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1 Introduction

The purposeof this article is to provide an overview of the areasof applicationof
superconductors medicine. After a brief outline of the variousapplicationeachof
the applicationswill be discussedn somedetail alongwith the major benefitsand
problemswith thetechnology Most of the biomedicalapplicationof superconduction
is in the areaof biomagnetics.

2 Applications

2.1 Biomagnetic M easurements

One of the major claims of superconductions the SQUID magnetometer SQUID
standgfor SuperconductingQUantuml nterferenceDevice, the theoryof operationof
the SQUID devicewill bediscussedh thenext section2.1.1This measuremertdevice
is capableof measuringnagnetidieldsin the orderof femtoteslaandmalkesit oneof
the mostsensitve magnetiomeasuremerdevicesknown. Figurel shavs therelative
sizesof variousmagnetidields.

Thehumanbodygeneratesxtremelysmallmagnetidieldsbut themeasuremerdf
thesefieldsis of greatdiagnosticvalue. The maindevice for measuringhesefieldsis
the SQUID magnetometerfter adiscussiorof thetheoryof operationof the SQUID
device the varioushiomagneticapplicationswill be presentedTheseapplicationscan
be dividedinto magnetoencephalanograpmagnetocardiographgndotherbiomag-
neticapplications.Therearetwo maintypesof SQUID devicesthatis usedboththese
deviceswill beintroducedn thefollowing section2.1.1.

2.1.1 The SQUID magnetometer [7]

If two superconductois separatethy aweaklink it formsa Josephsojunction. Such
aweaklink canbe formedby variousmethods.A SQUID magnetometeconsistsof
oneor two of thesejunctionsin a superconductingpop. The DC-SQJID having two
Josephsofunctionsis the oneusedin almostall casedor the pickup of biomagnetic
signals.

To keepthe inductancdow the sizeof SQUID loop shouldbea smallaspossible,
in orderto have asmallsensofoop but avery sensitve sensoia pickuploopis needed.
This loop usuallycouplesinductively with the SQUID loop althoughsomehigh tem-
peraturesuperconductorgsea directly coupledpickuploop. Togethemwith the sensor
somereadoutelectronicsis alsoneeded. Thereare variousreadoutschemesut the
mostcommonlyusedoneis eithera fluxedlockedloop or a currentlockedloop.
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Figure2: WholeheadMEG system.
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2.1.2 Magnetoencephalanography [1]

The sourcef biomagneticsignalsis mostlyintra-cellularcurrentflow resultingfrom
muscularor neuralexcitation. Thesecells representhe currentsource the circuit is
completedoy anextracellularcurrentflow throughthe volumeconductor This current
flow causesneasurablelectricfieldsthatcanbe measuredby EEGtechniqueslt also
causes magnetidield thatis measurablalthoughvery weak. Theadvantageof mea-
suringthe magneticfield is thatthe currentsvertical to the body surfaceis measured.
Thesecurrentsmainly resultfrom the intra-cellularcurrentflow, intra-cellularcurrent
flow is lessdistortedthanvolumecurrentandthis allows MEG to obtainmuchhigher
resolutionsthan can be obtainedwith EEG. It canalsobe usedin conjunctionwith
EEG methodshecausehetwo measurementarecomplementary

MEG systemsausually consistof anarrayof low temperatureSQUID sensorsn a
dewarthatsurroundghewholeheadseefig 2. Thearrayis usuallyconsistof 37to 255
SQUID sensorgitherin agradiometerconfigurationor in a magnetometeconfigura-
tion with a few sensorsiedicatedo noisecancellation.A gradiometeiconfiguration
consistof two pickup coils mountedon a baselinein sucha way that magneticfield
flowing throughboth coils canceland only the differencegetsamplified (fig3) . The



magnetometeis just a single pickup coil with a SQUID sensor Becauseof the small
signalsizesMEG measuremerdrealwaysmadein a magneticallyshieldedroom.

Applications MEG is usedin variousclinical and researchapplications. In some
areaMEG is eminently suitedto the tasklike functional mappingof cortical areas,
thereis alsoareadn which MEG is theuniquetool lik e investigatingemporalaspects
of signalprocessingn thebrainandotherevenmorecomplex brainfunctions.Usedin
conjunctionwith PET, MRI, fMRI andEEGMEG providesmary otheruniqueresearch
application.Thefollowing s alist of afew recentapplicationsof MEG, all theapplica-
tion comefrom therecentconferencen Biomagnetisnmheldatthe Helsinki University
of Technologyin Espoo,Finland, August2000. The applicationds referencedo the
proceeding®f theconference[l pagenumberswill begiven.

In the field of NeurosciencdMEG hasfound applicationsin variousresearchar-
eas,researchinto audition(p47-71),vision(p72-84),somatosensatioain and other
senses(p85-102jnotor functions(p103-10¥and cognition and language(p108-123).
Someof the primary recentadvanceshasbeenin the study of objectrepresentation
wherecertainbrain signalshasbeenisolatedto be specificallyrelatedto objectrepre-
sentatiorirrespectve of whethertheobjectis from visualinformationor from memory
In the auditoryfield the plasticity of the auditorycortex hasheenmeasuredndfunc-
tional reorganizationobsened after intense“ear” training and reversible“functional
deaferentation”(p8).

Themainclinical applicationof MEG is the localizationof lesionsandthe center
of epilepticdischages. In conjunctionwith MRI or fMRI this enablesaccuratepre-
operati’e planning. Otherapplicationincludethe planningof rehabilitationfor stroke
patientsby determiningthe extendof braindamagethe planningof stereotacticadia-
tion theragy by preciselylocalizing the primary sensorycortex by functionalmapping
-thisway radiationof this regionis keptalow a possible(p21-24ndp124-138).

Comparison Themainadwantageof MEG is thatit give muchgreatetemporalres-
olution comparedo otherimagingmethodg(seefig 4) . Its maindisadwantageis that
it givesno anatomicalnformation. For this reasonit is oftenusedin conjunctionwith
amethodike MRI.

2.1.3 Magnetocardiography [1]

The currentflow throughthe heartgeneratess magneticfield of the order of 50pT.
This is well within the detectionrangeof both low and high temperatureSQUIDS.
It is the first medicalfield wherethe useof high temperatureésQUIDs hasbecomea
viable alternatve. Again the magnetometemeasureshe intra cellular currentflow
thatis muchlessdistortedby the bodythanthevolumecurrentflow measuredy EEG
machinesMCG is alsoa true non-irvasive methodrequiringno electrodesThe main
obstacleto MCG is the needfor shielding,the few unshieldedsensorsasstill to be
improvedsomeavhatbeforeclinical applicationwill beareality.

The basicMCG device alsoconsistof anarrayof SQUID sensor®ftencovering
thewhole chestarea,sometimesoththe front andbackareais covered. The number
of sensowariesfrom 7 to 64. With the exceptionof a few experimentalmodelsall
operatén a magneticshieldedroom.
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Figure4: MEG vs otherimagingtechnologies



Applications MCG find applicationin the screeningf patientssincethe setuptime

is much lower thanfor ECG measurementslt hasalso beenusedto map cardiac
arrhythmiastogetherwith the cathetemethod. The MCG is usedfor the generallo-

calizationof the arrhytmiaand thento map the catheterposition as a more precise
measuremerdf theareato be ablated MCG hasbeenshown to predictmalignantcar

diac arrhythmiaswith muchgreateraccurag thenECG, it is alsousedfor predicting
myocardialischemia[2(p25-28andp139-147).A mainapplicationthatis developing
in thefield of MCG is thatif fetal magnetocardiography FetalECG is proneto ex-

tensve distortiondueto anisolationlayercalledthevernix caseosaViCG is notprone
to this distortionandas suchhave greatclinical significancefor the analysisof fetal

heartbeain high risk pregnancies[}(p176-178),[3(p38-39andp148-153).

2.1.4 Magnetoneurography

The measuremeraf peripheralnenoussignalsby meansof magneticfieldsis called
magnetoneurographyhesizeof the peripheranenoussignalsis extremelysmall,in

the orderof 15fT, andthuscanonly be measuredn heaily shieldedroomsby very
sensitve low temperatur&QUIDs, eventhenspeciahoisecancellatioris neededince
the magneticdisturbancedueto the heartis almost1000timesbigger[§. This tech-
niquefind applicationin thelocalizationof conductionblocksor slowing in peripheral
nene andcouldsene asadiagnostictool in this respect.lt canalsobe usedto locate
the focal nene in casesf acutenene root lesionaccompaniedy severebackpain
andmusclespasm([§.

2.15 Gastroenterology

By monitoringthe magneticsignalgeneratedy the stomachandintestinesit is pos-
sible to discernthe various stagesof digestionandto monitor the contractionsand
movements Amongthe parametershatcanbe measureds gastricemptying,orocae-
cal transittime, esophagedtansittime, pharyngeatransittime andclearance,oroanal
transittime andstomachmixing time[1](p430-442),[2(p33). Along with thismagnetic
markeredmaterialscanbetracedthroughtheintestinein the sameway thatradioactve
materialis traced,but the thereis no radiationpresent. A spin off of this technique
enablegpharmacist$o studythe pathandreleaseof solid oral dosagesy studyingthe
disintgyrationof magnetiamarker pills [2](p220).

2.1.6 Magnetopneumography

A weakremanenfield canbemeasuredrom lungsthathasbeenexposedo ferri/ferromagnetic
particles. Theseinclude metaldustsin welding andfoundry fumes,grinding dust,as-
bestosparticles,coal mine dustetc. Someof the particlescanstayin the lungs for
longerthan40 yearswhile othersare absorbedfter a few week. Using the remanent
momentof know particlesthe amountof particlesin the lung or for a known amount
of particlessomelung parametergsanbe determined.

This is doneby magnetizingthe particlesin a magneticfield and measuringthe
remanenmagnetidield asa functionof time with a SQUID magnetometeiSincethe
field areratherlarge hightemperaturé&sQUIDs canbe used.



2.1.7 Liver iron suspectometry [1]

SQUIDs arealsobeingusedfor noneinvasively determininghe amountof iron stored
in theliver througha techniquecalledsuspectomettyA homogeneoumagneticfield

is appliedto theliver areaandthe magneticsuspectabilitys determinedy measuring
the disturbancen magneticfield over the area. Fromthis measuremerthe iron con-
centrationin theliver canbedetermined Dueto thetype of measuremerdnly excess
concentrationn liveriron canbemeasured.

2.2 Superconducting Magnets|[3]

Becausef the high currentcarryingcapabilityof superconductorthey arefrequently
usedto generatédighmagnetidields. Specificallyin thefield of MRI superconducting
magnetsaslong beenused.Theadwentof cyro freemagnetenablesow temperature
superconductor® be usedwithouttheneedof liquid heliumby usinglow temperature
cyrocoolers.

Usingthesehigh intensitymagnetsa new imagingtechnologyhasbeendeveloped
basedon the Hall effect. An ultrasoundbeamis usedto createvibrationsin thetissue
sample thisis donein a strongmagneticfield which causesppositechagesin the
tissueto divergeandleadto a Hall voltage,this voltageis picked up by electrodesit
canalsobedonetheotherway around,usinga pulsedcurrentthroughtheelectrodesn
a strongmagneticfield to generatea acousticwave thatis picked up by an ultrasound
detector

The otherapplicationof thesesupermagnets in magneticsugerywherea small
magnetictip is attachedo a catheteror guidewire anda steeredhroughthe body by
rapid adjustmentso strongmagneticfields (5T). This enableghethe sugeonto steer
aroundvery sensitve structurego the partthatneedgo be operatednsteadof taking
the straightline approach. It is possibleto measurethe position of the tip with an
accurag of Immandarealtime X-ray imagein two dimensions usedfor thecontrol.
It is alsousedto guidemagnetizegelletsin for instancethe brainto deliver drugsand
othertherapiego directly into deepbraintissues.[4]
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