CATHETER Background to the Invention 5The present invention relates to a
catheter, in particular a catheter for collecting a plurality of sanples
fromwithin a I ength of a blood vessel. The present invention further
relates to associ ated nmethods, in particular a nethod for generating a data
profile for one or nore biomarkers emanating fromthe wall of a bl ood
vessel, a nmethod of profiling a length of a blood vessel to determ ne the
pat hol ogi cal or physiol ogical state of the blood vessel wall, 10and a
nmet hod of sanpling blood in vivo froma blood vessel. It is known from WD
2006/ 126002 to CAR4ETRERDI ural ity of sanples of blood fromalong a | ength of
a bl ood vessel. The sanples are taken fromnear to the vessel wall and can
be anal ysed so as to determ ne concentrations of biomarkers that are
present there aBatkdiniuedtethednveetiosr m ne positions of vul nerabl e plaque, etc.
al ong the bl ood vessel along the Ilength of the sanpling part of the
cat heter. Al though such earlier arrangenents are very useful and effective,
t hey preseist diTre present mvendiop eeiatesnty acatheter, omafticylar acatbatenfor coltecting & pluelity
and the locatio e S Z6i “T%eé W '
I's not al ways p‘?asg‘tq‘%eglfm o“"ﬁ‘é’ﬂ%{?h@*f‘e°Y§%§°§#ﬁe§&éo Iecrte %éo?"?iﬁng?@g;no the ifes 1d
cat heter into passbciated mathodst ip nartisulae 8 srathaghior genfriating® date piadile fongneyeometer y
of the vessel andmGRBR!drirdlivy frdin B A todlestdiCa RRINREIGH broifiga RifGfFsHa
eks ese di d the

application se to obviate frculties and to I nprove

consi st ency of pleadivesseldndetgrniae thegrathlgaicaber rhvgiclagicabaatab the ieod;yessg) wall,

posi tions 1gf SO LMeMloddf SFRSING bocaTvildRoR@TidddVesséll 25whi ch t hose
bi omarkers are first sanpled. AS detailed below, this is achieved by

i nducing a flow fromthe boundary |ayer towards a sanple collection area.
Sunmary of the } RvigitwinOifors WD 200611 26002 € fakb i Sitiratty it Gmples toh @ldotdR@mtlong a

i nvention, there i rovided a catheter for. taking a ality, of., saml es
fromwithin a | '85%}6 HPBS}GQQB’P%%& Sssa&qlestaﬁgtai%? ﬂ83‘&“ﬂ?§f‘ﬁ&? | wall ancnpan:q?
el ongat e cent r aknalysdy sarasatgdsteriminebeoricasteativesl of bioonagkers fad iare presentathenegarsd
bl ood vessel ; ' . . t I L O '

el ongat e (Szlgnt raﬁ‘engg(&%/d?tgrrm'gob?gétgo?‘?r?éaggesfg%ngdghgia%'ﬁ%&@éﬂtgﬁagg aslggglegﬁlg{# mt%he
bl ood vessel ; ardgth of the sampling part of the catheter.

Although such earlier arrangements are very useful and effective, they present difficulties
depending on the configuration of the catheter and the location and/or size of the vessel

20 under test. For example, it is not always practical to manoeuvre a sample collection area
of the catheter into position near to the vessel wall, due to the varying geometry of the
vessel and constraints in positioning of the catheter. The present application seeks to
obviate these difficulties and to improve the consistency of resuits and obtain closer
correlation between the actual positions of sources of biomarkers and the positions at

25 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

30 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

35 samples at the central region of the blood vessel; and



at | east one mxer provided radially outwardly of the elongate central body
and arranged to create a flow of blood froma boundary | ayer at a wall of

t he bl ood vessel to the elongate central body so as to enable the at | east
one collection area to collect sanples fromthe boundary |ayer. The at

| east one m xer preferably creates a flow of blood towards the collection
area of the catheter so as to enable the at |east one collection area to
col l ect sanples representative of fluid nmaterial present in the 360 degree
radi al section that defines the volune between the catheter and the inner

wal | of the bl ood vessehst cheeniRer brécitied! il loBfward) obﬁxeré?&{g;%gfl?ér?:tajé Y’S?’?%H%’

the entire cross sectjonal ar e blood within the ves
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the centre of t ﬁga'éqegﬁﬂéfeét%%ﬁ?‘f’é’f biggdjroma beradatydener gz wall ofite|bloatb@gsel to

virtue of the athd elasgateentdl tidy so088 & emdtte HACA 1885t Rin "BIK&IOR arE580 2hiidld
of, a bl ood vessel and the adjacent ?)oundary
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| ayer can be br SOGRES FaM Y530l | ection area al ong the el ongate
central body of the catheter for sanpling. As a result, sanples taken from

a catheter (whi revi gusl| e | gced i n | ood flow) will nore
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of fact bt ween' [ an@iPol il matal rkeditn Bp b detrte Pedrestian vet deinepiies
bi omar ker, det e¥®/Da bpsenihe qatheteraod theditmar wall etthe dloaddessansi t i ve.
Furthernorgy the | ongitudinal offset becones nore consistent thereby

al lowing for appropriate correction. 25 The term boundary |ayer is used to
cover all types%iﬁ collsgiedarapnies, eans be earessntatva of thevartticeccroys lsectiodalr areh ay etics
and di ffusive beudbdaiin 1A Sessel, SR f e el
may contain bi omaréers whi ch can bebﬁétsg5gﬁﬁggth§)§%@§&cﬁe§fﬁé§%&r‘}i@t%gs@?ﬁ'g{
is objectively KE8 $¥3d and eval uated as an indicator of normal biol ogi c or
pat hol ogi ¢ processes or pharnmacol ogi cal responses to a therapeutic
interventign whgre. the t@har gﬂ%téteri stjcs could include whole blood, cells,
cel lular conponaht'due 8hhg;aL YRSMBT ERTPENY 3Ysh 28 biqrparkers, gsmanating fom as
nucl ei ¢ aci ds afadaway abthiei wallpf adblodd ves3bl arldi thé adjacént bsefanpfaysi e b BldubRt
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conponent)_diffusion across a w de range of Tlow conditions,
to turbul &dt. NSHESINPRATKYR Alsor pe @ reslt of bringing shecflow tofthe iab leastsoneasofleationw.

A static m xer sreamdee GGkl bRd bRVIJARSE sihdidr Hnblttihp Bsth bgmgﬁrtllféﬁﬁualfs Prsce

instance by splitting the f]low in two, th the resultant fl ui enen

bei ng rot at ed b‘i}t%“aq 49§ 4 ‘E%B@P'Pe“"a i"?’\gb? plomarkep deipgion breemesamareyadonisate,
reconmbi ned, theprédisd dndisemsitives Fuathetfriore) ther IgagiidRaPbvset Gatorhéd Hord Bonsistent
relative to ea . it. rotate and reconbi ne process brings
t he bi omar kersq\e\nerg |%{‘J¥vﬁn§q§{]ﬁr§m§¥°e%orm°§er to the collection area.
Repeati ng2fhe process brings the biomarkers closer still and increases the
effect of diffusbaBnPBodidddhf [ 5 0 L i ossiple to
provide mixers which are rela ?‘Cgﬁ%ggﬁ%?efw%na‘@l(é)%s&g%@{' %’%’Hﬁa‘ﬁe&’,‘ "}?B‘ﬁlﬂg ket
be noved into [Y8OFHY RRYNERARYHAVErsaans ivpdoyrdary layerei r nornmal st at e,

preferably, the at |east one m xer is deployable froman inactive state in

whi ch the at I%ast one mxer is close to the elongate central body for
i nsertion into>AMplegodf Baed extragted ffromyie vapse) may songin biomarkers whish cart bee

states in3owi cliefife taryadaiactnistidinies dofectivély MBAsAdPind SvaillatddfasLhPRdRLE
of normal biologic or pathologic processes or pharmacological responses to a
therapeutic intervention where the characteristics could include whole blood, celis,
cellular components, chemicals and molecules such as lipids, proteins, nucleic acids and
metabolic products.
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central body so as to interfere with a boundary |ayer of the bl ood vessel.
In this way, in the inactive state, the catheter has an overall snal
cross-sectional area facilitating insertion into and along a bl ood vessel.
The m xer is then deployable to its 25active state so as to better mx

bl ood within the bl ood vessel. The m xer may al so engage (dependi ng on the
i nternal dianeter of the vessel at that point) and conformto the wall of
the artery. This can act to control the deployed dianeter of the mxer in
t he absence of any other constraining force, for instance froma 30sheat h.

Preferably, thepiret tybds &hiferlcan BBREAY, f6ﬂn§9nc%m?g§%ﬁi &Eﬂg@@“m@aﬁ flaé ;B'%é]?gch

el ongate central body so as to best interfere wt ndary 'l'a

is along the waPfddss, helicaliestinnsy elss dloweyerc prefpsakly.tat fepst enedofiinn minersis| aystatic
contains differgggrconcentrations (relative to the 35free stream or bul k
fl ow of bl ood) of biomarkers emanating fromthe wall or absorbed into the
wal | as m ght be expected at | ocations of heterogeneous bi ol ogical

activity. Bor svi@is dtivantBieis, Bicadead :
is &bvantag a ta¥ié€ Srivedr ne&cﬁ‘h@t reveny Wg\t/\ﬁ%{rseas an

m xer extends sO as tg meet with the wall of the bl ood ves
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possi bl e where the at egis ne .m xer extends on one side of the elongate

central body. D& Sﬁ'df'ﬂ‘ﬁ @ M PR B5r usadeloningiense thepdifusinn efclipmatiiess. tieren
to include at Inestamcedwespmjmhgthemoxeh twéivath tex e 0kt mdb%mgt RtatedIBy 8
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extends o Peunt BroERes B itecud R Fabn obler SoEea, redeeg ot pamepisaaving
radi al directi d#mefgmetameSlMyQtailan retiytosadeh ethet.0 Stichr a shit, nstakeand recombine
effectively to fpedfl tﬂ'ﬁ’@s ftﬁ{"&cﬁﬁ‘%k&?%n(h’irp thePh Lo»}l he s@%rélgg] rtX tR?lcg llf)’l"oﬁofg%-d

vessel . Preferably east one cFeat
fromthe boundd?%PeP'mﬂep’eaWGGﬁ% bringshe |hfféﬂqib¢fﬁpm§ey stilf at\hendnéasesl the sffedt. of
Al t hough the mdqmjs.@,%fm@rwm ap}_ as a single conponent, the at |east one
m xer can l5conprise a respective plurality of mxing el enents extendi ng
radi ally Pom t he el ongate central body.

Although it is possible to provide mixers which are relatively small in cross-section and,

hence can be moved into position within a blood vessel in their normal state, preferably,
the at least one mixer is deployable from an inactive state in which the at least one mixer
is close to the elongate central body for insertion into a blood vessel and is deployable to

20 a plurality of active states in which the at least one mixer is further away from the elongate
central body so as to interfere with a boundary layer of the blood vessel.

In this way, in the inactive state, the catheter has an overall small cross-sectional area
facilitating insertion into and along a blood vessel. The mixer is then deployable to its
25 active state so as to better 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
30 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
35 free stream or bulk flow of blood) of biomarkers emanating from the wall or absorbed into
the wall as might be expected at ldcations of heterogeneous biological activity. For some
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It is possible for the plurality of mxing elenents of the at |east one

m xer together to forman extent circunferentially around the el ongate
central body in substantially all radial 20directions. Each m xi ng el enent
could be fixed relative to the elongate central body. However, optionally
each m xing elenent is pivotably attached to the el ongate central body so
as to pivot in the elongate direction of the elongate central body and
towards and away from 25t he el ongate central body. In other words, each

m xi ng el ement pivots about an axis perpendicular to the elongate direction

t | t i ' te di t . ' ' ff ,
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central body to an active state. X1 nejs lement is
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di aneter ors i nt enBSdimentseb &Esi%ﬁ%ﬂr@% UERAS ol mMak BRtehbis 'of dsS L e?.
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the mxing elenment at the point at which the mxing elenment Is at

the el ongate cefAHal Podyy Howensi oreferaly, Hiopatolsrstapre mixexi extandaegircuinterentially

SOptionally, eagburd theribriafBdtly iR @Gbstditialy0aiMagial dird286Y. CiInakis SRy 1% ;}z&gibg;
(0]

radi al and. tangential directigns with respect to the elongate centra :
The paddl cejmcoul g EFE ‘TBRS F‘Z"é‘&'&%" 3% mix EPHGJ&W RaY, PRATIoM ot theaprrioheyt Q&athmqmdy
L Ir omdt Ple | ongi ';umdietalPrefardbbpehmfaf ﬂdaetderha)ﬁ@&t'emﬂs_eeér’f aiﬁgﬁodwlotﬁﬁoﬁﬁl_ob@ 1P EaPt
00 ow in vV nd_cause Jrj X : nce, e m xing

el enent has a @E‘g?%’ﬁgﬁ@ﬁé%gxﬁﬁte Wi FEAPRY ﬁhgb{gﬁdé(# Bhast partly a radial
direction with respect to the elongate central body. On the other hand the
tangent s 1 rom {RCoGTT £P RhaR B GHEL Rl bolbeBhiri lpa gl RS Fcer Gan
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It is possible for the piurality of mixing elements of the at ieast one mixer together to form
an extent circumferentially around the elongate central body in substantially 'all radial
20 directions.

Each mixing element could be fixed relative to the elongate central body. However,
optionally each mixing element is pivotably attached to the elongate centrai body so as to
pivat in the elongate direction of the elongate central body and towards and away from
25 the elongate central body. In other words, each mixing element pivots about an axis
perpendicular to the elongate direction or at least angled with that elongate direction.

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

30 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.

35 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

1



el ongate central body so as to take the formof a blade of a propeller and
to direct the blood flowin a predeterm ned circunferential or spiral
direction according to the direction of angle. 200ptionally, the m xing

el enents are arranged at successive positions along the el ongate central
body and, thus, are spaced apart longitudinally along the |length of the

el ongate central body. At successive positions along the el ongate central
body, the m xing el enents may be positioned at correspondi hg successive
angl es around the elongate central body. 25 In this way, when a m xing

el ement at a fihgtin dg)ﬁaeﬂan@nw %@n@tmﬁ aeIeagt%&n&eattﬁ@ﬂmxb@dérerﬁ@fu%@&etﬂm%t
flow to be dlverte circunferentially, subsequent m xing el enents along the
| ength of the @hisRgieemixisg: elgmenolgya Eecb&lﬂﬁe @f?@latatcetﬂ\?rﬂr Bedhis mageapf an
positions so ag brgphagqg,@gﬁ]aygngh different parts of the cross section of
t he bl ood vesseF around the el ongate 30central body. In particular, it is
possible for the diverted flow fromone mxing element to flowinto the

m xi ng el esrent opiibREngedac ik BRIfenthas dRd eorapaf i gutididORktbRAIAG litY radiB and
relative angle around the elongate central body gPﬁngFn m xi ng el enents at

adj acent posi t 1219ental grestionrwit ’8?@%5"5@#@3‘?‘95% Ysubstantial ly 90g. 35
Thus, after each m xing el ement spli ts or diverts blood flow along the

bl ood vessel , e ne i S ffse tially 902 sq as
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extent of the m%tﬂ& t@nﬁ%k&r&l%x@hf &I?M?ﬁ ?Sﬂeﬁtggxtﬁﬁég iAla d@faelish arallel to
t herebet ween, so that there I's sone overlap of successive m Xi ng ePene
when vi ewed axi%ﬂgﬁvts freociie PetRrsurtace efiee AiPRgatg cent@hdedlys are arranged in
pairs, each pair of mixing elements being positioned at a respective
position aI ong the el on{%ate central bodgq and i ndividual m xing el enents of
a pair of i xi ¢S epssiiie, o8 earh) Rbing Blespam P%aF'%' ERIatve & Eie dengitidinglipxis of the
el olnggt e centr ai_onbdtdlyzenti'eﬂ boty166 a¥ved Cke tihe fwmronf blme«bfngpfebem laha tcg‘d@&it éhe
i ncl ude one m el enen t endi n ove ongate centra .an :
anot her i xi ngbEPRIRNI EReERATO Btsinas i & Sa R ErEo e SR o
successive m xpbhang.enents are at correspondi ng successi ve angl es, the next
pair of mxing elenents could have one m xi ng el enent extending to one side
of the elongate central body and the other m xing el ement extending to the
ot her si d¥® of Optionaliwrigemxingelements igrigranaed @t puccpesisi AsEonalore thersigngate
pai r of m Xi ng.&hRIMBAGSand BNRY &re- spQPéd S lbx?stddhﬁﬂ)aéloﬁ%tleﬁﬁiﬁ omr?éeeﬁongated

e

i ncludes at |east two such pairs of m Xing enment’s rovi d goo
conproni se bet GRER PPV &tnﬁ‘cﬁ?ﬁ%’QCMW% JRNahe ﬂP"Qﬁ'@(Pﬁ@'@I%ﬂf’? a¥ing
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provided to further, increase the quality of mxing. Certainly, good results
can be achi eve&e%a‘[ﬂ ij,' 4 or 6 pairs.

25
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
30 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 909.
35



In order to place the mxer in the inactive state, it is possible to

defl ect each of the mxing 30 elenents so as to be substantially fl at

agai nst the outer surface of the elongate central body. Preferably the

m xi ng el ements are shaped and spaced such that when they are deflected in
this way, mxing elenents at adjacent positions along the el ongate central
body substantially do not overlap. Wth this arrangenent, the profile of
the catheter is mnimsed, thus inproving novenent of the catheter to a
target site. 35 It is also possible to arrange for outer portions of the
m xi ng el enent s Thus, httert daich mexing elepreof sglitsdorsdientstiiadd fidve alowng ithe plood yesdel, the
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provided for eaﬂ&eﬁq&%emﬁwﬂbﬁ%\jﬂd affgh collection area could include a

plurality of co lon ports. However, in a preferred enbodi ment, a single
collection port is provided between adj acent mxers. A 15 collection port
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e.g. heparin, phosphorylchollnes 30 Cptlonally, t he eIongate central body

i ncl udes a_pl ur I|t | unens  ext endi ng i nt er nal I . el on

cont ral botl coliedieie (a8 SCHR Pk B ESPRETTRTS.o BpPaver, Arpfpl R A repet
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taken at the sane tinme. 35 In order to reduce the m xing requirenents for

the mxers, it is possible to use mxers which merely create a flow of
bl ood from a bolinisl@rgvidesys goed compragtism getweern @rviditg B @ycesstvaqumber of mixing

necessarily m X[F,gg, Bkgggﬁ;v%%g‘[g@mm&ms entire cross-section around the
0

el ongate centra means that bl ood flow froma boundary | ayer at
one side o# a bl ood

Additional pairs of mixing elements could be provided to further increase the quality of
mixing. Certainly, good results can be achieved with 3, 4 or 8 pairs.

In order to place the mixer in the inactive state, it is possible to deflect each of the mixing
30 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.
35
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5 vessel may only be presented to that sanme side of the el ongate central
body. To ensure that sanples of this blood flow are taken, it would be
possible to provide a plurality of collection ports around the periphery of
t he el ongate central body. However, in one enbodinent, at the at |east one
collection area, the elongate central body includes an outer wall having an
outwardly facing surface and an inwardly facing surface and an inner 10
body in which the at | east one collection portion is defined. The inwardly
facing surface of the outer wall and the inner body can define a

circunferenti al tgamss pesshe tdvafange of blfek PoRGREH 1A nﬂnﬁ@%leﬁ‘\%nﬁh&cﬂégth! F\S& oy

can be defined through the outer wall between its 1 nward aci ng surface
and its out war dPipliled SURR that theeverianpieg ef adjegent miyng eim@m@deamnomm iprumdae
mani fol d for feediangefthe at | east one collection port froma plurality of
radi al 15directions. In other words, a flow of blood fromthe boundary
| ayer at any position around the periphery of the blood vessel will be

provi ded t & t heTied congeton aresd dEa’ii b QAeBhgeB¥n BriyoRHoln g abbu%pﬁﬁb%%emlr ‘ééllegtmg
spaced around the enti gerl of the elongate centra
shoul d al ways b& ’Wﬁ%%. %?‘ﬁ éﬁés‘cﬂﬂeﬁ"?%’ag%ﬁﬁdﬁd'éﬁ%ﬁ@éf e @wjgﬁnqmp@t
g got Ske a sanpl ecatédtdtea hleqmd:tr#d (pﬁsihﬁn | disHgu ¢ %@ﬁﬁét@scdnﬁﬁf %ﬁf‘ff@ﬁ Ic¥fechh H‘e
egree se t het er aus hr ou oles are a
connec%J ed to ? hegéeﬁ?‘wg%}g%% aﬁbﬂf‘? pﬁﬁt%aﬁﬂn’g@ ¢ 'Bde‘gét thatpdsiiog willif course, be
col | ection por tiniefectimmmpld elliected Gbindbé beumdarydayep piicrite nivamgd| €, even if the
bl ood fl owgf romthe boundary layer is provided to an opposite side of the

el ongate central body to that of the collection port. Optionally, the
cat heter is proliskegsipete pepvislecathetars with a vedety of dlffeeerehma;gmfmmamibolhaﬁbh

30and the at | eggss. Oy %ké?ﬁélecﬂrbuhﬁu&td?%&ct@( amatsh&rnam J%%@ S48 a,t,.,bq%

at |east one m xer [east one collectlon area
one enbodi nent, 'E%ﬂ&’s?i‘ﬁj‘ ¢qHection aresseuld inelude adriurality va@"eﬁ@n n@rtieHOWQverDmea

fromits stowetorelasd ledBo8iting 4 Sndle GBRCANE Hor ¢ brﬁﬁd&i Bétﬁ'/eeﬁ 8265 HhiVers b¥°‘
novi ng thﬁ55| eey t he el ongate central bod he mXers can

ack 35ove
noved back>to ﬁ?ﬁ?‘%‘%ﬂ’mw ﬁ%eﬁ"{?ed & 3ingsition\ppsiregm Ry af‘l’) "&x'@a%ﬁﬁt‘hgﬁ%@? aof

t he present i nveanripieo,untrivadeio®i tpre\tndysedionpirpestsioprorgRNSitiah] Ng a dat a
profile for one of nore bionmarkers emanating fromthe wall of a bl ood

vessel , which nmethod conprises analysing a plurality of blood sanples from
a The collection ports may provide ports for sampling in any known or appropriate manner,

for instance opening to sampling pockets which might optionally include absorbing

20 material. However, in one embodiment the elongate central body includes at least one
lumen extending internally along the elongate central body connecting with the at least
one collection port.

The lumen forms a volume into which a sample of blood may flow from the respective

25 collection port. The lumen can be pre-filled with saline or equivalent. Natural blood
pressure may 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, phosphorylicholines.

30
Optionally, the elongate central body inciudes 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,

35



5 bl oodstream that has been m xed substantially across the radial extent of
the bl ood vessel to include blood present in the boundary | ayer at the

bl ood vessel wall, the bl ood sanpl es being taken at respective |ocations
along a length of the blood vessel, the analysis including the steps of:
measuring a concentration |evel of a biomarker in each blood sanple; 10
determning a first concentration correction factor for each respective

bl ood sanple to correct for differences in sanple volunme and dilution

bet ween different bl ood sanpl es; determ ning a second
concentrati on corsreet toonaedﬁeé:tr@rmkmgcr@dim:@ﬁfenfsqbr fheMReM! R0s BaSIE W0EL mixers
concentration | eve L for the bi resent in eneral circul ation vmt%

the 15bl oodst r eXREN merely cregte a ‘&“H °BP'88 frg‘o‘[‘ni)P%“"d&D’p'Py?"ﬁ@ the eleagate centel \bpmst

and t he second Wﬂmehbdfakar&ﬁrrﬁa)fgﬂﬂ@dd tﬁfbubﬁ&h@ﬁe érftird B@sBRBYA 8fdund the elongate
concentratlonlerggtg .bi omar k Mh bl ood sa Ieto determ ne a

correct ed conceRf P fneggs ﬁhﬁfeblg?q) Q‘glfn a Bopindary layer at one side of a blood

gener ati ng 3 davess@irrody dvrey bé preénited totflatcankaidd Mth@@loh@t@ lc&ntfa@ body)€To ensure
bi onar ker al ong h%P vessel t he net hod

h bl
further conprises %%ﬁplgf 89&'& Qg%ip% aﬁgt% g |t sayid 8ﬁé’°§§'g@of°s°é?r‘fﬂ9eaé’&'§'éb9éd
from an upst r eanollectiat pmrts aroucke trer peripbetyhef the Giurgateotdrtral body. f aloever! i s
lied to th I f the, bi r k
CPFional 1y, " br odiosdinefh, SRR bl b ENRCa8h, b0 ReteRBretfh b dnptures,an
ref erence mar ke@utprmglémmalan@uwmtac@g suﬂaqmdtammdwuweanimmmdang amd & Pver
or measur e CO”S@JV!HWIC‘P\Qhe \Ap@ e%o(&ﬁ&??&#ﬁ&? id a%fl Bdcwlé %}({? fatn%&%sﬁé{ace

cal cul ated for each bl ood to correc erences
measur ed concen®fthe PHW" vl taﬁé “i‘%!"é?fé?ﬂga Rofgfire A dirqumiecertipogab bamspbtveand A

t hat in gener al ciguffatbrirtial &Pag SMbroGaRhdi¥s i %Qemhr‘%ﬁgﬁﬁ \ﬁ%r SRaill Btien its its

within a coronar ter at |l east one blo nple’ta rom an aor

arch. Accordi n'@x’?'gi Ya'aping Syrtags,and it putwgedly, faég'érﬁ“'f?ﬁ‘?fe Abe &chmfﬁ@néah gap Can

provi ded a net heen trmp bhitdid fr feed™adhé aDast dpbQoMeciBs pBH frto?h Q%KF@HIW Seadibe

pat hol ogi 3 I St @l8 s physi ol ogi cal state of the bl ood vessel wal
conpri sing™the Steps~of: I ntroducing into a bl ood vessel a

flexi bl e vascul ar catheter having a body section 5provi ded with a plurality

of bl ood coll eclt'l'd?ﬁhrp(%rfﬁ ;(ﬂ[)wcc? 4!8&} 0% HEB @%a g}rll E&EQ.PBH,SW thee

bl ood vessel ; eas one m X
cat het er body RefBehefy ﬁéthetumdebysqwh b@rbvimtogbbsbagataabmyal hodyp sBy priaeiding

radi al extent qﬁ 8 ﬁa‘c%@ %g gﬁfy
| ayer at B %d vg@sgﬁ%\é 1acgc'g1ldl {ggtl nPe E+ 00 rg{)pttﬁﬁ%%ri egc%‘gg{]ec (St
ports d owtdt e Blfi 3lways fie p@age b¥dneang of at least one of those through holes, to take a

sample of the blood flow to include samples representative of the 360 degree segment
around the catheter.

Because the through holes are all connected to the collection port by means of the

25 manifold, the collection port is thus able to collect an appropriate sample, even if the
blood flow from the boundary layer is provided to an opposite side of the elongate central
body to that of the collection port.

Optionally, the catheter is provided with a sieeve within which the elongate central body
30 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

35 aver the elongate central body the mixers can be moved back to their stowed inactive
state,



anal ysing bl ood coll ected by the blood collection ports of the catheter to
determ ne a data profile of the concentration |evels of one or nore

bi omarkers along the length of the blood vessel. 15 According to a fourth
aspect of the present invention, there is provided a nmethod of sanpling

bl ood in vivo froma bl ood vessel, conprising the steps of:

I ntroducing into a blood vessel a flexible catheter having a body section
provided with a plurality of blood collection ports for collecting sanples
along a length of the 20catheter; depl oying at | east one m xer
radially outwardly of the catheter body, the m xer thereby m xing bl ood
flowwng within the bl ood vessel substantially across the radial extent of
the bl ood vessefGCokding to a second aspect of diog Peasetrigvetion dhare i pevided romettabided

col l ection portserBRitihg 'a%pr@ﬂl@'?@rtdr@adpnmre géHéﬂ(e'@ érﬁ%na{tlﬂé fr%H‘Ptftg gvr?ﬁ \ﬁtf 2 blgpd

anal ysis. Brief Description of nven
nore clearly untfEsedt St¥Ehs mﬁ%@ommw V%@r ippuraligh of ghloeth sampi@ndpmofa

exanpl e onlsy, VhibdUstreafr BAC Rad Bedd) Fixda CRBRR ! ur e
1 illustrates scher?at jcally an eerrboéh nment onﬁgugghcggrsg\g}éﬁgéq'ﬁvée]% oWh%lb'c'%rd

2 illustrates sER¥AHR (NElyePlogd ripsest iRdhe W@WdﬂY%ﬁtﬁe b:#@dlfegﬁnl@/aﬂ the blood
i | lustrates sctwnﬂescaéphg t@(bnaétt rREpRtive/ ﬂ;c@ﬁﬂ?@délWE lendth Qif'rtﬁ'ﬁs lbpo()a)vaggg

illustrate sche ical I ernatl e enbodi nents; Figure 5 ustrates’ a
preferred embo ﬁ‘? "lﬁ' BP’@Q@H invention; 5 Figure 6 illustrates an
enbodi ment sim | ar teeasudng £c&1ceﬂtra(tlbﬁ$33reﬁcﬂ@tﬂid?ﬁhrker in each blood sample;

10 determining a first concentration correction factor for each respective blood

sample to correct for differences in sample volume and dilution between different blood
samples;
determining a second concentration correction factor to correct for a measured
background concentration level for the biomarker present in general circulation within the
15 bloodstream;
for each blood sample, applying a respective first and the second concentration
correction factor to the measured concentration level of the biomarker in each blood
sample to determine a corrected concentration level of the biomarker: and,
generating a data profile of corrected concentration levels for the biomarker along
20 the length of the blood vessel.

Optionally, the method further comprises the step of analysing at least one blood sample
collected from an upstream location to determine the second correction factor to be
applied to the measured concentration levels of the biomarker.

25
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
30 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.



Figure 7 illustrates schematically a mxing element for use with the
present invention; 10Figure 8 illustrates schematically an alternative

m xing el ement for use with the present invention; Figure 9 illustrates
schematically an alternative mxing el ement for use with the present

I nvention; 15 Figure 10 illustrates schematically a m Xing el enent
folded in a stowed position; Figure 11 illustrates schematically m xing

el enents stowed adj acent one another; 20Figure 12 illustrates schematically
two mxing el ements fol ded together; Figures 13(a) to (e)tl | lustrate
folding of wire r Lon:

Fi gureg 1l4(a) t(/)\%édrd)ﬁﬁé N SaZthErg aesH'taﬁe(WI tEPcﬁ' Qs%ngmfnﬁgﬁ@ Fuc uregrovirdeg %meé'%"d of
13(a) to (e) fré@ "H‘Qslﬁﬂﬂmfeﬁhblow ewseﬁog!ﬁtqmm the Ipathologicak stateherttysiogical
an Sxampl e of | CORRIdHIEING Bl W colfoAhg rkulas! T at es schemat | cally an

exanpl e of fitting m xing el enment ure I'llustrates schematically
an alternative exarrﬁPW‘”ﬂl'%Pﬁd?'%queﬁsﬁgﬂ flexidieeyascul@i gatheter Taving lausidyadeetion

schematicaldy aprVidbd with H%‘ihrélk@@f bicbef ¢ AABERR pl'ﬂ far chifectif sérJ'\ IH§ 5![: Ien h
i Phe

cross-sections of rrultl- umen tubing suitable for use _
present inventi Dloogivessel 19(f) illustrates a cross- sectlon of aI ternatlve
mul ti- | unen t ubi ng satiplayilgeatiiast ¥he m.@raa&aﬁwau@wafmﬁaga%@ R 8 Hber

i nvention; Fi gu 0 ill u trates schematica a mani f use

|l
preferred enbod y mj¥ing ‘8°‘b FuRstantialy 3csems; tBey 'adﬁ‘ geed of the tP"P‘E%'(?Sa?'éQ 'nC'UdB
schematical | y ablsmarceherftMas@aidangawrtanhabmalvégdedwaiﬁ gure 22 illustrates

: ; r
i gures 2308 to (o TR TER:et Betube el pofi soudisamepin dretitanie
vessel three 15uixef,er ent individual/groups or other conbinations of
mol ecul es or  bi omar kggsiAs 9642 k8 hbcted by the blood 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.
15
According to a fourth aspect of the present invention, there is provided a method of
sampling blood in vivo from a biood 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
20 catheter;
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
25 the mixer for subsequent analysis.

Brief Description of the Drawings

The invention will be more clearly understood from the following description, given by

30 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;
35

Figure 3 illustrates schematically an alternative embodiment:

10



with different stages in plaque evolution; Figures 24(a) and (b) illustrate

the concentration of biomarker present at the central region of a
bl ood vessel as a result of plaque, where little or no mxing occurs wthin
t he 20bl 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
pl ague, where m xing within the blood vessel is used. 25 Detailed
Description The present invention concerns the provision of at |east one

m xer on a catheter for taking sanples within a blood vessel. The at |east
one mxer is for creating a flow of blood from 30 outer portions of the

bl ood vessel to_an inner central region of the blood vessel where sanples
can be col | ect efigups tifd apd (M diusirate Fehematioatiylatternativel amiaddirhentgf sanpl es may
be taken along a length of a blood vessel such as a coronary artery, and

t hose sanpl es anal ysed to detect biomarkers and thereby identify vul nerable
pl aques and ot hEBUBIPtistrales amstersed embasiment ot thepresenbinvérgiob] ood f | ow of t he
bl ood vessgl. Such 35phenonena mi ght be danaged epithelial tissue, healed
epithelial tissue and in general any |ocalised process in which biological
or phar macol ogi ‘08¥reSrilstrates an smboginest simjar te Figure § innnessrsestiamse t o
stenting, neasures of drug uptake fromdrug releasing stents, tissue
response to bal lL.oon a@%l otpl asty, stent grafting and any other natural
process or int er¥ERIGIFHRED Sehemptically aaiking elementian yze with e areseptnvéntisnie
response. In particular, it is desirable to create a flow fromthe boundary

| ayer at t,he ) f, th | ood vessel to the 5 central region of the bl ood
vessel . In Bt h}l\lz&'é\%ﬁ 8 '[‘)‘i’sgrﬁgels K& %m?tgﬂ?ﬂ 2 Alprratym miKiag l?@"f%?ﬁ't%@ Wil the pegsephe
bl ood vessel cdnveptiosanpl ed and detected by the catheter irrespective of
the radial |ocation of the catheter within the bl ood vessel. Figure 1
illustrates schematically a length of a blood vessel 2 into which a
catheter 10 hadgur® Stjiustratensehareaticaljhan siterhative midif ieleciend &8 188 withQRE dkelent
central body 12nhawdgd a plurality of collection areas 14 along its |ength.
In this illustrated enbodi nent, each collection area 14 includes a
respectivé collection port 18 for collecting an individual sanple. However,
the col | ecti on Fyueso lidsirahas sshirRaitaly o RliindbleRBRISIEH! N bl ASndSnOM
means of taking sanples, or indeed may include nore than one colleetion
port for collecting respective 15sanples. As illustrated, a plurality of
mxers 18 is alFiguret Dilisiatbsakcnergaticaty minglelendntd StewsdbaiatéHt odd andtfer:
particular, the mxers are provided radially outwardly of the el ongate
central body 12.
20 Figure 12 illustrates schematically two mixing elements folded together;

Figures 13(a) to (e) illustrate folding of wire structures for use with the present invention;

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

Figure 15 illustrates schematically an example of constructing a mixer;

Figure 18 illustrates schematically an example of fitting mixing elements;

30
Figure 17 illustrates schematically an alternative example of fixing a mixing element;
Figure 18 illustrates schematically a multi-lumen tube:

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

embodiments of the present invention:;

11



The m xers 18 extend in a region of the blood vessel 2 at |east close to
the outer wall of 20the bl ood vessel 2 and the boundary | ayer at that wall.
It is sufficient to have only one m xer 18 upstreamof a plurality of
collection areas 14. However, with each additional mxer, mxing of the
bl ood wthin the blood vessel 2 is inproved such that the results of
sanpling at the central region of the blood vessel can 25 also be
i nproved. Hence, it is desirable to provide a plurality of m xers 18 and
t hese are nbst advantageously distributed alternately between adjacent
col l ection areas such that each successive collection area is sanpling a
better m xed volunme of blood. Figure 1 illustrates a biomarker rel ease
stream 4, for i n384ndafyitustmies arressoieciornefaeative3oulti-hemendlibing Suitdtts for asslin
vessel 2. Bi OMAr®irfer éﬁb@@ﬁ@ﬂt&f@ﬁ&pk?&t@ﬁ%@ﬁw layer will tend, if
undi sturbed, to remain in that boundary |ayer such that optinmal sanpling by
a catheter with collection areas in the central region of the bl ood vessel
2 can be disficult to achieve. - It is possible that the catheter
(for instance on.a gﬁiﬂg@dreg is off-centre. As will becone 35apparent
bel ow, the ni xer<YEaROHLFEatgs sehasrrticalyn? mapifrid forgisadn Agrefawed ambedierent of thae
centre of the blpe@nviegsntion(for instance by their inherent
resiliencel/stiffness acting against any off-centering force of a
guidewire). Wth a structure such as illustrated in Figure 1, where a
plurality of sudimssRyidustiatesrsshdBaticalipa prea Resbaling witls a fridnifdigom essent i al
that each pjxer provide 100% m xing. It will be appreciated that for a
m xer 18 having 50% efficiency, the m xed portion of blood at successive
col | ection areasiawe |22bliustriatesdsdrpmpticaip ret algeesh ¢dr $eling’ With & rdised® Boion X - tRe
98.4. Simlarly,cafhgfer,m Xers with efficiencies of 75% mxing will occur with
percentages of 75, 10 By taking these m xing proportions into account, it
will be possible to predict where, along the length of the catheter 12, the
bi omar ker rel easgyuids’ : bi omar ker

Rubdel 238) h RYBABER lesplBivdl GOME BmeBRER dfiiold QUK Gles

rel ease st Fseam 4 and jts associ ated Rl ague are positione

al ong the [engt fifgent Raividyalteups arothergombinations efrraelecules arpriemarkens assddiated
bi omar ker rel easdth siffeanatugdslin pRIGus avdMitonany bi omarker at all (or at |east
will only sanple a background level). In one enbodinent, a collection area

is provided upstreamof any mxer 18 such that an
Figures 24(a) and (b) illustrate the concentration of biomarker present at the central

region of a blood vessel as a resuit of plaque, where little or no mixing occurs within the
20 blood 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 mixing within the blood vessel is
used.

28
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
30 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
35 phenomena might be damaged epithelial tissue, healed epithelial tissue and in general

any localised process in which biological or pharmacological processes are underway

12



20 unm xed sanple of the bl ood can be taken so as to provide an indication
of any background | evels. The additional upstreamcollection area is highly
advant ageous in perform ng normalisation of data acquired fromthe sanpl es.
The schematically illustrated m xers 18 of Figure 1 can be enbodied in many
different 25 ways, for instance as lamna flow static m xers or turbul ent
m xers. A static mxer is a mxer that achieves its m xing by staying
still. It does not add energy to the system It may work on both | am nar or
turbulent flow A mxer that acts upon turbulent flow nmay include a static

m xer and requir, i i Gl ene i thin the flowto
generate turbul gﬁf tf?sﬂ?&l ?%Eﬁast% itg%te%wr‘]é'a&%a%)%ers qh%%f‘ﬁ%&%érgmt &“SJF@F\?,‘BQ enie
core 30 mechanit'§$Hef igpparisite galidon amgipplistyt btiest graftish @ad iang otHee naiutiliflodss or
addi ng energy iy . red noving elenment.
Preferably, the' é%’gtg'?‘%ﬂéﬁrﬂig‘%d?@%‘?ﬁ' ﬂﬁt;ééaé% g\ri\éﬁ%fa{srﬁ%r?'gsg% [SRPTex iq'ﬁ gagigylar, it is
i deal | y oper at eslesitablegtol creaje adlowffrom they boundary llayer atathe wall df ther tlodd tésséibiehe
defined as §eynebatsa Myesisnd 6 J%&{) : | am nar  and
turbulent is conpl ex hére as lglgétiaur u 'eﬁlt&@l 0 ,%@&)argg ugfl}'@r{grn?rem%g?ﬁg\"ﬂg?@dhe
laminar if the 364hefit)e blood vagsel Gag bersamgled, and dstectedthyrthe tathetef irespeativdiofang
be considered asadigideatiarstend shtithervithih tRS blodl Bk, Sections going in
different directions. Hence, at the scale of coronary arteries, although
the pul ses fromthe heart may be considered "turbulent”, the net flow

characteristic Wguhd Niltdiatesachéhatichly L188dth ©PAioda N BskePS in’RﬁijQ? L%H?h@f%f 10 h
I rrespecti Y(E, i gesoineefgegbq_gl rretnts the mxers are deployable froma Tirs
stowed and' 5 i nact] Jeerda,lBe Fathetet L0 iFHdenan Ygnanterritraklqdyd 2daking a plurality of
particul ar, in solestiemireas neaibsg itd lagthi X tris NiGstetetf émbdtimet! SMALAIBABH

state in which o .t he outer surface of the elongate centra
body 12 such th?a{ﬂ%nggsg%sﬁwércggﬁg%e?féﬁ 'Caﬁ%ﬁﬂgﬂem@éﬁ' BmRIee However,
catheter 10 is ihelcgli¢ction presant imay Eiterpatielycwserhbadiehivite ber Rridwinaméhsioh Sirige d
into the bl ood ; i e et.er 10.has. been inserted
into the desi reﬁﬁg‘aﬁ'@g‘?r@gfﬁ%ﬁ r\?gfséstgkngp 8t% h@ec;rhg?(&qg fareollpeling Hespertivee d
to their d'épl oy%ﬂn%{?ﬁi active state. In this state, the mxers 18 extend
outwardly toward the outer regions of the blood vessel 2 and the overall
cross-sectional ,area presented by the catheter 10 is increased. 15It is

possi bl e to forfi Hustalash aPislit offmivets 48 i isp erovided pigag thelergtis ohibesathetar 19, a

catheter 20 havingrtibelat, aye thidersodre Proviied radially outwidB61Qne elohbdts CE@tf Body 12.
schematical ly ap, r 30 uses mXxers 38

mept i.n_which cat hete

constructed fr omegk%grgggl *’."P‘*{}ddﬁ af ?%?'b%fa%? %E?Pfjé’tef’?é? af [pastiGlpeda the owen wall ofs
ext end radPal | ythe bload 36sseb2 andthg hbendaeyiyerlat thatlwalB2. |t is preferabl e that
m xers are able to operate within bl ood vessels of a variety of different
internal dianeters. In this respect, it is desirable that the depl oyed
state of the ni'kiSrsyffisiepkiediave\asty ene mixge 18 upstraane bba plurdlity ofscalbtioh dlemTed. er
bl ood vessel s, Hdwaval, ¥fthSeatf: ixe33 r I te central
body 12, 22, 32 and touch a%ﬁgdgﬁlé?agg?meﬁhg%gggﬂth%e@é‘ag ughiﬁ'f@&g{%f’givﬁs?ﬁtﬁ@ °
desi red ni xi ng, MPPVPY suqly hatthe results, pf sampling ek the qestralyeainnl of thezbleasiyesselcans e

to the waks of asoedimpasiedcsmnte, # iaskiraBE @ Yrovidb® diGafty bk Fn'i}elsh@ Q@H&’@J&’rs

| ayer. Bl ood v%éssglé‘(%g% nosﬁ Hg{g{)orﬁ{p}/ sized and rra?{ be tapered. It TS
desirable for the & Uy, diptabutst aitergately Retwenn adiasegt sallection aas suich ghat
bl ood vessel, ieachesypeessivecotidctih ereaiid sunipihg a3ettér rARBA fdlumbieN®iBed. LY USI Ng
depl oyabl e m xers, the m xers may be deployed to differing extents to touch

or extend close to the wall of the blood vessel no matter what the internal
di amet er of théidreddlustatesh binmarkertreipasenstream #,hfon instanes teduiting #B8Eplaque ok N

certain agg angeqEp ] r Qi esi,red . m xing irrespective of
the 35di roetion of l(}f?&bf‘%ﬂ%}gé@é%%r ;%Y‘{'ﬁagkéﬁggee'g%segr@oﬁ%%&%g’éfy Ipyes il pead. if
el ongate centr Hndigtgepedt towgmain inHeatwweuhdarg fayeheudhl thatdoptiosss samplirig by 4 katheter
appreci ated t ajth EOREtON drbadR tH NG 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
35 apparent below, the mixers can have a second function of biasing the catheter to the



towards or away fromthe direction of flow Indeed, with the mxers in a
depl oyed state such that their distal ends, or tips, neet wwth the walls of
the bl ood vessel, if the elongate central body is noved within the bl ood
vessel, it is possible for the mxers to be deflected such that they nove
bet ween states facing towards and facing away fromthe direction of 5flow.
In view of this, preferred arrangenents of the m xers operate for m xing
the flow irrespective of whether the m xers face into the fluid flow or
face away fromthe fluid flow Certain enbodinents of the present invention

use static m xergnrd HRELBbE GEdsBO(drRtdRE Tbgwr‘?me'rﬂ gésﬁ%aé’g?ﬁwn:é% %’é@& against

depl oynent, m xi ng and manufacturability requirenent

to provi de conpl38Y effepntping farrercbBguigayir®) omar ker propagat es both about the
circunference and radially through the bulk blood flow in the bl ood vessel.
In other fields of technology, fluid m xers have been proposed using a
series of helicdVtMastatyrgguch asilustratad ip fjgusebiwhsre Aalrally airsuspessivietraixers 18

direction of twishroMded, It &S RRCHorh GskéifiaPaPestH nil@l inriides $6d9h Q'E'ixing.i ngz@Eb
4(a) and (b) illustrate two possible arrangenents for static m Xers. ach
of the nixers offPRiegtedsthat igy amixef 3§ hawipg (79 gffigienayathe gixgd pariemgf blood at

el enents which ené&advd&ﬂlbﬁidn)érédsfbmbbﬂféh(vzgﬁ?& B4 6230, P8 M5, 98 8! g%
48 of Figure 4( i xi A‘f4 4gﬁgnd 47 ar ?asr'rbgr?gﬁg’arqddﬁg

%) g’)’urf m Xxi 2% eéjergfpnt S, . A ' .
the |ength of tFAE¥nighMixers yith aficirggiss £b75% mixiaa Wil Resw withopercantages st 7y
el ement 44, 25938, 9814,994/ 9835 160 &red fof Rlixerd ot 9D6d EMLisHER IRthSRrébmtdgRs 0P bty 5,

the fl ow of,fl ui bt s in the longitudinal section of the elongate
central bogg/ 42!96',&3a§9|’$'l18§'?¢6§t ed, each m xing elenent rotates through 360g

and each m xing elenent rotates in an opposite direction to any m xi ng
el ement adj acentg, tiQ.:l b i 1 Xin | enent causes fluid
flowto rotate IB% t%‘ﬂ'léé g?erggcr{u?igﬁ,' %ertr@{;h'a@ ?'{yélu'? #I“S@vbge%"csﬁ@? fonerefigk where,
m xi ng el emrent , aloR@ the gngthjof thescatbeters 1R theobiomarkgereldase Siream armindnates fiam.t e
opposi te direct i@fise, \nerd IHo tASmAREY & MY 2BU0R | Xl Ssiti

used 44%%%% Eﬁ?‘afatapg?} eral abl'y ‘{dv\glggl?g ?m”?r‘%sﬁ%z?%g

el ements cpuld be used as a m xer p |
el enents abe us&Ynewhere @anadtha'enath of dis catbetae 43 ealaetiont areas A# rupstyeare rf dhe

coul d use sini | Biomatker ReaRb SNiEM Willvitt 6impi@tany Siomar@waﬁugera 184t J/vﬁ’l%lyl%ﬂ{ble
360g. 35In certain arrangengnts such as 1llustrated in Figure 4(a), the
outward fl ow of Pf’fhgtﬁm‘f"f’ e mi xi ng element is directed towards a surface
of the m xing elenent of the next m xing

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

20 unmixed sample of the blood can be taken so as to provide an indication of any
background levels. The additional upstream collection area is highly advantageous in
performing normalisation of data acquired from the samples.

The schematically illustrated mixers 18 of Figure 1 can be embodied in many different
25 ways, for instance as lamina flow static mixers or turbulent mixers. A static mixer is a
mixer that achieves its mixing by staying still. It does not add energy to the system. it
may work on both laminar 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
30 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 1x10-8 to 10,000). The term laminar and
turbulent is complex here as a turbulent flow may actually be considered laminar if the
R 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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element. In the illustrated enbodi nent of Figure 4(a), this is achieved by
one set of alternate mxing elenents 44, 46 being rotationally offset
relative to the other set of alternate m xing elenents 45, 47 by 90Q 5In
the arrangenent of Figure 4(b) the mxing elenments 44, 45, 46, 47 of the
arrangenment of Figure 4(a) are replaced by pairs of mxing elenments 54, 55,
56 and 57. In the arrangenent of Figure 4(b), a helical, spiral or screw
section is replaced by two dianetrically opposed, but relatively angled

pl anar sections. Considering the pair of 10 mxing elenments 54, a first

m Xi ng el enent e fromone side of the elongate central body 52 of
t he cat heter 50a$¢éﬁe§f %&ﬁ%‘?rﬁ éog ulggs_ﬁ% g gagt may, pe F‘P'I’ﬁ%?eﬁ%d Hufbulegt”, theenet flow

i nt ernal space abfragtefistiwonithirethstadrterylib eedticosdiderbd b Being R, 54a passes
through a dianmeter of the elongate central body 52, but is angled relative
to a plane perpendicular to the axis of the elongate central body 52. On

t he ot her hand,lrrespectivecionsbrme sinbodimkestsetie rbitérs alre tislopdie frorha Mt Sbwbd%nd

el enents 54, | I kY I ' t or._passing through the dianmeter of
the ol ongate canrs Taeuory REd RedBHd ot GRYETabel C ) aecusr. " same
per pendi cul ar te§ocRiENensd, theghixersd 8etantig atstovweeritaciive stayn BBich treytdié sl0¥&1s thbhe

pair of m xing | l.J 0Q spiral or,. helix.
Preferably, at Oﬁ{é.gsgtg %gﬁeég?g ?’Egé%tlé_)rgg?t%ﬁg%Z%S%%?t%gtxﬁgﬁ%rﬁgﬁéﬁ?ﬁegﬁ’g?l 488
i s in the formPhTsented by tha catheier 19V relatigegysmall.t This allows the ¢athetarmo tovelinseped

200f the pair fto fe<biBEd TP B lSordbatiyY | ' -(ﬁﬁis el i i

enbodi me%i of I(—‘ji gure él,éa)f it is pref !ayr a%klﬁgéjgtrﬁ)z%aﬂﬁ% 1out \é\%"t"gf"t‘%ﬁs%'%‘f’ Bhe
pair of m%ingdgFERLREIen slthe blapd vesieh2 4he BNsEs 18e thananeyedite theirateploped andf
m xi ng el ement actha stdtenibahis sfatd, khddixeRt1BGxteRd U@y twald trf%'&u?érrﬂ@éisnsf)@itﬁé
of m xing el emmto v5é1 ‘%g arz 25arrgn ed with resgect to the other set o
alternate pairs 0 38! 1y 2% e RYeralb stoss pectional args egsenter Py ther calluster @ Uis
the axis of thé&cedasejate central body 52. Figure 5 illustrates a further
arrangenment where the mxing elenents are arranged in pairs. However, in
the arrangenent of Figure 5 the individual mxing elenments of the pairs 30
of m xi nglel entiift ROsgible tgrfenmaenixarditoor foanf arddRigur 2allusti8@9 scHdmeatithlyi 41atheter

el ements are sbp hdvif depidyd fodmimb@HSgly rotation of the flow of fluid
around the catheters and for causing opposing counter-rotation at different

portions of the m xer along the length of the catheter. 35Figure 5

il lustrates a Rgorel®ilistatesickEnatichNeam it i ' e

tilted relative tﬁ tglc?f axeiss of ?kf h}gl on a?%"?gﬁm'&bggé{m%%ﬁ%PQ{%?;H(Q{)% 8ng
slightly fol degPPHRycted Kam @ Riwglty offfibres grebristlgs. j The fibegs os Biitles gxtendh eadisilly drom t o
be depl oyZbl e theelongatewestraybsdy 32ns :

It is preferable that mixers are able to operate within blood vessels of a variety of different
internal diameters. In this respect, it is desirable that the deployed state of the mixers
extends over a range of diameters. For smaller diameter blood vessels, the mixers 18,

25 28, 38 extend from the elongate central body 12, 22, 32 and touch the wall 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

30 diameter. Hence, by using deployabie 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
35 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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close to the elongate central body of the catheter to depl oyed positions
ext ended outwardly away fromthe elongate central body towards the outer
peri phery of a bl ood 5vessel. By constructing the m xing el enents of Figure
4(a) and (b) and of Figure 5 fromappropriate materials at | east where they
are attached to the elongate central body, it is possible for those m xing
el ements to be fol ded down agai nst the outer surface of the 10 el ongate
central body. However, it is desirable to be able to stow the mxers in a
nore conpact nmanner than is possible with these arrangenents. It will be

appreci ated tha v%% { h ] X1 el nt t he arran nts of

Fi gures 4(a) antctfJ ?s rs}é%‘ﬁés} fﬁ%‘atﬂj{et M’*x&ﬁ@weﬁgﬁ%ﬁ?% Rl e ¥eg state
deform i ndpr der lsm;h thet theil disti! ergisi orstipst tlmeetomhethe salld c_atallaae bloott hesgel, if the elongate
correspondi ng e - I ElL gu L. strates on

enbodi nent of t ﬁgH%?égd n'? p’?"ﬁ\@%ﬁ?ﬁgﬁﬁi '?%“\?Weﬁagg%%&%ﬁ? lé)('le R ers tggzﬁq;egected
st owage of the aushethat theyf mpee betweerystates facihigdowards and taeimtyi aslaly froim the slirédio of
the arrangefrent uof M9 LN - el IS jupctiaon with a
col | ection port '@% at %%’?‘?B‘B’b%'g{ ggéraﬁgg%é in sg?@tg e”r?'xé et°§’.8{y‘%g'5w,""$ \rqd'e flo
particul ar w t hirespegtivg ewhethearithpmixersfacednto tee fiuid law orfacaiawayfeormithei flaii flow.

el enments are arranged in pairs, with individual mxing elenents 124a, 124b
of a pair 124 being arranged on opposite sides of the elongate central body
122 of the cat h&F@Fin pobodimants oftheg iprRsant inyeotian use siatis) Mmixess tteese affadngtHeybesnd
circunferential btehtiap ior hivRtind S5 dbSlofrRek! AlxindMY rartfa2RFadiRy gl or
fins which, ,are 25 to extendﬁﬁto the@i ﬁ?ernal n%uter peri pher'g‘;om%‘q ?‘ﬂ%’g%d
vessel. The" m xing elenments take the formof sectors of relatively small
angul ar ext ent, itisdfesiratsié &nprevide coipleteadixing wHerdtyQny biferarkdt Grofiadtiab bBindoadt
el ement may be ner al | anar d follow | ane extendi ng through a

di aneter of theg‘gézﬁ?ll’ragleyeé'ggﬁ@%f%’@%%" he Swggﬁmgtfk’?’é%{hesbﬂdcﬂde",es%posi ng

m xing el ements of a pair of mxing elenments may extend outwardly

per pendi cul ar t S € ngat tral 122 and. lie in a
common pl ane. F?’gﬁﬁ%f ) ?fgésﬁh?'g%oég' f{@e%gmg% ﬁ%'%gt{égﬂ?ﬁ?é)oggéfufﬁ'&%ﬁmﬁeﬁ °g pglical
| ongi t udi N di FesEense pachhelicehsedtipr ieeng an|dopesitendieastionn of tvisti wittnipspdat e tHes

deflected in anygpyepshdigalsabint udi nal direction. In the illustrated
enbodi nent, adjacent pairs of mxing el enents extend fromthe 35el ongate
central body 122 in different radial directions. In the illustrated

embodi ment  al t eFigarks 4RREAG (B) ilubirath fb SISBIBRY UrfanB¥hemd fdrBtatiffilerdli 2l
direction, whereas the interleaved pairs of mxing elenments extend in a

different radial direction, preferably at 90g to the first alternate set of
m xi ng el e@ent sEachinishe mixetshef Kigues 4@pahd @) intiude gpi@alfly of by S6HbME Which

t hrough opposi %%4g&g,l }omt on%%t%aceﬁpg b%g b are visible, whereas m xing
y

el enent 125b is not visible and o m X1 ng €l ement 125a is visible behind
the el ongate central 5body 122. The advantage of the arrangenent of Figures

5 Shg et oy PUBELBEAY ey 10 AT B3 8,818 607 il
its periphery. theylength of the elongate central body 42 of the catheter 40. Each mixing element 44,
25 45, 48, 47 has a helical and screw shape so as to rotate the flow of fluid as it moves in the
longitudinal section of the elongate central body 42. As illustrated, each mixing element
rotates through 3602 and each mixing element rotates in an opposite direction to any
mixing element adjacent to it. In this way, while one mixing element causes fluid flow to
rotate in one direction, when that fiuid flow reaches the next mixing element, the fiuid is
30 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 3602.

35 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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It will be appreciated that, although the enbodi mrent of Figures 5 and 6

i ncludes six pairs of mxing elenments, wth individual m xing el enents
having a radi al extent of appropriately 909 and alternate pairs of m xing
el enments angled relative to one another by appropriately 90g, other simlar
arrangenments are possible using mxing elenments of 15 different angul ar
extent, using different nunbers of m xing elenents in any one group and
using a different nunber of groups of m xing elenments along the | ength of

t he el ongate central body 122. In this regard it is preferable for the
radi al extent o e t 0 .sli exceed the
radi al angle be%l\?\grérr‘]tl tﬁ'z%gq'?%}rﬁé?e&gbﬁ%ﬁén?%f {aﬁ tf:"é '? ?chY%"yBY/QF’Pasﬁt gf
the m xing el endfrratemiyog camsnie 44 G@tbauge'otaaomaﬂyvdﬁeet relativee o DR stHRE Ikt of
For exanple, a Sﬂei‘rﬂd?&m%{] e*}@%r}gb@%%@ct or of 1009 coul d be appropriate
for this arrangenent arrangerrent all'ows there to be provided a

depl oyabl e static m xer including at least two m xing elenents that remain

fixed withisn & RleEmaRERRIt SOFdTe Uft) HIRM dMrhanns 22 SRR G ind SHaLeand

re-conmbine fluid flow and so as fect mxing acrgss't

bl ood vessel . BY¥EEER4E) aterferiacadrn pajrs of mixing %ﬁmmﬁt@ andis. wi | | work
with a fluid flowin either direction. Also, this will work with varying
degrees of mxing el enent angle, in other words the extent to which the

m xi ng el ement s' g?% AFEPIRTeH ShRaHBAPY 2 helieal csriabat screve sestion i® capjaced by fioe

sequential |y plcasraétngdl@lmo@éd maclraamiyem plaR&lISR1iond) @eHaaﬁr rtﬂtagae{r“&

fl ows V\Atf’iln the'xbul fé_g g ﬁw B% {? the m xing el erren
el ongate cent ral™Bdfe ha2 Arsh g e’ft?fé’saf%i’% ope sidecofdhe glpagate
central body 12&nbaibadi&2 ok tmed:athemeb in mbearmotlaﬁgoeée%f&fﬁr?nlhﬁ@}ﬁaib@f the g Hat 0

adapt the m xer od vesse | n ot her words, for
smal | bl ood ves? ta? gféaﬁgtg grvggse A '6'"&8%%%5%\?%33%3"%%” Lgiaggier of the
towards the el ciengate Qﬂ@tralrbﬂdvtﬁedw&@]glm atlﬁalbalpiargqrerﬂﬁhioo&dtd/tﬁéaﬁh%f tHehe

| t L
750 e et Syl e i o 0 WS ELATRAL Sy o P
interferi Hg wi t9h MiriRg elgmeatE S, vhilasimialiyibeing & $astos passingsthratigh fthe diemeiex i bﬂ@e
el ements fol dedal@@étd‘ééntr&h@ocﬁ' S8 angledUppbatel ibﬁqb{% pﬁnﬁ %@ﬁﬁ%{chﬁﬁ 58 i %f©

sl eeve may be rapged aro t he_cat heter eeve nay be
wi t hdrawn from ??18" QAR eBIral bRV B2- a 4 this sapotke RWeOfnﬁ‘%lnsge'@hemﬁErﬁﬂsfuacthbns

al l ow t he ni xi roudelyeikerd mapdﬁfdr%ﬁx erdterabig] at lédsﬂ&h@of&ﬁ@%@aﬂ?&éore%&lﬂ
active positio t he sheath or sl eeve gan

cat het s been used
then be pushed%be"%’ss%“eargg%'s' 0 Fﬁa“é’?éﬁﬁﬁf’ SluBtayer 1P SAdhattere is 5ame ovssar
towards tR@ el @hgatp@lr(ﬁémmnuelememsﬂmanae\dedmaw within the sheath or sleeve
in their stowed positions. In one enbodinent, the mxing elenents function
whet her or not they face into or away fromthe fluid flow. Therefore, how
the nixing el efENts terernbedimeatf Flaure Hehitlis prefesdbisstnet the ontixt of ﬁqw)d)ftdiﬂtpairmf

functioning of nikaey BledRhts 34RO n 66&5%@% &'the- Akt! g&é?ﬁ )%-uq B\gn{saéé y

within a bl ood, vessel such that the m xin enents ar
defl ected bet \Aé'éﬂce’anasof”f‘éffﬂ‘% i FigHEg 1462): i efaa@rpqmw mixing elementsubd, 56 avet o

t hte ot he(rj Ziéf II airanged vikBngeshdcd o ﬂitaﬁ)tﬁérlébﬂoff ditaHatef Miti\ﬁtdf Al elg%efutg%snh?( &f ah S
not i npede N e el ements are fiexib
opt i ogl ly, thé e?g ﬁ P%%PM?\F’?Q?% ﬂ’gﬂ%atﬁxf?'ﬁra&?ﬂqv% ent elasticity to

provide the necessary conbination of both resilience and conpliance to
enabl e safe ang_ effeqf] e hin a bl od vessel jonally, this
ensures that t ?3&%%% { ?rra&gemﬁ Were 3@9 ajix ﬁ mefiscire fETNged in
makes a cl ose Pfil'(s W:wnvqr,he thﬂﬁrangersentd:f Higetess thefindividiabinbirng alesérs ofvhé baws
danmagi ng ig¢ org, |xJnSa§éméiﬂ§T§|% SEORE s&&ortslb? le\ggltlll { aob. h":l"hg lm%gr(ijg \elleersnsegtls asr(e) s?uls

to interfere WI
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.

35 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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25 its boundary layer. In addition, as nentioned above, such depl oyable

m xi ng el ements may, due to their resilience, act to urge the catheter into
a central position within the blood vessel. The m xer el enents can be
constructed in a variety of different ways using a variety of 30 different
materials while still meeting the basic requirenents of the invention. It
Is preferred for the mxing elenents to be able to deploy and function in
bl ood vessels having internal dianeters in the range of 2.3 to 4.0 mm and
nore preferably 2.0 to 5.0 mm 350Cptionally, the m xing el enents are nade
frommaterials that provide sufficient resistance to allow the m xing

el ements to deploy (for instance upon retraction of a sheath) by expanding

(in the nanner 6% 'B%%@%Gt%ﬁﬂ?';ﬁbferfefﬁhﬁh@x@ ihigderieyabte feam plowey peaitions
the mxing el engpde (EA8BNEAE | cefleR! ISB(:WEBft tHar catﬁét&'ew@bms%a' 1po§96Hsa€§t§n&ébe

i nner wall of the bl ood vessel. Optionall the m xi n% | ements are mad
from material s PHWR"IVoFAY fﬂ%‘ﬂ)#@yﬁﬂ"gaéﬁ@?'t"ahb%‘?\{ fomsedsstng (pytes herighesy Pbart&qut

the fl ow ofs bl og#dseiHowever, they should 5 be soft enough not to abrade or

damage the endothelial |ayer (inner wall) of the blood vessel. Optionally
also the mxing elenments are made frommaterials that enable the m xer to
be col | apsed whey cabdtiuetite the mnang:calal:m&i 73] ngmwe,(d)yart&@b)omd @F Piguré & from
I nstance noving_a she th or ey er the de m eI e ts and

r i ng.t hom § SRS R aGhel of B whets why P, mlpchi B P olotiae PRl § s
bi o- conpat i bl e posdiblenfor these mrmdng;alengnade tml &Biedrrmwmagaa‘lsenhaabaecsmcam the
silicones,quret l. ' ssible
o se nonYel act o cirEl SR, Hddialif BHNEBSP beShiy tofiok Tnf iR W hare
geonetry, for ieRmRact@anndsiian lﬂ:m@l@em nhemarrangemenuso Itpvilbbe appretiated that the

appropriate sti ééé?ﬁ%ﬁth@*ﬁ%ﬁ%l fbts of fhe Oa#%N?é érké‘bﬁr-‘i%tm@& 4{%2%5’?{0&'%&83@?%9

nol ded, cast, solid freefor abricati nkj et chine
deposi ted can b@X§cRleTentsinamseives megd iy d@f‘EWeWt arder e bifRiHAg) aspissteiesoutem

be formed from gifaed &f tha &redpdndiry Hidhgate dEptraIlsbaRisast omers, or may be cut
and bent froma netal tube for instance made from a shape nenory netal or

20pol ymer lFfor exanple nitinol). In this regard, Figure 7 illustrates a fin

pr 81;' : [ ef cut i ntrigiraes iastriatesfona eiﬂd&einea"md ot hﬁrbrésérdedemwl‘n atlle\gfr@rgnc?a rhixidg QGind
paddl e forning nts.can al so be s a
Parmosi t o i L ritalvE isdterdIing mitdrs' b B e Huho BoeedEodlBY finEPads e
el ement . Fi gur ear@angérmentiof &iges Sinravosds;segtion, bot isgv edrijehatiod 3@h af avtlectidb port of a

| nstance, made {y Al desc ide Falek P! in BAARAS IFTRIcVRh S KRG & 251  ©

wire. This connects the nmain X|ng to afl el onhgate
central bad8y of the catheter. The mai n body 132 may be nmade from a

different mat erAsalhustr'afdeﬁthrhlﬁh%é!ém'feht%taré BRarkgydl§ iR plird, QuithNSdifi »Hii.ﬁg 8Bfrent’
a tube. It may be provi a tip 134 constructed froma very soft

el astoner to i B40.gh3 Pals it being aéfaﬁqi%%f‘ geresie sigep of thsmaﬁeﬁqub'diﬁﬂyor

sail can be noliadoft ahétcatietert 3@QedThe individual mixing elements extend radially and
circumferentially from the elongate central body 122 and form paddies or fins which are
25 to extend to the internal outer periphery of a blood vessel. The mixing elements take the
form of sectors of relatively small angular extent, for instance in the region of 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
30 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
35 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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Figure 9 illustrates an arrangenent where a main body 132 is forned froma
polymer filmw apped around a scaffold 136 which extends to formthe root
or mast and preferably has shaped nenory and forns a super elastic wire

frame or scaffold. 35 Figure 10 illustrates schematically the nmain body
132 of a mxing elenent in its stowed state and positioned between an
el ongate central body 122 and an outer sheath 140. As illustrated, the

flexible structure of the mxing elenment allows it to conformto the outer
surface or wall of the elongate central body 122. 5 Follow ng on from

Figure 10, it wdalrs BEmite diérhérit® extbhtiin-a differ %lﬁ@ﬂ’gﬁloﬁegﬁﬁraaé{ b &{Q%Qihe first

m xing el ements do not overlap wth each ot espec
possi bl e to use JPERte 88 cbMiERg elementsasThus| psthe srase-spetioni of igure B, coossrsestint

overlap of mi xi ngro Bﬁﬁﬁsﬁwd"hﬂ%d QSin‘xt§'1Q@a s.haa r@m areidhlé, %Aé@&% xﬁ&aé@r%t nt

the outer surface_o e el ongate central alsop

use variabl e fi rl2PhitRetedsble @nﬁmwnmwgt%n%ﬂaga tSh‘{'%Nﬁe%defthQ Ie@ngatmaegtral
el ements when sheayhegsl. For instance, as illustrated in Figure 12, a
thinner fin profile is provided in the regions of overlap of the M Xi ng

el ements 132a and 132b. 15 Figures 13(a) to (e) and 14(a) to (e) illustrate
a wire structur Ghs%amagmnttmé)ﬁ&dnqurﬁdm roe u@é!sCS drd &1igYRAR tHe iMuIGR H&A)
state is |IIustrfltedt|n F| urei é’aé @d %% Successi ve Figures nove ?o
a fully stowed SICHIRSSFPROR gLy, ﬁ"?’l% aanatp Pfrfhﬁle@ﬂ’ﬂé@ Cpgfra)bagiydf 22
14(e). Figures &E8daragped(paitlyi dréwrsititsqiediptaary.end vi ew of a catheter with wires
138 20and ggeath 140 whereas Figures 1l4(a) to (e) illustrate a side view of
the catheter with wires 138 and sheath 140. As illustrated, each wire
structure 136 i &wibbeaprretiated thatt aithobgh thheabhdiinedt O Figobd B pad Bdndiltes\six fairs

t t 138 {
o Uhe i ros. 250un i eleinerkd wilindfalel iy Aoifyfs Mok § ol 8HE of Bebrbfiicl
the nixing el en@fit fndvalieroate paissidhi mixinge slementst ahgled catative Utot iong arwther by

catheter with t By Mt@g keoBel $ £0
separatel y, and taggbl rﬁd?él i dual | §§'§'Eﬂﬁ"ﬂ%§hﬂ§%ﬁ§9#l‘9 rﬁﬁlnﬁ "I'aﬁ%"r{%é’tf

central bolfy. FgfeERLARgUEr eXgrt UsiQR differeptnumbers effeixing elegiepisrin any end grgup and
u: tr as;)nl c W'?l dlusim adliffederdi eurrbat of groapd aﬁrh:xhbeéléméﬁtélgloﬁb @ﬁ@l@ﬁétgtd? tliiéﬂ'élon atet
el ongate centra m xe an i ndi Vi ni
including all of erQu%fiX 1%y '«3&5 g 'tl'—so?'eg?%%a'fﬁb}h@ 'a%lgrﬁ"??é‘F" f atiRastienengf theve
m xi ng el ement snmng elelh)ente\zershgmnydaaxdemmg radigdi amglaf bwmmalaabmafy ,gemgt 86 that

t hen renoved an r

i |l ustrates schg‘r?ge?' ?%gﬁgy&g”%ﬁlgfrtgi’ %ﬂﬁ%g 'eﬁ%gﬁ‘%#g s‘é%%gren? %‘Fai'%{e B@'f’hﬁh?ﬂl‘é'?‘”ed

mol ded 20 axially. For example, a mixing element having a sector of 1002 could be appropriate for

this arrangement.

The arrangement allows there to be provided a deployable static mixer including at least
two mixing elements that remain fixed within a blood vessel so as to sequentially
25 separate, rotate and re-combine fiuid flow and so as to effect mixing across the radius of
the blood vessel. Because of the symmetry of the arrangement, this will work with a fluid
flow in either direction. Also, this will work with varying degrees of mixing element angle,
in other words the extent to which the mixing elements are folded down towards the
elongate central body 122. The sequentially placed groups of mixing elements induce
30 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 farger
35 blood vessels, the mixing elements may extend directly out from the elongate central



onto tubing 122. As illustrated, the m xer is being over nolded directly
onto the elongate central body 122, but simlarly the m xer could be nol ded
onto a formng pin and then 5transferred to the el ongate central body 122.
In the arrangenent of Figure 18, individual mxing elenents 124 or pairs of
m xing el ements 124 are attached to the elongate central body 122 by neans
of a tube, tape or other binding structure 150, for instance heat shrink
tubi ng or adhesive lined shrink fit 10tubing. This structure could actually
be part of the manifold structure. For m xing elenments such as descri bed

wi th reference L GAIr i r s, or the like for .

i nst ance nade fﬁog?x:\l}mgérjepgﬁwggﬁp%r%?ggﬁgcg%ggg éqlrg;ﬁ %?fstr\?n%é}msﬁegﬁﬂ' FS‘?'VOW%E}%Q
el astic propert ivib thefmundary fgybeagairistthssaswalls. as Nitinol or shape nenory

pol ymers as provi ded by compani es such as in mNenoscience GrbH), it is
possible to provide apertures 152 in the elongate central body 122 into

whi ch t hose rootMthiB® mixing elempnts doldect against ftexeldngate téritrabbody, actonterftii@ sifeath
17. Alternajive L% 1420 thei r rogt s-co ipsert

o dod inte heb’éf%ﬁﬁeaﬁé’c%n?’?é‘?gﬁﬁ’i?@% %?%?’h%?‘ me"dg'!‘e "ﬁg' 8{‘]“‘8}‘."9&?3&! be
central body 12¥ithdrawg fieaythareatheder: 129 s s td 38pask theenixing ielegnentse amch allowAshe
illustrated in Fij & bo b 1 i Db i xi nag.elengnt s
to be cut fromt h:&éﬂﬁv\glerlﬁerg? th’t‘ !ﬁe;ﬂegil %ﬁwﬁ@?fz@r\]? rsfé‘fwfo yhighgéj%ér?? n)élﬁb% {t@hamer
desired angle. WReTRITRBTIIREREER cigefy B sHeathgscsiopvasal than henpushad baskadver e s
coul d be progr amiiy slérhéhts BausigIhérRt 8éfielf R Soviigs HE BloRYAEE. Rbntral body 122 and
characteristi Csf't A& dthSCHS ed above, it is proposed to uSe a sheath, suc
as sheath 140 for"& ?ﬁi%@‘?’ﬁzeeﬁ?mtfiafaw RPHINS: t heir stowed state.
However, m xing elements could alternatively be self-actuating using shape
menory effects yia_b h menory netal s, and shape nenor ol yners. 30
As nenti oned ab%‘vgzﬁ,e ﬁ%@@%@.ﬁpgwlﬁﬁlgwnlgimcgioggha@%owqtH|¥e£f Ce, Nt 8hAWar e
cat heter for takdémghenfilidifloive Iherpfoes . havo ey mixingaelpmerfte refrastigee FromdingtdMeaihSor

t ted i - I is for f ti-l
Cubing. 1 par t§ vels RbeiRgBigia SERIERAMPONRED \eb8 RS coale T b e
defines a I§l ur ad¥iglly withingg Blege tvesb pucis tigbthaymixiog dlammstssaral cansed tosbd deiticted
each of which Cgdiwééh mra_ﬁraus.dawe@mff@u Mg% 8 maadgemtﬁﬂﬁfﬂqtﬁé? of %%Augfén%a%

respective sanple. A variety of different ‘designs o unen

whi ch coul d be TRBHhefwidjlow isetioninggfdhirmixer i8 Spt iMpEdesbdy of the cat heter .
Figure 18 illustrates schematically a nmulti-lumen tube. 5 Figures 19(a) to
(e) illustrate g variety .of different nulti-lunmen tube_arrangenents,
suitable for us@ e RMEAPTet dNR\mang Gme%%ﬁ%nﬁﬁ’?b'?'ntmu@ IRy, tBR Hiings .
As il ust 28t ed, elerhentsradetrnadeuwittrsutficiEinh glastivity talgrevide fHeueabdshaly WmdindiiBA of B&H

arranged 10 ci LGk rent| e rjph of the e]longate, central
body, geach I uné%gfg)ge}{cﬁg&s%u{:%%?ég% gémeg‘ghi%e?: |§ogr'118 t O %"vreegf)ee&"ﬁ{?eac Aok vesssh
port and col | ec?rtiegally, rteis pansutes ethgtathsl utermosthaiambtiet of rtbe evixiegbaletnamtntwhena
central el ongatfaplegb® mbies! # cidba Git WithVthd Sltdrbst’ §aRbtst B 1R BELY S¥Leaf witRbut

t he cat heter. o
damaging it or at least comes close to the wall of the blood vessel! so as to interfere with

25 its boundary layer. In addition, as mentioned above, such deployable mixing elements
may, due to their resilience, act to urge the catheter into a central position within the
blood vessel.

The mixer elements can be constructed in a variety of different ways using a variety of

30 different materials while still meeting the basic requirements of the invention. I is
preferred for the mixing elements to be able to deploy and function in blood vessels
having internal diameters in the range of 2.3 to 4.0 mm, and more preferably 2.0 to 5.0
mm.

35 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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15As illustrated, a variety of different arrangenents are possible. Figures
19(a) to (e) illustrate respectively elongate central bodi es having ten

| umens of 200 pm di aneter, 8 |lunens of 240 pmdianeter, 5 |lunens of 400 pm
di aneter, 8 |unens of 400 pmand 10 | unens of 400 pm di aneter. Choice for a
preferred enbodi nent depends on the priority between rate of collection,

| ongi tudi nal spatial resolution and total cross sectional area of 20

| umen. Priorities would be to mnimse the dianeter (ideally suitable for
use in a 2.00 mm (6F) or smaller guide catheter) then maxi m se the

resol ution and (T pTal=To M . F
use in conjunct ?egﬁﬁv?\‘h at%. g'dOf H@ﬁ?‘”gg“@él' gﬁ%eter&b% oﬁﬁ{@%@g‘%%ﬁ’;‘{‘ar
of the catheter MHng ﬁ@"@@bmhﬁﬁofyﬂ tdepioyment| at, biterhatively,t ¢ravtacts Breninmer2&dii ofithe

19(f | | ustrat t
art ahgerent sui A e part SBiay, #8 Aieg dahue ag%’ﬁé%"'aﬁﬁs't abtP s et s
t echni ques. | n td§P'eves exera stifiess FPRIOEFWQ tocresigiring flen ok biped. dtowewdrf they shodidh
respect to & guivdeshidholigHRe té@%radéférfhahl%lgﬁ tﬁ&@ﬁd&\éﬁ@tl Pé} (.nhBPwQH FEY Bifod

| unen can have an exit e&‘erture or an associ ated rap | exchange eW T e
wher eby the gui d&%®h e Oplivnally iafsoyife Hoyeg @Pﬂ@@t%yeamﬁd%fwmh@a@o@a|tmaaoemaola the

| umens 160. | ndinviked tRbe but[@@éd Whéh BEediRt LU ENEHSY Brdesy 1% Jp@{)diﬁsﬁ??w%{ay\ge

col | ection ports at the oyter surface of the el ongate central g#/

i nstance as was T34 PHERELO I eRYRQVerae FgPiPYRITf{TaE!amenty aad grivingrihest o theiy
be used whi ch prtowedatatd.f ecti ve radial m xing on only 350ne side of the

el ongate central body so as to carry biomarkers fromthe boundary | ayer of
a bl ood vessel to the elongate central body. Wth such arrangenents, if a
connection por Sultalip matedials ard ergfarsbly biormthpatible laed dpgphats inedisaldgady efhdtémeric
el ongate central, i t ampl ed, then
reduced sanpling ag???écspg?]éggn&%% qg%tg%nreg tﬁ%oﬁa‘%%v@ﬁﬁzgfersg?t& ﬂéﬁ@“ possible
arrangenent in \thiuee nqﬁeel@mmer@t medical gradenmitedals by cootraling\ahdir Gedmiétry, for
surroundi ng thelrﬁﬁﬂké aheiP bR9884Rioh s LYeal ﬂpﬁﬂnd%sthé %pgﬁg\'l% Qitfidds clt‘xq %i)e?lat s

gap or B{Iol d 172 between the outer wa ngate centra
164. Throu hoNEée"i'?Ah%trCén ﬁPd‘WP‘E}@ﬂ Polded gast; sRiiddipetarmyfalpication (istietpSiA. teta)ns

around the enti rackihédomdepbsiteeiecatvetluagd Rlhaie thehixing/flemérd, t hat the
mani fold 172 comuni cates with fluid outside the outer wall 170. This is

also illustrated in Figure 6. A collection port 168 is provided in the 10
outer surface ofhd Mmixingletengerttsecared foahedieshy singleTmEtenaR, sikth &y rbided EIaSIBRGEs| ¥
| umen 160. The to _col |l ect sanpl e from fl uid
in the manifol d&%{;%@%ﬁoﬁﬂ &ﬂf{r%rﬁ%&ét?lﬁ 4rr@'ﬁ IPtaNee Taéeg %ﬂ%&gwg‘qﬂf frgtal or

fluid fromfar ourdlymere(fasexamplepitinophdn thisofegarde Figatehz tilastratgs antiapeofiaf cut ko the
t hrough hol es 174 oftahﬁb&éﬂd R6h fo 166 a kiRt of B&b%l%hﬁigé%l igikbgﬁeténe%?”p' es

of biomarkers even if these emanate from an opposite Si

catheter. Figure 20 illustrates an arrangenent where only one collection
port 166 is proMixmgdelérents Paheddd BE nfad8PisLs doﬁlpésufdamcalffé(r@ntcﬁ\gaﬁ?F'L@Qd for
area. However ossi ble for others of | unens 160 | ustrated

al so
in Figure 20 tod'&%ﬁ'ﬁe"@ftstof) d]“f"@ﬁlelem?"boﬁg‘ém 8 {liystrates afaot magt prescatfais 129, der.
For instarSe, tinstanteanade fraralwing, W&ﬁxnbb@@ﬁad&ﬂn%ﬂ%r@b@r Sla5HB Gfe. tiPis

respective coll ol poFLS 60%;”1& St MIX? Slg%legtntoaan glongate 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.
30 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 138 which extends to form the root or mast and preferably

has shaped memory and forms a super elastic wire frame or scaffold.
35
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Figure 21 illustrates schematically an arrangenent using an outer wall 170
where a single sheath 140 is used to deploy and constrain the

m xi ng el ements 124 and can al so seal 25the through holes 174 of a

mani fol d. The sheath 140 holds the m xing elenents 124 down and engages the
rai sed outer wall 170. Figure 22 illustrates schematically a sim|lar
arrangenent w thout the use of a manifold where the collection port 168 is
nerely raised and extends to a |l evel to be engaged by 30the sheath 140. In
sone arrangenents, it may be desirable for the sheath 140 to seal with the

t hrough holes 1 ' . 6. _Haowev his is not essenti al
in other arranger uﬁe{ %(?mg%atgag%ése P ﬁ‘gﬁéaiﬁp%% s Hgngﬁyﬁézgtﬂtr?"(‘)'w @E""Eﬁ}‘ ft 3 stgped
regul ati on of t lstatd ancpnsitioBéd bétiveert amrelosgaie dertiat bady 122mndrdi dlgertsheatanaat As
can be saline-fi . t | | e when the sheath is
retracted and t r’l@%@‘?’ gpﬁﬁ%’%ﬁ%g{ég‘?ﬁ@t of gﬁ% &'xﬁ’%geﬁgﬁ‘eﬁloﬁ gt t°b9°<5'§’(§mp Pdbe gpter
i s usual |y suff iserifasator wall pighe elobiae dertral bodyx{22sed | umens and wil |l overcomne
any inhereng air pressure/atnospheric pressure inside the |lunens. However,

it would be 5possible to draw sanpl es using negative pressure (relative to
ai r/ at nospher i c Fpiowdng pr from; fgure d Anit willced enrnaeciatedhthat, an eorpé efribodimerisay idkitgrent
obt ai ned sanpl esinig BlekidftsCd A& Serlap IWRR LaSRBHeFS |

] et o RRSSEREHETS e IEpRIR P ol o

anal ysis in any convenj ent nanner. . sanp
wi t hdrawn from Pfréled gsiaeanguch agsiiviyratadcini Fighre drip direvest ovarigp dfrmising elements

preferred enbodiviemihe rhikifg @RimeRtsl 4re GolRPEéd additst tHe dUtdrAUALLd i eidddhtd Bdntral

have a sizg, and,_shape suitable for receiving a standard | aboratory” pIpette.

Where t he ter %81 170 is used with a plurality of through holes 174 it

may nerely be necessary to close all but one of the through holes 174 so as

now fol | ows & dEebPEBIBRerCHE T BPA R MEfee eABaes taci riiess et ihe

now fol |l ows a descripti SR Of h&W %
After a cat het emixingrelebents wheg saegthed. aFort instafices anyiiussatbdii bigar® 12)2ehinBer fin

mage of the pogriPerafeh e fRiRaRH Yyaeb Bl the rhlng SeBBRE 1 s BB Cy o1
may be | nsk¥ted into a bl ood vessel usi ng conventional Percutaneous
Figures 13(a) to (g) and 14(a) to (e) illustrate a wire structure such as mentioned with
reference to Figure 9. A deployed state is illustrated in Figures 13(a) and 14(a).
Successive Figures move to a fully stowed state within a sheath as illustrated in Figures
13(e) and 14(e). Figures 13(a) to (e) illustrate an end view of a catheter with wires 136
20 and sheath 140 whereas Figures 14(a) to (e) illustrate a side view of the catheter with
wires 136 and sheath 140.

As illustrated, each wire structure 138 is able to fold into the sheath 140 by collapsing the
wire structure 1386 in front of it. As described above with reference to Figure 9, the wires
25 can act as a frame to a flexible thin film and hence act as the mixing elements.

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

30 wall of the elongate central body. For example, adhesives, thermal bonding, shrink fitting
or ultrasonic welding couid 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
35 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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Coronary Intervention (PCl) techniques. Accordingly, catheters according to
this invention may be introduced by neans of standard PCl equi pnent,

i ncludi ng introducers, 25guidewires and gui de cat heters. Such introduction
may be via over-the-wire (OPN) or via rapid exchange (Ax) techniques, the

| atter of which is preferred. Sites of interest wthin a bl ood vessel under
I nvestigation can be identified by a clinician using known techni ques. For
exanple, the clinician mght inject contrast nedia in order 30 to inmage
the bl ood vessel and to determne sites of interest. Alternatively or
additionally, standard inmaging tools such as IVUS or the |InfraRedx plaque

| ocati ng system could be used. Once the sites of interest have been
identified, theigaehstilestrites saietraticaipg @urplity o hiking eémeaenkbs HergbvBEmolded

i ntroduced as ' b - e case of . imaging tools that have been
i ntroduced int gﬁ?ﬁ@b@gg@% %g'ggfaq%‘ilgﬁ’e 'S'%UF%@WP@?" T%’ge‘ggl'?‘r'é‘b’gf‘todﬁﬂ elpagate
i ntroduced 35f clehipalibogyt1R2, mdsmigy tewinixer, cauld e niedéd 1o Rgfoirbing phirend 8RR
renoved. 'rfhe QI%EB‘S&&JtoWﬁ%eBﬁ été@&h%fjb&ﬂ t1%n t he bl ood vessel using

echAl go rray '

standard fluoroscopic t gues an b€ provi ded with radi o-opaque
markers allowi ng the position of the catheter and each collection port to

be recorded, f n:g,l@e ' The Lo rs nmm e._. .

| ocat ed at keyq‘;r’I eﬂﬁée(?ence ﬁé%i%ﬁgggbm&gﬁfhﬁwg&g%%nﬁaﬁﬁ °éﬁ8"%i°2 TT'He9
bl ood col | ect i G¥FMest tAfsare efiacher 49 the, elengatedientralciasly t@e loymdsan of atybebpe or
| ocat ed adj acentner GirfHg stRlcPE 156! tbembiafth A& lshritd M?:irigh?rs%cﬂugkig% lit Qﬁ%ﬁ?@s

possiblel(?ter to overlay the results of any analysis o nple
an i mage & t hdutiD othis stdickye aayidprtvally bapre of themanifelgsymettse. artery are to
be analysed, it is preferred that the total |length of sanpling is

sufficient to include the jority of the | ength of the coronary artery and
wher e possi bl e F§r Bufe ?'?'BWII%J&W %;/‘??SSH?%‘@'% qrercedp Figuresd aad 9jhaving masts,
preferred that redieorthe ik fer instascemade iroraaviieg doMbASEd Shaterialf WithPsHaBs fHafiory
artery and aor ' | Sii rior.to 15s I bei ng taken. A plurality of
bl ood sanpl es tggtsgp%rtegfa%}c‘gﬁ]%ggglggh(areelxa@g%"%ée?éﬁ%&% o@'“ﬁ@l Pf ﬁF%PepF@f'@'Yls.
By way of lexamppiémers as rrpyided by corepartimssehiasan miNeendstiekaiGinbHp Ntyis Wassitie té he
various stages pRfidedpdiGuassy | by | ncl ude heal th
endot hel i um 20 | rgalbi m nar%‘hﬁﬁdeo%lgeq | u‘?nenltoss gﬁtz?grﬁét“i&%ﬁ,tﬂ‘%&’? 1558 6
i nfl ammat ory, ["a¢eed #d BeeeEs diustrated i Fiaura 4i7n dytesnatively tisireixing atgoents| apaltagje
of thrombotic rodteesli®De ifdeANMBIdEY Rty R eBhGstE @ehifdl Hokll C13b!
stabilisation. Exanpl es ossi_b} e nol egulgég tﬁat ar eywegqu@ oﬁégl\(@lr W’ldt?%
these differ enflogqgg ggntgaﬂ qxfyd@z is formed around the root 130 of the mixing element.
20

As illustrated in Figure 7, it is also possible for individual mixing elements to be cut from

the wall of the elongate central body and bent out to a desired angle. When

manufactured from a shape memory polymer or metal, this could be programmed with

the desired stiffness and deployment characteristics.

As discussed above, it is proposed to use a sheath, such as sheath 140 for retaining the
mixing elements in their stowed state. However, 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 muiti-lumen tubing. In particular, the
elongate central body preferably includes and defines a plurality of elongate

35 passageways or lumens along its length each of which can be connected to a collection
port and used to collect a respective sample.
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A variety of different designs of multi-lumen tubing which could be used as part of an
elongate central body of the catheter. Figure 18 illustrates schematically a muiti-lumen

tube.

Figures 19(a) to (e) illustrate a variety of different multi-lumen tube arrangements, suitable

for use with over-the-wire (OTW) catheter introduction techniques.

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

receiving a guidewire for the catheter.

15 As illustrated, a variety of different arrangements are possible. Figures 19(a) to (e)
illustrate respectively elongate central bodies having ten lumens of 200 um diameter, 8
lumens of 240 um diameter, 5 lumens of 400 um diameter, 8 lumens of 400 um and 10
lumens of 400 um diameter. Choice for a preferred embodiment depends on the priority
between rate of collection, longitudinal spatial resolution and total cross sectional area of

20 lumen. Priorities would be to minimise the diameter (ideally suitable for use in a 2.00 mm
(6F) or smaller guide catheter) then maximise the resolution and accept an extended time
to collect sufficient volume. For use in conjunction with a 2.00 mm (6F) guide catheter,
the outside diameter of the catheter in the stowed position would be less than 1.5 mm.

25 Figure 19(f) illustrates, schematically, an alternative multi-lumen tube 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

30 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
35 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 respective collection ports in the same collection area.

Figure 21 illustrates schematically an arrangement using an outer wall 170 where a single
sheath 140 is used to deploy and constrain the mixing elements 124 and can also seal

25 the through holes 174 of a manifold. The sheath 140 holds the mixing elements 124
down and engages the raised outer wall 170.

Figure 22 illustrates schematically a similar arrangement without the use of a manifoid

where the collection port 166 is merely raised and extends to a level to be engaged by
30 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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Having obtained samples with the catheter, those samples may be removed for analysis
in any convenient manner. It is possible for the samples to be withdrawn from the

10 lumens using suction from either end. In one preferred embodiment, the collection ports
166 or through holes 174 may have a size and shape suitable for receiving a standard
laboratory pipette. Where the outer wall 170 is used with a plurality of through holes 174
it may merely be necessary to close all but one of the through holes 174 so as to
withdraw a sample from the though hole 174 which remains open.

15
There now foliows a description of how a plurality of samples can be analysed.
After a catheter for obtaining a plurality of samples has been inserted into a biood vessel,
such as a coronary artery, it is possible to obtain an image of the position of the catheter
20 in the blood vessel.

The catheter may be inserted into a blood vessel using conventional Percutaneous
Coronary intervention (PCI) techniques. Accordingly, catheters according to this
invention may be introduced by means of standard PCl equipment, including introducers,

25 guidewires and guide catheters. Such introduction may be via over-the-wire (OTW) or
via rapid exchange (Rx) techniques, the latter of which 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
30 to image the blood vessel and to determine sites of interest. Aiternatively 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

35 following the same guidewire, once the imaging tool has been removed.
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H Reference protein anount fromassay 17 15 16 17 19 21 16 17 Average ref

anount across all

assays 17.25 17.25 17.25 17.25 17.25 17.25 17.25 17.25

Correction factor

10

15

30

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

adjacent to each blood collection port.

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

samples onto an image of the blood vessel.

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

samples being taken.

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

- ICAM and VCAM-1

- Soluble CD40L

- any of the matrix metalioprotease 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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1.01 1.15 1.08 1.01 0.91 0.82 1.08 1.01 Raw data for Biomarker 1 cone from
assay 140 159 179 190 185 182 170 160 Corrected concentration of Bi omarker
1 142

- Soluble Vascular cell adhesion molecule-1
- Tissue Factor

- Pregnancy associated plasma protein A

- Protein-bound-Insulin-like growth factor

n
‘.

Neopterin
- Scoluble P-Selectin
- IL-1, IL-8, IL-7
- Choline
- Heat Shock Proteins
10 - Chlamydia pneumonia lipopolysaccharides
- Degraded interstitial collagen from plaque (Type I+1H)
- TNF-alpha
- Myeloperoxidase

15 The plurality of biood samples obtained from the catheter could ailso be tasted for mRNA,
mANA 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.

20
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 coilected.

25 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.
30
In one system, it is proposed to use the muitiplex Luminex (trade mark) platform for
detection purposes. According to this arrangement, muitiple 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
35 specialised flow cytometer. As part of this process, it is possible to use LINCOplex (trade
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mark) muiltiplex assays as provided by Linco Research Inc. This allows detection of a

plurality of proteins simuitaneously at low picogram/mi levels.

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

analysis of up to 100 proteins at sensitivities of approximately one picogram/mi.

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

Data from any one assay can be used to determine the mass of a particular protein in
that corresponding sample by comparing the sample’s data point against a
predetermined reference curve. Because the concentration of the reference protein can
be assumed to be constant in each sample, then the determined mass will be directly

proportional to the amount of sample volume assayed.

In this way, the data obtained for each biomarker for all of the samples extracted from the
catheter can be normalised by reference to the reference protein.

In one system, a volume correction value is determined by calculating an 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 referencs 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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In a case where a catheter has been inserted in a coronary artery, preferably the most
upstream collection port samples from the aortic arch. It is then possible to show a
differential of blood within the coronary artery relative to blood incoming to the coronary
artery. Samples taken from parts of the catheter which were adjacent to respective parts
20 of the coronary artery show an increase in specific molecules and thus the release of
these molecules within those areas of the coronary artery as compared with levels in
general circulation.

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

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

In one arrangement, the various information contained for the biomarkers can be
30 displayed directly in relation to positions along the blood vessel, for instance the
coronary artery.

As mentioned above, a catheter can be provided with radio-opaque markers. With an
image of the blood vessel, such as the coronary artery, available, the particutar 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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Figure 25 illustrates somewhat schematically how a bi omarker is
di stri but ed | n Thé itfeledtnolecules can be analysed and linked to stages in plaque development so

as to create a risk assessment profile. In the illustrated example, early stage, vulnerable
and stable plaques are shown. Those different stages can be illustrated in different
respective forms, for instance with different respective intensities or colours. The intensity

20 or colour in each example can then show the amount of release and hence the scale
threat of any plaque.

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

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 multipie points throughout a patient’s therapy (and

30 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
35 device-based therapy, such as stenting or angioplasty. In particular, it is possible to

assay and analyse molecules associated with damage, such as inflammatory processes
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of blood in the blood vessel V when mxing is used. In particular,
dependi ng upon the efficiency of the m xing, the biomarker will very
rapidly spread across the entire cross 20 section of the bl ood vessel and
reach the even distribution indicated in Figure 25(b) with dashed line E.
When the bi omarker distribution first reaches the central region C, it wll
al ready have been m xed significantly and, hence, will not be at the high
concentrations discussed above for Figure 24. In fact, it is likely only
slightly to exceed the even distribution E before rapidly [owering to that
even distributi 2 | t ] or ;, N} X Al Ltowill b
seen that the f?ng g%%%?téﬁgé@%ﬁfgﬁmg?&?ﬁg'bpg%gr e?5§ﬂ9%ﬁ%a§é“@%ﬁﬁ§?§ am
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is lower. 30 For either case, it is proposed to introduce an additional
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and di spl ay ng biBRhriderbrasdibi 1R certidl relgRRIPOEEDIAS Jass el Yids Al sl di pldqay’Pe 23-
In particular, it is proposed to introduce an additional correcflon W th
regard to offset. Taking into account factors such as bl ood vessel
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m xers i nter cepthe Rvenegspreads dut alang thenblodrk véssaln therdetdctadeganceritratiom will gradually

vessel to coll eghp @ tRPEdneemtlRB8 Wtk ﬁgcﬁ?&ﬁérﬁerﬁg%ﬁ%a%ea?ﬂﬁﬁﬁéhogb?he cross-

catheter. So far, consideration has been given only to ac etec

(and cor r dét ed)segtianrfdhe bipeghyassel agindicated iy the dashediige Be anal ysed that were
taken froma catheter using m xi ng, those actual values are generally
smal | er and proyide e of a step,change than a peak 15for identification
by the user. | "WE\#@ 'ﬁi“ﬁ'ia?,s Spfﬂeﬁfgatachgrﬂﬁ%ﬁbg%glb@rq% is.digfripyteq isythe few of
the corrected ocwiidetinite binod adsselsV fnden intbend isonsetk e partidOX) @eSending b the
enpl oyed, the mj n i ' rker is.reached very rapidly. In
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be corrected fcireddy Rave begn mixedsignificanty and, §erqe. wiloat be at the high concentrations
discussed above for Figure 24. In fact, it is likely only slightly to exceed the even

distribution E before rapidly lowering to that even distribution.

In either the unmixed or mixed example, it will be seen that the first detected position of
the biomarker is always downstream of the actual plaque P. For the unmixed example of
Figure 24, the length of offset is considerably greater and also the predictability of that
offset is lower.
30
For either case, it is proposed to introduce an additional step between obtaining the
corrected concentration data for the biomarkers and displaying that information, for
instance as illustrated in Figure 23. In particular, it is proposed to introduce an additional
correction with regard to offset. Taking into account factors such as blood vessel
35 diameter, flow rates and catheter properties, it becomes possible to offset the displayed
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CLAI M5 1. A catheter for taking a plurality of sanples fromwthin a
| ength of a blood vessel, the catheter including: 5an elongate central body
arranged to be inserted into and positioned al ong a bl ood vessel; at

| east one collection area defined along the elongate central body for
collecting sanples at the central region of the bl ood vessel; and

at |l east one mxer provided radially outwardly of the elongate central body
and 10arranged to create a flow of blood froma boundary |layer at a wall of
t he bl ood vessel to the elongate central body so as to enable the at | east

one col |l ection 0, nda er. 2. A
cat heter accord ?ﬁ%ﬂ rg&br\gaslidr?ﬁ% @&?’ﬁﬁ? ecg%et'?q'?-ﬁg? l(l'ban %%lthP Plepdsyepsplin
15mi xer. pogtions roerelrepresentativeoithegetua pokidons of any pRquéletei N t he at

| east one m xer is deployable froman inactive state in which the at |east
one mxer is close to the elongate central body for insertion into a bl ood
vessel to an afefausesasimentioneghalwivet the aifsetl foaat mizad fla@ns xauch shdrtef tah@mergay

f1 oM L be o COIBteaicRIN, 1R ARG P sbndal Shliel! Yhdh BONIIRL Yod Sl

t he bl ood vesse er acco
wherein the at rﬂ"@ﬂsﬂ"w@ﬁ‘@ qhasagteriaticsah the roiking wah @aeakenahtbyacemmmnm pdrtcular, the

el ongat e centr abeupor IdtafisHieh dNbibMMahbr Aidash Fhie 141l éfs‘l\tFon A ke artery can be

increased by using knowledge of the way by which the mixers intercept and divert flow
from the boundary layers of the blood vessel to collection ports along the elongate
10 central body of the catheter.

So far, consideration has been given only to actually detected (and corrected) values.

However, when samples are to be analysed that were taken from a catheter using mixing,

those actual values are generally smaller and provide more of a step change than a peak
15 for identification by the user.

In view of this, it is also proposed to take a differential of the corrected concentration
values for the biomarkers.

20 Where mixing is employed, the mixed concentration of biomarker is reached very rapidly.
In comparison, where mixing is not used, the concentration is somewhat variable. By
taking a differential of the values, a very clear indication of initial detection of a biomarker
can be obtained. Resulting differential values can be displayed as illustrated in Figure 23
and, additionally, can be corrected for offset in the manner discussed above.
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5. A catheter according to any preceding clai mwherein the at | east one

m xer conprises a respective plurality of m xing el enents extending
radially fromthe el ongate central body. 30 6. A catheter according
to claim5 wherein each m xing elenment is pivotably attached to the

el ongate central body so as to pivot in the elongate direction of the

el ongate central body and towards and away fromthe el ongate central body.
7. A catheter according to claim5 or 6 wherein each m xing el enent has the
formof a paddle extending in radial and tangential directions with respect
to the elongat%nﬁﬁmgral body. 58. A catheter according to claim5, 6 or 7
wherein each nm~xing el enent has a planar extent follow ng a respective

pl ane through a respective dianmeter of the elongate central body.

9. A catheter according ne., of cI 3 erel.n the mxin
10el ement sar e arranged a%géﬁg%égéﬁﬁggﬁ% ?yﬁngsgﬁpﬁs'?"”MngﬁGQPghgéh@?%ﬁ
body and at cowes;sbmedxangtacumwm: ve angl es around the el ongate central

body. ade ggéﬁstc% e Sy GA Pt S ké'.ﬁee%em% ) é&%.opsgg o'g\ég%t

angl e around t he elong central ween m Xi ng enen
posi tions al onglocHeessebngat e 150entral body is substantlally 90.

11. A catheter accogdy goﬁé’c&’e idR atef Eequ%d%r &h eﬁangaténcéﬁt bgiéyg%g ?Slgéc%ge

arranged in pairs, each pair ﬁlXIn enmen érn
respective posF@mB'ﬁS aﬂtb@gent@éregioa@gme@!wmeml apddy and i ndi vi dual m xi ng

elements of a pair Afisdt hd USRS BRI APBORE! Sol RRPEGHEY Bod) I8P

of the el ongate central body heter according to c
wherei n tHe at arangsd top@ais %(EQW PWP%E@mé’tqu@QQW laygp 2tz el obthe fjopdrugssel to

el enents. 2513ihd Oeidadd BéntAf BOEEIsBGs! B SHABIORE Afiedst BnBToledtiBn ltedRE bt

the mxin
9 samples from the boundary layer.

2. A catheter according to claim 1 wherein the at least one mixer is a static

15 mixer.

3. A catheter according to claim 1 or 2 wherein the at least one mixer is
deployable from an inactive state in which the at least one mixer is close to the elongate
central body for insertion into a blood vessel to an active state in which the at least one

20 mixer is further away from the elongate central body so as to interfere with a boundary

layer of the blood vessal.

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 ali radial

25 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.

30

8. 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 are spaced and shaped such that when m xing el enents at adjacent
positions along the elongate central body are deflected so as to be
substantially parallel with an outer surface of the el ongate central body,
the m xing elements at adjacent positions substantially do not overlap. 30
14. A catheter according to any preceding clai mwherein the at |east one
collection area includes at | east one collection port |located at a
respective position along the elongate central body for collecting a
respective sanple at that position. 15.A catheter according to claim 14

wherein the el ongate cenfral body includes I t .one | unen extendin
internally along thé el oéﬁé'lh@te&é%’tof%{rl’g E:O%mg%?{nﬁgﬁﬁqrﬁla Sqrh "?%gﬁq‘eﬁr}gﬁé?h%ne
col I ection por tiormbdiGa padertdxein@ingas eadlatamDtahgentblaiinattibbs with redpecttth ¢hecdiomgitd €
central body incL%g§§da plurality of lunmens extending internally along the

el ongate centr &F Xonnecting with respective collection ports. 17.A
cat heter according to claim 14, 15 or 16 wherein at the at |east one 10

collection_area, the elo e central bo ingl ude n outer. wal] having an
outwardly facing su?f aceRg%egha"r‘ﬂ@ i q%[rgc"ll] ﬁé’r 21@? géénegagndn"él'\ﬁgf’ﬁﬁ'eept gﬁ??

i n which the atpldneasiterardoatlg & cEspeniveplate trsowdifa resgectivé diameiarodithe diemgang
surface of the gHtc?Eogvall and the inner body defining a circunferential gap

t her ebet ween arffid & cricunferenti al array of through hol es being defined

through the outer wall between 15 the inwardly facing surface and the

Poearal Y oo M 2 usT acen S MRk 6 4GLIEEE Rk 538Ps LB ha B! ¢

feeding the at |east one collection p r urality o
directiongd elements]®e aiaggachat succefsye mgisitions Jorthiheppletaats aentel Apdy and at

including a pl H{)nﬁéé o¥aiRh sAQBERRS shoftls ARABGhPbION A durheighyh of the central

body wherein collection areas are defined between said m xers. 19.
A catheter according to claim 18 wherein at | east one collection area is

defined between adj agenta Waefep acddtding to clai09 whefeh et %atﬁ@%?@i BBuh® the
claim 18 or 19 where a collection area is defined at one end of the

cat heter so as®PB9He cBYE PednPYreehPiXRoEsMeHd qdjpcgatgositions along the elongpte p

cat heter prcor dédgy bedyasyuptptiadiooyg claim further conprising a 30 sleeve
wi thin which the elongate central body and the at | east one m xer can be

11. A catheter according to claim 9 or 10 wherein the mixing elements are
arranged in pairs, each pair of mixing elements being positioned at a respective position
along the elongate central body and individual mixing elements of a pair of mixing

20 elements being on opposite respective sides of the elongate central bady.

12, A catheter according to claim 11 wherein the at least one mixer includes at

least two pairs of mixing elements.

23 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 parallel with an
outer surface of the elongate central body, the mixing elements at adjacent positions
substantially do not overlap.

30

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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stowed, the sleeve being withdrawable so as to expose the at |east one
and the at | east one collection area.

m xer

10

15

20

25

30

15. A catheter according to claim 14 wherein the elongate central body
includes at least one lumen extending internally along the elongate central body

connecting with the at least one collection port.

16. A catheter according to claim 15 wherein the elongate central body
includes a plurality of lumens extending internally along the elongate central body

connecting with respective collection ports.

17. A catheter according to claim 14, 15 or 16 wherein at the at least one
collection area, the elongate central body includes an outer wall having an
outwardly facing surface and an inwardly facing surface and an inner body in which
the at least one collection port is defined, the inwardly facing surface of the outer
wall and the inner body defining a circumferential gap therebetween and a
circumferential array of through holes being defined through the outer wall between
the inwardly facing surface and the outwardly facing surface such that the

circumferential gap forms a manifold feeding the at least one collection port from a

plurality of radial directions.

18. A catheter according to any preceding claim including a plurality of

mixers arranged along the length of the central body wherein collection areas are

defined between said mixers.

19. A catheter according to claim 18 wherein at least one collection area

is 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.
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