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1 Introduction

The purposeof this article is to provide an overview of the areasof applicationof
superconductorsin medicine.After a brief outline of the variousapplicationeachof
the applicationswill be discussedin somedetail along with the major benefitsand
problemswith thetechnology. Most of thebiomedicalapplicationof superconduction
is in theareaof biomagnetics.

2 Applications

2.1 Biomagnetic Measurements

One of the major claims of superconductionis the SQUID magnetometer. SQUID
standsfor SuperconductingQUantumInterferenceDevice, thetheoryof operationof
theSQUID devicewill bediscussedin thenext section2.1.1.Thismeasurementdevice
is capableof measuringmagneticfieldsin theorderof femtoteslaandmakesit oneof
themostsensitive magneticmeasurementdevicesknown. Figure1 shows therelative
sizesof variousmagneticfields.

Thehumanbodygeneratesextremelysmallmagneticfieldsbut themeasurementof
thesefields is of greatdiagnosticvalue.Themaindevice for measuringthesefields is
theSQUID magnetometer. After adiscussionof thetheoryof operationof theSQUID
device thevariousbiomagneticapplicationswill bepresented.Theseapplicationscan
bedivided into magnetoencephalanography, magnetocardiographyandotherbiomag-
neticapplications.Therearetwo maintypesof SQUID devicesthatis usedboththese
deviceswill beintroducedin thefollowing section2.1.1.

2.1.1 The SQUID magnetometer [7]

If two superconductoris separatedby a weaklink it formsa Josephsonjunction.Such
a weaklink canbe formedby variousmethods.A SQUID magnetometerconsistsof
oneor two of thesejunctionsin a superconductingloop. TheDC-SQUID having two
Josephsonjunctionsis theoneusedin almostall casesfor thepickupof biomagnetic
signals.

To keeptheinductancelow thesizeof SQUID loop shouldbea smallaspossible,
in orderto haveasmallsensorloopbut averysensitivesensorapickuploopis needed.
This loop usuallycouplesinductively with theSQUID loop althoughsomehigh tem-
peraturesuperconductorsuseadirectly coupledpickuploop. Togetherwith thesensor
somereadoutelectronicsis alsoneeded.Therearevariousreadoutschemesbut the
mostcommonlyusedoneis eitherafluxedlockedloopor a currentlockedloop.
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Figure1: Magneticfield sizes
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Figure2: WholeheadMEG system.

Figure3: Gradiometerconfiguration

2.1.2 Magnetoencephalanography [1]

Thesourcesof biomagneticsignalsis mostlyintra-cellularcurrentflow resultingfrom
muscularor neuralexcitation. Thesecells representthe currentsource,the circuit is
completedby anextracellularcurrentflow throughthevolumeconductor. Thiscurrent
flow causesmeasurableelectricfieldsthatcanbemeasuredby EEGtechniques.It also
causesamagneticfield thatis measurablealthoughveryweak.Theadvantageof mea-
suringthemagneticfield is that thecurrentsvertical to thebodysurfaceis measured.
Thesecurrentsmainly resultfrom theintra-cellularcurrentflow, intra-cellularcurrent
flow is lessdistortedthanvolumecurrentandthis allows MEG to obtainmuchhigher
resolutionsthancanbe obtainedwith EEG. It canalsobe usedin conjunctionwith
EEGmethodsbecausethetwo measurementsarecomplementary.

MEG systemsusuallyconsistof anarrayof low temperatureSQUID sensorsin a
dewarthatsurroundsthewholeheadseefig 2 . Thearrayisusuallyconsistsof 37to 255
SQUID sensorseitherin a gradiometerconfigurationor in a magnetometerconfigura-
tion with a few sensorsdedicatedto noisecancellation.A gradiometerconfiguration
consistof two pickup coils mountedon a baselinein sucha way that magneticfield
flowing throughbothcoils cancelandonly the differencegetsamplified(fig3) . The

3



magnetometeris just a singlepickupcoil with a SQUID sensor. Becauseof thesmall
signalsizesMEG measurementarealwaysmadein amagneticallyshieldedroom.

Applications MEG is usedin variousclinical and researchapplications. In some
areaMEG is eminentlysuitedto the task like functional mappingof cortical areas,
thereis alsoareasin whichMEG is theuniquetool like investigatingtemporalaspects
of signalprocessingin thebrainandotherevenmorecomplex brainfunctions.Usedin
conjunctionwith PET, MRI, fMRI andEEGMEG providesmany otheruniqueresearch
application.Thefollowing is alist of afew recentapplicationsof MEG,all theapplica-
tion comefrom therecentconferenceonBiomagnetismheldat theHelsinkiUniversity
of Technologyin Espoo,Finland,August2000. Theapplicationsis referencedto the
proceedingsof theconference[2], pagenumberswill begiven.

In the field of NeuroscienceMEG hasfound applicationsin variousresearchar-
eas,researchinto audition(p47-71),vision(p72-84),somatosensation,pain andother
senses(p85-102),motor functions(p103-107) andcognitionandlanguage(p108-123).
Someof the primary recentadvanceshasbeenin the studyof object representation
wherecertainbrainsignalshasbeenisolatedto bespecificallyrelatedto objectrepre-
sentationirrespectiveof whethertheobjectis from visualinformationor from memory.
In theauditoryfield theplasticityof theauditorycortex hasbeenmeasuredandfunc-
tional reorganizationobserved after intense“ear” training andreversible“functional
deafferentation”(p8).

Themainclinical applicationof MEG is the localizationof lesionsandthecenter
of epilepticdischarges. In conjunctionwith MRI or fMRI this enablesaccuratepre-
operative planning.Otherapplicationincludetheplanningof rehabilitationfor stroke
patientsby determiningtheextendof braindamage,theplanningof stereotacticradia-
tion therapy by preciselylocalizingtheprimarysensorycortex by functionalmapping
-thisway radiationof this region is kepta low apossible(p21-24andp124-138).

Comparison Themainadvantageof MEG is thatit givemuchgreatertemporalres-
olution comparedto otherimagingmethods(seefig 4) . Its maindisadvantageis that
it givesno anatomicalinformation.For this reasonit is oftenusedin conjunctionwith
a methodlike MRI.

2.1.3 Magnetocardiography [1]

The currentflow throughthe heartgeneratesa magneticfield of the orderof 50pT.
This is well within the detectionrangeof both low andhigh temperatureSQUIDS.
It is the first medicalfield wherethe useof high temperatureSQUIDs hasbecomea
viable alternative. Again the magnetometermeasuresthe intra cellular currentflow
thatis muchlessdistortedby thebodythanthevolumecurrentflow measuredby EEG
machines.MCG is alsoa truenon-invasivemethodrequiringno electrodes.Themain
obstacleto MCG is the needfor shielding,the few unshieldedsensorshasstill to be
improvedsomewhatbeforeclinical applicationwill bea reality.

ThebasicMCG device alsoconsistsof anarrayof SQUID sensorsoftencovering
thewholechestarea,sometimesboththefront andbackareais covered.Thenumber
of sensorvariesfrom 7 to 64. With the exceptionof a few experimentalmodelsall
operatein a magneticshieldedroom.
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Figure4: MEG vs otherimagingtechnologies
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Applications MCG find applicationin thescreeningof patientssincethesetuptime
is much lower than for ECG measurements.It hasalso beenusedto map cardiac
arrhythmiastogetherwith the cathetermethod. The MCG is usedfor the generallo-
calizationof the arrhytmiaand then to map the catheterposition as a more precise
measurementof theareato beablated.MCG hasbeenshown to predictmalignantcar-
diacarrhythmiaswith muchgreateraccuracy thenECG,it is alsousedfor predicting
myocardialischemia[2](p25-28andp139-147).A mainapplicationthat is developing
in the field of MCG is that if fetal magnetocardiography. FetalECG is proneto ex-
tensivedistortiondueto anisolationlayercalledthevernixcaseosa,MCG is notprone
to this distortionandassuchhave greatclinical significancefor the analysisof fetal
heartbeatin high risk pregnancies[1](p176-178),[2](p38-39andp148-153).

2.1.4 Magnetoneurography

Themeasurementof peripheralnervoussignalsby meansof magneticfields is called
magnetoneurography. Thesizeof theperipheralnervoussignalsis extremelysmall,in
the orderof 15fT, andthuscanonly be measuredin heavily shieldedroomsby very
sensitivelow temperatureSQUIDs,eventhenspecialnoisecancellationis neededsince
the magneticdisturbancedueto the heartis almost1000timesbigger[5]. This tech-
niquefind applicationin thelocalizationof conductionblocksor slowing in peripheral
nerve andcouldserve asa diagnostictool in this respect.It canalsobeusedto locate
the focal nerve in casesof acutenerve root lesionaccompaniedby severebackpain
andmusclespasm[6].

2.1.5 Gastroenterology

By monitoringthe magneticsignalgeneratedby the stomachandintestinesit is pos-
sible to discernthe variousstagesof digestionand to monitor the contractionsand
movements.Amongtheparametersthatcanbemeasuredis gastricemptying,orocae-
cal transittime,esophagealtransittime,pharyngealtransittime andclearance,oroanal
transittimeandstomachmixing time[1](p430-442),[2](p33). Along with thismagnetic
markeredmaterialscanbetracedthroughtheintestinein thesamewaythatradioactive
materialis traced,but the thereis no radiationpresent.A spin off of this technique
enablespharmaciststo studythepathandreleaseof solidoral dosagesby studyingthe
disintegrationof magneticmarkerpills [2](p220).

2.1.6 Magnetopneumography

A weakremanentfield canbemeasuredfrom lungsthathasbeenexposedto ferri/ferromagnetic
particles.Theseincludemetaldustsin weldingandfoundryfumes,grindingdust,as-
bestosparticles,coal mine dustetc. Someof the particlescanstay in the lungs for
longerthan40 yearswhile othersareabsorbedaftera few week. Usingtheremanent
momentof know particlestheamountof particlesin the lung or for a known amount
of particlessomelungparameterscanbedetermined.

This is doneby magnetizingthe particlesin a magneticfield andmeasuringthe
remanentmagneticfield asa functionof time with a SQUID magnetometer. Sincethe
field areratherlargehigh temperatureSQUIDs canbeused.
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2.1.7 Liver iron suspectometry [1]

SQUIDs arealsobeingusedfor noneinvasively determiningtheamountof iron stored
in theliver througha techniquecalledsuspectometry. A homogeneousmagneticfield
is appliedto theliverareaandthemagneticsuspectabilityis determinedby measuring
thedisturbancein magneticfield over thearea.Fromthis measurementthe iron con-
centrationin thelivercanbedetermined.Dueto thetypeof measurementonly excess
concentrationin liver iron canbemeasured.

2.2 Superconducting Magnets [3]

Becauseof thehighcurrentcarryingcapabilityof superconductorsthey arefrequently
usedto generatehighmagneticfields.Specificallyin thefield of MRI superconducting
magnetshaslongbeenused.Theadventof cyro freemagnetsenableslow temperature
superconductorsto beusedwithout theneedof liquid heliumby usinglow temperature
cyrocoolers.

Usingthesehigh intensitymagnetsa new imagingtechnologyhasbeendeveloped
basedon theHall effect. An ultrasoundbeamis usedto createvibrationsin thetissue
sample,this is donein a strongmagneticfield which causesoppositechargesin the
tissueto divergeandleadto a Hall voltage,this voltageis pickedup by electrodes.It
canalsobedonetheotherwayaround,usingapulsedcurrentthroughtheelectrodesin
a strongmagneticfield to generatea acousticwave that is pickedup by anultrasound
detector.

Theotherapplicationof thesesupermagnetsis in magneticsurgerywherea small
magnetictip is attachedto a catheteror guidewire anda steeredthroughthebodyby
rapidadjustmentsto strongmagneticfields(5T). This enablesthethesurgeonto steer
aroundvery sensitive structuresto thepart thatneedsto beoperatedinsteadof taking
the straight line approach. It is possibleto measurethe position of the tip with an
accuracy of 1mmandarealtimeX-ray imagein two dimensionis usedfor thecontrol.
It is alsousedto guidemagnetizedpelletsin for instancethebrainto deliverdrugsand
othertherapiesto directly into deepbraintissues.[4]
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