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Cranial single-photon emission computerized tomography (SPECT or SPET) can now give regional cerebral blood flow images 
with a resolution approaching that of positron emission tomography (PET). In this paper, the use of high resolution SPECT 
neuroimaging in neuropsychiatric disorders, including Alzheimer's disease, multi-infarct dementia, Pick's disease, progress
ive supranuclear palsy, Korsakoff's psychosis, Creutzfeld-Jakob disease, Parkinson's disease, Huntington's disease, schizo
phrenia, mood disorders, obsessive-compulsive disorder, HIV infection and AIDS is reviewed. Finally, further potential 
research and clinical uses, based on ligand studies, are outlined. 
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INTRODUCTION 

This paper begins by outlining the basic principles under
lying the use of cranial single-proton emission computer
ized tomography (SPECT). The uses and applications of 
SPECT in neuropsychiatric disorders are then reviewed. 
The paper ends with an appraisal of the potential develop
ments in the rapidly progressing field of the application of 
SPECT in ligand studies. 

BASIC PRINCIPLES 

The study of cerebral blood flow (CBF) and cerebral 
metabolism in neuropsychiatry began after the Second 
World War with the development of a technique by Kety 
and Schmidt (1948) involving the inhalation of nitrous 
oxide. This early method simply gave an index oftotal cra
nial CBF. It entailed sampling the arterial blood supply to 
the brain and the internal jugular venous flow from the 
brain. 

The nitrous oxide inhalation technique was superseded 
by methods based on the radioactive gases 85Kr (kryp
ton-85) and mXe (xenon-133) which allowed the 
measurement of regional cerebral blood flow (rCBF). 
Initially the radioactive gas was administered intra
arterially (Lassen and Ingvar, 1963), but, with the advent 
of better scintillation counter technology, inhalation 
became the most popular route of administration. 
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The combination of the measurement of gamma ray 
photons emitted through the scalp, following inhalation of 
133Xe, with computerized tomography, gave birth to 
SPECT. The "single-photon" in the name refers to the fact 
that the radioactive tracers used emit single photons (of 
gamma ray electromagnetic radiation). One major dis
advantage of mXe SPECT is its low resolution. In 
addition, only cortical areas could be imaged in initial stu
dies. Another disadvantage of 133Xe SPECT is that clear
ance curves recorded over the scalp by scintillation 
counters on either side of the head are contaminated by 
photons emanating from the contralateral cerebral hemi
sphere, a phenomenon referred to as cross-talk (Sakai et 
ai., 1979). Furthermore, scalp clearance curves may also 
be contaminated by leakage from the face mask of the 
133Xe being inhaled. When compared with the same sub
jects during leak-free runs, it has been found that even 
small leaks of 133Xe from the face mask lead to significant 
differences in the rCBF values, particularly in those 
regions nearest the face mask, that is, the frontal lobes 
(Mathew et ai., 1988). 

The difficulties of scalp clearance curve contamination 
and relatively poor image spatial resolution with mXe 
SPECT have largely been overcome by two recent devel
opments: the use of 1231 (iodine-123) and 99mTc (tech
netium-99m) radiolabelled tracers; and the use of more 
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sophisticated photon detector systerns. In contrast to the 
freely diffusible (or dynamic) radiotracer I33Xe, the newer 
1231 and 99mTc radiolabelled (static) tracers are retained in 
the brain for longer (allowing rnore accurate photon detec
tion over a longer period) and display a rnore fixed 
regional cerebral distribution (thus allowing better resol
ution rCBF irnages); these properties allowed static 
SPECT irnaging to take place using the rotating head 
gamrna camera. The first of the newer static tracers to be 
widely used in neuropsychiatric studies was the radiophar
rnaceutical (1 231 ]p-iodo-N-isopropylamphetarnine (1 231-
IMP), which had the distinct advantage that the kinetics of 
its cerebral uptake are such that initially the latter is 
approxirnately proportional to the rCBF (Kuhl et al., 
1982). However, rnajor disadvantages of 1231_IMP include 
its relatively long half-life, of approxirnately 13 h, and the 
fact that it is relatively expensive since, as with radiotrac
ers used in positron ernission tornography (PET), a cyclo
tron is needed for its generation. These difficulties have 
been overcorne with the developrnent of the cornpara
tively inexpensive radiopharmaceutical [99mTc]d, l-hexa
rnethyl-propyleneamine oxirne (99mTc-HMPAO). In 
cornparison to 1231_IMP, the chernical structure of 99mTc 
allows its incorporation in a relatively large variety of rnol
ecules. 99mTc-HMPAO displays rCBF dependent uptake 
with little redistribution over tirne. The lipophilic 99mTc 
cornplex has been dernonstrated, in vitro, to convert 
slowly to a secondary cornplex, and this rnay underlie the 
relative lack of cerebral redistribution (Neirinckx et aI., 
1987); after crossing the blood-brain barrier on first pass, 
99mTc-HMPAO enters brain cells where the pH change ren
ders the rnolecules lipophobic. The half-life of 99mTc
HMPAO is only approxirnately 6 h and the radioisotope 
99mTc is easily obtainable frorn nuclear rnedicine depart
rnent generators. Following the formation of the cerebral 
lipophilic 99mTc cornplex, a relatively high proportion of 
the radioactivity left in the blood is trapped in erythro
cytes, possibly by a sirnilar rnechanisrn to that causing cer
ebral retention. However, since the total volurne of blood 
in the adult brain is of the order of 0.0311, the contribution 
of photons frorn the blood to the total photon count frorn 
the brain is very srnall, being less than 2% at 1 h postinjec
tion (Neirinckx et at., 1987). 

So far as the detection of photons is concerned, the con
ventional rotating gamrna camera used in rnost clinical 
nuclear rnedicine departrnents has been technically super
seded by high resolution, rnultidetector systerns using a 
head-dedicated ring of focused detectors which rnove 
around the source, known as single-photon ring tornogra
phy (SPRINT), which give a higher sensitivity and resol
ution (Mountz et al., 1991). 

SPECT of the brain was until recently regarded as a 
poor relation to PET. The rnain difference is that whereas 
in PET the radiotracers used ernit positrons which in tum 
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react with electrons to yield two photons (of garnrna radi
ation) per reaction, the radiotracers used in SPECT decay 
with the ernission of a single photon, so that in theory 
locating the source of the ernission in SPECT is less pre
cise and hence spatial resolution is lirnited. However, by 
using SPRINT with 99mTC-HMPAO, SPECT can now give 
rCBF irnages with a resolution of 7 -8 rnrn at the detector, 
which approaches that of PET (Lewis, 1992). Moreover, 
as rnentioned above, cornpared with PET, 99mTc-HMPAO 
SPECT is rnuch cheaper; the radiotracers used in PET, 
having relatively short half-lives, require the presence of 
an on-site cyclotron for their generation. It should be noted 
that PET allows absolute rneasurernent of rCBF in rnl/rnin, 
whereas SPECT is serniquantitative, rneasurernents being 
expressed as a ratio (for exarnple, cerebral to cerebellar 
radiotracer uptake). 

In the following discussion of the use and applications 
of SPECT in neuropsychiatric disorders, whenever poss
ible the studies reviewed generally do not include low res
olution studies and those involving the use of 133Xe. In 
determining relative cerebral perfusion in neuropsychia
tric disorders that do not affect the cerebellurn, the ratio of 
cerebral to cerebellar radiotracer uptake is often used. 

NEUROPSYCHIATRIC DISORDERS 

Dementia 
To date, the rnajority of SPECT studies in dernentia have 
been concerned with Alzheirner's disease, either on its 
own or in cornparison with other causes of dernentia. The 
rnost consistent finding in Alzheirner's disease is that 
patients have a bilateral decrease in rCBF in the posterior 
ternporal and parietal regions, adjacent to the OCCipital 
lobe; occasionally decreased rCBF is also found in the 
frontal lobes, although the basal ganglia tend to be unaf
fected (Geaney and Abou-Saleh, 1990). These findings 
are consistent with earlier PET studies which also dernon
strated decreased rCBF and reduced oxygen and glucose 
rnetabolisrn in the ternporo-parietal and frontal regions 
(Frackowiak et at., 1981; Benson et al., 1983). Moreover, 
the finding in right-handed subjects with Alzheirner's dis
ease, using PET, that a reduced rCBF and reduced cerebral 
rnetabolic rate (CMR) occur in the right parietal lobe of 
those with apraxia, and in the left ternporo-parietal region 
in those with aphasia (Foster et at., 1983) has been rnir
rored by sirnilar SPECT findings (for example, Bums et 
at., 1989) which indicate that praxis is related to posterior 
non-dominant parietal activity, rnernory to dorninant tern
poral activity, and language functions to activity through
out the dorninant cerebral hernisphere. Cerebral protein 
biosynthesis, rneasured with IIC rnethionine, has also been 
dernonstrated to be reduced in parietal and frontal regions 
(Bustany et al., 1983) and rnay be related to a greater vul-
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nerability in these regions to oxidative impairments, poss
ibly leading in tum to decreased activity of the 
ketoglutarate dehydrogenase complex, and so causing 
impaired glutamate metabolism and selective neuronal 
death (Blass and Gibson, 1991). 

Although most studies conclude that 99mTc-HMPAO 
SPECT may be useful in diagnosing Alzheimer's disease, 
most of these studies have been retrospective with patient 
selection based on the diagnosis confirmed at the time of 
SPECT neuroimaging (Holman et al., 1992). Further
more, reduced rCBF in the bilateral temporo-parietal 
regions does not always occur in Alzheimer's disease 
(Neary et al., 1987), and false positive results may also 
occur (Hoffman et al., 1990). These difficulties have been 
addressed in a recent prospective study of 132 consecutive 
patients with cognitive dysfunction who were neuroim
aged using 99mTc-HMPAO SPECT (Holman et al., 1992). 
The conclusion of this study was that 99mTc-HMPAO 
SPECT is indeed useful in the diagnostic evaluation of 
patients with cognitive dysfunction, with the presence of 
bilateral posterior cortical rCBF defects indicating a high 
probability, of the order of approximately 0.8, of the pres
ence of Alzheimer's disease; unilateral posterior rCBF 
defects and frontal rCBF defects were not found to be pre
dictive of this disorder. 

Case studies of patients with Down's syndrome who 
were clinically diagnosed as suffering from the neuropath
ological changes of Alzheimer's disease have demon
strated the SPECT changes seen in Alzheimer's disease 
(Nakayasu etal., 1991; Rae-Grantetal., 1991). Therefore 
it may be possible to use SPECT to detect pre symptomatic 
and early cases of dementia in this common cause of men
tal retardation. 

Multi-infarct dementia has not been found to be associ
ated with any particular pattern of rCBF deficits (Deisen
hammer et al., 1989; Geaney and Abou-Saleh, 1990). As 
would be expected, therefore, most studies have demon
strated that SPECT correctly distinguishes Alzheimer's 
disease from multi-infarct dementia in the majority of 
cases, for example in 80% of cases in a large study of 160 
consecutively imaged elderly patients with suspected 
dementia (Launes et al., 1991). One recent study that did 
not find a statistically significant decrease in 99mTc_ 
HMPAO uptake in the temporo-parietal region in Alz
heimer's disease compared with multi-infarct dementia 
was based on a sample of just 27 demented patients (Wein
stein et aI., 1991). 

Tohgi et al. (1991) carried out a study of 18 patients 
with vascular dementia of the Binswanger type compared 
with 25 patients with Alzheimer's disease. It was found 
that moderate dementia of the Binswanger type was sig
nificantly associated with a reduced bilateral uptake of 
123I-IMP in the basal grey region (that is, the thalamus and 
basal ganglia) and the frontal area. In the more severe 

cases of the vascular dementia the rCBF was significantly 
decreased in all areas. Moreover, the decrease in the mean 
value of the rCBFs was significantly correlated with clini
cal severity as measured by psychometric testing. 

Using 99mTc-HMPAO as the radiotracer and Alzheim
er's disease as a comparative group, both Habert et al. 
(1991) and Neary et al. (1987) have studied patients with 
Pick's disease and progressive supranuclear palsy. Both 
causes of dementia were found to be associated with fron
tal hypoperfusion, with the pattern of frontal deficits dif
fering between the two disorders. A marked 
hypoperfusion was found to affect the superior and 
inferior cortices in Pick's disease while progressive supra
nuclear palsy was associated with a smaller, but still sig
nificant, decrease in the rCBF in only the superior frontal 
cortex (Habert et al., 1991). In the earlier study by Neary et 
al. (1987) progressive supranuclear palsy was associated 
with an intact rim of frontal cerebral perfusion, which 
would be consistent with subcortical dysfunction. A study 
by Miller et al. (1991) of eight patients with Pick's disease, 
using 123I_IMP SPECT, demonstrated frontal and temporal 
hypoperfusion, with relative sparing of parietal and 
occipital blood flow; this finding is in accord with the 
known distribution of neuropathological changes in this 
cause of dementia. 

In contrast to patients with Alzheimer's disease, in Kor
sakoff's psychosis posterior temporal rCBF has been 
reported to be maintained, although a trend has been found 
to reduced 99mTc-HMPAO uptake in other cortical areas 
which in tum was correlated with impairment of neuro
psychological function (Hunter et al., 1989a). 

In two separate case reports of patients with Creutzfeld
Jakob disease, the diagnosis being proved by biopsy, 
99mTc-HMPAO SPECT demonstrated either perfusion 
defects in the left frontal and right temporo-parietal 
regions (Cohen et aI., 1989) or throughout the cerebral 
cortex (Hunter et aI., 1989b). That these apparently dif
fering findings may be part of the same picture at different 
times is suggested by the fact that both focal and general
ized reductions in the rCBF were found in a third case 
study, using 123I_IMP and 99mTc-HMPAO, in which 
decreased accumulation of both radiotracers occurred, 
localized initially in focal regions and then progressing 
eventually to the whole brain (Ono et al., 1989). The clini
cal value of SPECT over X-ray computerized tomography 
(CT) in the investigation of this condition is highlighted by 
the finding of a normal brain CT scan in all three cases. In 
an earlier report of two cases of clinically diagnosed (but 
not pathologically proved) Creutzfeld-Jakob disease, 
123I-IMP SPECT demonstrated decreased rCBF in all cor
tical areas, while CT and magnetic resonance imaging 
(MRI) showed no abnormality apart from slight cortical 
atrophy (Momose et al., 1988). 

Since it is generally accepted that Parkinson's disease is 
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caused by depletion of dopaminergic neurones of the sub
stantia nigra that project to the corpus striatum (Adams 
and Graham, 1988), it might be expected that SPECT neu
roimaging in this disorder would reveal a reduced rCBF in 
the basal ganglia. This has indeed been found to be so in a 
SPECT study, using 123I_IMP, of 20 patients with Parkin
son's disease (Hayashi et al., 1989) in which rCBFs in the 
basal ganglia and frontal cortex were reduced by a quarter 
compared with normal controls. In a larger Japanese 
study, with 123I_IMP SPECT, of 159 patients with Parkin
son's disease, Morimatsu (1991) found a reduction in the 
rCBF in the frontal and temporal lobes which was corre
lated with the severity of the disease using Yahr staging. 
Furthermore, scores on the Mini-Mental State and Hase
gawa's Dementia Scale showed a highly significant corre
lation with the blood flow in the frontal and parietal lobes, 
leading the author to suggest that dementia in this con
dition may be caused by dysfunction in these regions. On 
the other hand, a small number of studies has demon
strated bilateral posterior hypoperfusion. For example, in 
a study of 30 patients with Parkinson's disease by Spampi
nato et al. (1991) a comparison of rCBF, evaluated by 
99mTc-HMPAO SPECT, was carried out in 15 patients with 
dementia and 15 without dementia. It was found that 
rCBFs in non-demented Parkinson's disease patients did 
not differ from a further set of control subjects. In the 
demented patients with Parkinson's disease, however, a 
significant rCBF reduction was found in the parietal, tem
poral and occipital cortices, although not in the frontal cor
tex. The above studies on Parkinson's disease have 
demonstrated bilateral haemodynamic changes. In order 
to test the effects of lateralized parkinsonian symptoms on 
cognition and rCBF, a cognitive battery and SPECT study 
by Agniel et al. (1991) was carried out on 23 right-handed 
patients with lateralized idiopathic Parkinson's disease, 
comparing 13 patients with predominantly right-sided 
symptoms with 10 having predominantly left-sided symp
toms. No correlation was found between laterality of 
motor parkinsonian symptoms and cognitive or haemody
namic asymmetry scores. Changes in rCBF with respect to 
the "one-off' syndrome have also been evaluated. Using 
99mTc-HMPAO SPECT, Costa et al. (1988) studied 
patients with Parkinson's disease during an "on" phase 
(under levodopa therapy) and on a separate occasion after 
withdrawal of the levodopa ("off' phase). A significant 
change was found in the radiotracer uptake in the caudate 
nucleus, in which the 99mTc-HMPAO uptake was lower 
during the "off' phase, and in the thalamus, in which 
uptake was higher during the same phase. 

In general, the SPECT findings in Huntington's disease 
are consistent with its known neuropathological changes, 
with bilaterally decreased radiotracer uptake in the basal 
ganglia, involving the heads of the caudate nuclei and 
adjacent structures (Nagel et al., 1991; Geaney and Abou-
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Saleh, 1990). Although parallel findings are generally 
found using MRI, the rCBF deficit in SPECT may be 
greater than that expected from MRI (Smith et al., 1988). 

Dementia occurring in AIDS is considered in the sec
tion on HIV infection and AIDS below. 

Schizophrenia 
Both PET and SPECT have shown cortical abnormalities 
in schizophrenia, as described below. It can be argued that 
these are best demonstrated under conditions of cognitive 
activation, whereby differences from normal controls are 
greatest when imaging is carried out while subjects are 
engaged in a cognitive task known to be mediated by the 
cortical region of interest (Lewis, 1992). 

Left dorsolateral frontal deficits have been shown in 
right-handed patients with schizophrenia in 133Xe inha
lation SPECT studies (Weinberger et al., 1986), as has left 
temporal overactivity (Mathew et al., 1988) which has 
also been shown with 18F-deoxyglucose PET (DeLisi et 
al., 1989), as well as with 123I_IMP SPECT in a single case 
study of an hallucinating patient (Matsuda et al., 1988). 
Right parietal deficits were reported by Cleghorn et al. 
(1989) and found to correlate with deficits on a range of 
neuropsychological tests. 

The most consistent finding using 99mTc-HMPAO 
SPECT is hypofrontality. Thus in a report of six para
phrenic patients by Podreka et al. (1987), half showed 
hypofrontality. Similarly, in a case report by Hawton et al. 
(1990) involving neuroimaging on three occa<;ions in a 
right-handed 42-year-old woman suffering from schizo
phrenia, marked hypofrontality, possibly entering into the 
temporo-parietal region, was shown during an acute psy
chotic phase of the illness. During remission the scinti
grams were within normal1imits, but some return of the 
original deficit was subsequently noted during a relapse. 

The first comparative study of rCBF in schizophrenia 
and heathly controls using 99mTc-HMPAO SPECT was 
reported by Rubin et al. (1991). Nineteen patients newly 
diagnosed as suffering from schizophrenia or schizophre
niform psychosis were compared with seven healthy vol
unteers. The patients were either neuroleptic drug naive or 
else had received neuroleptics for only a few days. Follow
ing neuroimaging at rest, activation was carried out using 
the Wisconsin card sorting test, a problem-solving and 
abstract-reasoning test known from previous studies to be 
a sensitive indicator of frontal function in humans (Wein
berger et aI., 1986). A significant relative activation deficit 
in the left inferior prefrontal region and impaired left stria
tal suppression were found during activation in the patient 
group. The authors speculate that the inability to suppress 
striatal activity may result from a lack of corticostriatal 
feedback during prefrontal activation. 

Lewis et al. (1992) also carried out a similar compara
tive study, again using 99mTc-HMPAO SPECT. The rCBF 



SPECT IN NEUROPSYCHIATRY 

was measured during a word fluency cognitive task, which 
selectively activates frontal regions (particularly on the 
left side), in 25 male, right-handed, medicated patients 
with schizophrenia and in 25 age-matched male, right
handed healthy volunteers. Compared with the controls, in 
subcortical regions patients showed increased rCBF in the 
caudate and thalamus; this was probably secondary to 
pharmacotherapy with neuroleptic medication, as indi
cated by previous PET studies (for example, DeLisi et al., 
1985; Szechtman et al., 1988). In the cortex, patients 
showed a patterned abnormality comprising: markedly 
decreased rCBF in left mesial, inferior and dorsolateral 
frontal regions; possibly decreased right parietal rCBF; 
and increased rCBF in left superior temporal and occipital 
regions. Similar cortical deficits have been reported in pre
vious studies, as mentioned above. The overall pattern of 
the cortical abnormalities was highly reminiscent of that 
reported by Buchsbaum et al. (1990) which used JSF-deox
yglucose PET to examine regional brain glucose uptake in 
13 medication-free patients with schizophrenia and 37 
healthy controls, while carrying out a cognitive activation 
task. The fact that these two studies differed with respect to 
whether the patients were medication-free would tend to 
suggest that the similar changes seen in both are robust to 
medication status. Other findings by Lewis et at. (1992) 
were that lateralized patterns of left-sided frontal rCBF 
dominance in controls were reversed in patients, as were 
normal patterns of right-sided parietal rCBF dominance. 
Also, negative symptom score correlated inversely with 
mesial frontal rCBF, particularly on the left. This suggests 
that mesial frontal dysfunction might be at least as import
ant as dorsolateral frontal dysfunction (Weinberger et al., 
1986; Liddle, 1987) in explaining the neuropsychological 
deficits which underlie negative symptoms of schizo
phrenia. In a PET study of 30 patients with schizophrenia 
by Liddle et al. (1992), the syndrome of psychomotor pov
erty was also found to be associated with left dorsolateral 
prefrontal dysfunction, with the region of hypoperfusion 
extending to the medial prefrontal cortex and contiguous 
anterior cingulate cortex. 

Mood disorders 
The vast majority ofthe relatively few studies published to 
date on the measurement of rCBF with SPECT in patients 
with mood (affective) disorders have used inhaled I33Xe as 
the radiotracer. They may therefore suffer from some of 
the artefacts of inhalation I33Xe SPECT outlined above, 
and this may account, at least in part, for the conflicting 
results so far. While Mathew et al. (1980) and Gustafson et 
at. (1981) found a decrease in rCBF in depressed patients 
at rest, Uytenhoef et al. (1983) found an increase in rCBF 
in the left frontal lobe and a decrease in right posterior 
areas in such patients, and other studies have shown no 
difference in rCBF between depressed patients and con-

troIs (Risberg, 1980; Gur et al., 1982, 1984; Silfverski61d 
and Risberg, 1989). 

In a study of38 patients with major depressive disorders 
and 16 controls, again using I33Xe SPECT, Delvenne etal. 
(1990) also found that global right and left cerebral hemi
sphere blood flow did not differ between the two groups. 
However, when only cortical rCBF was considered, the 
cortical blood flow was significantly lower in the left 
hemisphere in right-handed bipolar patients compared 
with controls and unipolar patients. The same lateraliza
tion was also found in patients with the endogenous sub
type of depression according to the Newcastle Scale. 

In a study of rCBF, measured using 99mTc-HMPAO 
SPECT, in 18 elderly (age range 66-90 years) patients suf
fering from major depressive disorder, Upadhyaya et al. 
(1990) found a reduced blood flow in all cerebral regions 
compared with an elderly (age range 58-91 years) control 
group. The difference was found to be statistically signifi
cant for the total cerebral blood flow, and almost reached 
statistical significance (ex = 0.05) in the left temporal and 
right parietal regions. 

A larger study of 41 patients with major depressive dis
order found that rCBF, measured using I33Xe inhalation 
SPECT, was reduced in selective frontal, central, superior 
temporal and anterior parietal regions, compared with a 
group of 40 matched normal controls (Sackeim et al., 
1990). The authors speculate this result may be caused by 
dysfunction in the parallel distributed cortical network 
involving frontal and temporo-parietal polymodal associ
ation areas. 

Obsessive-compulsive disorder 
A case report of a patient with a severe obsessive-compul
sive disorder found a reduced rCBF, measured by 123I_IMP 
SPECT, in the right basal ganglia and adjacent anterior 
right temporal lobe, which reverted to normal following 
major symptom reduction with pharmacotherapy (Hamlin 
et al., 1989). 

A series of 10 obsessive-compulsive patients was stud
ied by Machlin et al. (1991). Compared with eight control 
subjects, the patients were found to have a significantly 
higher ratio of medial-frontal to whole cortex blood flow, 
which was unrelated to the severity of the obsessive-com
pulsive symptomatology, but was negatively correlated 
with anxiety symptoms. No orbital-frontal cerebral blood 
flow differences were found. 

HIV infection and AIDS 
CT and MRI are usually normal in early HIV encephalopa
thy (AIDS dementia complex), and therefore are not use
ful in differentiating it from psychogenic conditions. 
However, in a study of 32 patients with HIV encephalopa
thy, it was found that 30 of these patients had SPECT 
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changes which differed from the findings in 15 patients 
with non-HIV psychoses and in six controls (Masdeu et 
aI., 1991). The rCBF changes in HIV encephalopathy 
included multifocal cortical and subcortical areas of hypo
perfusion. Furthermore, in four of the patients cognitive 
improvement took place following pharmocotherapy with 
zidovudine (AZT) which was mirrored by amelioration in 
the corresponding SPECT scintigraphic findings; CT 
scans remained unchanged, however. Another relatively 
large SPECT study of 26 patients with HIV encephalopa
thy also showed extensive cortical areas of hypoperfusion 
in all patients, particularly in the frontal and parietal lobes 
(Maini et al., 1990). The extent of the hypoperfusion was 
highly significantly correlated with the severity of the 
dementia complex. Furthermore, in three of the patients 
CT scans were normal, while two patients had normal 
MRI signals. This again suggests that there is a high preva
lence of cortical hypoperfusion in HIV encephalopathy 
and that SPECT is likely to be a better neuroimaging tech
nique in the early diagnosis and follow-up of such patients, 
particularly when CT and MRI do not reveal any abnor
malities. A similar conclusion was reached by Ajmani et 
al. (1991), who in a smaller study of five patients found 
that CT scans remained negative except in patients with 
the most severe dementia, whereas SPECT was very sensi
tive in showing brain perfusion defects. 

Another study demonstrating that SPECT is likely to be 
a superior imaging technique to CT and MRI in patients 
with HIV infection and AIDS was carried out by Pigorini 
et al. (1991). In 11 patients with AIDS-related neuro
toxoplasmosis it was shown that 99mTc-HMPAO SPECT 
may show focal hypoperfusing in patients with normal CT 
studies and/or non-focal MRI abnormalities. It was also 
found that the hypoperfusion may be more extensive than 
the corresponding MRI lesions and indeed may be present 
in regions with normal MRI signals. 

LIGAND STUDIES 

One of the potentially most exciting uses of SPECT is in 
the expanding field of neuroreceptor imaging. In a major 
advance on the studies of the last two decades or so using 
3H-labelled ligand receptor binding, new radiotracers are 
being developed which carry gamma radiation photon 
emitting radionuclides to neuroreceptors. The time-course 
of the regional concentration of such radiolabelled ligands 
can then be measured with SPECT and PET (Maziere and 
Maziere, 1990). 

At the time of writing, radiotracers for use in SPECT 
central neuroreceptor imaging studies are available for 
dopamine receptors (D1 and Dz), benzodiazepine recep
tors, and serotonin receptors (5-HTI and 5-HTJ. Two 
examples of recent research using such radiotracers are 
now outlined. 
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A recently introduced Dz dopamine receptor ligand 
which can be used with SPECT is IZ3I-IBZM (3-iodo-6-
methoxybenzamide). Using this ligand a marked 
reduction was found in the density of Dz dopamine recep
tors in the corpus striatum of 10 unmedicated patients with 
Huntington's disease compared with control subjects, thus 
demonstrating the clinical value of 123I-IBZM SPECT in 
the diagnosis of Huntington's disease (Brucke et al., 
1991). By extension, it would be expected that using 
appropriate ligands SPECT would similarly be of diagnos
tic value in other neurodegenerative disorders. In the same 
study IZ3I-IBZM was also administered to 12 patients 
receiving different neuroleptics. A curvilinear relation
ship was found between the total daily dose of neuroleptic 
and the reduction of the ratio of striatal to lateral frontal 
cortical counts per pixel. Under full neuroleptic treatment 
the estimated Dz dopamine receptor blockade was 
75-80%, and 123I-IBZM binding decreased significantly 
with increasing age. The radiolabelled isomer used was 
S-( - )-IBZM. When a racemic mixture of IBZM was used 
there was a marked reduction in specific binding to Dz 
dopamine receptors, while no specific binding occurred 
with the isomer R-( + )-IBZM, thus confirming the stereo
selectivity of IBZM binding. 

Similarly, using SPECT Innis et al. (1991) have demon
strated the use of I 23I-Iomazenil (123I-Ro 16-0154), a 
central benzodiazepine receptor ligand, as an in vivo probe 
of this receptor in primate brains. 

These results indicate the type of specific neuroreceptor 
studies that are possible with SPECT, and also point to the 
possibility of diagnostic uses and further direct clinical 
uses such as the monitoring of pharmacotherapy. 
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