FLUID PATH SYSTEM FOR DISSOLUTION AND TRANSPORT OF A HYPERPOLARIZED
MATERIAL CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application is a
continuation-in-part of US Patent Application No. 11/692,642, filed on March 28, 2007, which is herein
incorporated by reference. BACKGROUND OF THE INVENTION [0002] The invention relates
generally to a method and apparatus for dissolution and transport of a pharmaceutical product in a
fluid path system for use in magnetic resonance imaging (MRI) and analytical high-resolution NMR

spectroscopy. MRLis a di tj i hat e icularl racti physicians as it
iS noninvasive and%t@g ﬁ%ﬁécyg;%&%Eéﬁgﬁyﬁ@ dﬁ;l%@&-%gé%ﬁs/gégiated with other
medical imaging techniques. Analytical r i ’ﬁ scopy is routinely used in the
determination of molecular structure.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of UStdéta Application No.
11/692,642, filed on March 28, 2007, which is heriecorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates generally to a method andaegips for dissolution and
transport of a pharmaceutical product in a fluidhpaystem for use in magnetic
resonance imaging (MRI) and analytical high-resoluNMR spectroscopy. MRI is a
diagnostic technique that has become particulathacive to physicians as it is non-
invasive and does not involve exposing the patiewcker study to X-rays associated with
other medical imaging techniques. Analytical higisolution NMR spectroscopy is

routinely used in the determination of moleculausture.

[0003] MRI and NMR spectroscopy can, however, lack sensitdue to the normally
very low polarization of the nuclear spins of tlmirast agents typically used. As such,
a number of techniques exist to improve the paddion of nuclear spins while in the
solid phase. These techniques are known as hypegation techniques and lead to an
increase in sensitivity. In hyperpolarization teicfues, a sample of an imaging agent, for
example **C,-Pyruvate or another similar polarized imaging agés introduced or
injected into the subject being imaged. As useih, the term “polarize” refers to the
modification of the physical properties of a madefor further use in MRI. Further, as
used herein, the term “hyperpolarized” refers ttapped at a level over that found at
room temperature and at 1 Tesla, which is furtlescdbed in US 6,466,814.

[0004] In many instances, the imaging agent undergoes hyyerpolarization in an
apparatus remote from its end use. The hypergeldrimaterial has a very short life

span, and as such, the hyperpolarized material testjuickly transferred from its



[0003] MRI and NMR spectroscopy can, however, lack sensitivity due to the normally very low
polarization of the nuclear spins of the contrast agents typically used. As such, a number of techniques
exist to improve the polarization of nuclear spins while in the solid phase. These techniques are known
as hyperpolarization techniques and lead to an increase in sensitivity. In hyperpolarization techniques,
a sample of an imaging agent, for example 11Ci-Pyruvate or another similar polarized imaging agent,
is introduced or injected into the subject being imaged. As used herein, the term "polarize" refers to the

modification of the physical properties of a material for further use.in MRI. Further, as used herein, the
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which is furthensfeseréokdritoUS &id668d 4stie04] Momaoyoimstiddis; etth ¢heipragingalerftorstergoes
this hyperpqglarization in ap apparatus remote from jts end use. The hyperpolarized material has a very
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useable Startﬂsg&\ﬁﬁ%qwgﬁmméd@%ﬁ&'@gﬁm S@Mﬁe@%@[ﬁ&mmerim is dissolved into a

dissolution medium for injection Iinto the patient. saparto ynamic nuclear polarization
(DNP) system, a means for dissolving the polarized sample within the polarizer must be included.

[0005] For a\[‘%‘g?ﬁbf%%f%oﬁéﬂh% AiPeag e acie 4818); P HeeeSUMStIBSBSS UM Medium
to dissolve thigsampls aArdiohials aisiniomefpeiiaemhsaniuabralb (e pordixm BytivaiRkRuitable

for in vivo injection. The dissolutiopn medjym typically is comprised of an agueous solution including a
pase (e.0.. LB IUHI BB VLG MY o BT R I R irsHET AL NI (TRIS)
to dissolve tiseczanmpissaindfcantemilieaab agbysiolvgicaliygeee@sab)esptiumthe thiedthte aaithaugh the
dissolution medium could also be i fqrm of water. [0006] In t nt methodglogy, a defined
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with helium gag toantiefiresatpressphy sk gicaliymacgkpdaiangiddhte dneatatefinatdtengberttere.

When the d(ji&@g%@g%pmggmscgmggﬁj?&rbee Qﬁeta%urr&%do?%peated solvent is released from the

cylinder and gui y a continuous helium gas tlow into contact with the polarized sample. This
method suffers from the drawback that the dissolved sample is mixed with gas as it is ejected into the

receiving colfiRbIMHPREFERBETIEhodaleak R arfiBesokORe QRAINICRCBRHR R HNEI BN ghe
Electron Pasyaraneyerdarid, (FRA) higrethendissolivadppladzed sampieirind gae stetlediiesig of the
njectate. pressure in a titanium cylinder and heated to addftemperature. When the dissolution
process is started, the pressurized and heatednédks released from the cylinder and
guided by a continuous helium gas flow into contaith the polarized sample. This
method suffers from the drawback that the dissol@ahple is mixed with gas as it is
ejected into the receiving container and therefgrenot sterile for injection. This
complicates the removal of the Electron Paramagrigent (EPA) from the dissolved

polarized sample and the sterile filtering of thigctate.

[0007] Additional problems can arise in existing methoda#s that employ fluid path
systems to dissolve the frozen sample. That is,pmssible failure mode with the current
fluid path system involves ensuring that the sampleompletely dissolved by the
dissolution medium. If the thermal energy, amoant flow of the dissolution medium
is insufficient to completely dissolve the sampllee system may freeze before the
sample is dissolved, thus resulting in an ice gloipletely blocking flow into and out of
the fluid path system. A second failure mode & the thermal energy transferred to the

frozen sample is not sufficient to dissolve thdarety of the sample, resulting in some of



[0007] Additional problems can arise in existing methodologies that employ fluid path systems to
dissolve the frozen sample. That is, one possible failure mode with the current fluid path system
involves ensuring that the sample is completely dissolved by the dissolution medium. If the thermal
energy, amount, and flow of the dissolution medium is insufficient to completely dissolve the sample,
the system may freeze before the sample is dissolved, thus resulting in an ice plug completely
blocking flow into and out of the fluid path system. A second failure mode is that the thermal energy
transferred to the frozen sample is no |er1t to drséI he entirety of Ie re It|
Some of the\C&AIBPLGTIG TEHETE X o DR ROR e B RGP U O SRUBIER SPESBm has
been entereldaintbebr unth pathisystéen . fllivs rﬁaﬂmreytstmmpTatm;edtesobmprmmmpleow&tt@the pH
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dissolving p es Is the cost and complication asso |ate malntal Ing a sterile
product. Fot@té%@@um@bpmmgt@teﬁlmtammul lgMell thetfe daiee@tgo risk of
contamination to the product. Current methods and devices require the sample to be handled and
exposed (0 foemaiRAMANNIMTEYE cRr v ARviceriR RISy arihecramplsaIiba e hrgeriized
and sterility will have to be assur d during the dissolution.and transport of the sa OO9hThus a
noed thero/ G PERHE R AR &y A oGPt O GHECRE
hyperpolarizeddoateFal. marataoatﬂmealpimdumshetdm&gtlweddmaéewadmauIandlﬂmeemtrdua its initial
location to a f| alg%%aqron in prde hensu(ﬁ% |ta:b H Iev a(iéi c%récserntratron and |i Itﬁu'd state
polarization iRthe |njec? B soﬂrtr TREHG pat system §148 prov%’e marntame sterrlrty
during drssdmetthMddrandpexposatmetmatmrahmrammﬁnéfféstim@r@bef@eremtamaﬂanbmvmlﬁﬁ
DESCRIPTI Tl h e ioned
drawbacks t%%r& cﬁ\r)ﬁ_, ﬁé&%&rﬁﬂiﬁd&%eathgﬂoﬁglssglutro%gagn%?trgcé)srgggtt}% phar a@Ie(%tlcal
product in adiss®lpsitnSdnanspertlafdiaagytem provides for rapid and complete dissolution of a
frozen hyperpolarized material and transports the resulting hyperpolarized solution from its initial

location witr[troegqaqtﬁtjgerasy%em B dtond eoadien fertsideioe mla@ﬁmt@ahfqram;(e@m injection
into a patrent) Accordl ne aspect of trb esent jnventijon (%Fpat%i em i
described FRERIRADAH S3Rn QoHEROe D PG L A e ot S SR E R M pth
having an odtpstbleed indterhtbefollyidisplacedthrdne ma&iﬂodaarmrrnwa ¢indldtteatied ito@deessure
vessel to contain a drsso,OLitlon d\llum and dCellver Lﬂd rpag%%%vm first eplg Qermetrc%l ey
attached to HE VISl 13 ransp &{ﬁre 1%i$8 \C/% 2 F% PHAR" RS utlon medium.
The dissoluiigadtaldepstiuting. délneeﬂwﬂ%ba&brs&emtabcﬂﬁttsptmﬂdemnﬂ&hmd|stBJIIJt}oduMlmg path is
posrtroned i r 3 t comprises a
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dissolution fluid path valve and a delivery qurd path valve to control flow a filter cartridge integrated
within the delivery fluid path to remove at least one of an electron paramagnetic agent (EPA) and a

processing gggeifmopghe iypesRoGrzegdsNtERN hefrre entering the receiving vessel, and a a sliding
seal unit positioned between the pressure vessel and the vial to seal a cryogenically cooled chamber

ceal s un B e e R e R L Bt e
length of theafipiggaithend method for drssolutron and transﬂcatpharmaceutrcal product in a fluid
path system. The fluid path system provides f@idaand complete dissolution of a
frozen hyperpolarized material and transports #sellting hyperpolarized solution from
its initial location within a polarizer system to fmal location outside the polarizer

system for use (e.g., injection into a patient).



[0012] In accordance with another aspect of the present invention, a polarizer system to polarize a
material to be used in magnetic resonance (MR) imaging includes a cryogenic cooling system to cool a
material to be hyperpolarized to a cryogenic temperature and a superconducting magnet positioned
about the cryogenic cooling system to create a magnetic field and hyperpolarize the material. The
polarizer system also includes a fluid delivery system to dissolve and deliver the hyperpolarized
material. The fluid path system being described above. [0013] In accordance with yet another aspect
of the present invention, a method of manufacturing a fluid path. system jncludes the steps of
nermenical LA ACSHAL 60 SV ASRESh RINF RO A IR RGP Yhoary AP
comprises artud tilaitiStatbtsisi@nad toenpiddeonpiaiving acolainplatenadeuliedty patizsieltized, fadgitioning
a dissolution fid path win the delyeny ic path, he disgolpion fd palh alsh comerising 4 tubular
structure anahavmg a outpupeng ih HUid CoRmUMCaTOWith &n’ fatérior Volime op%e vial,
connecting tosgrjirgesorarvasset emdaitthie disksdotigofiunkegatt, thdajrerydlhalpajhalthssuguaon
medlum \neffal. 81 CROMGElIBam g «fSthio P58 4aHR of RgaN e iidaaldo receive
a hyperpolarized solution. The hyperpolarized solution is compaosed of the dissolution medium and

dissolved hypi@inokoeriicahatett [00d 41 ssaflidgignotas feat fiaselntioaolizintagts enthdeaihesant

invention wiy,he made APRYEAT LaR LAY IR (RLeBRTARSEHRTRN BRSHBRSY MEE BRIFF
DESCRIPTION OF THE DRAWINGS [0015] The drawings illustrate an'embodiment presently

contemplateRffaielifying oGetiyeivvEHE JPalino 1578nftuie HiatyRiger also comprises a receiving
vessel connected to a second end of the deliveiy fbath to receive the mixture,a

dissolution fluid path valve and a delivery flupmhth valve to control flow a filter

cartridge integrated within the delivery fluid pé&th remove at least one of an electron
paramagnetic agent (EPA) and a processing agent flee hyperpolarized solution

before entering the receiving vessel, and a dnglideal unit positioned between the
pressure vessel and the vial to seal a cryogéyicabled chamber containing the vial
from an ambient environment without contacting eoits of the vial. The sliding seal is
unit biscects the dissolution fluid path and deiwiuid path and is capable of traversing

the length of the fluid paths.

[0012] In accordance with another aspect of the presemniion, a polarizer system to
polarize a material to be used in magnetic resan@Widr) imaging includes a cryogenic
cooling system to cool a material to be hyperpa&tito a cryogenic temperature and a
superconducting magnet positioned about the cryogeooling system to create a
magnetic field and hyperpolarize the material. Ppblarizer system also includes a fluid
delivery system to dissolve and deliver the hyplmwed material. The fluid path
system being described above.

[0013] In accordance with yet another aspect of the ptese@ntion, a method of
manufacturing a fluid path system includes thest#hermetically sealing a first end of
a delivery fluid path to a vial whereby the detidluid path comprises a tubular
structure and the vial containing a solid matetalbe hyperpolarized, positioning a
dissolution fluid path within the delivery fluid tha the dissolution fluid path also

comprising a tubular structure and having an ougmat in fluid communication with an

4



[0017] Fig. 1 is a block diagram and schematic of a fluid path system according to an embodiment of
the current invention. [0018] Fig. 2 is cross-sectional view of a vial according to an embodiment of the
current invention. [0019] Fig. 3 is a schematic of a portion of a fluid path system according to another
embodiment of the current invention. [0020] Fig. 4 is a cross-sectional view of a flask and spike
according to one embodiment of the current invention. [0021] Fig. 5 is a cross-sectional view taken
along 5-5 of Fig. 4. [0022] Fig. 6 is a block diagram and schematic of a fluid path system according to
an embodiment of the current invention.

Interior volume of the vial, connecting a syringean input end of the dissolution fluid
path, the syringe having a dissolution medium tinegnd connecting a receiving vessel
to a second end of the delivery fluid path to reeea hyperpolarized solution. The
hyperpolarized solution is composed of the dissmutmedium and dissolved

hyperpolarized material.

[0014] Various other features and advantages of the praseantion will be made

apparent from the following detailed descriptioml éime drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The drawings illustrate an embodiment presentlytermplated for carrying out
the invention.

[0016] In the drawings:

[0017] Fig. 1 is a block diagram and schematic of a flpadh system according to an

embodiment of the current invention.

[0018] Fig. 2 is cross-sectional view of a vial accordingan embodiment of the current

invention.

[0019] Fig. 3 is a schematic of a portion of a fluid patystem according to another

embodiment of the current invention.

[0020] Fig. 4 is a cross-sectional view of a flask andeccording to one embodiment

of the current invention.
[0021] Fig. 5 is a cross-sectional view taken along 5-5igf 4.

[0022] Fig. 6 is a block diagram and schematic of a flpadh system according to an
embodiment of the current invention.



DETAILED DESCRIPTION OF THE INVENTION [0023] Referring to Fig. 1, a fluid path system 10
(i.e., fluid delivery system) is shown for dissolution and transport of a pharmaceutical product. In one
embodiment, this pharmaceutical product is a sample 12 of solid hyperpolarized material for use as an
imaging agent in magnetic resonance imaging (MRI) and NMR spectroscopy. For example, sample 12
can be composed of 13C1-pyruvic acid and EPA, although other imaging agents are also possible.
The fluid path system 10 can be made from medical grade materials if used in a clinical setting for
preparing and deliverin injectable solution to patients. Such materials are known and are generally
plastics of VQ%%H%CRJ%%EQ# Prﬁ g\i E F?aﬁiég\éﬁy-gl(%hty The materials for the fluid path system
10 are further selected on the basis of their thermal, mechanical, and chemical properties to be

compatible WER3h&pfeding &ndignvirenihientiatyciysiaeabt et isitee yesrpemieshaymell as
high pressuggs);i5ag i) PR SYSHRPLIO & depianarhieRiRMaRE SEHIS R BRIHOdfRRMAlE and

resulting solution and all assemblies and parts Pherein are designed to prevent the user from

unintentionaMyAread@yeRk agit i fermileddstintelith parinad paledssion Uss cam #é made
as a disposghlgghyt HeenSigIR AFRE UM IR DRI MG Bl BRMRIAIENs P M BBy Singde use fluid

path system ensures the maximum provision for stejlity and patient safety.é0024 fluid path system 10

is integrate PUARRIR aPYRRIRIL 4 £75) REpERTIRSERA PiRYEUHHIBCLD atk BBAri2EhapBRratis™ 4 is

formed indpaii‘rliﬁigdr%]V@@élh@ @hﬁ]ﬁib@gp&éhﬂésul Wﬂdﬁilmﬁ&hmmmfiﬂétﬁd@&rﬁﬁpﬂﬁéwléal
Positioned withip the vacyum chamber 16 is a system 18 for cryogenically.cooling the sample of
130Ty AR TAEERR Bt Bt O A o RSB S5, S TR 1 e olarize
the sample $3lultiviinec paxEtinesuehFigateriale o geniwcentingesystdiy pRsidsdgsvalidutedhelium
bath 22 housed. in container 24 to form a cryogenically-coaled champer. The s le. 12 is immersed in
the louid neR B G 2] SRS ST B oA B e O e i TR s S e
conditions féurtlypesettatezingnthiees hagideot 2h&lidieeumeat, meadiati et chreappabprizperfreguensy is

ded b . adiat ; . :
uciear Por B R D R 1 o
the polarizeRappeaiadss ighTriessosamnihhee fidislepatic Siighs Idesigmedhito oo Hdeegpstrsteao the
high magnejg field gnehenQaRpis leRaPrEaliing Ydied0!aHasAaRRBRYSAG: JaHEHBraiNagem

within vacuum chamber 16, including container 24, a sliding seal 26 is positioned about that portion of
the fluid patHes/eRad 10 PravRiinda usRtidivoY HEHacEoRAHFRRINDhESidmgeeal PassiBAREured

such that, duripgieRetrtion i i nshsypiesml foscatopes it rrrrisssinughihe sealingieeeded

while still forming an air tight seal. Thus, the vacuum conditions desired in polarizer apparatus 14 for
hyperpolariZ§§)sdtibA12258 RiiFR=ENEE by Ay Bt 8N aes UrfudHtb Bt RSB
configured witRihsspRlarEZESGBYSEPIoABDbIWRST stthiitiad atdaregld in a fixed position, the sliding
seal is capable of movement along the fluid path. [0026] During operation of the polarizer system, the
first positio idi i I i > the slidi > vial 28 to be
interfaced &ﬁéégﬁrﬁ%@?ﬁ?ﬁ Zéﬁég?gfﬂ?g@li# aﬁtﬁﬁikggﬂﬁiﬁrﬁiéﬁ@%ﬁﬁﬁ v?/igiﬂig %%%nggﬂ\gﬁnh%hamber
16, includingaonteider 22he pelaaree Al 5 ihcftsmemiatr Byccovast b Bamiee mtatraverse

the sliding sggl, 265 SRREPHT AL BREMECBIHC TR foRda GimRieHaeARalIpNERR Qbike vial 28

in the liquid helium bath 22. During extraction of the fluid path SX(%t;em 10 from the polarizer adpparatus
14 the outer@ b a3YFiR/Brd8SOREINIUARIGRA 08alNGERPEFSE dfreBlibiVieReis ) bERAMBHposition

where the flyi YielGen F UPRIGHITR i t compyomising
the vacuuma[%bpg)érbTéh_e slidlifi]r%p @gglr%% %}Eﬁéﬁ?&%ﬁn&z&een the ﬁz%%ﬁﬁfﬁﬁ? _Ealt:igi’ vgf/es 40
and 52 and iﬁi@e‘%ﬂél‘i?f@'iiﬁigrq 538 4h8 BueIenCA2 ingRR I SR ANE WRY RN B D346
Eaalizzd rt])y g&@ Mﬁli@ﬂthﬁ? @cbii{ﬁiiﬁilizlez%oTiaimeSiti%a'g@iiﬁamﬁaiidifnﬂrﬁ%@i.Z&Qﬁoyamﬁi@ i@gt@ tgube
and the barrier the outer tube epresents enabjes a pogtion of the fluid path syste to be
ostione TR RSO B IR B oA LGRS s P S HILC S ystern
10 and the saawpiet120t containsgd® ustalifiengofitio hiyyge nfdlaei sithlin gsaeal| 26 1 tweadiciheavial 28 and
the fluid patlhr v llv%s 40 and 52 makes this component intﬁ%r | to.the quidC?aéﬁi 8 stem and

permanently [684te no%ttﬁg SR P RIS A A BEHEAN I A and e G %aﬁi'vzra]il\“?géJ %G zgrr]i%tSZ. In

certain shown) to polarize the solid sample 12 by DynamicIsar Polarization (DNP).



embodiments valves 40 and 52 may be configured as a single valve system that operates to restrict
flow independently in tubes 36 and 44. [0028] The sliding seal 26 must embody several potentially
opposed characteristics to enable positioning of the sample 12 in the liquid helium bath 22 without
degrading the performance of the polarizer apparatus 14. The sliding seal 26 must constrict on outer
tube 44 sufficiently to create a vacuum tight barrier. In certain embodiments, leak rates for the sliding
seal 26 must be less than or equal to approximately 2 5 mUhr of air to minimize impact on the internal

fth t 24 and the f t f ithjn the pal t he slidi I
D6 presensiPa] ARHIREHLE AR (o AR B AT 8 LP (BB SSAnd outer
tube 44 to trappasattiselglidimpisqad2honititpehhbledinge maﬂmi@dr\dalnmmg)ﬂﬂembeed'ﬁbeﬂferce

used to cause hhe ou%%rtltu g gfdé rt18| tra\éerge tt}e slldlrnaq 92@ hﬁ%‘%‘ Qot exce Ci§5 JFlo e
[0029]Further ore, 2SS |d|n 80519¢ gcapa%ﬂg i opera %f cryog é)rP IC temperatures n certaln

embod|ment@,adummqmmmcuantmmm@mlammtméymamqpomolmrid the alittnguiseal4 26ayshave

o e O JUSRIBREABE AP AR AR et RIS Rl R B itanalia

integrity Wh n expose w te perature reezing drtain app |cat|ont e sliding

seal is desighiétl 28 maiheaislittity S8 e £on00Krech suchhibIBNG ARaEIKIMNRECEHRYBRthon of a
seal that meglsdhies® FalRGeESCRdS&sEing f%@é&é@é'ﬂﬂ%@lﬂ%ﬁﬁ{ﬁ%{ﬁ 47 p@sftioned

within polarizer system 14 is contained in a vial 28 (i.e., sample container), which is formed of a
material thabRhor EactVR Y8HEBAARMEISRG festrest tfbﬁ%%&ﬂ?ﬁ%é‘éﬁs NS R pRIfsE that

might be US§QrHFFé'S§Q|V£réh@n%ﬁfﬁmlféé2b§7 hRayabP&Raindestalmas! of alasssRebanerraameiher
ia

suitable material that would not react with sample 12 or a dissolution medium. Exa?ﬁf)les of suitable

polymers mEfE!&féQLHGPA’?’é”hHE?rﬂﬂ@&'%Srp%f%ﬁﬂbrﬁﬂfh)é"ﬁé%/@m&%haﬁcﬁﬁlﬂyetﬁéf’é PRSP If vial 28

is composedhef iitiplg slsigialycapaductyenmairiénlt alteniionr et be paid to the delivery of
microwaves for DNP and optionally Nuclear Magnetic Resonance (NMR) detection. A specified

guantity or i i olution
and uItimat(cei Inj cte B er}e?%ttlle(%lllt ypic ﬁbﬂg&?%ﬁﬁy’}ﬁﬁ?@gg%ﬁsgﬁﬁf%@@ %%rc?tféal to or
less than appragmﬁat@wmknwhemlaheesnﬁlagr@eﬁlemb@aamsmb%m dntedagat2gitaihee
increased tq,gphiain Iaaer SANRIL ARRRS apRARIS %W%HQ%HGGH%H&%EP'%Z

included therein fills only a portion of an interior volume 30 of vial 28, with the frozen sample 12 being

positioned afiedidGRNEH0R] 24. It'"b%%‘@%W@ﬁ%@ti@gﬁhﬁléh@%ﬁfd%@%ﬁﬂéﬁm%ther
positions in fhg\vird v seub akdingtiseaintswalls pldkendaddpderm.dai s ammriecacheievesylirder of

sample product.
the positioning of the vial 28 in the liquid heliumath 22. During extraction of the fluid
path system 10 from the polarizer apparatus 14titer tube 44 traverses the sliding seal
26 in the reverse direction returning to the fpesition where the fluid path system 10

can be removed from the polarizer apparatus 14owitbompromising the vacuum.

[0027] The sliding seal 26 is positioned between the 28bnd the fluid path valves 40
and 52 and bisects the inner tube 36 and outer4dbeithout penetrating the physical
barrier realized by the wall of the outer tube 4his positioning of the sliding seal 26
around the outer tube 44 and the barrier the duber 44 represents enables a portion of
the fluid path system 10 to be positioned withie tpolarizing apparatus 14 without
compromising the sterility of the fluid path systéfand the sample 12 it contains. Due
to the positioning of the sliding seal 26 betweles vial 28 and the fluid path valves 40
and 52 makes this component integral to the flath system and permanently located

on the outer tube 44 between the vial 28 and thd fdath valves 40 and 52. In certain



[0031] The vial 28 is included as part of fluid path system 10 that extends down into container 24. In
operation, the fluid path system 10 is used to dissolve the cryogenically frozen sample 12 by way of an
agueous solution and transport this dissolved sample out from container 24 to a desired end location,
where, in certain applications, it may be injected into a patient. To provide an aqueous solution for
dissolving sample 12 in vial 28, a pressure vessel 32 is included in the fluid path system 10. In one
embodiment, the pressure vessel is a syringe 32 that can be in the form of a motor powered or
pneumatic syringe that produces force to_inject g dissolytion medium 34 (i.e., buffer solution) into fluid
bt systert TP ORGSR NN HeolBaY oo MG SRy SAEP ISR, BRFEA s
cryogenicallyofregeittsitonpirdEd evitemityiie uther86itndDepending on its composition, the dissolution
medium 34 can be heated to a temperature of up to approximately 150 C in a pressure chamber (not

show) o ofsgAble b APRRTLE: ThRAisTalen TRAMAIREl SR basR salvRp. such

as sodium hydroxide, for neudtralizing the %uwc acid and also possibly an ion chelator (e.g., EDTA).

The dissolu§habifegiesiicnirgsefitifugasmertiia Biffbaqgidge hatiméibpwislagrdinghdeorm of a
buffering safjsusthan d&Rbs tRENBIghZhepsRRWIsbuiferingisgliscean alaube dsrdribiedher

dissolution medium 34 listed above is set forth as bein% composed of sodium hydroxide, EDTA, and

TRIS, itis als @ AR STHHISIEMY 10552 ANGLITiHAR B B&E@iﬁgﬂ@%i'ﬂﬁﬁ%} I&aK RLRFto
syr(;ngel32 IS0 diéS@lidiig@ gl %@ch@@t (b@-lé@@&hdﬁibg) F@ﬁﬂyﬁﬂgﬁnﬂﬂﬂém@% bﬁLW%G@ftBE gyringe 32
and vial 28 containing the sample 12. An input end 38 of inner tube 36 caonnects to the syringe 32 in a
cealon manfUPAIES SBRRR I ME HRSTAL O STt O TEFIE: 2@ (i LTALEA % Singe 52,
is a dissolutiithiluithpgiblaradee dfhlacatadmithirhiardidingles@apidssritnear it dricilve #iddactions to
control a fluid.flow of the djssolution medjuym .34 qut from syringe. 32 and into.the inner tube 36 and
oo for 5 B R A e B e o B e A B3 o ror
dissolving stmptédi2gaseht @6traltimgup Heofding,résaklmy ypaapoadatiee tibekitidrh eAfo met pusiednid 42 of

the inner tu [ interior, Vv ial ' [ ' mmunication
nereith, TR B 8 ity 0
as to maintain a temperature in the dissolution medium 34 and minimize the loss of thermal energy

therefrom a$0PFisseSYHRRIGH ISneMBIbE SEEn $eRIwWAGNHS vEARRD!IG 8 EFIEBN 3inIfEY 2968186 delivers
dissolution meapeTaitds. a iealatstatabom suingedizisgverdalo it 8ul thatintgpemoone 30 of
vial 28, the heated diss%lution medjum 34 comes into contact with fr%iea f&rrﬂgle_lz The dissolution
medium 34 BREUGRROIHB% A6l 1Y ﬁwé%%l@@éetg?&r?ncyﬂﬁéﬁh@ & S R L ed
solution. Theats@ng Aypsrpolatizediisitgtiepds 6 theuksrmm aihdaisgtigyaeus expuised ttatioan be
directly injected into a patient as approved by gualified health. authorjties. [0033] A deliyery fluid path
14 (e, outdr LR e ORI LA S0l oL PR SRl WO er
tube 36. In doerenbaidimergripndsaoshasvhln Fiy Exameldudfealtasepiasidodadnfithirataraotube 44,
although it iS| t Qf e imprlemented, such as a side-by-side
configuratio%%im%gw%gg %ﬂbégsgSC&Qﬁcﬁgﬁg %g%hgigﬁgo ngc‘d?tcla %§ %l:m 28. The outer tube 44 is also
composed of a low conductivity material, the material preferably having a different thermal conductivity

than inner tUB8838k TREpFeIRMENEARPSHIBLBNiBEN RRIRDER PYRIFTISEESBaNEB U ALY 28 but also

between oufgetubserigiardnibaraovnidingsevireanyert AitantAIREh34-anRdile lovwHenasigwres
present therein due t?&liquid helium bath 22. A first end 46 ofr%;t'&rgube 44 is hermetically set%led to

vial 28 to fof% HLRH S BEHBA N S FOMP TS FL HRYR G HSELARVESEW R dSolarized
solution is feamasidrom e dizs digticsmmedioimmed ainglalss, disselvedsihmpirilabinchigadstgiaed in the
interior volume ?é‘) oftvial 28. A moreldi,ﬁolutio .me?li m34is i 'ected] intofinn r tube 36 and down
into vial 28 f’godfssgf\)/ergg%ﬁll’é 5?@18 (E]uan(ﬁ%fl oa'ﬁ“?/ & ir%]a{wéd <GIIRRINE AL AR M61Red out of
vial 28. Theihghelpobuized solutioncout froyetipemocsy yenliidree 420t polpgtheretterkibtic@ath for

transport OfQTLﬁ.E&HSrBS i599d58#”£?%@ﬁ@éﬁfi@ﬁ@%ﬁ%ﬁaﬁoﬁﬂgﬂiHﬂvﬁéfgkg%‘éf a?d"i%r jybe 44

and eventua \'4 Into a rece ving vesse attachedto & second en of outer tube 44,
where it colldeliyentipthenigesivadesnioumvP hypetpplianally Julaidviagne e diesenaade GidRube 44

can be integiallyfBANSLISIGHQY SERAMHEL HESd R oflaskiaPi SRR AIFPVRAFYEtAHROFRIR 4Ot

shown) on second end 50 that enters into flask 55."In certain embodiments tube 46 may be configured
as a separatdtfuBedirsolutipe medinosRiHi ikt HEENAeNeEedinto a patient. Typically, this



[0034] To control flow of the hypetpolarized solution between vial 28 and flask 55, a delivery fluid path
valve 52 is placed within outer tube 44. In one embodiment, this outer tube valve 52 is positioned close
to syringe 32. In certain embodiments the delivery fluid path valve 52 prevents the flow of air or liquid
from container 48 into tube 44 and vial 28. This flow may be induced by temperature induced pressure
differentials within fluid path system 10 due to the cryogenic cooling of vial 28. [0035] The outer tube
valve 52 is disposable and can be replaced in the fluid path system 10 as needed. Also included within
outer tube 44 is a filter cartridge 54 that removes an electron paramagnetic agent (EPA) from the
ypetpolari AP UGG RSt RSN HoER R Bt A AR oS K
hyperpolariZa tbersampladaiteats RA filkduroertotigeeSdiacpevestheieRietiom twntaipetpgearized
solution to make it suitable for injection. Furthermaqre, EPA filter cartridge can functign as a heat sink to
2o the P SO Soi S AR 1S SR e ST R R B AR R
patient. [0038]IAfee ppessingftiarouigte P A Giltene 3tridd e/ Bdl, 8@ ype rpolzizadplatidd hesses
through outelolhe 4 AR APHBRAIN 112 BPIS0 FAR1aIEIABUA SFEIL AR BRBRICIIA Fhopkime to
mix the solution and where automated quality control tests can be performed as desired. In one
embodimentiGzeinén edosingasitihehypeipoliaizZd sorhieatshtbe petisraidbenioltirigreoniainer 48
by reducingé;ggwég éh%ﬁmmé?yofigﬁméfﬁ&mﬁﬁon with a quantity of water for injection (e.qg.,
10 ml) that is at room temperature. The water can already be present in container 48 or added thereto
upon the accumulation of the hypetpolarized solution. The pressure reduction %?@ the addition of the
water woul 9)9837 d §n\}"'l’ltr%ﬁe%c&§|{ﬁ(ge§e@§s%%rllng fﬂﬂﬂdyﬁ% e e{'Hﬂte i ?e§BMHd”t°
hyperpolarizeshgohgiarironopbeatid) héoflai Gaditlysghritisisdsote iisioved iteat iyuytativpéyature of
the solution can be brough gcg?wn %vegffgrr]t%er \éig tgesgf Eoetpagp(g tgrf';\thegn grsaﬁure%poirr]\qt §uita le for
injection (e.g. %%'éfqﬁ)(%?ﬁ] A ¥Vn1YX|ng anaq(lzjoolli'ng ort Iequpe dlarize 'sof&%fon,%ﬂe RSIon is
forced out frioomhotditajreongdirter d3asidetiaeats boatooy tehtrbecdiéito ap@esitong vassel\bbéi.e.,

25K} before final iniection : : o _ b rod t
outer ube A ECte b8 e 1 Brdl i QY ABEIBRR B S SRl P BORS on (1
necessary) d8wa pfesserapeaaseiSthiesnelitisdtiattBe tadvmyicnod 0f tieonsi@iDRoGIOE, jhdent. As
stated abovg,48e feMpRIQIpIE &%&W%BX@Z%H&FB&? SOlHaR: B2y Rﬁéartaev@w&g PREGMAIRN 1t exits

holding container 48. [0038] As the hyperpolarized solution remains in its hypemolarized state for only
a short timeSYER68 (B3 RISSHSENIRERE 1hiMees 2 iflisertePEH B i érfts, RYfHovHiPRIANE, an

optional heafhﬁéf?i@(ﬂg@ys'i@rfmmbqjﬁﬁﬂu%}@ hRafiexcRangrialipws Fialiddhaiaoebngat thegsolution
in a quick and efficient manner. The heat exchanger 57 is constructed in part of a material having

superior he I EHYRIIENHYSRERIERNS (KITSR SBPIE 1 aNBGRRe e EHiion REPERLIBF QY HShe heat
exchanger Toinpasribimubeadieseiabimadimha@dngam high fieuosapasipandiieestdf repawing a
large amount of heat therefrom. While copper provides the desired heat transfer. properties, it is neither
stenity nor FRDP S ekt Ko A NE SRATH RS LE AL A8 57 that
are in contaappsifathe MyeedEdalutien soddiom 3reigoludels e ddly dortnsach are ssidiuim duyd noaidecactive
fluid path. Tg further fulfill sterility requirements associated.with the jnjectable hy rized solution,
the heat ex-EH el B B e A B e SV B B O e v
and comparthissntstiarthnadeiame34 sy érdiaieg Huwessiblairfteagenainvdntiodimene i éshedhe

compe wessibluirs et th
exchanged f i SOIRBRR ShPY? aotvmaIc s LB SHARRAFGrSICRE PUOgent. the

polymer may thylene. In certain embodiments lymeric heat exchange may be
disposable. WseduchVhileathechisamieli By mediberfednisiad e imeabiacthadie hRiING Se9RE86MPlodate

easy assemblyignd HiRRSSRIBPEDFASANG 91RRE Sidayoipmmlianadapae) bisater saiiginned that
heat exchanger 57 bé a single use disposable part along with the rest of fluid path system 10. In
certain embBeHsEPRUSRE Kishe@%changer 54 may be position between the filter cartridges 54 the
holding container 48. The heat exchanger 57 also is free of dead ends or other areas where the
hypetpolariZ@033) | wiite o it kgycoge 3@ ppad ssastiomtoict Fashgss. ofrther sohdlothasfirpasaes
therethrough. As stated above, the heat e ?an er 57 may.be gptional and is inclusion in fluid path
syatom 10 A G o e G A el S e R e 8 R AR e
mass of othef toraptiienBsicaheentstémthe syringe 32 inadesemanner. Also positioned near the

input end 38 of the inner tube 36, and adjacesytinge 32, is a dissolution fluid path

9



[0040] Upon exiting heat exchanger 57, it is envisioned that the hypetpolarized solution can pass down
outer tube 44 and through an additional sterile filter 59. Filter 59 can be optionally added to fluid path
system 10 to further ensure sterilization of the hyperpolarized solution, although it is recognized that
fluid path system 10 is designed as a sterile system without the inclusion of filter 59. The filter 59 can
be composed of a membrane and/or resin and can take the form of filters known in the art and as used
for sterile filtering of intravenous solutions and injectable drugs. After exiting filter 59, the solution then
passes into flask 55. Additional dissolution medium or water for injection ¢an he added to flask 55 (or
already be ﬁ’r@ggnﬁ)n ﬂ?@tﬁgs%'t%'Hﬂﬂﬁftﬁuﬁ%%épemb?amesgé'ﬁsn4gs?ﬂg(§“%%st6°c?8§ltéo Yesired
temperaturefidritmnteition, dissdiution ieeeliuhhe4empdratur@geodzenithiman, thedmidofube 36
hyperpolarized,sqluiann a5k 08 a0 then be mensurcd by ARARSIAISL {0, e08He Lis al pr felow the
threshold tempera&re 0138 CHERY R aXUREble pHan COnCantration for | Jecﬁon nto the patient.
[0041] As squdfidrtisysiove, ik ifaciudiesobfingaserubiander Shdnddinigp|58Hin dluithpatiesytegn 10 is
optional. It ip gisasmipiogech i Rokding rANIARE 45 Be ABtsAahasualaor it luid ahystem
10 may be contigured to provide hyperpolarized solution having a desired temperature directly to
receiving veisdeligayrien e Bthaf thelid8caodsotitddind eshtamer eieoulaerevitiplefiiniatento flask

55.In Certaifh88‘Q@qWBEr‘%BWtMﬁbeisfeﬁ?'&fiQr}ﬁﬁﬁéﬂﬁﬂhSﬁW@XPfH&rMPEHH&LR%iRFs%d%%tO

container 48 to mix with the hyperpolarized solution as desired to create a desired temperature,

concentratidRallaidPpigTeRRatiRe teijseFifsrluien ettt AIRieR the nopetpbiagrddlsolution
in Containefé%FWMHBPéTr’@%@@@?%%@éWtﬁ%@@ﬁfﬁr{ﬁém&ﬁﬁﬂ@&\iﬁ aitenhalow the BpesiiRd,

temperature of 38 C and at a suitable pH and concentration, such as for example the correct

temperaturd M BRForSriEtERi IS YRR ARt FEUBG S HELDSHEIRR S2rARKMBA fiuid
path Sys;ewkﬁv,z&nqzztﬁ@ﬁql‘émﬁwmﬁmaxlcya'@waeae,qm&geaeﬂésbmlﬁ@an@' dcﬂli@dﬁiiignaﬁbraébeast in
part, within vial 28. As shown in Fig. 2, nozzle 56 is ppsitioned within vial 28 an jacent to the
yperpolarisBIP ARG 19100 BT Mo d. e OIS s SO NE S A% SO Ghectly
into contact tihssanpfaelP2tdl fermoazieibbi@dbat foodscngbkifled sbhiatacteri$thes nestiiérdjssolution
medium 34 that are needed tqg completely and efficiently dissolve sample 12 and then force that
resulting hybgpp%%orllgﬁégsgo u?clfgiioonut' rbnmt}\??aﬁagnar??j %‘rﬁo‘%u gru?ut?g lﬂﬁ?gn%getvgﬁﬂfgﬁyct[g %Cohﬁing
container 48ngecidthik G 8. j0043] Sraprubiactdryg juaditieatineatteonidizsle 56 configuration and
placement affect the dissolution of hypetpolarized sample 12. That is, nozzle 56 can be designed to
have a nozzledigmetiio8 A TidaRsnaRiinas Wil gseain esrerdiideion ahrrarierisjiseiar@issolution
of the sample 12, and can be placed a selected distance 62 from sample 12. In one embodiment, it is
envisioned a8 FRAIM G SRPAIRHRAHIGRAN T NG 1O 8 BAANSHaR BPAiRA L M RS RIANEG 4R outer
diameter of gig31mifhdriatenss tvpesifdadpgitinmecundiein o uiahbum 4disvanieheiseitned that
hermetically seal to vial 28, the outer tube 44 having an inner. digmeter of 2.69 mm. The nozzle 56 also
a5 & donth GBI HATIERS GRS RTINS SBBRAEAC0E FLIPMIPRB Y RER areas
of approximtielyubes Sticidavatie bithgvetbotheenter ke depih selectetibbeveisradisompatesirable
fluid flow of tt?e diissv(alutiorbm i(\j/iymn?{gtfo{ is oIvirr% ts%n'\pleré% anﬁa{‘oirnforcin&ﬁh(re mix{Hr? of
dissolution medium and dissolve samg[ea%.e.,ethe fpeatp(ﬁarlz d soYut%n31 oult from the%ﬂaﬁ& [0044]
Placement conoziévig modmrmb&)&@.nn@lprezmtsbm b'stqm@ﬂbnoéfﬁolerioyewma_iﬁénc_e 62
between a Siyage & QNS 5aMNS LS SRS ?@o@@fﬁﬁ%@ﬂ?&%’&%g@%ﬁéﬂ?ﬁ%ﬂ%@““0”

t p not break o

efficiency, but is a‘?llso important In ensuring tﬂat segments of the sample 12 do and clog
the nozzle S@akINGle AAnanduibe IBVtIRSPEIGHIBENY SRR TIBVEIE tiee Rty helivgyiah 28. TAat is, if

the nozzle 3¢ plprad BuaRFeHE &Qei§Wé%"é@€a$§ RRIGiA2 8" F8AP!E dadtdnAtighd

refreeze to block the nozzle 56 before dissolution medium 34 is injected therethrough. In one

embodiment!'SfSREBHEED i18kiSdEPh I8AKSs Ssnitiied GhtiMaaiBeAEZarmhenYiBAR seiatRfthbove.

This combinpgigntakthrssRnEEN Mearkreseahangha sk HisRRaians Mavidesnnsrreaitne
configuration in which dissolution of the hyperpolarized sample 12 is achieved in a desired manner.

While specitiH5 YA EMBmE RLYERbEBN Pt JURIEASF AR Yiim Stb ISR A PR BeatdR:
standoff 62 betueeritd Naaziad628nd sheaplecsyEinpiett? itirmanyistdmepénsslatheidssdribien
measurement values and flow areg ratios,can also he implemented. The exact vaglues (i.e.
easuromc S SHeE i SR oM o or et e RS SASE R Beh erm 10
will be basedueratuleastdb hernwithearalngs ofl tieinzehaforetpbih @ dibso hutperpokdined b lwieasure of
the dissolution medium 34, and quantity of the hyperpolarized sample 12. The standoff distance 62

can also be determined in part by the nozzle diameter 58. The exact fluid flow characteristics/ratios
and standoff desired will be dependent, at least in part, on these factors.



[0045] The nozzle 56 itself can be attached to first end 42 of inner tube 36 in several ways. One
method of placing nozzle 56 at output end 42 of inner tube 36 includes placing a separate and distinct
nozzle component on inner tube 36. Nozzle 56 would be placed on inner tube 36 before insertion of
the inner tube 36 within outer tube 44 and vial 28. Nozzle 56 can also be formed on output end 42 of
inner tube 36 from the inner tube material, which is composed of a formable polymer material. That is,
nozzle 56 can be formed by heating the inner tube polymer material to a temperature where it will flow.
A needle (ngt shown) having an outer diameter equal to the desired nozzle diameter 58 is inserted
inside inmer WEc A BRI B RoRR G AP SO GT ATAAR AEEFDIOLT e FEH e
allowed to cosésalrsizfie oflaskrattenheg focedatolehgtivfatelaoheterywvillirdatroeitb cthemiact

diameter 58 and,depth, 60 of the nqzzle 56 can thus be.determined he configuration, of the needle
naoron meie Ao B S e o BB e R D ol
desired in thptégialyathsystted 10. §004phRétEy fitig d dakit &P mnd cancsaim@otsdinunais amot
optionalvessg| taini it r ' ' in fluid stem
oo m S B e B R on
68. Prior to pel&fntigurediana seppieta b dieinitirhesdfidontes i sejeesadiinty ithéd tube 36 and
down into vial 28 to aid and improve hypetpolarization of the sample 12. That is, before sample 12 is
brought dowodsup Teyeegtis! snperaienypdpdrbnsddndiato R beindoliip® splltiRRIe85s eleased
from vessel 66, throygh a syringe valve 40, whijch.is configured as a 3-way valye, and forced into inner
tube 36 by MY ALY e B 9P e R RUTBEE A it RIS RS LB B
through inneuitebeaRe@ 52 tisip bsitionedasqsee as siginge 8Rbersainte viad 2Bnenmsixheitiebaanpui?. The

helium gas aumosaliere. present i vicl 28 blapkets e mikipa of ihe gadalinlum seluipn 68 and
sample 12 to allow for proBer Mixing tO occur. Any excess gas volunie would be forced through a

ventilation p28t pFésefoim thayfloddi paiticesy she e hpesaicheas dussasisatio rdifienen0 ats valtinglo@htainer
48. Upon prIBQﬁ;.[ Bim %taﬁeg{aodﬂwaygigwg%aﬁ}?ggﬁwple 12, the prepared sample is brought
[ iquidhe t

down to a cryogenic temperature by ium ba and introduced into a magnetic field for
hyperpolarization as described above. Inclusion of vessel 66 in fluid path system 10 is optional and is

only needed WadoMBAUHE HRRVENEM IS FP azrRlE AdaapEeced didheHdihpali e thereof.
[0047] Refentngsnpsetefig Al atribeeewradinanalbésiagittesysient 4o s shamreasirguding dual

syringes or injectors 72, 74 for providing dissolution medium 34 to the system 10 for dissolving the
ypetpolari AR e P A i GASTh e PRt VAP SRR BERSPHH ALY of pH
than otherwjsegessilyjeagamguined tiag teaversermaliel etk qolisprrestio sanipoe at2, filiai@RAr the
stability of s le 12. The_dissolution medi 4 is divided [nto two parts, one part containing an
ueous sollr SR IATR b e R R R 2D S AR o L1 QB o 8B par
of dissolutioformisjictin34 Ructhepniser &R ttprecardrsigativiuiodthuffas salh&8t (sink, IDRIG)| Tiee two

dissolution ' el 6 I [ r I syripnges 72,
74, which ar éjé?ﬁ%%%nectge%nt}g?ﬁn%%@lﬁg &%&%ﬁ?ﬁ@%ﬁ&%&%ﬁﬁ%&q&f I@%@?ﬁe'o tk&%bases 76
and the buffeditignéalt 78 are heated to an appropriate temperature to allow for melting and dissolution

of the hyperpolarized sample 12. When the dissolution process is started, both syringes 72, 74

dispense thedogen s resingeihieng B 6P ¢ ItisRANSINGOE M ampast dfanrsuasnianys pufessalt 78
by 16 the dual syringes 72, 74 is electronica!alﬁ c_ontrﬂflﬁ(%i S0 as to control the, conr%?#tration of the base
i

76 in the didS6AHAhANIE RS2 2 ARGt RPURRA DR NG B oo et MO e R MRIBd %640 mix
with the buftshsatini8 te eirtriodedixisncing whoreathantijediaseoffrs tent aouUstypadtchestiby a

complotey AR onl) LSRR e (e e IS SR ET B ot G Bhtinue o
dispense flugtifgotad innboldibg 86nTecagii dysrbdifeingajiné8thevdihtze rivieytld Waigstifee.,
hypemolarized, SRR, Brauey 6 WARS: ¥5rARFLLHISH g&: AT APIdRe SuMPRRTs  ature.

The water can already be present in container 4&lded thereto upon the accumulation

of the hyperpolarized solution. The pressure rédncand the addition of the water

would provide any further cooling necessary to dgrthe temperature of the resulting

11



[0048] As shown in Fig. 4, in one embodiment of flask 55, the flask includes a rubber septum 80 fitted
over an inlet port thereof. A spike 82 composed of a non-metallic material is fitted to second end 50 of
outer tube 44 and is configured to penetrate the septum 80 to transfer hyperpolarized solution from the
outer tube 44 to flask 55. The hyperpolarized solution is forced from the outer tube 44 through the
spike 82 and into the flask 55. The spike 82 allows the flask 55 to be easily and rapidly removed from
fluid path system 10 once a desired quantity of hyperpolarized solution has been transferred into the

flask 55. [0049] As shown in Fig. 5, the spike 82 includes an elliptical heedle 84 havin reater
dametor 56 UPE B R BH H 08 BRI Ao ol8 TR AP B S AP dee
Referring baeknimeFaguré, thetadliptinaiyndesigiedoreadhe Sbwandttites the septanm@ihddyittg &
thickness of about 32 mm fog ex?énb?(laef with more f a cyjzlike incision as opposed to a circular needle,

and as suchtFrrgﬁ{:aegr%l%%nons "8 Sep U B0 and e negtile 84 during insertion therein. While having

an elliptical design with a decreased diameter along one axis, the rigidity of the needle 84 is such as to
give it the stIRfhABSITRRIAERIETORHES iPh 2Rt BURAIRIBHZRI B SBRIBA WHRSLIGH IFESPtim 80.
Furthermoreyshe MRaMlg BdritrieedaxuAg RalaaentiveltdeRpctEhs Aawiatg ke hypeirolarized

solution between the outer tube 44 and the flask 55. In an alternative embodiment the spike 82 and

needle 84 n{@pPeEatRoIRR BHASHRT e BRI inSoe ionesitBRLB BBEBrAI8HIEIGAR PR the

needle 84 ottheepike B2datarliWisepathi(ebavioldifdd:dntdiaeiididastsbale suPd eetdeaityspaced
along the Ieﬁgt'ﬂh%oft e n%gdle 84 so .?s to form a fluid connection bet\%een outer tube 44°an%flask 55.
r i

The fluid paflYROIRE'82&% UL 4O LT SRR A9 WB AN ABTAMH & R0 the Py Ak Ao 141l
solution as tingestitutia ithtorselditibrougio thiechpkeed?. TAs witfustwvepusediomprediuié psfthhwles 92

provides for,improved homogenization qf the etpolarized.solution,.as a larger portion of the solution
2 forced in MBS RO Yol (e PG e e B R T S SRR o being
exposed, which enables a reduction in the hyperpolarized solution temperature before injection into a

patient. [0032P86his the flipepaatrszad soi0 B Sentisabole hretRize A terfLpYY38 sherbuter
tube 44, as ghMREEIZe b, IhiSpRTMAANTANRIHIRY Ol RerRRIBURIERE CAY SlfWhriAlEMented.

Referring now to Fig. 6, fluid path system 10 is configured to have a dissolution fluid path 36 and

delivery fluid@PRRUNBOERRINSYHPRIRI Al BRaRgHTER:. 1T REMEARMRINg AR ita5 WHStood

that the slidingosig! it capabiBbifaye s naithe dpagkiidatmiae defiveryidiideRathagertng is
dissolution fluid path, as both bisgct the sliding seal unit. Disso‘ution fluid path is in.fluid

communicaffSRHHTGAI PsRE T2t Fe FIREIALARY R FUREY %9ﬂﬂ58t@§ iRIORAEIGR BYHs&5ive
sample 12. Baivery thhuid patifois theatedutioviab28akss ttansfigh chevxtaxe ledrberdiss dutioniniediom 34
and dissolved sampl (51|2 out from the vialni.n thf? form of ah;lﬁl%{lperpﬁ)larized solutjon to be del{vefred to
flask 55 as é‘e”%,?r%%f‘f% gﬁ%heéré}(a)\r/g]gagcd%}ngo% SHEEMEGamMent SIAED R LHE AR a fluid
path systemhieaiutiesframal cdfitdenougppapamiaesutica dechesat tttaeséin, majssidstonisluidifesh having
an output end_in fluig cor nication witk ial an. d.atta 1 el
containing f% ([i |S@gruﬁ8$n @g}cﬁuér%?%n%ggéﬁg |V%%%ﬂ?ﬁ%§ﬁ1%§%%ﬂé @r%t %Br{%g ﬁﬁgr%gt%‘eg:ﬁ; Iﬁtt\ﬁa%%%ed to
the vial to trenepanogicbefibal armixeentaalivddiibe phaamize setalipicaigcoalddotated taitarmedium.

The fluid path gysteraialsg IBANGSS 2B FaMaEEh CoORnRGE: difria %‘%&Rﬁ\& qBg ffdhfAglivery fluid

path to receive the mixture, a dissolution fluid path valve positioned between the pressure vessel and
the dissolutiBFSRGiatpe i chiarélrelatiethyrrselatia MeaRBad GXPERORI® pdth ARve to

control flow @édhmenxpiiseiemitheidgivenibifBartdaringmdBenpeARIRCaNd compartments
in the heat exchanger being accessible. In ceemmipodiments the heat exchanged may
be composed of porous polymeric frits with highfsce area. In one embodiment, the
polymer may be polyethylene. In certain embodimdhe polymeric frit based heat
exchange may be disposable. As such, heat exah&Tgean be formed into two
detachable halves to accommodate easy assembbjisassembly, or some other similar

configuration.
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[0053] In accordance with another embodiment of the present invention, a polarizer system to polarize
a material to be used in magnetic resonance (MR) imaging includes a cryogenic cooling system to cool
a material to be hyperpolarized to a cryogenic temperature and a superconducting magnet positioned
about the cryogenic cooling system to create a magnetic field and hyperpolarize the material. The
polarizer system also includes a fluid delivery system to dissolve and deliver the hyperpolarized
material. The fluid delivery system further includes a sample container containing the material to be

hyperpolari therein, a syringe. containing a dissolution medium therein, and an jnner tube
conncted RIS RS FERS B ATt ANGED I HESHS ARSI ARSI the
inner tube iswittflthie nesnotdhichpath withiehe Samipleacataboeltieatbahahdanexehhmgerisvmah the
dissolution 'BSS&%W}-%H %%@gﬁ’ mojadzed W@Eﬁéﬁikirﬁm@ﬁg'é’o% &%a&tnﬁheﬁ'q‘é%g%%ﬁr %?fgteerm also
includes an outer tube hermetically connecte e samplé€ container to convey a hyperpoladrized
solution out $roralsheisdingeleof citamhearttiatas obinepraehs wtieEdisiutupolanzediwol dhdssoied

hyperpo'arizﬁ&%ée{ﬂ%gggf%@] dAQ ﬁﬁﬁﬂ%ﬁ?&l%&ﬁhﬁ%ﬁ% ﬁ%&%m%ﬁ{h%%@ﬁessegmsaﬂon’ a

method of manutactur path system in the steps ermetically sealing a first end of an

outer tube t@2oVal tishiaeaingx&Rnaem aie iz Yddecanyioas oidadidstineris fldisdnssBisyatagaklinner
tube within (i QIS {HASH (e IRAGHARRSRAYINASRIQRHIEAMIA LY FRTMNISAIARHB Arainterior

volume of the vial. The method also includes the steps of connectinga syringe having a dissolution
medium theBA$SPARIMLIURBBIERES IRTBEBYE/RAd connecting a holding container to a second end
of the outer tube to receive a hyperpolarized solution therein, wherein the hyperpolarized solution is

composed qOU#@]digsoiERNIMeibamexat aligeo 82d ibyp erpotivized imateysdr jdlaetheoudsant
i e R T .
the scope obffi®agihenalitgdladionSluOLARMS Wisteis cl@inted fsrthensure sterilization of the

hyperpolarized solution, although it is recogniteat fluid path system 10 is designed as

a sterile system without the inclusion of filter.59he filter 59 can be composed of a

membrane and/or resin and can take the form @frdilknown in the art and as used for

sterile filtering of intravenous solutions and ctgble drugs. After exiting filter 59, the

solution then passes into flask 55. Additionakdlation medium or water for injection

can be added to flask 55 (or already be presenthé flask) to mix with the

hyperpolarized solution as desired to create aett$emperature, concentration, and/or

pH level. The temperature, concentration, and pth® hyperpolarized solution in flask

55 can then be measured by an operator to ensugeat or below the threshold

temperature of 38° C and at a suitable pH and cdratéon for injection into the patient.

[0041] As set forth above, the inclusion of heat exchartgeand filter 59 in fluid path
system 10 is optional. It is also envisioned th@tling container 48 be optional as well
and that fluid path system 10 may be configuredpriavide hyperpolarized solution
having a desired temperature directly to receiviegsel/flask 55, or that the functions of
holding container 48 could be implemented into Kl&b. In certain embodiments
additional dissolution medium or water for injectioan be added to container 48 to mix
with the hyperpolarized solution as desired toter@adesired temperature, concentration,
and/or pH level. The temperature, concentration, @H of the hyperpolarized solution

in container 48 may then be measured by an opetatensure it is at or below the

13



1. A fluid path system comprising: a vial to contain a pharmaceutical product therein; a dissolution
fluid path having an output end in fluid communication with the vial and an input end attached to a
pressure vessel to contain a dissolution medium; a delivery fluid path having a first end
hermetically attached to the vial to transport therefrom a mixture of dissolved pharmaceutical product
and dissolution medium; wherein the dissolution fluid path and delivery fluid path are tubular
structures and the dissolution fluid path is positioned internal to or parallel to the delivery fluid path;

a receiving vessel connected to a second end of the delivery fluid path to recejve the mixture; a
Cicsotution AR VAP BEGEh AR niserthel BoaiTaBaE GHRCHE ALLDI AU AR Biin tq
control flow etdhepliisbelgborcnestiyperature and pH for injedtito the patient.

[0042] To assist in dissolution of sample 12 in fluid paystem 10, a nozzle 56 is
positioned at output end 42 of inner tube 36 ansitipmed, at least in part, within vial

28. As shown in Fig. 2, nozzle 56 is positionedhii vial 28 and adjacent to the
hyperpolarized sample 12 so that when dissoluti@diom 34 exits the nozzle 56, it
comes directly into contact with sample 12. Thea® 56 aids in producing fluid flow

characteristics in the dissolution medium 34 thatreeeded to completely and efficiently
dissolve sample 12 and then force that resultingetpgolarized solution out from vial 28

and into outer tube 44, and eventually to holdiogtainer 48 and flask 55.

[0043] Several factors in regard to the nozzle 56 conéijan and placement affect the
dissolution of hyperpolarized sample 12. Thatiszzle 56 can be designed to have a
nozzle diameter 58 and depth 60 that will creatgirdd fluid flow characteristics for
dissolution of the sample 12, and can be placedezted distance 62 from sample 12. In
one embodiment, it is envisioned that the nozziengiter 58 is 0.9 mm and is attached to
an inner tube 36 having an outer diameter of 1.8 nThe inner tube 36 is positioned
within outer tube 44, which is formed to hermetigaeal to vial 28, the outer tube 44
having an inner diameter of 2.69 mm. The nozzlalS6 has a depth 60 of 1-3 mm. The
diameter measurements set forth above result atia of flow areas of approximately
1.6. Such a ratio, along with the nozzle deptkedel above, results in a desirable fluid
flow of the dissolution medium 34 for dissolvinggale 12 and for forcing the mixture
of dissolution medium and dissolved sample (ilee, yperpolarized solution) out from
the vial 28.

[0044] Placement of nozzle 56 as compared to sample 12 affects dissolution

efficiency. The distance 62 between a surface fodhe sample 12 and the nozzle 56
(i.e., “standoff’) not only affects dissolution efency, but is also important in ensuring
that segments of the sample 12 do not break dfickog the nozzle 56 and the inner tube
36, thus interrupting fluid flow in the fluid padystem 10. That is, if the nozzle 56 is

placed too closely to the surface 64 of sampldH&sample 12 may melt and refreeze to
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a delivery fluid path valve to control flow of the mixture from the delivery fluid path to the receiving
vessel, a filter cartridge integrated within the delivery fluid path to remove at least one of an
electron paramagnetic agent (EPA) and a processing agent from the hypetpolarized solution before
entering the receiving vessel; a sliding seal unit positioned between the pressure vessel and the
vial to seal a cryogenically cooled chamber containing the vial therein from an ambient environment
without contacting contents of the vial, and wherein said sliding seal is seal unit biscects the

dissolution flyid path and delivery flyid path and js capahle of traversing the length of said fluid paths.
2 Tho uic PRFKYAAE Eeith DILRTECh AR 12 SHBEIER SRR ordhoP e
dissolution fasitbpeiiméansieify offfloRi# astabasbdissohn is roesibimitin i ¢éheozize dnmersituisl petth
system of claim 2 wherein the nozzle.is comprised of a formable polymer material 4. The fluid path
Syatom of o o HGrein e CoTIE TR o b A e B BN ot lomst
one of a compmsitenafaispelifsokaitfigmetauminovhehdiittito dhehdisygiatiovidhiddpatdmplechIperature

o SRR B RSTUISe LRI s RS
added to théQzgle diameter 58 and depth 60, and for standbthédween the nozzle 56 and sample
surface 64, it is envisioned that other suitablesneement values and flow area ratios
can also be implemented. The exact values (i.easnrements and distances) decided
upon for these features when designing fluid pgttiesn 10 will be based on at least one
of the values of: temperature of the dissolutiordime 34, pressure of the dissolution
medium 34, and quantity of the hyperpolarized semj@. The standoff distance 62 can
also be determined in part by the nozzle diameter 5The exact fluid flow
characteristics/ratios and standoff desired willdependent, at least in part, on these

factors.

[0045] The nozzle 56 itself can be attached to first eAdo#inner tube 36 in several
ways. One method of placing nozzle 56 at output4ghdf inner tube 36 includes placing
a separate and distinct nozzle component on i 86. Nozzle 56 would be placed
on inner tube 36 before insertion of the inner t@Bewithin outer tube 44 and vial 28.
Nozzle 56 can also be formed on output end 42 oériiube 36 from the inner tube
material, which is composed of a formable polymeterial. That is, nozzle 56 can be
formed by heating the inner tube polymer mateoa temperature where it will flow. A
needle (not shown) having an outer diameter equ#té desired nozzle diameter 58 is
inserted inside inner tube 36 and the melting intudre polymer material flows in
towards the needle. When allowed to cool, a noazlaifice having a certain length and
diameter will be formed. The exact diameter 58 deapth 60 of the nozzle 56 can thus
be determined by the configuration of the needberited into inner tube 36 and the
nozzle 56 can be formed to provide fluid flow clwaeaistics desired in the fluid path

system 10.

[0046] Referring back to Fig. 1, in certain embodiments aptional vessel 66

containing an additional processing agent 68 mawndeded in fluid path system 10 to
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5. The fluid path system of claim 1 wherein the pressure vessel is a syringe. 6. The fluid path system
of claim 1 wherein the dissolution fluid path and the delivery fluid path are comprised of a material
having a low thermal conductivity. 7. The fluid path system of claim 6 wherein the dissolution fluid
path is formed of a material having a different thermal conductivity than the material from which the
delivery fluid path is formed. 8. The fluid path system of claim 1 wherein the sliding seal unit
comprises a material capable of forming a vacuum seal with a leak rate of less than or equal to 2.5

ml/hr. 9. The fluid path.system of claim 8 wherein the material is teflon, 10. The fluid h system of
a1 i P BT B St B 107 G R Tl VRS i SR 25
Newtons. 14olUtierflé@l paitiosysterolafziion biMhersintip@digstilitiomflyalpath 88lve mjsttbe delivery

o RSP, 0 08 e B s B
sample 12. That is, before sample 12 is broughndtm a cryogenic temperature by
liquid helium bath 22, gadolinium solution 68 ide@sed from vessel 66, through a
syringe valve 40, which is configured as a 3-waly&aand forced into inner tube 36 by
helium gas used to pressurize vessel 66. The igadul solution 68 is forced down
through inner tube 36 by this helium gas pressa enters into vial 28 to mix with
sample 12. The helium gas atmosphere presentaln28i blankets the mixing of the
gadolinium solution 68 and sample 12 to allow fosger mixing to occur. Any excess
gas volume would be forced through a ventilationt poesent in the fluid path system
10, such as a ventilation port 70 in holding car#ai48. Upon proper mixing of the
gadolinium solution 68 and sample 12, the prepasachple is brought down to a
cryogenic temperature by liquid helium bath 22 aricbduced into a magnetic field for
hyperpolarization as described above. Inclusionessel 66 in fluid path system 10 is
optional and is only needed if a compound or ingmatdis to be added to sample 12
before the polarization thereof.

[0047] Referring now to Fig. 3, another embodiment ofdlpath system 10 is shown as
including dual syringes or injectors 72, 74 for\ding dissolution medium 34 to the
system 10 for dissolving the hyperpolarized sam@e This two syringe arrangement
can be implemented if better control of pH thaneothse possible is required due to, for
example, requirements to control pH, filtration, the stability of sample 12. The
dissolution medium 34 is divided into two partsggrart containing an aqueous solution
of the base 76 needed to neutralize the pyruvid atisample 12. The second part of
dissolution medium 34 is comprised of an aqueoulgisa of buffer salt 78 (e.g., TRIS).
The two dissolution medium components 76, 78 aaequ in two motor powered or
pneumatic syringes 72, 74, which are both connettedner tube 36 of the fluid path
system 10. At least one of the bases 76 and tlfferimg salt 78 are heated to an
appropriate temperature to allow for melting andsdiution of the hyperpolarized
sample 12. When the dissolution process is stabeith syringes 72, 74 dispense their
contents into inner tube 36. The dispensing ofbase 76 and aqueous buffer salt 78 by
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12. The fluid path system of claim 1 further comprising a pharmaceutical product positioned within the
vial wherein said pharmaceutical product comprises a material to enhance contrast in at least one of
magnetic resonance (MR) imaging and nuclear magnetic resonance (NMR) spectroscopy. 13. The
fluid path system of claim 1 further comprising a dissolution medium positioned within the pressure
vessel wherein said dissolution medium comprises a base solution and a buffering agent. 14. The
fluid path system of claim 1 wherein each of the vial, the dissolution fluid path, the delivery fluid path,

for the mixtdhE L) RGNS syl AP LHCATY HAEMAACbAcL AR e FRUCHRLEHAREL (V)
imaging, thelsy siase C’Grirptimngssoluacm“yngdmlmGmllﬁ@&yst&nmmmllmma'lerlajdotw into the

hyperpolarlzed toa %%gten}ﬁl)t(em&e{ ?r A tlé,u d%]r}%%cnngj %net rr])osltﬁaq ?gnaq)outthl% y
cfield an Arize flui

cryogenic coollng system 0 create a magne | yperpo ematenat and
delivery systemotttidisgsatle mattbetiviey thetbigheoputnizathmétbssd|\thd fiyid\delaadyafysaemle

comprising:lz_ When the hyperpolarized sample 12 is complededsolved, only the syringe 74
containing the aqueous solution of buffer salt wibntinue to dispense fluid into the
inner tube 36. The aqueous buffer salt 78 woudd ttirive the bolus (i.e., hyperpolarized
solution) through outer tube 44 and filter 54, amtd holding container 48.

[0048] As shown in Fig. 4, in one embodiment of flask 8% flask includes a rubber
septum 80 fitted over an inlet port thereof. AkspB2 composed of a non-metallic
material is fitted to second end 50 of outer tuBea#d is configured to penetrate the
septum 80 to transfer hyperpolarized solution fribw@ outer tube 44 to flask 55. The
hyperpolarized solution is forced from the outdre4 through the spike 82 and into the
flask 55. The spike 82 allows the flask 55 to bsilgaand rapidly removed from fluid
path system 10 once a desired quantity of hyperigeth solution has been transferred
into the flask 55.

[0049] As shown in Fig. 5, the spike 82 includes an eligdtneedle 84 having a greater
diameter 86 of 3.0 mm along one axis and a lessenater 88 of 0.3 mm along another
axis. Referring back to Fig. 4, the ellipticallggigned needle 84 penetrates the septum
80, having a thickness of about 32 mm for examplth more of a cut-like incision as
opposed to a circular needle, and as such, redaceson the septum 80 and the needle
84 during insertion therein. While having an €ltpl design with a decreased diameter
along one axis, the rigidity of the needle 84 ishsas to give it the strength to withstand
the forces imparted thereon during insertion thiotlge septum 80. Furthermore, the
needle 84 is sized so as not to negatively impaetfiow rate of the hyperpolarized
solution between the outer tube 44 and the flaski®b%n alternative embodiment the

spike 82 and needle 84 may be positioned on oulber44 and inside of container 48.

[0050] Also included in the needle 84 of the spike 82 fkia path 90 (shown in Fig. 5)

and fluid path holes 92 vertically spaced alonglémgth of the needle 84 so as to form a
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a vial to contain a pharmaceutical product therein; a dissolution fluid path having an output end
in fluid communication with the vial and an input end attached to a pressure vessel to contain a
dissolution medium; a delivery fluid path having a first end hermetically attached to the vial to
transport therefrom a mixture of dissolved pharmaceutical product and dissolution medium;

wherein the dissolution fluid path and delivery fluid path are tubular structures and the dissolution fluid
path is positioned internal to or parallel to the delivery fluid path; a receiving vessel connected

positoned BulHe S TR S AHEAFELe B BEFcrAb Rt HEFa Lt (bt APt i Bsolution
medium; designed to act as spray nozzles/jets that diffge hyperpolarized solution as the
solution is forced through the holes 92. The ditbn caused by the fluid path holes 92
provides for improved homogenization of the hypéappred solution, as a larger portion
of the solution is forced in different directiong he diffusion also results in a greater
surface area of the solution being exposed, whidables a reduction in the

hyperpolarized solution temperature before injectido a patient.

[0051] While the fluid path system 10 described aboveudes an inner tube 36 and
outer tube 44, as shown in Fig. 1, it is also eomisd that other configurations can also
be implemented. Referring now to Fig. 6, fluidipaystem 10 is configured to have a
dissolution fluid path 36 and delivery fluid path gositioned in a parallel arrangement.
In such an arrangement it is understood that tldengl seal is capable of traversing the
length of both the delivery fluid path and the dission fluid path, as both bisect the
sliding seal unit. Dissolution fluid path is ilwifd communication with vial 28 to transfer

dissolution medium from syringe 32 into the vialdissolve sample 12. Delivery fluid

path is sealed to vial 28 to transfer a mixtur¢hefdissolution medium 34 and dissolved
sample 12 out from the vial in the form of a hymeapized solution to be delivered to

flask 55 as desired.

[0052] Therefore, according to one embodiment of the pitesevention, a fluid path
system includes a vial containing a pharmaceupecatiuct therein, a dissolution fluid
path having an output end in fluid communicatiothvthe vial and an input end attached
to a pressure vessel containing a dissolution nmedand a delivery fluid path having a
first end hermetically attached to the vial to s@ort therefrom a mixture of dissolved
pharmaceutical product and dissolution medium. flind path system also includes a
holding container connected to a second end ofdtiwery fluid path to receive the
mixture, a dissolution fluid path valve positionbdtween the pressure vessel and the
dissolution fluid path to control flow of the digsbon medium, and a delivery fluid path

valve to control flow of the mixture from the dedny fluid path to the holding container.
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a delivery fluid path valve to control flow of the mixture from the delivery fluid path to the receiving
vessel, a filter cartridge integrated within the delivery fluid path to remove at least one of an
electron paramagnetic agent (EPA) and a processing agent from the hyperpolarized solution before
entering the receiving vessel; a sliding seal unit positioned between the pressure vessel and
the vial to seal a cryogenically cooled chamber containing the vial therein from an ambient
environment without contacting contents of the vial, and wherein said sliding seal is seal unit biscects

the dissolution fluid path and delivery fluid path and i ble of t ing the length of said fluid
paths. 16. THEHbIE2SP QY8RP Ui AR I HEPEGHRRG Y o ARt © RTHR: end of

the dissolutisystkrid toapioltrizeodifyia dhiad thobe aise diss ohaymetsoadiua (MR Jhmaghgldcllidegpalarizer
system of clgrirr(l) 15 \I/vh%Bec;ﬁ thesn% ezrlr? [ Oc%mcﬂrigegn %{ arifqrrpoabflx&a%%ﬂ% énaatt%ri%[ 1r8.OTré% .Bolarizer
system of A 47 Whérgin e G228 itiGd8s & n0ZZE TiametdP and 4 fozzle deptﬁ $24e on at
least one oftaropetptisitioarst theslipsotatidnictiediumagnee pdsidiciemth etbes solyngenfiuidquithg a

PR o S T T T Tl e

product to balseitraiudeshe il delivery system to dissolve deliver the hyperpolarized material.
The fluid delivery system further includes a samgdatainer containing the material to
be hyperpolarized therein, a syringe containingissadution medium therein, and an
inner tube connected to the syringe to receive taadsport the dissolution medium
therethrough, wherein the inner tube is in fluidnoounication with the sample container
that has an inner volume in which the dissolutioadam and the hyperpolarized
material are in fluid contact. The fluid delivesystem also includes an outer tube
hermetically connected to the sample containerotovey a hyperpolarized solution out
from the sample container that is comprised of digsolution medium and dissolved

hyperpolarized material.

[0054] In accordance with yet another embodiment of tlesgmt invention, a method of
manufacturing a fluid path system includes thest#hermetically sealing a first end of
an outer tube to a vial containing a solid matet@albe hyperpolarized therein and
positioning an inner tube within the outer tubes thner tube having an output end in
fluid communication with an interior volume of thv@al. The method also includes the
steps of connecting a syringe having a dissoluti@dium therein to an input end of the
inner tube and connecting a holding container$e@nd end of the outer tube to receive
a hyperpolarized solution therein, wherein the Inypkarized solution is composed of the

dissolution medium and dissolved hyperpolarizedeniait

[0055] The present invention has been described in tefntiseopreferred embodiment,
and it is recognized that equivalents, alternatisesl modifications, aside from those

expressly stated, are possible and within the sobfiee appending claims.
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19. The polarizer system of claim 15 wherein the pressure vessel is a syringe. 20. The polarizer
system of claim 15 wherein the dissolution fluid path and the delivery fluid path are comprised of a
material having a low thermal conductivity. 21. The polarizer system of claim 20 wherein the
dissolution fluid path is formed of a material having a different thermal conductivity than the material
from which the delivery fluid path is formed. 22. The polarizer system of claim 15 wherein the sliding
seal unit comprises a material capable of forming a vacuum seal with a leak rate of less than or equal
to 2.5 mi./11r 23. The polarizer system of claim 22 wherein the material is teflon. 24. The polarizer
system of cldi Swherein the sliding seal unit exerts a force on the delivery fluid path less than or
equal to 25 Newtons. 25. The polarizer systerm of claim 15 wherein the dissolution fluid path valve
and the deliwr%tﬂui% | Iarlrt]ré iyasl)\_/e are comprised of a single valve system that operates to restrict flow
independently in the @L8sfution fluid path and the delivery fluid path.

1. A fluid path system comprising:

a vial to contain a pharmaceutical product timere

a dissolution fluid path having an output endlind communication with the vial
and an input end attached to a pressure vessehtaio a dissolution medium;

a delivery fluid path having a first end hermdticaattached to the vial to
transport therefrom a mixture of dissolved pharm#cal product and dissolution
medium;

wherein the dissolution fluid path and delivehyid path are tubular structures
and the dissolution fluid path is positioned intdrto or parallel to the delivery fluid
path;

a receiving vessel connected to a second encealehvery fluid path to receive
the mixture;

a dissolution fluid path valve positioned betwebe pressure vessel and the
dissolution fluid path to control flow of the diggton medium;

a delivery fluid path valve to control flow of tmeixture from the delivery fluid
path to the receiving vessel,

a filter cartridge integrated within the delivehyid path to remove at least one of
an electron paramagnetic agent (EPA) and a praomesgient from the hyperpolarized
solution before entering the receiving vessel,

a sliding seal unit positioned between the pressessel and the vial to seal a
cryogenically cooled chamber containing the viaréin from an ambient environment
without contacting contents of the vial, and whergaid sliding seal is seal unit biscects
the dissolution fluid path and delivery fluid pathd is capable of traversing the length
of said fluid paths.
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26. The polarizer system of claim 15 further comprising a pharmaceutical product positioned within the
vial wherein said pharmaceutical product comprises a material to enhance contrast in at least one of
magnetic resonance (MR) imaging and nuclear magnetic resonance (NMR) spectroscopy. 27.A
method of manufacturing a fluid path system comprising the steps of: hermetically sealing a
first end of a delivery fluid path to a vial, said delivery fluid path comprising a tubular structure and the
vial containing a solid material to be hyperpolarized therein; positioning a dissolution fluid path

within the delivery fluid.path, the dissolution fluid path comprising a tubular strycture and havjng an
output end ot B H ARG or VERFAS UG D22t ATRelita 0 SYHFge o an
input end ofghe distelutissoflutid péthid thatsywongedigy g idlissb latiissoiatoumnibeitain;imodhe
connecting %ig?ceiving vessel to a second end of the delivery fluid path to receive a hypetpolarized

solution therein, wherein the hyperpolarized solution comprises a dissolution medium and dissolved
hypetpolarized material.

3. The fluid path system of claim 2 wherein the zé@zs comprised of a formable

polymer material

4. The fluid path system of claim 2 wherein thezieincludes a nozzle diameter and a
nozzle depth based on at least one of a composifiche dissolution medium to be

added to the dissolution fluid path , a temperatirthe dissolution medium to be added
to the dissolution fluid path, a pressure of thesdiution medium to be added to the
dissolution fluid path, and a quantity of the phaceutical product to be added to the

vial.
5. The fluid path system of claim 1 wherein thesgtee vessel is a syringe.

6. The fluid path system of claim 1 wherein thesdiution fluid path and the delivery

fluid path are comprised of a material having a tbermal conductivity.
7. The fluid path system of claim 6 wherein thesdiution fluid path is formed of a
material having a different thermal conductivityath the material from which the

delivery fluid path is formed.

8. The fluid path system of claim 1 wherein thelisly seal unit comprises a material

capable of forming a vacuum seal with a leak rétess than or equal to 2.5 ml/hr .
9. The fluid path system of claim 8 wherein theenat is teflon.

10. The fluid path system of claim 1 wherein thdisg seal unit exerts a force on the
delivery fluid path less than or equal to 25 Navwsto
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28. The method of claim 27 further comprising the step of positioning a nozzle at the output end of the
dissolution fluid path. 29. The method of claim 27 wherein the positioning of the nozzle further
comprises forming the nozzle at the output end of the dissolution fluid path, the forming comprising the
steps of:  heating a portion of the dissolution fluid path to a melting temperature; positioning a
needle within the dissolution fluid path having a diameter equal to a desired nozzle diameter; and
removing the needle from the dissolution fluid path after said dissolution fluid path has cooled to form a
nozzle having a_desired diameter and length. 30. The method gf claim) 27 wherein the positjoning of
the nozz1e AnGPEoHSHEE bR e L2 o HESHER RS o eUN o ALGoABE HE desired
distance deushviasdiiloydapieiasiadve afetlve mprizeddidractiengidveosysasitiahavfdperdissaloitiestrivedium, a
temperature,of the dissolution medium, and.a ntity of the s IiF material. 31. The method of claim
27 wherein 10 dRBes ST AT FeSIE R 1O MR G the output ent of he
dissolution fluid path.

12. The fluid path system of claim 1 further compg a pharmaceutical product
positioned within the vial wherein said pharmaaaltproduct comprises a material to
enhance contrast in at least one of magnetic resen@VR) imaging and nuclear

magnetic resonance (NMR) spectroscopy.

13. The fluid path system of claim 1 further comspg a dissolution medium positioned
within the pressure vessel wherein said dissolutiedium comprises a base solution and

a buffering agent.

14. The fluid path system of claim 1 wherein eatkhe vial, the dissolution fluid path,
the delivery fluid path, and the receiving vessel eomposed of sterile medical grade

materials to form a sterile environment for the tuig.

15. A polarizer system to polarize a material toused in magnetic resonance (MR)
imaging, the system comprising:
a cryogenic cooling system to cool a materialéchigperpolarized to a cryogenic
temperature;
a superconducting magnet positioned about thegeryio cooling system to create
a magnetic field and hyperpolarize the materiadt an
a fluid delivery system to dissolve and delivee tmyperpolarized material, the
fluid delivery system comprising:
a vial to contain a pharmaceutical producteher
a dissolution fluid path having an output endlimd communication with
the vial and an input end attached to a presswgeV#o contain a dissolution medium;
a delivery fluid path having a first end hermeallig attached to the vial to
transport therefrom a mixture of dissolved pharm#cal product and dissolution

medium;
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32. The method of claim 27 further comprising: attaching a valve to control a flow of the dissolution
medium through the dissolution fluid path; and attaching a second valve to control a flow of the
hyperpolarized solution through the delivery fluid path. 33. The method of claim 27 wherein the
receiving vessel is at least partially pre-filled with dissolution medium to modify at least one of pH,
temperature, and concentration of the hyperpolarized solution. 34. The method of claim 27 further
comprising integrating a filter cartridge within the delivery fluid path to remove at least one of an

eectron paramagnetc aggpt (EA) 2 BIoES ISR "o Ne RSP St

structures and the dissolution fluid path is pos#d internal to or parallel to the
delivery fluid path;

a receiving vessel connected to a second enldeodi¢livery fluid path to
receive the mixture;

a dissolution fluid path valve positioned betwéka pressure vessel and
the dissolution fluid path to control flow of thesgolution medium;

a delivery fluid path valve to control flow ofdhmixture from the delivery
fluid path to the receiving vessel,

a filter cartridge integrated within the delivéhyid path to remove at least
one of an electron paramagnetic agent (EPA) andrazepsing agent from the
hyperpolarized solution before entering the recgjwessel;

a sliding seal unit positioned between the pmessessel and the vial to
seal a cryogenically cooled chamber containing tied therein from an ambient
environment without contacting contents of the vaéeldd wherein said sliding seal is seal
unit biscects the dissolution fluid path and daiyw fluid path and is capable of
traversing the length of said fluid paths.

16. The polarizer system of claim 15 further cosipg a nozzle attached to the
outlet end of the dissolution fluid path to moddyfluid flow of a dissolution medium

into the vial.

17.  The polarizer system of claim 15 whereinnbezle is comprised of a formable

polymer material

18.  The polarizer system of claim 17 wherein tbezte includes a nozzle diameter
and a nozzle depth based on at least one of a @poof the dissolution medium to be

added to the dissolution fluid path , a temperatirthe dissolution medium to be added
to the dissolution fluid path, a pressure of thesdiution medium to be added to the
dissolution fluid path, and a quantity of the phaceutical product to be added to the

vial.
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19. The polarizer system of claim 15 whereinghessure vessel is a syringe.

20. The polarizer system of claim 15 wherein digsolution fluid path and the

delivery fluid path are comprised of a materialihgwva low thermal conductivity.

21. The polarizer system of claim 20 whereindtssolution fluid path is formed of a
material having a different thermal conductivityath the material from which the

delivery fluid path is formed.

22. The polarizer system of claim 15 wherein #hiding seal unit comprises a
material capable of forming a vacuum seal withak lemte of less than or equal to 2.5
mi/hr

23.  The polarizer system of claim 22 whereinrtaerial is teflon.

24.  The polarizer system of claim 15 wherein theirsl) seal unit exerts a force on
the delivery fluid path less than or equal to 25Mtbns.

25. The polarizer systerm of claim 15 wherein tigsalution fluid path valve and the
delivery fluid path valve are comprised of a sing#ve system that operates to restrict
flow independently in the dissolution fluid pathdathe delivery fluid path.

26. The polarizer system of claim 15 further comsipg a pharmaceutical product
positioned within the vial wherein said pharmaaaltproduct comprises a material to
enhance contrast in at least one of magnetic resen@VR) imaging and nuclear

magnetic resonance (NMR) spectroscopy.

27. A method of manufacturing a fluid path systmprising the steps of:
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hermetically sealing a first end of a deliveryidl path to a vial, said
delivery fluid path comprising a tubular structared the vial containing a solid material
to be hyperpolarized therein;

positioning a dissolution fluid path within thesldvery fluid path, the
dissolution fluid path comprising a tubular struetand having an output end in fluid
communication with an interior volume of the vial,

connecting a syringe to an input end of the diggm fluid path, the
syringe having a dissolution medium therein; and

connecting a receiving vessel to a second enldeoflelivery fluid path to
receive a hyperpolarized solution therein, whetb@hyperpolarized solution comprises

a dissolution medium and dissolved hyperpolaripaderial.

28.  The method of claim 27 further comprising thepsof positioning a nozzle at the

output end of the dissolution fluid path.

29.  The method of claim 27 wherein the positionofighe nozzle further comprises
forming the nozzle at the output end of the dissatufluid path, the forming comprising
the steps of:

heating a portion of the dissolution fluid pathat melting temperature;

positioning a needle within the dissolution flydth having a diameter
equal to a desired nozzle diameter; and

removing the needle from the dissolution fluidhpafter said dissolution

fluid path has cooled to form a nozzle having sireel diameter and length.

30. The method of claim 27 wherein the positignaf the nozzle further comprises
placing the nozzle a desired distance from thedsolaterial, the desired distance
determined by at least one of the nozzle diametecomposition of the dissolution
medium, a temperature of the dissolution mediurd,aqguantity of the solid material.

31. The method of claim 27 wherein the positioniighe nozzle further comprises

mounting a nozzle at the output end of the disgoiutuid path.
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32. The method of claim 27 further compgsin
attaching a valve to control a flow of the dissmntmedium through the dissolution fluid
path; and attaching a second valve to control & ftd the hyperpolarized solution

through the delivery fluid path.

33. The method of claim 27 wherein the receiviegsel is at least partially pre-filled
with dissolution medium to modify at least one éf, gjemperature, and concentration of

the hyperpolarized solution

34. The method of claim 27 further comprising gngging a filter cartridge within the
delivery fluid path to remove at least one of agcgbn paramagnetic agent (EPA) and a

processing agent from the hyperpolarized solution.
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