VCAM 1 Sol ubl e

OL any of matri x netalloprotease famly Sol ubl e
E-sel efis$ue Agsiodcyt e chenp attractant protein-1 -

Macr opPRGRarcY a@5tiatdd SadnY bre@idf Actor P-Sel ectin
E- Sel ectélgna@tahe él n Fm“gl\leu'!t)rofohl | el astase -

Endot hBiotein- bPWB%&“ﬂék%@FﬁE'H‘l faetohol ecul e- 1

| nt er cRbbpty adhesi on nol ecul e-1Sol ubl e Vascul ar cel |
adhesi gn nol ecul e-1 Ti ssue Factor Pregnancy associ ated
pl-asmaSpkBe&-$electiPr ot ei n- bound- 1 nsulin-1ike growth
factor:1,Negpt-gri n Soluble P-Selectin IL-1, IL-6,

| L-7 Choljne Heat Shock Proteins - Chl anydi a pneunoni a
li popopf?gﬁk?charl des Degraded interstitial collagen

f rom pHagighotk Pidteinst111) TNF- al pha

- Chlamydia pneumonia lipopolysaccharides
- Degraded interstitial collagen from plaque (Type 1+1il)
- TNF-alpha

- Myeloperoxidase

The plurality of blood samples obtained from the catheter could also be tasted for mRNA.
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.
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. Thus, for
extracted samples of 2 ul, it is proposed to top up the samples with 23 ul 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 of 6 uM
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
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instruction to nmake the protein - it is a biologica

entity that instructs the formation of a protein from

the DNA instruction. It is possible either to | ook for

t he gene expression signal that instructs cel I s to
ﬁrkgnﬁllt g:ag%&s hs! rI)\gdAfaog){lfnLlR?cg R%pﬁ%lr&\r Izt,glrﬁ §| %Il%%s detection of a

i n@umlltd@hprommlm@taomusly@tm picagrard/ma tevelset ai ned i n

i ndi vi dual sanpl e containers corresponding to and with

reference to the I ength over which the sanples were

colhuscthedxtragted grd diluted $ampidsidre apalydedtth daoksengriotein/er yucleic acid

W b d g Fh’rﬁz &R Slmltgﬁl%ut i C};J]d]pﬁ tHHP maﬂ?gnal L c6e mfaasured within

pr efe act or rOXI mat e
12ear06| s?rmpé,e prSdB"G@édOF pratein aﬂ@VS'%)@UPh@lSetbe é@mmleessygterm will allow

anawsrs df 8p mw&&@.ns At $PRitiiResidt SprBRRLERTRy dMeldicograriimi.

of assay buffer according to approprl ate assay
protocols. In one system it is proposed to use the

mJ}\é bt Biprefdrbd Bxal(did 8tRe BRfakted Qb%fe@rtﬁbfagéaﬂﬂt@ﬁtnbﬂﬂahsed toa
poses. According to this arrangenent, nul'tiple
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dl bma m.r@mr@eﬁmoh km.ca rcaﬁ 8k Rfpeeted tatb@r&ﬁétaﬂrtﬁrobw the length
bodi es fixed to the beads. The bound

o ol Vet dn pbish e P BT BB Y50 BRI Bt iR that s
Cyh&‘trﬁabcﬁfceld 8 ap&dgrbeddin thlb irégifrv 61Ctﬁ|é Bloodtvebsel.pESahBibs .pbﬁlgularly for
use LI ex (trademark) multiplex as S _as Vi de .
oy PTG R ER PN FRRC R P! SR i APRAIT e Adconsl “feerence
pl prosdin dgsap Wvillmeate bn sach sephratersaopéd extratted tvm the catheter.

pi cogramm | evels. Thus, the extracted and dil uted

sanpl es are anal ysed to |l ook for protein or nucleic
acPdtadromi royysneigssay can ive gisey tardéteinphes thearpassyof supdrti¢utextprotein in

et Wﬁgﬁ&%}@?@anﬁléﬁ ﬁ%aml?tchhg g%ﬁ&eﬁaﬁga )Pomt against a

Systens
sy Bredetermined refgrerns cunvet @acguag’fth@ poncsnttBOnwf Hresiefesenge protein can

Sepe 'agédﬁ‘néd t%soepéor%%f Wédéﬁts‘ih%leo HenRhé Qgtregﬂ% mﬁAs:‘ quI be directly

part of preferred analysis of the extract

t heropegiglal dxthg wunb?fﬁannplgéelum agsavefler ence anal yte,
such as a protein, present in each sanple. The
reference protein i s one having a concentration whic

cali 1B Wy plBe faa abiaingd fergiaeh Riemarker kv ghetihe P%P'P%ﬂﬁ{aﬁted from the
of chthgotcanaesRImaikedBy Fdferbis t6 BlchefeRincd pibtdigen used.

In particular, it is a protein that is not produced or
absorbed in this regi on of the bl ood vessel. Exanples,
pair drelsystemy a 6lume correction value is determined by calculating an 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.

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.

The following table illustrates data for a series of eight samples (A to H) for analysis.
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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 protein, a value of 140 is
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 E 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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each sanple. The correction factors can then be
applied to the raw bi omarker data so as to nornalise
W@ b@v/ogigp@ across all of the sanples. The cor reCr/6#2009/000106

val ues for the biomarkers/nol ecul es can be presented

by any user interface, either nunerically or

graphically. A user can then make use of this data as

requi red. In particular, nolecular concentrations
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5 art e )és bg é%r'aé@g{t&kmhﬁ@rg%l r%&%%%és]gacﬁé% fﬁgﬁggg %ﬁg% Pro ein across all
mmféh%najaraeléﬁt By cerapgringt he cacial tindividual ineferenes Malkgs for respective
a rstaﬁ{p)ésw\%@&e\'db@ rr@f@t%ﬁcé é}n&ﬂﬁ Qhélbleumbﬁ&ﬁbﬁ Factd! arremﬁﬁamed for
the rel ease _of these nolecules wth hose areas
t HREclk BaBRIET Jhepareetondacters ppa the b W"?Cb‘@é'ﬂ%faml‘g@ﬁb?faﬁata soas
Cith pinibOihat ddiadads MRt the'SaMPIRE, PrOvi ded with
radi o- opaque markers to faC|I|tate correl ati on of
regi ons of biomarker heterogeneity with the | ocation

OfTHeh&)rFe@teheT/éPuesWot' hihe bidnearkdreyRfdiecaes edanabe toréden@l by any user
% This enabl es | ocalised regl ons of bi ol ogi cal

6% elfier FUMEReR)E 95 ofaPNIcY, BI4SBICHLLER|mak5 Y5 of this data as

| demmeal efh pérncmme rraaldcalageﬁﬁf&wtraﬁdﬂle dbald BslScompared with the most
mat i on _conta rkers can be

e Rl

15 bI ood vessel, for instance the coronary artery. As

T BB RN S B LA 1S Y RE S ey e s

veweeam mtmtlars pbh samples rfeony ther aagtiy archy alt lisathee ,possible to show a

pacflftfér&wa%f t%mmw{he\é?{olﬁgg aq'[%ﬂl gﬁati\(l’é’ ﬁ%l@&fﬁc&ﬂﬁwg t$ n%tcoronary

e, elther numneri r-griaphi cally. 'S

po%l’?nbl Samplesgptakan frm aaﬂsapmm catheteravhichawere eidjaggnt i respective parts
20 Proges %baaaargaén@ryamwm Irefeabe irPEEbeRE %&é@daé@%@%ﬁ@% release of

in this way. Appropriate conmputer prograns/so

mePessl mglepies W nd eydipasholcin aoecrapaaitaly aa¢omparedonith levels in

ieMEcitdulatioef fect. Figure 23 illustrates
schematically an exanpl e of displaying data relative
to an image of a bl ood vessel, such as a coronary

artrr Nath&é@H’fa &3 pvided b\)lthaﬁdlo(dbbqué |nl}’efrkér§tt€ facilitate correlatlon of

res ectl or the sane | ength of blood vessel thr
glons o) %o¥‘narker heterogeneity with %e location of the catheter wnthm the blood

10

25
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 biomarker
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 appropriately and presenting
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di fferent individual/groups or other conbinations of
nmol ecul es or biomarkers associated with different

waee@ge3din pl aque evol uti on. The stages of theP@UEHGBRWY/000106

pl aques found as a result of the detected rel ease are

shown at positions relative to the length of the blood
vessel. A bl ood vessel is shown schematically in

transfer section with a series of boxes overlayed onto

[ pr

diﬂ?ef cgé;{é Pﬁl Gﬁrr% leag A@é?ﬂ@)ﬁ'lh@gco% e égﬁgg%@&@ § I’rJﬁaayt eggo be provided
s whighsah ire daglgd endlsingb ephievetthiseffect. t 0o create a ri sk
assessment profile. In the illustrated exanple, early
stage, vul nerable and stable plaques are shown. Those
diFfgues 2hitlusinategessheraatichlly 4l éxamplezf digplaying dataaelstive to an image of a
" BRBAGLLKE SO &Pa odiBhar BRbgnCe W th different

respectlve Intensities or colours. The intensity or

colour in each exanple can then show t he anmount of

r ﬁg%?eq 83(8)) Sb)r@ﬂc(@) §ISraRCRL Sectitiie ot tt‘%f sa?r@’ Ielﬁ’étlfi1 QW Slooa Vessel three

that this techni que coul used

ose
f@ﬁ?? Kelividyal/grPeRS @' QbaTcoTbisRtiens qﬁmi%utqsév &mmarws associated
DGN“ thicitéraht sta%@@ iMHEQR evdflo®X TR&Ltagds biftHE YarBds ";b?efq%@é found as a

pl agues coul d be assessed over tine. The approach
cSEAY o theydgected miease %%wvﬁbatﬂ?%ﬁ?”%@ﬂ'\ﬁe l’)"ﬁd‘?’l@é’? &f the blood

Thessappr oach all ows the collection and interpretation
of accurate nol ecul ar information. Ml ecular data may
be obtai ned and anal ysed at multiple points throughout

a ApslbocVdssel id srwathéraatitallyid erackisd settiomwithi adeties of boxes overlayed
s possible to nake a

it.b
Igoolnk Fgf%'blﬁo’brg?ﬁ%m |58'@t8|"29ﬁ8“e%rf§Pess,| on and cli ni cal

outcone By using this information, it becones -

or eg d e?en'i 910 e%?l%g cgéf_ﬁg%lwﬁgﬁ%d a%d ﬁl\(/éantg sp I(«J:;%gﬁ'l ;laﬁg%u(f ?evelopment S0

Ive s si S can al's
prague d@atmet asknassessment grafildi ﬂrgthBHEJSiratpdananmle leadwktage, vulnerable

dea\ﬁh Cs‘;t‘ats?@ ra‘aug.b %Fe!ﬂg)ﬁfownS u?h{ésdlﬁér rqt étg% sUa atSEghlﬁQ a@ec'c} ¥ different

nparlcu POSS e to ass ana
moeERealivedorsss foe irﬁtaeqe wltm ﬁlﬁerantug@ecwmtemtlesm p@imarat bhgyintensity

prd?%ﬁ:%?ﬁpéaahr@(aﬁﬂee@é\ethgrf\ sﬁmﬂ'ﬁé"%b@t o‘f"?éléas@%@rﬁeﬂl:? the scale

is then possible to provide accurate assessnent
tHB’eétﬂf@ﬂYp'&ﬁ%Plocatl on of damage and, if used again,
its recovery. Figures 24(a) and (b) and 25(a) and (b)
illustrate respectively the concentrati on of bi omarker

pris SFRPosed ihabMisdaghnigue coyiddie used o detpminrihe efactivengsg of clinical

a therapy. t I@fpaﬁlcaﬁb!&hé’ nufrib@k afd Zéteint ot §LKy afuitferddie pfdEes could be
where little no m xi ng occurs within the bl ood

Veagg%ﬁseq/_over |me

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
indeed with multiple patients). In this way, it becomes possible to make a correlation
between 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
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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As illustrated in Figure 24(a), the concentration of
bi omar ker takes the formof a plune drifting and then

w@em@dogdsby spreading within the flow of bl ood Per/GB2009/000106

bl ood vessel V. As illustrated in Figure 24(b), when

the plunme reaches the centre C of the bl ood vessel V

the detected concentration of biomarker rises very

rapidly to a relatively high concentration. However,

t C - [0 I

Si&grﬂ?e?i?%atsgfogp%?%éag ’éllaga{eﬁgl. ﬂ IQ‘){ﬁén %‘g%lgé gé?;lrg\flde accurate
t laesaspent of/the extient anddogitior oft dmhage laoe,nt Llsad again vuslrecovery
gradually drop to the concentration where the

bi omarker is spread evenly throughout the crosssection
offigurrs B4(aloand) dia)sand éé(ai) rﬁ@ﬂc@b élwsbgﬂetrhwam@hemel tonsefration of
Fi |

DB g e e B B SRSt T iR P

bl ood vessel V when m XI ng is used. In parti cuI ar,

dﬁ?ﬁf@éﬂ ﬁué’l%% th&8agf Whdré §6 Yor P ntnjﬂﬁg %&Ur?ﬂlthlﬁ lﬂ'?e blood vessel V.
bi omarker will very rapidly spread across the entire

crA§diusyeied |"bﬁ'96’19 3R, e seacendatian ofﬁqnaréqctﬁkqsriée &yenof a plume
dlos.tt.h%laua itfen gratmawg@eadlﬁg itBiH e ﬁf&\( BY bivbd i tAesleed vessel V. As

e biomarker distribution first reach

t HISialog PTore g (bh whon In6 AT 2P 1eBd0s AU Bldhsladiiassel V. the

Slc@cherCo@HéénYraﬁﬁ'dof Hlﬁﬁé‘rﬁer tWeL‘ e Oépnﬂl? th rél&ﬁel?lrﬁﬂh concentration.
centr t [ onsﬁgl scussed

act ,
PRV (ReIceg1ee OB ALy e eSS S fo arop. nideed, as
ditlsé blubbtspmadthﬁI@fgethé @[vodl\)yéséeu\/tﬂé tétgetbd cohvahtratof Wwill gradually

d| tion.

(PR 1 BBl LR 4 Plotel Fortes! BOD OB the cross.
t Isectmnmfrmekﬂmdl vessdl amipdicatedmy thecdashard lirel® act ual
pl ague P. For the unm xed exanple of Figure 24, the
| ength of offset is considerably greater and al so the
prieglire 2%(p) illustrates Somenitat sEtiesaatically Hoswesbiomanker ie distributed in the flow

C 80? Bloobilin Lh% REPAREE V k) Hﬁgﬁg e RAUduRP a&fgtéﬁcﬁﬁ% upon the

t ween obt al ni ng the correct concentrati on
t rﬁéflclﬁn@!rrﬁf toermixiggdthg i bigiariserryll vyt rapidlyoipread; asnossftbe entire cross

| NIERINCS tlfbsblbéd veabéi ah8 fedch thd Q}éh%lsgﬁbun!)ﬁlmﬂﬁﬁfebw#@ﬂre 25(b) with
|t |schropose to introduce an additional correctio

ril Woen thediemarkendlistgbytien dirsh eeashes the gentel seglonC it will

S %a@shd@b ®Réh Hﬁé&%ﬁgnﬁlbéfﬁf@téhﬁ hérlc@V\Ml %b?ﬁe étrlﬂe tRhR8h&ntrations
%%%rtl es, it becores possible to offset
di

SSPIdRRsE dort Figbeotts dudactthi "'fWe?“'&rség*l‘t&ctSt @geed the even

I eligtiibution E®eidherapiigeweting!td thabbrmdiist@asiéh. | n posi tions
nore representative of the actual positions of any

pl ague, etc. Because, as nentioned above, the offset
f dn eahamrxeeahmukmd mixwekanadm ritt vei barsdernmraahp fiestl deteetbl @osition of

n| fi | & ant ages en .
Cor? g](? q(ar By ag? ?’g psteam G ac‘?uaY plaquegs Forvme unmixed example of
Figure 24, the length of offset is considerably greater and also the predictability of that
offset is lower.

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

diameter, flow rates and catheter properties, it becomes possible to offset the displayed
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m xed flow, the characteristics of the m xing can be
taken into account. In particular, the accuracy of

wo omakdsai i on of bi omarker rel ease rel ati ve t oP¢hi&B2009/000106

position in the artery can be increased by using

know edge of the way by which the mxers intercept and
divert flow fromthe boundary | ayers of the bl ood

vessel to collection ports along the el ongate centra

b - i I

o oo erefi®, SRR ey, 3 plied FAIRL RHAL il Mg BBB0 vessal in
v logiiens MolRgerfiesenidive oktherpttedl pasitionseof laey alnameyg@d t hat

were taken froma catheter using mxing, those actua

val ues are generally smaller and provide nore of a
stResaeseany @Qﬂi'aﬁe%a%@'&kthemﬁsefd@mal mixed flpwris tyuchhehorter and more
gsr?édlctbﬂevﬂh@%&éd HW Pas Signiican® aGanigeROVAhnt Qriedtiy fhe offset for

ferential of the corrécted concentration val ues for

t HBXgd UovatReeharacigristies ofitha miying<san g ta}padnto mreount. xladparticular, the

CQieetratky 8f Ib@é]lsé’tfonmf PRt rél@asé@é\ﬁﬁ)%cb\(ﬁé b!osr 1R iR ke arlefy can be
compari son, where m Xi ng{ is not used

c dRTeRReA Y U5iNG KnowissaRRk the wayi bynwich Etye maﬁrsn@te@ept and divert flow
diffdne tigen bb@{daﬁf ldyEre ofaths! ®foodave¥8di to ddofiédtioh NS AlbrtHaf elongate
|n|t|q g ﬁ%tlo of a bi omarker can be obtai ned.

ReEralinegy Al e SABREN-al val ues can be displ ayed as
illustrated in Figure 23 and, additionally, can be

co cted for .of in_the nner, dj scusse

s B oRpRErayoh KEE besrbousn P ' aienly e ot cprigpec vales.
s a-ﬁqnd/mr fwhemsaplbs aredo be agﬁlisedftha wbleaakerMass & kathtteeusing mixing,
Ca&hgetaecr%aé\r/ lg%delarg ggneéﬂlef tain r?gogln r%ﬂrgbgd eg)gcr grrwl tﬂan a peak
v deosidéntifigationdgshe aee coIIectlon area defined al ong the

el ongate central body for collecting sanples at the

central region of the blood vessel; and at | east one

mi IRedevh pbthisd dds alsdi rappaged b vaked differentiah of geoengeected concentration
Cepide@kordfiioRafleRl F @anged to create a flow of bl ood

froma boundary layer at a wall of the bl ood vessel to

the el ongate central body so as to enable the at |east

0'Whé‘r@'n‘nﬂﬁ§ ls@ﬂn@ézﬁa e nfild BRtentaticH &&‘blcfrﬁémértl?teeached very rapidly.
boundar | ayer A catheter according to claim1l

WHERETIRAFSE AelecINgdR @OhSes thesconcetzatin issporeawhat 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 displayed as illustrated in Figure 23

and, additionally, can be corrected for offset in the manner discussed above.
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3. A catheter according to claim1 or 2 wherein the at
| east one m xer is deployable froman inactive state

wo poodsho t he at | east one m xer is close to tPET/GB2009/000106
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el ongate central body for insertion into a bl ood

vessel to an active state in which the at | east one

m xer is further away fromthe el ongate central body

so as to interfere with a boundary |ayer of the bl ood
vessqhis 4. A catheter according to claiml, 2 or 3

wherern the at | east one m xer extends

circunferentially around the el ongate central body in
subst anti al ' [ ey Yl

ccor ding.t 5 camieler i tae bl @Ramples rBlHiF o of a biood
oressfil. teg catioatgrinaleding respective plurality of mixing

el enen dj i h; t -

body. | R el B gl 8 e oo R el NP along 2
m leeshvestelinent i s pivotably attached to the el ongate

cent r alat AN RofisetibR alia\definddlalbiiftheleRingale @ efird| %SH* fJ? collecting
of the elongate central body and towardsS and away trom

t MRSy Hesepisa| regien ¢fdlg ipod yesseal #nst er according to

cl ai m St Wasorth@ixet Brovies réﬂi&liyrtﬁ:t\ﬁérélmtthé"é\_§ngfd?§ céfifdbody and
of a B;\%dl e extendi ng in radial and fangentia

g
di VECBPOICrGate A flowqi &igodftom & fowndnylayes at anall f thsiged vessel to
8. thé\ etatighiet centraIcisstydsd gs t® ephifle thd at Radtf one ¥dIeEtRINNarea to collect
each m );i 2‘9 el ene({n gas a planar extent follow ng a
r SRS PATIOP SRUNYAY BYYh a respective dianeter of the
el ongate central body. 9. A catheter according to any
one of ¢l ai 0.8 erein the mxi.ng elenents are . ,
arr angezg at Kgﬁ?g?:e&%sﬁceéﬂwggﬁcfagﬁg ‘%Weéﬂ@%?%%tq%q‘sg Rg&fixer is a static
cemixeal body and at correspondi ng successive angl es :
around the el ongate central body. 10. A catheter
according to claim9 wherein the relative angle around
t he el dhgat & eatimteradccputig teeclaven ariXivhereinl thesattieashibne mixer is
adj i al it 1 al: [
SUERGRDeRRH i a8 I s PO U0REE MR s HRio e elongate
or centyalppsty dorringentionnintej ploed xeasal to agrastive staladre which the at least one

Padnfx8r is 8@ tHer Bidhy 6 tHé %ioRgate! BRI b8aP 8 B8 18 MadrelePRfa boundary
at a respective position along the el ongate central

bol@yer ghtreiDiagdweeRghl i xi ng el enents of a pair of
i Xi ng

4. A catheter according to claim 1, 2 or 3 wherein the at least one mixer
extends circumferentially around the elongate central body in substantially all radial
directions.

5. A catheter according to any preceding claim wherein the at least one mixer
comprises a respective plurality of mixing elements extending radially from the elongate
central body.

6. A catheter according to claim 5 wherein each mixing element is pivotably

attached to the elongate central body so as to pivot in the elongate direction of the

elongate central body and towards and away from the elongate central body.
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el ements being on opposite respective sides of the
el ongate central body. 12. A catheter according to
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| east two pairs of mxing elenents. 13. A catheter
according to any one of clains 9 to 12 wherein the

m xi ng el enents are spaced and shaped such that when

m xi ng el ements at adj acent positions along the

el ongate cent : S >

substartei ol [y e Ak AR LAIRAE LIS ieiak riffing gement has tre
el formyalt aepasisie extgndingdy radishanchtiapgergjaledirentinms withrespeftde thetelongate
pqﬁ%&%qﬁﬁy§ubstantially do not overlap. 14. A catheter
according’to any preceding claimwherein the at |east

one collection area includes at |east one collection

port | qcated d’é¥heﬁ=.kr) ggc;o?fﬁé fo% irﬁ“js, blor 9 HRlANGadhixing element has a

el ongate central or collecting a respective

s atinae egent falawing a respestive Blana thraugheg egspaetive diimeierobthe elongate
cl @ntraifbapherei n the el ongate central body includes at

| east one | unen extending internally along the

el ongate central body connecting with the at | east one

col | ectg. on PO&dthetdaccbrdirtf REBKY oA OPIcthig 5t @ & wHemBinl The mixing
wherein the elongate central body includes a pluralit

. o] y
of SIPTIFRIR @ RTN9ET 7 SHITERIYEPIS(fiont 8legathe elengaie sewiral body and at
C ed¢tirfe8poriaidysueedt8ne bindigs atblirdl the 8lRAGALE entePbd®RCt | on
ports. 17. A catheter according to claim14, 15 or 16
wherein at the at | east one collection area, the

el ongati®. cem eathet@roaytoidivg) todeiainfld wheréih théllrélativevang® adund the

outwardly facing . surface .and an inwardly, facin

SRS derREhA eetfeeR Ry e frs AY Biieecl PeicdY agpg the elongate
c otdntralthooly igubktantialig @6t ned, the inwardly facing

surface of the outer wall and the inner body defining

a circunferential gap therebetween and a

ci r cunfidr entA edtheterr apgorgingt taraaigh9 oo 16 svheegim ghedmixingeglements are

th QU | Y . faci . "
L 112 L) B il RU Ak P Bt posion,
ci dlenghther elangate cgairrl frediwnd indiMidea | mixingeelements (b agpair of mixing

| e88heRSBeing bh @phb<AB rddpbitiv 5183 8 thb BibAbdtd Yertial B! 2!
directions. 18. A catheter according t0 any precedi ng

claimincluding a plurality of m xers arranged al ong

the lengt h of cdintferGBESrdiAg 1d@EN WNRKERIA tHeldt IeSE dridMixer includes at
areas are defined between said m xers. 19. A catheter

ac'eaf v gaisef g s'eBetper ei n at | east one col | ection

area i s

13. A catheter according to any one of claims 9 to 12 wherein the mixing
elements are spaced and shaped such that when mixing elements at adjacent positions
along the elongate central body are deflected so as to be substantially paratiel with an
outer surface of the elongate central body, the mixing elements at adjacent positions

substantially do not overlap.
14, A catheter according to any preceding claim wherein the at least one

collection area includes at least one collection port located at a respective position along

the elongate central body for collecting a respective sample at that position.
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defi ned between adjacent m xers. 20. A catheter
according to claim 18 or 19 where a collection area is
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upstream of any m xer when in use. 2 1. A catheter
according to any preceding claimfurther conprising a
sl eeve within which the elongate central body and the
at | east one rri xer can be stowed, the sleeve being
wi t hdr bl i xer
and thg\égt eas %rnég%oo?('ﬁgstﬁ%%ﬁa?legv h%geir_ﬁ tﬁg%{ethﬁgtg ?%nrtral body
gendudasi Ay leastigne |pmen i extenting iotesnally aleng: the eloagéter sentral body
n@oﬁﬂgam With®B &tis écoﬂécﬁ@ng}ﬁod vessel, which
od c nprises analysing a urality of bl ood
sanpl es froma bl oodstream that has been m xed

subst anfgl al lay cﬁﬁét@usﬁcéd?&n adi Qhime X4 rﬁ thd) %Iﬂg?@dcemra! body

vessel to include blood esent int oundary
at '”P'H@%Pd?i'é!@@%sfél luRgns eXﬁen@nwl"aiemawaﬁbn@gh@@lcn@ateawﬁral body

at cdn%é&%%t%‘?eédé@@e'c@fb%tu% poes.a | ength of the blood
vessel, the analysis including the steps of: neasuring

a concentratl on |l evel of a bionmarker in each bl ood

sanpl e;17det @ Fathdtedackofdingsto QAT ENt152bH P8 wherelrP &t ﬂh@rht least one
factor for each resgectlve bl ood sanple to correct for

di FHEFtiancEea i the slongrie aPalrarRody rier! es n fiewellBaying an outwardly

dl ﬁélﬁ@ eiifacklanadn Wlﬁfamn@%bﬂéd@ dhd1@ ithe® Qﬁ@ﬂﬂ WhICh the at least one
@ent rati.qn corﬂdﬁt L on t or trcf)q correct for

BP9 ARk geTos P GH3CE\Ph fherquter iyl and the inner body
bi astminiger cipuetedritial gjhpgﬂ&@bétbveérh a6dh dicdupierdhtiadnt bﬂa)t S&hrough holes

@%@%H Efée r]ffé{ighaﬁ'lg ? %r glégqquegantggﬁg\y%g& fﬁcmg surface and the

c ooutwartdlyfacifig@surface suchtthat tnecicumédertiangaprivmnata manitokifekding the at

Of 118 DO Ehod A A6l AR gAMLGho determine a

corrected concen "omar ker; and,
generating a data proflle of corrected concentration

l'evel s 1]‘80r tm&tr@tﬁr%f:&g(n rﬁgpég@dcrigeagkggaa%%{"g Iplmé%iﬁgof mixers

vessel . acc rd| to

t h@"@meé &Mngaﬁﬁl leagth opfathe |cepksal kagy whesejo colleqtive areas are defined
CObtRedreshid m@lsan upstreamlocation to determine the

second correction factor to be applied to the neasured
concentration |levels of the biomarker. 24. A nethod

accordifiy t  6AtRétEBackdrdtg B3claim 1 8M¥h&Rintdt084ht SAERbRS tion area is

re
defined between adjacent mixers.

20. A catheter according to claim 18 or 19 where a collection area is defined at

one end of the catheter so as to be upstream of any mixer when in use.

21. A catheter according to any preceding claim further comprising a sleeve
within which the elongate central body and the at least one mixer can be stowed, the
sleeve being withdrawable so as to expose the at least one mixer and the at least one

collection area.

22. A method for generating a data profile for one of more biomarkers
emanating from the wall of a blood vessel, which method comprises analysing a plurality
of blood samples from a bloodstream that has been mixed substantially across the radial

extent of the blood vessel to include blood present in the boundary layer at the blood
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anal ysed to neasure the concentration of a reference
mar ker in general circulation in the bl oodstream

whaopgp390 known or measured concentrati on, wheP&bgB2009/000106
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extent Rf tRemBingAthckERitH to AAfhs 22 or 23, in which blood samples are

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

general circulation.

25. A method according to claim 22, 23 or 24, comprising blood samples
taken from within a coronary artery and at least one blood sample taken from an aortic

arch.

26. A method of profiling a length of a blood vessel to determine the
pathological state or physiological state of the blood vessel wall, comprising the steps of:

introducing into a blood vessel a flexible vascular catheter having a body section
provided with a plurality of blood collection ports for collecting samples along a length of
the blood vessel;
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coll ecting bl ood at one or nore bl ood collection ports
posi ti oned downstream of the m xer for subsequent
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deploying at least one mixer radially outwardly of the catheter body, the mixer
thereby mixing blood substantially across the radial extent of the blood vessel to include
blood present in a boundary layer at the blood vessel wall;

collecting blood at the blood collection ports downstream of the at least one

5 mixer;

analysing blood collected by the biood collection ports of the catheter to
determine a data profile of the concentration levels of one or more biomarkers along the
length of the blood vessel.

10 27. A method of sampling blood in vivo from a blood vessel, comprising the

steps of:

introducing into a blood vessel a flexible catheter having a body section provided
with a plurality of blood collection ports for collecting samples along a length of the
catheter;

15 deploying at least one mixer radially outwardly of the catheter body, the mixer
thereby mixing blood flowing within the blood vessel substantially across the radial extent
of the blood vessel; and,

collecting blood at one or more blood collection ports positioned downstream of
the mixer for subsequent analysis.
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