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Purpose

These guidelines summaritiee views of theEuropean Association dfluclear Medicine
Neuroimaging Committee (ENC). The purpose ofthe guidelines is toassist nuclear
medicinepractitioners irecommendingperforming,interpreting,and reportingthe results
of brain perfusionSPET studies using™Tc-labelled radiopharmaceuticals. Taien is to
achieve &high quality standard of braiperfusion SPETnnaging, which canncrease the
diagnostic impact of this technique in neurological and psychiatric practice.

The present documerttas beeninspired bythe Society ofNuclear MedicineProcedure
Guideline for Brain Perfusion SPECT [1], bye views ofthe Society of Nuclear Medicine
Brain Imagirg Council [2], the sights ofthe Task groupNeuro-Nuclear-Medicinef the
German Society of Nuclear Mediciij@, 4], and theindividual experience of experts in
European countries. The guidelines intend togmdsformation specifically adapted to the
European pctice. Tle information provided should betaken in the context ofocal
conditions and regulations.

Background information and definitions

Single photon emission tomography (SPET) is a techrigobtain tomographic images of
the 3-dimensional distribution ofradiopharmaceutical. Appligd the brain, SPETimaging
can be used to assess various functions, among those cerebral perfusion plays a predominant
role. This information ioften complementary tethe anatomic detail pvided bystructural
neuroimaging techniquesich as CT or MRIHowever,brain perfusionSPET haglinical
value itelf, because functionampairment in cerebratliseasesoften precedes structural
changes Further, functional abnormalities can Ipeesent in several neurologic and
psychiatricdisorderswithout the presence of atructuraldefect. SPET imagesare often
useful inthe clinical maagement opatients providinghew and additionalinformationthat
cannot be obtained from other techniques. Bparfusion SPET has role inthe diagnosis,
therapeutic management, and follow-up of patients. In addliti®a usefutool for research,
because its widely availableand providesion invasive invivo assessmeridf humanbrain
function [5, 6].

Severalradiopharmaceuticals aemmerciallyavailablefor brain perfusionSPET.
Even though for quantification (ml/min/100g tisswé)regional cerebrablood flow (rCBF)
133 e-SPET may bthe method ofchoice, ithas somemajor limitations thahaverestricted
its use in clinical practice. Today the most widely used radiopharmaceuticals foSRHBF
are®"Tc-labelled compounds. Aftémtravenous injectionheselipophilic compoundscross
the intact blood brain barrier, distributethe brainproportional tolocal blood flow and are
retained inthe brainwith afixed regional distributiorfor a sufficienttime period topermit
image acquisition. The peak brain activitygached within 2 mipost-injection. Sincéhere
is no redistribution,the initial traceruptake and distriltion remais almost unchanged for
several hours and is independent@BF variations occurringfter the fixationtime (frozen
images, whiclrepresenthe rCBF atthe time of injection). Differencesbetween the two
commercially available radiopharmaceuticalsECD (Neurolite; DuPont Pharma) and
HMPAOQO (Ceretec; Nycomed Amersham) includevitro stability, uptake mechanism and
dosimetry. Innormal brain tissuejowever,the kineticpropertiesare very similar for both
agents. Theyenterthe brain cells due ttheir lipophilic natureand reman there due to



conversion into hydrophilic compounds. While-esterification accountsr ECD retention,
hydrophilic conversion, instability of the lipophilform andglutationinteractionhavebeen
proposed for HMPAQretention. Differencesn the retentio mechanismsnay account for
some differentbehavior of thetracers in specificdisorders (e.g.subacute stroke,
inflammation). Ithas to bekept in mindthat with the techniquesused inclinical practice
ECD andHMPAO SPET do not prade absolute quantitative flow values bt rather
estimaterelative rgional flow differences based ahe compason of countdensity ratios
between various regions (e.g. right/left, reference regions etc.).

This guideline dealsvith the indicationsassessment, processing, intetation and
reporting ofbrain perfusionSPET usingthe commerciallyavailable®*™Tc-labelled radio-
pharmaceuticals ECD and HMPAO.

Common indications
Indications

A. Acute and chroniccerebrovasculadisease.Perfusion SPETprovides valuable
information inacutestrokewith respect to complicatior[g, 8], outcome[9-11] or
choice of treatment rsttegy [12]. In chronic cerebrovasculadiseaserCBF SPET
with assessent of functional reserve capacitynay guide decisions regarding
vascular surgery [13-16].

B. Presurgicallateralisationand localisation ofepileptogenicfoci. Ictal SPET studies
(eventuallycomplemented bynterictal investigatios) are indicated in temporal and
extratemporal focagpilepsiedor localisation of fociprior to epileptic surgery[17,
18].

C. Evaluation ofsuspectediementialndications irlude theearly detectiorand diffe-
rential diagnosis of dementia [19, 20].

D. Evaluation of traumati®rain injury. SPET has shown perfusicabnormalities in
traumatic brain injury despitgormal morphologyand resultsare considered tdave
a prognostic value [21, 22].

E. Evaluation of suspected inflammation. Perfusion SPET may be indicat¢uicaie
helpful information inviral encephalitis(e.g. herpessimplex encephalitis)23],
vasculitis (e.g. systemic lupus erythematosus) [24], and HIV-encephalopathy [25].

F. Assesment of brain death. Scintigraphicssessmendf arrest ofcerebralperfusion
(even in planar techniquspecific acquisitiormodesmay apply) is asafetechnique
to confirm brain death [26].

Besidesthe commorindications mentionetiere,brain perfusionSPET appears tde pro-
mising in a variety of additional indications which are currently under further evaluation.

Contraindications

A Pregnancy (mothers should interrupt breast feeding for 24 hrs if SPET is indicated)

B. Evident lack/unability of cooperation

Procedure



Patient preparation

A.l. Pre-arrival
Prior to the investigatiorpatientsshould ingeneralavoid excessivecaffeine, cola
(energy)drinks, alcohol, smoking, andany drugs known to affect cerebralblood
flow. It may be necessary tliscuss drug withdrawalith the clinician in care of the
patient.
A.2. Pre-injection
A.2.1. Check and ensure that the patient is able to cooperate during the investigation
A.2.2. Achieve astable environment at the time of injection and the uptake period
- place the patient in a quiet, dimly-lit room
- place ani.v. cannula 10 to 15 min prior to injection
- position the patient in a comfortable (preferably supine) position
- instructthe patient to keep the eyepen (or use a mask) arneep the ears
unplugged
- instruct the patient not to speak, readmmvefrom atleast 5min prior to 5 min
post injection
- do not interact with the patient from at least 5 min prior to 5 min post injection
- recordcarefully anyevent thaimight influencerCBF duringdrug delivery (e.g.
patient's motion, talk etc.)
- it may be helpfuto maintain thesameenvironmentor all perfusion studies in
your center
B. Information pertinent to performing rCBF SPET studies
- Patienthistory with particularfocus onneurologicaland psychiatricdisorders,
current neurologicaand psychiatricstatus, previousurgery,radiation, or trauma
of the brain.
- Patients ability to lie still for approx30 to max. 60 minlf sedation inecessary,
it should be given at least 5 min after injection of the radiopharmaceutical.
- Information about (recent) morphologic imaging studies (CT, MRI).
- Current medication, and when last taken.
C. Precautions
Continuoussupervision ofthe patientsduring the whole scanning procedure is
necessary. This isspecially importanfor patientswith epilepsy anddementing
disorders.
D. Radiopharmaceutical
D.1. Radionuclide
Technetium-99m*{™Tc)
D.2. Pharmaceutical

- ECD (ethyl cysteinate dimer)



D.3.

D.4.

D.5.

D.6.

D.7.

- HMPAO (hexamethylpropyleneamine oxme) stabilizedor, if not available,
unstabilized

Preparation of the radiopharmaceutical

- Use pertechnetate from generators which have been eluted within the last 24 hours

- Use fresh generator eluates not older than 2 hours, particularly for HMPAO

- For HMPAO becertain that the mixedial is given atleast 10 mirprior to dose
withdrawal

Quality control

Radiochemical purityshould bedetermined on eac¥al prior to injection using the
methods outlined ithe packagénserts. It should be90% for ECD and>80% for
HMPAO.

Time interval for injection

Ing'ect the radiopharmaceuticals after quality control check laketr than 30min
(*"Tc-HMPAO, wstabilized), 4h %™ Tc-HMPAO, stabilized),and 6h {*"Tc-ECD)
post-reconstitution.

Dose

Adults: 5% — 1110 MBq (typically 740 MBq) of either radiopharmaceutical
Children: 7.4 — 11.1 MBqg/kg; minimum dose 110 MBq

Radation dosimetry

Organ receiving the Effective dose
lar gest radiation dose equivalent
mGy/MBq mSv/IMBq
Adults
¥"Tc-ECD 0.073; bladder wall 0.011
¥"Tc-HMPAO 0.034; kidney 0.0093
Children (5 yrs)

9¥"Tc-ECD 0.083; bladder wall 0.023
¥"Tc-HMPAO 0.14; thyroid 0.026

Calculations based on: ICRP 62, page 13
Data acquisition

Time delay from injection to beginning of data acquisition

- Try to keepalways the saméme delay from injection to beginning ofdata
acquisition.
%"Tc-ECD: Forbestimage quality allow for a delay of 45-60 min. Images
obtained after a delay of 20 — 30 min will be interpretable.

- ¥"Tc-HMPAO: For bestimage quality allow for a delay of 90 min. Images
obtained after a delay of 20 — 30 min will be interpretable.

- Imaging should becompletedwithin 4 hr postinjection if possible. Excessive
delay should be avoided.



E.2. Set up for data acquisition

E.2.1. Positioning othe patient

- Patientshouldvoid prior to acquisitionfor maximumcomfort during the study.
Advice the patiento void again afterthe acquisitionhas been completedavhich
may help to reduce radiation exposure.

- Patientshould be iformed abouthe total acquisitiontime and positioned for
maximum comfort. Sinc@ostprocessingoutinesallow one to corrector minor
obliquities of headbrientation,patient's comforiwhich reducesthe probabilitiy
of motion during acquisition) is moremportant thanperfect alignment of the
head. e patienthas to be informe@bout thenecessity toavoid (voluntary)
movements othe headand has to basked forher/his agve cooperation. If
cooperation is poorsedationmay beused. The patient‘deadshould be only
lightly restrained. It is not recommended to rigidly fix the head in place.

E.2.2. Imaging device

- Multiple detector (triple or dudlead) or othededicatedSPETcamerador brain
imaging should be used foacquisition since thesdevicesgenerally produce
results superior to those obtained with single headed cameras.

- Single detector units may only be usktthe scan timas prolongedappropriately
(> 5 million total cts) and meticulous care is taken to produce high-quality images.

- LEHR or LEUHR parallel-hole collimators arthe mostly available collimator
sets forbrain imaging. They may hbesed ifacceptableount rates are obtained.
All purposecollimators are not suitabl&an-beancollimators may be generally
preferred over parallel-hole collimators doethe advantageousade-offbetween
resolution and count rate capability.

- Acqwsmon parameters
Rotational radius: smallest possible with appropriate patient safeguard

- Matrix: 128 x 128 (or higher)
- Angular sampling: _< 3° (360 ° rotation)
- Zoom: acquisition pixel size should be 1/3 — _ of the expected

resolution therefore it may be necessary to isedware
zoom to achieve an appropriate pixel size
- Acquisition mode: &p and shoot mode is predominantly used. Continuous
mode acquisition may provide shorter total scan times
and reduce mechanical wear to the system
- Total counts > 5 million
- Total scantime:  depending on the imaging device, typical scan time for
triple head cameras is around 20-30 min (e.g. 120 pro-
jections; 40 projections per head; 25-30 sec/projection)
- Segmentation oflataacquisition intomultiple segential acgisitions may
permitexclusion of baddata,e.g. removesegments of projectiodatawith
patient motion



F. Interventions

F.1. Vasdllatatory challenge
It may be performedwith acetazolamide(Diamox) or otherpharmacological
stressors (e.g. adenosine or low concentrations of carbon dioxide).
The following recommendations are focused Diamox, which has been widely
used in the past. Diamox is a carboanhydrase-inhibitor and leads in wersiail
vessels via dilatation to an increase in rCBF.

F.1.1. Indications
Evaluation of cerebrovascular reserve ihlA, completed stroke, carotid artery
stenosis oocclusion, vasculaanomaliesand monitoringthe results ofcarotid sur-
gery. Furthermore imay beused toaid in distinguishingvascularfrom neuronal
causes of dementia.

F.1.2. Contraindication

known sulfa allergy
use of acetazolamide is not recommended within 3 days of an acute stroke

use of acetazolamide may provoke migraine in patients with migraine history
be cautious in renal and hepatic insufficiency

F.1.3. Diamox

Dosage: 1000 mpy slow i.v. push in adults, children 14 mg/kg.

Adverse effects: mild vertigo, tinnitus, (perioral) paresthesia and, rarely, nau-
sea. In general these effects are self-limited and do not require
specific treatment. Postural hypotension may occur.

Acetazolamide is a diuretic (patients should void prior to acquisition).

Since thediagnosticuse as vasodilatory challengéor SPET is notreported in

the informationsheet of Diamox, according tocal laws it may benecessary to

obtain a specific consent to perform the Diamox test.

F.1.4. Study protocols

Since thevasodilatatory effect isnost pronounced around 15 to &0n p.i. of
acetazolamide, the radiopharmaceutstabuld benjected withinthis narrowtime
frame.

Various protocolshave beenused to studyCBF under baselineondition and
acetazolamidgrovocation. The two-day repestudy techique is simplest and
therefore preferabl@llow sufficienttime betweerthe investigationsfor resdual
activity to cleare.g. 24hrs). Either test, basele or challenge, may bperformed
first. A ,challengefirst* approachmay havethe advantagéat if it is normal it
may beconsidered tmmit the baelinescan. Onthe otherhand, performing the
basdine prior to the challengestudy can be advantageous if largeerfusion
defects are q@sent, suggéisg caution duringhe challengq)rocedure.One day
protocols usig split-dog techniques (2 dose aleast 2x ¥ dose)require more
sophisticatedvaluationand dataprocessing, andre therefordessfavourable in
general practice.

F.2. Focal epilepsy

Ictal SPET studies

The tracershould beinjected assoon as possiblafter seizureonset(preferably
via an i.v. line placed previously}.is recommendetb storepreparedsyringes in
the epilepsy monitoring unit to assure the quickest possijgletion time (in case
of using unstabilized HMPAO mix with freshly eluted *"Tc-pertechnetate).



Patientsshould have continuousvideo-EEG-monitoring inorder torelate the
injection time exactly tothe time point of behavioraland electrical seizure onset
and end.

Interictal SPET studies

Tracer injectionunder conditionsas outlined before, however,additionally con-
tinuous EEGmonitoringshould beperformed ateastfrom 2 hrs prior toinjec-
tion until 15 minp.i. to excludethat seizures occureshortly before and during
the uptakeperiod ofthe radiopharmaceuticals. Intgal studiesmay adduseful
information toictal studies.However,these cannot be recommendasla sole
diagnostic procedure for focus detection.

Image processing

G.2.

G.3.

GA.

G.5.

Review of projection data

Unprocessegrojectiondatashould bereviewed incinematicdisplay prior tofilte-
ring to assesgpresence and degree of motiariifacts, target-to-background ratios
and other potential artifacts. Inspectiorpafjection data irsinogram formmay also
be useful.

Reconstruction

methods: filtered backprojection
iterative reconstruction

make sure to reconstruct the entire brain volume
reconstruct data at highest pixel resolution, i.e. one pixel thick

Filtering

Data should be filtered iall 3 dimengon (X,y,z). This can beachieved eher by
two-dimensional prefilterig the projectiordata or byapplying a 3-dimensional
postfilter to the reconstructed data.

Low-Pass (e.gButterworth) filtersshould generally beused.Resolutionreco-
very or spatially varying filters have to be usdth caution, ashtey may produce
artifacts. Therefore the latter cannot be recommended for general use.

Attenuation correction

Attenuationcorrection is recommendeghd should beperformed inall cases
unless specific circumstances would dictate otherwise.
Methods
- Use of acalculated homgenous correction matrix according toChang
(correction coefficient for **"Tc: p = 0.12-0.14 cm). If fan beam
collimators are used adapt 4 appropriately to avoid overcorrection.
Shape contouring should be useavailable.Contours shouldnhclude
scalp and not just gresnatter. Contours should beefinedfor each
individual transaxial sliceCorrectshape and position dhe contours
should be reviewed prior to calculation of the corrected slices.

- Use of ameasured correctiomatrix e.g. from a simultaneouslgssessed
transmission scan or from a CT scan

Reformatting

Transaxial slicehave to baeformatted into at least 3tbogonal planes. Gene-
rate transverse sections parallel @givaen anatomicorientation(e.g. AC-PCline)



assuring a high degree of standardization in plane orientation. Create coronal and
sagittal sections orthogonal to the transverse sections.

- Depending orthe indication, viewsother thanstandard regentation may be
helpful e.g. sections parallel to the long axis of the temporal lobe &vibeation
of epilepsy.

- Three-dimensionadisplay of the datase(e.g. by volume rendering) can be
helpful for more accurateopographicorientation insomeclinical questions and
to appreciateoverall paterns of disease-dowever,such displaysare subject to
considerable artifact and must be used with caution.

- ROI techniques mage used t@wompare regionablood flow abnormalitieswith
the rCBF of corresponding structures the contralaterahemisphere or other
reference regions (e.g. cerebellum, hemisphere, total brain).

- ROl size should be at least twice FWHM.

- If intra-individual compariso is performed (i.eictal vs. interictal, baseline vs.
acetazolamide, baselines. follow-up for therapy control orassessment of
disease progression) standardizedevaluation using approaches based on
techniquessuch as steotactic normalisation ammost useful. They guarantee
that exactlysamestructuresare compared analow one tomore reliablyverify

- If datafrom age matched normadontrols are available for compaison it is
recommendable taseanalyticalapproaches based stereotacticiormalisation
and statisticalsubtraction inorder to determineabnormalities ofrCBF in an
observer independent way [27-28].

G.6. Comparative evaluation

even subtle changes.
H. Interpretation criteria
H.1. Visual interpretation

- Imagesshould beread on the computescreen ratherhan from hard copies,
because thisllows variation in colour table and adjustment®f background
subtraction or contrast.

- For comparison it is desirable to have a normal (preferably age matched) database
available, studied with the same type of camera and processed in the/aaae
patientstudies(reconstructionfiltering, attenuationcorrection). Thisallows for
assessment ofnormal variability of rCBF and may help to avoid
overinterpretation of the patient data.

- Data interpretdon must considemelevantstructural information(CT, MRI).
Specific attention should be pail the extent operfusionabnormalitiegelative
to the observed morplogical defects antbke into accounpossibleeffects of
atrophy and p#al-volume. When available,image fusion may be helpful to
further substantiate rCBF changes in relationship to structural observations.

- Pitfalls/sources of error



H.2.

- Normal variability
The extenbof sustantialvariability betweersubjects andbetweenscans of a
singe subject obtmed at different timesas to beappreciated toavoid
overinterpretation.

- Level of contrast and background subtraction
Inappropriate thresholding may result in artifacts. Thresholding, if used, must
be based uponknowledge of a normal databader specific radio-
pharmaceuticals and set-up.

- Color table
Use of non-continuous color tablegy overestimaténdings dueto abrupt
color changes.

- Technical artifacts
The imagesshould becritically examinedduring interpetation for presence
of head motion- orattenuation-artifacts oother technical artifacts due to
gamma camera problems (center of rotation, inhomogenity).

- Medication
Possible interaction of concomitant medication has to be taken into account.

Quantification

Quantification is helpful in assisting visual interpretation and to objectively assess
changes in interventional or follow up studies.

Quantificationcan beperformedwith anatomicallyadjustedROI or on apixel-
wise basis (seeabove). In general theesults shouldonly be considered as
abnormal if they are outside of two standard deviations of normal data.

Reporting

[.2.
1.2.1.

1.2.2.

General

Reports should include all pertinentormation, includingname of patienand other
identifiers,such asbirthdate; name of theeferring physician(s); type andhte of
examination; radiopharmaceutiéatluding the administeredctivity; patient history,
including the reason for requesting the study.

Body ofthe report

Procedures and materials

Include in the report a brief descriptiohthe imagingprocedure, andssessment
of scan quality (if compromised give the reason, e.g. motion artifacts etc.)

If sedation igperformed, brieff describethe procedure including type artane
of medication given in relation to the radiotracer injection.

If interventions are performed briefly describe the protocol applied.

Findings

Describe ifthe SPETpattern is normal onot. If not, describeghe locationand in-
tensity of abnormal rCBfndings. Functionaltopography(i.e. based on Brodmann
areas) as well as anatomic descriptiomslmused to prexely describethe location.
Vascular topography (e.g. use of CVascularatlases)may be appropriate in
assessment of vascular disease. State what criteria were used for intergresatbn
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assessmenguantitative orsemiquantitative meases, comparison to normalata
base etc.).

Where appropriate, identify factors that can lithe sensitivityand specificity of the
result of the examination (i.e. movement, small lesions).

The report should address oanswer any pertinentlinical issuesraised in the
request for the imaging examination.

Comparisons with previous examinations and reportsailable, have to bpart of
the reportfurthermoreresults of morphologicamaging modalitiegCT, MRI) and,
if available, image fusion, should also be taken into account for interpretation.

Interpretation and conclusions

Precse diagnosishould begiven whenevepossible. It should be based gaene-
rally accepted diease-specific pattern&ny (subjective) intergtation notbased on
such criteria has to be explicitely stated and considered as hypothetic.

The full spectrum of differential diagnosis should be given when appropriate.

When appropriate, follow-up or additional studies shouldebemmended to clarify
or confirm the suspected diagnosis.

See procedure guidelines of the TG QA&C of the EANM.

[.2.3. Limitations

[.2.4. Clinical issues
[.2.5. Comparative data
1.3.

1.3.1.

1.3.2.

1.3.3.

J. Quality control

K. Sources of error

Not intended cerebral activation
Artifacts (patient movement, camera related, induced by inappropriate processing)

Interference with drugs acting on cerebral blood flow



VI.

10.

11.

12.

13.

14.

15.
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Issues requiring further clarification
Value of quantification techniques providing results in physiologic units (ml/min/100g)
Value of iterative reconstruction

Measured transmission scans for attenuation correction
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Disclaimer

The European Association has written apdraved guidelines to promatee ug of nuclear
medicine procedures with high quality. These general recommendations cannot be applied to
all patients inall practicesettings. Te guidelinesshould not bedeemed inclusive of all
proper procedures arekclusive ofother procedures reasonabtiirected toobtaining the

same results. The spectrum of patients seen in a specialasitesetting may be different

than a spectrum usually seen in a ngeaeralsetting. The appropriateness of a procedure

will depend in parbn the prevalence of disease the patientpopulation. Inaddition
resources available to cdi@ patients mayary greatlyfrom one European country or one
medical facility to another. For these reasons, guidelines cannot be rigidly applied.
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