CONTINUING EDUCATION

Brain SPECT In Neurol

Edwaldo E. Camargo

ogy and Psychiatry*

Division of Nuclear Medicine, Department of Radiology, School of Medical Sciences, Campinas State University (Unicamp),

Campinas, Brazil

Structural and functional images of the brain play an important
role as powerful adjuncts in the management of an increasing
number of neurologic and psychiatric diseases. Brain SPECT, in
particular, with perfusion agents or with neuroreceptor imaging
radiopharmaceuticals, is rapidly becoming a clinical tool in
many places. For many neurologic and psychiatric conditions,
this imaging modality has been used in diagnosis, prognosis
assessment, evaluation of response to therapy, risk stratifica-
tion, detection of benign or malignant viable tissue, and choice
of medical or surgical therapy. The importance of this technique
in nuclear medicine today should not be overlooked, particularly
in cerebrovascular diseases, dementias, epilepsy, head injury,
malignant brain tumors, movement disorders, obsessive-com-
pulsive disorder, Gilles de la Tourette’s syndrome, schizophre-
nia, depression, panic disorder, and drug abuse.
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The diagnostic process in neurology follows a logic
sequence of stepd) elicitation of clinical facts (history

radiopharmaceutical in a given clinical condition is essential
for optimal performance of brain SPECT as an effective
diagnostic laboratory test.

RADIOPHARMACEUTICALS

The °Tc-labeled compounds hexamethylpropylene-
amine oxime (HMPAO) and.,.-ethyl cysteinate dimer
(ECD) have been the most successful and widely used for
brain perfusion imaging, despite the fact that neither fulfils
all the characteristics of an ideal radiopharmaceutical. The
descriptions and discussion that follow on neurologic and
psychiatric diseases are based largely on data obtained with
these two agents, unless otherwise indicated. A detailed
discussion on radiopharmaceuticals for brain perfusion and
neuroreceptor imaging can be found in a previous continu-
ing education article by Catafa@)(

PATIENT PREPARATION AND IMAGE ACQUISITION

Patient preparation, image acquisition, and related topics
are described in the 199%ocedure Guidelines Manuaif
4he Society of Nuclear Medicines).

and neurologic examination), interpretation of anatomic albIAGE INTERPRETATION
physiologic signs and symptoms, syndromic formulation jmages are interpreted visually using all the data in the

and localization of the lesion (anatomic diagnosis), a

anatomic diagnosis plus mode of onset and course p

Nhts of slices described in tReocedure Guidelines Manual
'(\3?. Semiquantitative analysis using the cortex-to-cerebel-

other medical data plus appropriate laboratory tests (pathigm ratio or circumferential profiles may be useful in subtle

logic or etiologic diagnosis).

From the first of these steps to the last, the likelihood
diagnosis is continuously increasing for some diseases
decreasing for others. When interpreting a set of images,

changes, provided that normal fluctuations, which may have
Qbefficients of variation as high as 12%,(are considered.
adontrol group, with a minimum of 30 healthy volunteers,
¥¥fould be used to set the mean and SD of the semiquanti-

nuclear physician follows a similar sequence of steps, Withtive analysis for each brain region. In patients with cere-
the probabilities of diseases continuously increasing apd|lar disease, other regions (e.g., the pons) should be used

decreasing.

as the reference.

~ As one of the appropriate laboratory tests, nuclear med-The normal adult brain shows bilaterally symmetric
icine may contribute to the final diagnosis of neurologic angacer distribution, with higher activity in temporal, parietal,

psychiatric diseases. The choice of the most conveni
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&Hd occipital (primary visual) cortices, basal ganglia, thal-
ami, and cingulate gyrus. Activity in the white matter and
interhemispheric fissures is less (Fig. 1). Eyes open or
closed may increase or decrease, respectively, the visual
cortex activity by 30%. Motor and sensory stimuli have
similar but asymmetric effects. Auditory stimuli effects are
symmetric but less impressive. In the newborn, blood flow
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FIGURE 1. From top to bottom, two
coronal and two transaxial slices with
9mTc-HMPAO using fanbeam collimator in
healthy volunteer. Note symmetric tracer
distribution in cerebral cortex. Areas with
preferential perfusion include cingulate gy-
rus, primary visual cortex, basal ganglia,
thalami, and cerebellar hemispheres.

to the frontal and temporoparietal regions is slightly dder screening patients who may benefit from medical and
creased, and this pattern changes to the adult pattern by $hegical interventions.

age of 2 y. Abnormal findings include focal or regional Focal or diffuse hypoperfusion or no perfusion is the
areas of decreased or increased tracer uptake. Activatimost consistent finding in cerebrovascular disease, a direct
studies with brain SPECT have been performed and includensequence of local ischemia. Diaschisis, or decreased
visual stimulation, auditory stimulation, motor and sensoryctivity in a remote area, may be present, particularly in
stimulation, memory tasks, pharmacologic challenges akgtge strokes and usually as crossed cerebellar diaschisis.
interventions, and investigation of complex cognitive taskgyperperfusion, or luxury perfusion, may be found in the

(5.9). evolution of strokes.

TIA. Typically, if the tracer is injected at the time of the
NEUROLOGIC DISEASES attack, a focal or diffuse area of hypoperfusion will be
Cerebrovascular Diseases found. After the event, however, study findings may be

The brain perfusion imaging agerf®Tc-HMPAO and normal. On the other hand, should the perfusion defect
9nTc-ECD are sensitive indicators of regional cerebrdl€rsistin the firstfew days after TIA, the risk of early stroke
blood flow (rCBF) changes and can detect a reduction i high (7).
blood flow immediately after an acute event. No other The sensitivity of brain SPECT for detection of TIAs is
imaging modality currently has such a capability, despi@pproximately 60% in the first 24 h and declines to approx-
considerable progress in the evaluation of cerebral blogtately 40% in the first week. The sensitivity can be im-
flow with MRI over the past several years. proved significantly with substances that measure cerebro-

Brain SPECT has been used in acute ischemia, transigascular reserve, such as gOacetazolamide, and
ischemic attacks (TIAs), stroke, assessment of late ischerdipyridamole. The acetazolamide stress test has been used
injuries, monitoring of medical or surgical therapy, assestor evaluation of cerebrovascular reserve in TIA, stroke, and
ment of cerebral blood flow reserve, estimation of prognether diseases. Intravenous injectionlog acetazolamide
sis, and assessment of interventional sequelae (e.g., in ap@duces vasodilation and increases rCBF by 30%-50%
rial occlusion). Therefore, this imaging modality can babove baseline throughout the normally perfused brain
useful for rapidly diagnosing ischemia to prevent irreversvithin 20—30 min, returning to normal in 2-3 h. Areas at
ible brain damage, for identifying viable tissue at risk, andsk or with abnormal perfusion will show little or no
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response to the challenge. Proper comparison with a basefhe image obtained before therapy is important for
line study and interpretation of this test may provide imehoosing the best candidates for therapy. Acute focal ab-
portant information on the mechanism of ischen8z0) sence of rCBF suggests poor prognosis and unlikely benefit

With *23-iodoamphetamine [IMP], the acute perfusiorfrom therapy, decreased but not absent blood flow possibly
changes and the response to intervention can be shown vititlicates the best candidates for therapy, and normal or
a single injection by imaging the patient befot h (early near-normal blood flow indicates patients who do not need
image) and after 4—6 h (delayed image). therapy (3).

Acute Stroke.Brain SPECT with 123-IMP, 9"Tc- The prognostic implication of brain SPECT in stroke has
HMPAO, or®"Tc-ECD is far superior to anatomic imagingbeen investigated. Early<@ h) severe hypoperfusion was
modalities such as CT or MRI in the detection of acutgighly predictive of poor neurologic outcome in 92% of
stroke in the first few hours that follow the event. A focal Opatients {4). The combination of brain SPECT and CT
regional area of hypoperfusion or no perfusion will bgeems to improve prognostic accuracy in these patients; for
shown immediately after the acute event. This area is larggfample, the higher the ratio of the size of the SPECT lesion
than the lesion that will be later shown on CT or MRI. Withg the size of the CT lesion, the better the outcome of the
either *"Tc-HMPAO or *"Tc-ECD, the perfusion defect patient, Redistribution oP3-IMP also seems to have prog
will be fixed, whereas withi*3-IMP, redistribution with ~postic implications, with higher counts in the affected area
partial reperfusion may occur. Crossed cerebellar diaschigisie delayed image associated with better clinical out-
is frequent in cortical strokes and is caused by disconnectiggme Early imaging (within a few hours) of stroke patients

of the cerebellar—corticopontine fibers as a consequence.gfre|ates better with outcome than does imaging performed

ischemia or stroke. o _ a few days or weeks late$,16. In a study performed
The sensitivity and specificity of brain SPECT for strokg\lithin 6 h of event onset7), no infarction occurred in

Iocali_z_a_tion are (?5'5% and 9?}'6%’ rﬁspectilv él@)é The hyperperfused areas and infarction could be predicted if the
f’f nmety ma)f/ gcreahs e as the stroh(_e r(]avc: V?S bet(\:,\?usqeg on-to-contralateral count ratio was less than 0.6. Also,

€ luxury periusion pnénomenon, which starts be ee_ntl'}e perfusion patterns correlate with short-term outcome. In
and 5 d, leads to hyperemia (hyperperfusion) of the les'og’group of 458 stroke patientd &), 97% of those with
and may Ia_st as long as 20 d. I_3y 30d, the hypoperfusec_i aGtmal or increased perfusion recovered well, 52% of those
should easily be detected again. Between the hyperemic an

i 0,
the delayed hypoperfusion phases, study findings may i decreased perfusion had a moderate stroke, and 62% of

. . . fhose without perfusion had a poor outcome. Other tracers
normal. Luxury perfusion may be easier to detect wit

%onTc-HMPAO than with®"Tc-ECD (11). False-negative ' ave also been proposed for investigation of strokék.

brain SPECT findings in stroke are caused by lacunar |8lmazen||ll, for e?tample{ mr?y b.e Ufefll;gor quantification of
small cortical infarcts. neuronal loss after an ischemic stroke 0.

The investigation of subtypes of strokes is important for Art_erial Occlusion Patients With aneurysm of t he interr_wal
therapy. Brain SPECT may be helpful in screening differeﬁ?rond artery may not be suited for surgical intervention.

blood flow patterns after a stroke: some patients may hay8€Y May. instead, undergo balloon occlusion of the artery.

persistent ischemia and others may have spontaneous reg&@n SPECT is important to show the effect of the proce-
fusion. Therapy approaches and prognoses for these eonrCBF. A ba;ehne stqdy is performed for gssessment
situations are different. of the status of brain perfusion before intervention. A sec-
The evaluation of response to therapy in patients wiffd study is then performed with tracer injection at the 15th
stroke is also importantl@). A %"Tc-labeled tracer should Minute of .the 20-min ballopn test occlusion procedure.
be injected at admission and imaging performed when th@cal or diffuse hypoperfusion is usually shown, and its
patient is stable after medical or surgical treatment. Thigcation, severity, and magnitude are important parameters
image represents the status of rCBF at the time of admi8- consider in deciding whether to perform a permanent
sion. A second image can be obtained later, with an ad@cclusion or use a different approa@i(29. Brain SPECT
tional injection, for comparison. A more elegant, theoretits also useful in the evaluation of the status of cerebral blood
approach would consist of simultaneously injectitg- flow and sequelae after vascular occlusion.
IMP and a®*"Tc-labeled tracer at the time of admission and Subarachnoid HemorrhagéMorbidity and mortality in
imaging the patient only once, later (4—6 h), with simultapatients with subarachnoid hemorrhage are caused by vaso-
neous acquisition 03 and®"Tc images. Th&"Tc image Spasm. The consequences of vasospasm on rCBF are clearly
would show the status of the rCBF at the time of admissioahown on brain SPECT as absent perfusion; various degrees
becausé®Tc is a fixed tracer. Th&3-IMP image could be of focal or regional hypoperfusion, from mild to severe; and
similar to the®*Tc image (poor or no response to therapygven hyperemia2@). These findings correlate well with the
or show better perfusion (good response to therapy), kseverity and magnitude of neurologic deficits in the evolu-
causel?3-IMP has redistribution. However, the fact thation of the condition. Brain SPECT is also an important tool
123-IMP is not readily available poses a significant logisti¢or decision making on the use of interventional therapy to
problem to the development of such a protocol. reverse the hypoperfusion shown in the study. The post-
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interventional study is essential for evaluating the responsensory cortices are usually spared (Fig. 2). Hypoperfusion
to therapy. of the posterior association cortices is a finding that some
These images are also important in the evaluation afithors consider specific for AD and positive evidence for
comatose patients. Preserved rCBF on brain SPECT desjtediagnosis 25), although other conditions may display a
significant vasospasm will reassure the clinician that thgmilar pattern. Temporoparietal hypoperfusion is more se-
therapy has been successful and the prognosis is goodyere in early-onset AD than in late-onset ARG].
the other hand, severe diffuse hypoperfusion has a poorein the early stages of the disease, MRI and CT images
prognosis and points to a more aggressive therapeutic @aow normal findings. Nevertheless, MRI or CT should
proach. routinely be performed in patients suspected of having AD,
Dementias because normal structural findings and abnormal brain

Alzheimer’s Diseasdlzheimer’s disease (AD), the mostSPECT findings, in the appropriate clinical setting, are
important and common degenerative brain disease, ha&dglitive and indicate an increased probability of the disease.
prevalence of 0.3% in the 60- to 69-y-old population thAs the disease progresses from mild to severe, the frontal
increases dramatically to 10.8% in the 80- to 89-y-ol@ortex most affects cognitive decline; this fact supports the
group. Mental degeneration is insidious, and progressifigding that deficit in functional imaging spreads from the
memory loss is the most important symptom. Plaques, dé;psterior to the anterior temporal and frontal lobes with
osition of amyloid, and neurofibrillary tangles are found ifrogression of the diseas@7%-29. The sensitivity and
postmortem specimens. specificity of brain SPECT for the diagnosis of AD are 86%

There is now agreement that AD is amenable to diagno&igd 96%, respectively, with a diagnostic confidence of 98%
and that the diagnosis should no longer be one of exclusic#f).

(24). Cerebral atrophy, a normal aging process not associ-Classification of perfusion defects into several perfusion
ated with dementia, cannot account for the perfusion abn@atterns 81) is useful for interpreting studies. The perfusion
malities seen on brain SPECT scans of demented patiefisiterns A-G and their respective probabilities of AD are as

Brain SPECT of AD patients typically shows bilaterafollows: A: normal, 19%; B: bilateral temporoparietal hy-
hypoperfusion of the parietal and posterior temporal lobgzoperfusion, 82%; C: bilateral temporoparietal hypoperfu-
The perfusion defects are frequently symmetric but neton with other defects, 77%; D: unilateral temporoparietal
necessarily of the same magnitude and severity. Motor ahgpoperfusion, 57%; E: frontal hypoperfusion, 43%; F:

FIGURE 2. A 58-y-old right-handed man
had 2-y history of progressive memory
loss, which became worse over last 7 mo.
His father and three cousins had dementia.
Transaxial, sagittal, and coronal slices
show marked bilateral, symmetric tem-
poroparieto-occipital hypoperfusion, ex-
tending to frontal lobes. Basal ganglia, pri-
mary visual cortex, and cerebellum are
spared.
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other large defects, 18%; and G: multiple small defects, 0%.VDs (Multiinfarct Dementias)VDs are the second cause
According to these findings, in the appropriate clinical setf dementia in the elderly. In VD, impairment of intellectual
ting, normal brain SPECT findings do not exclude AD; offunction is caused by multiple infarcts that may occur
the other hand, in the group studied, no AD was found umilaterally or bilaterally, are usually asymmetric, and may
patients with images that are typical of vascular dementiavolve any part of the cerebral cortex. The history of one or
(VD). more events can be disclosed, and the symptoms will have
Labeling of the amyloid and plaques for a more specifitie characteristic temporal profile of such an evéaht The
diagnosis of AD has been attempted. With monoclonabhuse of multiple small emboli is atherosclerotic disease,
antibody for A3 protein 1-28 labeled witl®Tc (32), up- usually in the carotid artery or in the middle cerebral artery
take of the tracer in AD patients could not be shown witHistribution. VD frequently coexists with AD.
brain SPECT. More recently, rhenium complexes, analogsBrain SPECT in these patients shows multiple focal areas
of the potential imaging ageftTc, were shown to bind to of hypoperfusion randomly distributed. Motor and sensory
AR amyloid fibrils in vitro and to stain amyloid plaques andtortices may also be involved (Fig. 3). Again, correlation
vascular amyloid in postmortem brain sections of AD pawith anatomic images such as those from CT or MRI is
tients 33). important: cortical or subcortical infarcts are usually found
AD patients treated with lecithin and tetrahydroaminoen CT, and this finding increases the likelihood of the
acridine showed no significant clinical and perfusiodisease. Subcortical infarcts alone, without cortical lesions
changes from baseline studies. However, temporal, prefran CT, can explain nearby cortical perfusion defects by
tal, and occipital perfusion improved in patients treated wittisconnection between cortical and subcortical neurons.
high-dose (75 mg) tetrahydroaminoacridirgl) The Binswanger type of dementia, a rare variant of VD,
With 123-iomazenil, a smaller volume of distributionis a gradually progressive syndrome caused by diffuse or
throughout the cortex (except for the occipital lobe) angatchy ischemic events to the deep white matter. The mag-
larger areas of decreased uptake were observed in compétude of cortical hypoperfusion correlated significantly
ison with ™ Tc-HMPAO (35). In comparison witt?®™Tc-  with the severity of the diseas8?).
HMPAO images,23-iomazenil image 3 h after injection  Frontal Lobe Dementid.obar atrophy, or Pick’s disease,
showed clearer and more extensive regions of decreasedhe most important type of frontal lobe dementia (FD),
activity in eight patients with probable ACBG). characterized by a special form of cerebral degeneration

FIGURE 3. A 62-y-old right-handed, hy-
pertensive man had stroke 2 y ago and
now has severe memory impairment, dys-
arthria, and urinary incontinence. Radionu-
clide cisternography showed normal find-
ings. Transaxial, sagittal, and coronal
slices show multiple scattered focal areas
of hypoperfusion involving entire cerebral
cortex, a pattern frequently found in vas-
cular dementia. Head CT scan showed
white matter infarcts.

BraN SPECTIN NEUROLOGY AND PsycHIATRY ¢ Camargo 615



with atrophy circumscribed to frontal or temporal lobeposterior and diffuse hypoperfusion do not contribute to the
involving both gray and white matter. Clinical diagnosis iglifferential diagnosis of dementia.

difficult, and structural and functional imaging play an Other Dementias.In frontotemporal dementia, brain
important role in differential diagnosis. Symptoms usuallPECT shows hypoperfusion of the orbitofrontal area and
include gradual onset of confusion with respect to place atite temporal lobe in 25% of patients. When the right tem-
time, anomia, slowness of comprehension, inability to coperal lobe is involved, behavioral disturbances are found,
with unusual problems, loss of tact, and changes in pers@phasia is more frequent when the left temporal lobe is
ality and behaviorX). involved.

Brain SPECT usually shows symmetric hypoperfusion of Creutzfeldt-Jakob encephalopathy leads to a rapidly de-
the frontal lobes extending to the cingulate gyr8®8)(In the teriorating dementia, possibly associated with a prion agent.
early phase of the disease, CT or MRI may show normBrain SPECT images show various degrees of focal or
findings or only mild frontal cerebral atrophy, dispropordiffuse hypoperfusion, which correlate with the severity of
tionate to the degree of hypoperfusion (Fig. 4). the disease.

For interpretation of brain SPECT findings in the three In AIDS dementia, brain SPECT shows randomly distrib-
types of dementia described above, a correlation betweétgd focal or regional areas of hypoperfusion. These perfu-
hypoperfusion pattern and type of dementia has been pfin abnormalities may be present before the symptoms of
posed 89) and has been useful. In cases of posterior bilaementia and correlate better with cognitive improvement
eral hypoperfusion, AD is more likely than VD or FD; inafter therapy than do structural imageg)( Brain SPECT
cases of bilateral frontal hypoperfusion, FD is more likelghould be used in early diagnosis and follow-up of AIDS
than AD or VD; in cases of diffuse heterogeneous hypopepatients, especially when CT and MRI still show normal
fusion, VD is more likely than AD or FD; and cases ofindings é1).

unilateral anterior hypoperfusion with or without unilateral Parkinson’s disease is a degenerative condition charac-
terized by tremor, hypokinesis, and rigidity. Approximately

10% of Parkinson’s disease patients develop dementia, with
parietal, temporal, and occipital lobe hypoperfusion seen on
brain SPECT studies. Demented Parkinson’s disease pa-
tients and AD patients share a common pattern of marked
posterior hypoperfusion. However, the defects are more
prominent and extensive in AD4D).

Recent studies with neuroreceptor imaging have found that
123-3-2B-carbomethoxy-8-(4-iodophenyl)tropane (CIT) and
123-fluoropropyl-CIT may be useful markers of the severity of
Parkinson’s disease: as the severity increases, the uptake in the
striatum decreasedd,49.

Huntington’s disease (HD), an autosomal dominant, de-
generative neurologic movement disorder, is characterized
by chorea, dementia, and psychiatric symptoms. Brain
SPECT of symptomatic patients shows decreased or absent
tracer uptake in the caudate nucleus or basal gangffia A
recent study has shown that basal ganglia damage in symp-
tomatic HD patients may not be permanent and tracer up-
take may return to normal after therapy with olanzapine
(46).

Hypothyroid dementia has been described in patients
with hypothyroidism. Brain SPECT of these patients shows
global cortical hypoperfusion that normalizes with effective

therapy 47).

Epilepsy

Epilepsy is one of the most prevalent neurologic disor-
ders and affects approximately 1% of the general popula-
tion. Most complex seizures arise from the temporal lobes,
and the condition of 10%—-20% of these patients is refrac-
tory to medication. Many can be rendered seizure free with

FIGURE 4. Transaxial slices of 73-y-old man with FD and 2-y
history of progressive short-term memory loss show marked

hypoperfusion of anterior cingulate gyrus (arrowhead) and me- .
sial frontal lobes (arrows). MRI showed only mild frontal lobe ~ Surgery. Only 40%-50% of extratemporal lobe seizures can

atrophy, which could not explain brain SPECT findings. be treated by surgery.
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Seizures can be classified, in a simplified manner, asThe ictal study consists of a tracer injection at the very
either partial (focal) or generalized. Partial seizures origbeginning of a seizure episode. The patient is placed in a
nate in a given area of the brain and can be further dividegecial room, with continuous video and EEG monitoring,
into simple (with no impairment of consciousness) andnd the medication is tapered off or discontinued to increase
complex (with impairment of consciousness). Both simpliae likelihood of a seizure episode. The injection time will
and complex partial seizures may be preceded by sensatibasbest defined by EEG and careful observation criteria, in
such as buzzing, tingling, smells, and gastrointestinal saztese collaboration with the neurology team, before the
sations. seizure becomes generalized. With injections performed

Temporal lobe seizures are usually accompanied by heduting generalized seizures, image interpretation and defi-
deviation, aphasia, swallowing, tooth grinding, a chewingition of the seizure focus may be impossible, because the
motion, and staring spells. Frontal lobe seizures are ra@bnormal perfusion may extend to other areas. Typically,
and may include sexual automatisms and vocalizatioreffective tracer injections are performed within 5-10 s of
Occipital lobe seizures include symptoms such as visusdizure onset. Such timing is possible only with a tracer
hallucinations, blinking, and eyelid fluttering. Parietal lobalready labeled and maintained at the patient’s bedside at all
seizures do not seem to have a characteristic set of syrtipies.
toms. The images show hyperperfusion of the temporal lobe,

The role of brain SPECT in epilepsy is not the diagnosissually extending to the ipsilateral basal ganglia and thala-
of the disease but the localization of the seizure focus forus and possibly also extending to the ipsilateral motor
surgical therapy, especially in temporal lobe epilepsy. Ideertex and contralateral cerebellar cortex. Presently, brain
ally, the patient should be imaged twice: in the interictal 8PECT is the only imaging modality able to capture the
seizure-free condition and in the ictal condition, with theCBF changes associated with seizures.
tracer injected at the very beginning of a seizure episode.The postictal study is defined as a tracer injection be-
Alternatively, the ictal study can be replaced by a postictaheen 1 and 10 min after a seizure. The images usually
study, with the tracer injected after a seizure episode. show hypoperfusion that may extend to the ipsilateral hemi-

In the interictal or seizure-free study, brain SPECT shovephere and contralateral temporal lobe. Hyperperfusion, if
focal or diffuse hypoperfusion that is usually of the antergresent, will be seen in the anteromedial temporal lobe for
medial temporal lobe and may extend to the ipsilaterap to 5 min after the seizure ends.
frontal lobe. However, in approximately 50% of the patients The sensitivity of brain SPECT, in comparison with EEG
the study may show normal findings, and in 10% the stué&nd surgery, in temporal lobe epilepsy is 44% and 43%,
may show hyperperfusion, which may change to hypopeaespectively, for interictal studies; 97% and 100%, respec-
fusion in subsequent studies. Whenever possible, trateely, for ictal studies; and 75% and 77%, respectively, for
injection should be performed under electroencephalogaestictal studies48). The combination of hypoperfusion in
phy (EEG) monitoring to ensure that a subtle seizure dot#e interictal study followed by hyperperfusion in the ictal
not go undetected. study in the same area has absolute specificity, because no

FIGURE 5. A 21-y-old left-handed man
had history of tonic-clonic seizures since
age 8. Head CT findings were normal. MRI
showed T2-weighted hyperintense signal
and slightly decreased size of right hip-
pocampus. EEG showed acute waves in
right frontal and temporal lobes. Interictal
and ictal transaxial and coronal slices
show hypoperfusion and hyperperfusion,
respectively, of right temporal lobe (ar-
rows).
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other neurologic condition can cause this phenomenon (Figund amobarbital sodium in only 7 posterior cerebral artery
5). However, correlation with structural imaging, especiallierritories; conventional angiography found it in 15 (8 in
MR, is important for a better understanding of the pathaerror), and digital angiography, in 11 (4 in error).
logic process and for excluding or confirming other causesin extratemporal lobe epilepsy, brain SPECT may be
of seizures such as a primary brain tumor. helpful despite its low sensitivity in the interictal state. The
Comparisons of the®Tc-labeled agents ECD andictal study has sensitivity ranging from 85% to 91%. In
HMPAO have found them equivalent for localization of thérontal lobe seizures, the difficulty in detecting the epilep-
seizure focus in critical studies, with a significant differencegenic focus is caused by the short duration of the seizure
in utilization time after labeling49,50. and the magnitude of hyperperfusion, frequently less than
Hypoperfusion of the ipsilateral thalamus in 26% ofhat of temporal lobe epilepsy.
interictal studies%1) and crossed cerebellar hyperperfusion
in 75% of ictal studiesF2) are interesting additional find- Head Trauma
ings in temporal lobe epilepsy and should be used to facil-Brain SPECT is more sensitive than CT or MRI for
itate image interpretation. Witt#3-IMP for interictal stud revealing lesions caused by head injury, especially in the
ies, hypoperfusion in the early image may have any of thrégute (24 h) phase. In the subacute (2 d4& mo) and
aspects in the delayed image: be the same, become noratonic (>6 mo) phases, the performance of brain SPECT
or show hyperperfusions@). Surgical outcome was betteris less well documented.
when the findings became normal. Regardless of the type of injury (subdural hematoma,
A most peculiar finding has been describ&d)(in what cerebral contusion, or subarachnoid hemorrhage), the im-
was called a preictal brain SPECT study: a significamges show focal, multifocal, or regional areas of hypoper-
increase in rCBF in the epileptic temporal lobe was olfusion that correlate better with the clinical status of the
served in two patients, without EEG changes, 11 and 12 npiatient than do structural images. In addition, these images
before seizure. According to the authors, a change in newre capable of revealing both the acute and the chronic
ronal activity precipitated the transition from the interictagffects of head traumé9,60.
to the ictal state. Focal cerebral hyperemia after head injury was associated
Landau-Kleffner syndrome is a rare disturbance of childvith a lower mortality rate and better outcome than was lack
hood characterized by acquired aphasia and epilepsy, somiehyperemia after head injun6g). In patients with mild
times associated with behavioral disturbances and psychdtemumatic brain injury and normal CT findings, brain
manifestations. In all the members of a small group GPECT was useful and sensitive enough to show perfusion
children with this condition, hypoperfusion of the left temchanges, even when the patient did not lose consciousness;
poral lobe, interictally, was found5p), and this finding these changes correlated better with neurologic findings in
returned to normal after corticosteroid therapy. the absence of anatomic abnormalities. Also, normal brain
Conflicting results on the role of neuroreceptor imagingPECT findings were found to be a reliable tool in the
for localization of the seizure focus have been describeskclusion of the clinical sequelae of mild head injury
123-jomazenil has been found to be less precise t#&n (62,63.
FDG and!!C-flumazenil for seizure focus localizatiob6);
in contrast, another stud$T) claimed that the same tracerCerebral Neoplasms
is better than FDG and perfusion agents for seizure focusBrain SPECT perfusion agents such'&%-IMP, 9"Tc-
localization. HMPAO, and®*"Tc-ECD have not been useful for imaging
The Wada test has been used for speech and mempfynary brain tumors. Primary tumors usually display de-
lateralization before surgery. The classical Wada test coteased uptake df3-IMP and an increased concentration
sists of slowly injecting approximately 2 mL amobarbitapf **"Tc-HMPAO proportional to the degree of malignancy.
sodium (Amytal; Eli Lilly and Co., Indianapolis, IN) in the However, conflicting results have been obtained with per-
internal carotid artery to anesthetize the ipsilateral cerebfesion tracers: in one stud$4), 77% of patients with brain
hemisphere. This test has two major problems. The firsttigmor showed an increased concentratioPP8fc-HMPAO
that in 89% of the population, perfusion of the mesia@nd normal uptake oP"Tc-ECD. Metastatic lesions show
temporal lobe (important for memory lateralization) is supdecreased uptake of brain perfusion tracers.
plied by the posterior cerebral artery, not the internal carotid In contrast, brain SPECT witi'TI-thallous chloride and
artery. The second is that high-volume, high-pressure radf§"Tc-sestamibi have been useful in distinguishing radiation
graphic contrast is used to map the distribution of amobagffects from residual or recurrent tumor, a distinction not
bital sodium, and contrast and amobarbital sodium distribpessible with CT or MRI2%IT| uptake in high-grade glio
tions are assumed to be the same despite the different flmas has been found to be increased in comparison with that
regimens. A more physiologic approach to this test that has low-grade gliomas. Using doses of 148 MBq (4 mCi)
been proposedsg) uses a mixture of amobarbital sodiun?®Tl and an uptake index (average counts per pixel in the
and *"Tc-HMPAO for intracarotid injection and subse tumor divided by the average counts per pixel in the ho-
quent imaging. In a group of 22 patients, brain SPECMologous region) in the immediate (5-min) image, an abil-
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ity to distinguish low-grade lesions (1.2t 0.34) from patients but was decreased in patients with multiple-system
high-grade tumors (2.2& 0.49) has been found¥). atrophy, progressive supranuclear palsy, and HD. There-
201T] in combination with®*™Tc-HMPAO images has also fore, these agents have the potential for distinguishing Par-
been used to distinguish tumor from radiation necrosis akthson’s disease from other movement disord&g3.(
to assess survival in patients with glioblastoma multiforme. However, with1?3-g-CIT, a reduction in striatal dopa
Patients with &°ITl ratio less than 2 had an 83.3% 1-ymine transporter binding, with two different components,
survival rate; for &°ITl ratio of 2—3.5, the 1-y survival rate has been shown. Decreased striatal binding contralateral to
was 29.2%; and for a ratio greater than 3.5, the 1-y survividlle clinically affected side is more prominent, and reduction
rate was only 6.7%€66). is greater in the putamen than in the caudate nucléds (

In routine evaluation of patients suspected of havinghat this tracer may be sensitive enough to detect subclin-
residual or recurrent tumor after therapy, edfiflimaging ical involvement of dopamine receptors in Parkinson’s dis-
(10-30 min after injection), followed by delayed (1- to 2-hpase is conceivabl&g).
imaging with or without quantification and with simulta- HD. HD is characterized by rapid, jerky, involuntary
neous acquisition oP"™Tc-HMPAO or%"T¢c-ECD images, movements of the face, arms, and legs. Dementia and psy-
is helpful. Typically, tumors (especially of high grade) havehiatric symptoms may also occur. Histologically, basal
either a constant uptake or an increasé®fiil uptake over ganglia neuronal dysfunction with premature neuronal cell
time, in contrast to nontumoral lesions that display poor eleath and gliosis is present, especially in the heads of both
no uptake with washout over time. This approach has beeaudate nuclei. Less extensive changes may also occur in
useful for distinguishing cerebral lymphoma from infectiothe putamen.
in AIDS patients 67—69. Brain SPECT studies with perfusion agents, similar to

123.-methyl tyrosine has also been used for diagnosis BET studies, show decreased or absent tracer uptake in the
recurrent glioma and seems to be a promising new traceadudate or basal ganglia of symptomatic patients. Perfusion
Patients with recurrent tumor had a significantly highetefects in the basal ganglia are usually bilateral but are not
lesion-to-background ratio than did patients without recupecessarily symmetri@6). The sensitivity of brain SPECT
rence 70). with perfusion agents in these patients has been high, even

Multidrug resistance of tumors has been investigated with those with normal CT or MRI findings7{). Decreased
%omTc-sestamibi, with encouraging results for evaluation gfwudate nuclei uptake has also been reported for several
the presence of MDR-1 gene expression in gliorr?éB_( individuals at risk of HD who have undergone brain SPECT

with perfusion tracers7@).
Movement Disorders An unusual finding of hyperperfusion in the caudate

Parkinson’s DiseaseAkinesia, bradykinesia, tremor, ri- nuclei in five of seven patients with HD, all with various
gidity, and disturbance of postural reflexes are characterisgiggrees of cortical hypoperfusion, has been repod&jl (
of Parkinson’s disease. The symptoms are caused by losShfs finding is somewhat similar to the recent repai®)(
the dopamine-containing pigmented neurons of the substamat basal ganglia uptake in an HD patient returned to
tia nigra and locus caeruleus, leading to reduced dopamifermal after therapy with olanzapine.
in the striatum. Parkinson’s disease may also be defined asleuroreceptor imaging witft3-iodobenzamide (IBZM)

a dopamine deficiency state in which the excitatory choliiras shown that striatal dopamine, Beceptor binding is
ergic activity in the striatum can no longer be counterbateduced in HD T78).

anced. However, this mechanism does not explain all symp-

toms of Parkinson’s disease. PSYCHIATRIC DISORDERS

Usmg_ brain perfusion agents, finding aspecnflc _perfusu_Jn Brain SPECT in psychiatric disorders is still investiga-
patter in the cerebral cortex and basal ganglia in ParklE'_nal Despite considerable research interest in this area
son’s disease has been difficult. An absence of cortical .. pite . . '

: . . .sRecmc perfusion patterns of the various diseases have not
perfusion defects, various degrees of cortical hypoperfu5|Been definitely recognized. However, perfusional and recep-
and cerebellar hypoperfusion, and normal findings all haye nnitety recog ' P i . P

. . o : or imaging findings may be used as an additional diagnostic
been described. Striatal perfusion is usually normal in P%_ol to guide clinicians searching for a definite diagnosis
kinson’s disease. g 9 9 '

Neuroreceptor imaging in Parkinson'’s disease has sho®bsessive-Compulsive Disorder
potential for further investigation. WitF3-iodolisuride, a  Obsessive—compulsive disorder is rares@o of psychi-
dopamine B agent, and semiquantitative analysis of basaltric patients), with a usually gradual onset in adolescence
ganglia—to—cerebellum ratios at 120 min, no difference was early adult life and a slightly greater prevalence in
found in D, receptors between healthy volunteers and Pdemales. Family history shows a high incidence in other
kinson’s disease patient83). With 123-epidepride, another members. Obsessions are imperative, distressing thoughts
D, agent, similar results were obtained: tracer uptake-mehat persist despite the desire to resist them and may take
surel 3 h after intravenous injection of 185 MBq (5 mCi)various forms: intellectual (phrases, rhymes, ideas, images),
was normal in the basal ganglia of Parkinson’s diseasapulsive (killing, stabbing, performing abject acts), or
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inhibiting. Compulsions are acts that result from obsessiora)ce of obscenities. This disorder is closely related to ob-
such as checking rituals, repeated hand washing, and wipsegssive—compulsive disorder, and often the two conditions
objects (). The existence of various types of obsessivesoexist, probably as parts of the same continudjn (
compulsive disorder with different clinical manifestations is Hyperperfusion of the frontal lobes, cingulate gyrus,
now conceivable and may explain the conflicting imagingasal ganglia, and thalami may be found all together in the
findings. same patient or in different combinations. WiHl-IBZM,
Brain SPECT findings in patients with obsessive—conpatients free of medication showed decreased striatal bind-
pulsive disorder have been investigated by several authargy of this agent §3).
Hyperperfusion of the anterior portion of the cingulat%
gyrus; bilateral orbitofrontal regions; and, in some patientsc
basal ganglia before therapy has been descrizéd-81J).
These changes returned to normal after treatment with f

oxetine 80,8). In contrast, hypoperfusion of the frontal Z?é gﬁgzglgrs’ ?)g(ij'[i\/tgl(r]akLljgﬁi%. ?ggiféo\r;;;reoru;?i%r
lobes, right caudate nucleus, and right thalamus has aﬁ g P Y ' ' y

sQ, S . .
been found §2). Patients with poor insight on their condi- zﬂlucmaﬂons, persecutory, grandiose, or religious delu

. . ; . . S sions; aggressiveness; bizarre appearance; abnormal sexual
tion or with schizo-obsessive behavior probably will d|splaﬁ.I 99 PP

hizophrenia
' Schizophrenia comprises a group of closely related dis-
rders characterized by a particular type of disordered af-

hypoperfusion of the frontal lobes, whereas patients wi ehavior; disordered thoughts) or negative (poor eye con-

adequate insight tend to display hyperperfusion of fronta ct, speech, or hygiene; inappropriate affect; blocking; ap-

lobes and cingulate gyrus (Fig. 6) athy; social inattentiveness).
9 oy g ). Brain SPECT most frequently shows hypofrontality, es-

Gilles de la Tourette’s Syndrome pecially during a specific task; perfusional changes in the
Gilles de la Tourette’s syndrome is the rarest and madsasal ganglia, possibly related to the use of neuroleptic
severe tic syndrome. Multiple tics are present, associatéigs; and temporal lobe hypoperfusion, usually on the left
with snorting, sniffing, loud and irritating vocalization, ag-side and frequently associated with ipsilateral frontal lobe
gressive impulses, jumping, squatting, and explosive uttdtypoperfusion §4). However, patients who are not receiv-

FIGURE 6. A 13-y-old boy complained
of severe anxiety and compulsions (wash-
ing hands) over last 4 y. His insight was
intact. Transaxial and sagittal slices show
hyperperfusion of orbitofrontal area, bilat-
erally (arrows).
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ing medication and have either positive or negative sympgdana, hallucinogens, inhalants, cocaine, crack, heroin,

toms may show conflicting findings (hypo- and hyperpestimulants, alcohol, and other91).

fusion) with the perfusion tracers8%). Injection of Brain SPECT, similar to PET, has shown disseminated

perfusion agents at the time of visual or auditory hallucinaerebral blood flow defects in abusers of cocaine, crack, and

tions shows hyperperfusion of the primary visual or aud&icohol ©2,99. Disappearance or improvement of the le-

tory cortex, respectively8g). sions after a period of abstinence has been described, sug-
Several investigators have uségfl-IBZM in schizo- gesting that arterial spasms may cause the defects

phrenic patients, sometimes with contradictory results. Stfit00,10). Patients with a history of inhalation of industrial

atal D, or D; receptor blockade by neuroleptic drugs wasolvents, such as glue, paint, and gasoline, have similar

found to simulate negative symptom87). In contrast, perfusion abnormalities.

some investigators88) have proposed that worsening of

negative symptoms may be related to increased availabilf§fFERENCES
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