
HUMAN STUDIES
Nuclear Neurology

Imaging of Dopamine Transporters with Iodine-123-
ÃŸ-CITand SPECT in Parkinson's Disease

Susanne Asenbaum, Thomas BrÃ¼cke,Walter Pirker, Ivo Podreka, Peter Angelberger, Sylvia Wenger, Christian WÃ¶ber,
Christian MÃ¼llerand LÃ¼derDeecke
Departments of Neurology and Nuclear Medicine, University of Vienna and Forschungszentrum Seibersdorf, Vienna, Austria

The aim of the present study was to demonstrate the degeneration
of the dopaminergic nigrostriatal pathway in Parkinson's disease by
using the cocaine derivative [123l]ÃŸ-CIT(2-ÃŸ-carbomethoxy-3-ÃŸ(4-
iodophenylj-tropane or RTI-55) and SPECT and to relate the findings
to the severity of the disease (Hoehn and Yahr scale, HA) and to
clinical data such as motor score and activities of daily living.
Methods: Thirteen volunteers and 47 patients with idiopathic Par
kinson's disease (PD) of HA Stage I-V (l:n = 16, ll:n = 6, lll:n = 14,

IV:n = 9, V:n = 2) were investigated. Acquisitions were performed 2,
4,16,20 and 24 hr postinjection. ROIs were drawn over the striatum
and the cerebellum. Specific ÃŸ-CITbinding was defined as striatal
minus cerebellar binding. The ratio of specific over nondisplaceable
binding (striatum/cerebellum-1) was determined as well as the
percent deviation of this ratio from age-expected control values.
Results: The time-activity curve of striatal [123l]ÃŸ-CITbindingdem

onstrated a maximum around 20 hr postinjection in controls and a
peak 4 hr postinjection in PD patients. Ratios differed significantly
between the two groups. A significant correlation existed between
this ratio and clinical measures. Hemiparkinsonian patients revealed
significantly diminished [123l]ÃŸ-CITbinding not only contralateral to

the clinically affected but also contralateral to the clinically unaf
fected side. [123l]ÃŸ-CITbinding showed a significant decrease in
comparison to age-expected values ranging from 36% in HA stage
I to 71% in HA stage V. Conclusion: The present study demon
strates that it is possible to visualize and quantify the degeneration of
dopaminergic nigrostriatal neurons in PD using [123l]/3-CIT and

SPECT with good correlation to clinical parameters.
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Ur ' ntil recently, imaging of the striatal dopaminergic system

with SPECT was restricted to the postsynaptic side. By using
[123I]IBZM alterations of D2 dopamine (DA), receptor binding
could be detected for example in Huntington's disease or in
patients under neuroleptic treatment (/), whereas in Parkinson's

disease (PD) only minor changes were found with this method.
Recently, a new radiotracer for the presynaptic side has been
developed: 2ÃŸ-carboxymethoxy-3ÃŸ(4-iodophenyl)tropane (ÃŸ-
CIT (2,3), also designated as RTI-55 (4)), a cocaine derivative
with high affinity for monoamine transporters. ÃŸ-CITcan be
labeled with I23l for SPECT or ' 'C for PET. It has been shown

to bind with high affinity to DA and serotonin (5-HT) trans
porters (2,4-8), with the highest binding in striatal and hypo-
thalamus/midbrain regions. Displacement studies in nonhuman
primates demonstrated that ÃŸ-CITbinding in the striatum is
almost exclusively to DA transporters, whereas binding in the
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hypothalamus/midbrain is mainly to 5-HT transporters (7). This
finding was confirmed by our group, in which we found no
reduction of striatal [123I]ÃŸ-CITbinding in depressive patients

treated with the selective serotonin reuptake inhibitor citalo-
pram (9).

In PD, a degeneration of dopaminergic neurons in the
substantia nigra leads to a reduction of neuronal projections to
the striatum. Consequently, the presynaptically located DA
transporters in the striatum are lost. A reduction of DA reuptake
sites in the striatum of patients with PD had already been
demonstrated by Kaufmann and Madras (10) and Niznik et al.
(77) in postmortem studies.

Few in vivo studies using ['23I]ÃŸ-CIT and SPECT have

shown a loss of DA transporters in PD (72-77). The aim of the
present study was to investigate patients with PD of different
severity to evaluate alterations of DA transporters in the
striatum in comparison with healthy volunteers and to correlate
these results with clinical data.

MATERIALS AND METHODS

Patients
Thirteen healthy volunteers (4 women, 9 men; age range 24-75 yr;
median age 57 yr) and 47 patients (16 women, 31 men; age range
42-82 yr; median age 66 yr) with idiopathic PD were investigated.
Volunteers were free of medication and had no history of neuro
psychiatrie disorders.

Patients were examined neurologically by five experienced
physicians. The severity of the disease was classified according to
Hoehn and Yahr (H/Y) (18). In addition, motor disabilities and
activities of daily living were rated using the Unified Parkinson's

Disease Rating Scale (UPDRS) (19). Patients showed no major
depression, dementia or other neurological disorders besides PD.
Sixteen patients ranged in H/Y Stage I, 6 in Stage II, 14 in Stage
III, 9 in Stage IV and 2 in Stage V. UPDRS motor scores and
activities of daily living scores are given in Figures 5 and 6.
Eighteen patients were untreated or stopped therapy 24 hr before
tracer administration; the remaining 29 patients were allowed to
take antiparkinsonian medication on the day of tracer administra
tion with L-DOPA/decarboxylase inhibitors of various doses (n =
28), in several cases in combination with dopamine agonists (n =
9) or amantadme (n = 6) and anticholinergic drugs (n = 5) except
benztropine. Five patients were treated with a low-dose neuroleptic
medication and two were treated with a tetracyclic antidepressant.
Therapy with l-(-)-deprenyl (n = 18) was stopped at least 18 hr
before [123I]ÃŸ-CITapplication.

The study was approved by the local ethics committee and
informed consent was obtained from each subject.
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SPECT Imaging
After blockade of thyroid uptake with 600 mg sodium perchlor-

ate taken orally 30 min before tracer application, subjects received
a mean dose of 3.76 mCi (139 MBq) (range 2.57-5.38 mCi) of
[mI]/3-CiT intravenously as a bolus.

The normal subjects and 25 of the 47 patients were investigated
2, 4, 16, 20 and 24 hr after tracer administration and the other 22
patients only 20 hr postinjection. SPECT studies were performed
with a triple-headed rotating scintillation camera equipped with
medium-energy collimatore and a dedicated computer system.
Two- and 4-hr acquisitions lasted for 20 min (20 sec per frame) and
16-, 20- and 24-hr acquisitions for 40 min (40 sec per frame), so
that 180 frames in a step-and-shoot mode were achieved. The
subject's head was positioned in a headholder using a crossed-laser

beam system for repositioning. Parallel to the cantomeatal plane
3.5-mm thick cross-sections were reconstructed by filtered back-
projection in 128 X 128 matrices using a Butterworth filter (cutoff
frequency 0.7, order 7). Attenuation correction was then performed
with a uniform attenuation coefficient of 0.12/cm after manually
drawing an ellipse around the head contour.

ROIs were drawn manually on single-slice views by one
investigator over the right and left striatum (size: 40-45 pixels
each), respectively, and cerebellum (size: 50-55 pixels each) using
a brain atlas for help. Striatal ROIs were drawn on several
consecutive (3.5-mm thick) axial slices and the highest value for
each striatum was taken to avoid tilting errors. Only for patients in
H/Y Stage I (unilateral PD) right and left striatal values were
calculated separately. Cerebellar ROIs were drawn on the slice of
best visualization, usually 10 slices below the striatum, and on the
two adjacent slices. These three consecutive sections and left and
right cerebellar hemispheres were pooled together and average
cerebellar counts were calculated. Cerebellar values were taken as
reference (nondisplaceable activity) because postmortem studies
(20-22) had shown a very low density of DA (and 5-HT)

transporters and receptors in this region. For semiquantification,
three different methods of describing brain activity were applied:
(a) average regional radioactivity normalized to injected dose and
body mass

(cpm/pixel/mCi X body weight, decay-corrected for the time

of the SPECT investigation after tracer injection)

was calculated for each ROI and specific binding was determined
as target minus cerebellar activity; (b) a binding ratio of

striatum over cerebellum â€”1,

which represents specific/nondisplaceable binding based on aver
age counts/pixel as another measure of specific binding was
calculated

[total â€”nondisplaceable activity/nondisplaceable activity

= total/nondisplaceable activity â€”1

= specific/nondisplaceable binding].
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FIGURE 1. Time-activity curve of specific [123l]ÃŸ-CITbinding in the striatum

(difference between striatum and cerebellum in cpm/pxI/mCi x body weight,
decay corrected) in healthy volunteers and patients with Parkinson's disease.

(For details of control and patient populations see Table 1 and Methods
section.)

according to (23); and (c), in addition, age-expected control values
of the binding ratio were obtained from regression analysis of the
data of the healthy volunteers. The percent deviation of each
patient's ratio from this age-expected control value was calculated

for the investigation 20 hr after tracer application.

Statistical Analysis
The calculated specific binding as well as binding ratios were

compared between controls and patients for each SPECT acquisi
tion using a one-way ANOVA. In patients of H/Y Stage I striatal
ratios ipsi- and contralateral to clinical symptoms were compared
with Student's t-test for paired data as well as with values of the

volunteers applying one-way ANOVA. Correlations between stri
atal ratios and H/Y stages were evaluated with one-way ANOVA
and regression analysis, and correlations to UPDRS values (motor
score, activities of daily living) were evaluated with regression
analysis. A p < 0.05 was regarded as significant.

RESULTS

Kinetic Study
Striatal specific binding and binding ratios differed signifi

cantly between patients and controls at each acquisition time.
(Fig. 1 and Table 1). The time-activity curve in the control
subjects showed a maximum around 20 hr after tracer admin
istration with a plateau between 16 and 24 hr postinjection.
Therefore, further calculations were based on the data obtained
20 hr postinjection. In PD group, the highest striatal activity
was reached earlier.

Visual evaluation demonstrated relatively high activity in the
caudate nucleus in PD patients, whereas the putamen could

TABLE 1
lodine-123-ÃŸ-CIT Binding Ratio (Striatum/Cerebellum - 1 = Specific/Nondisplaceable Binding) in Healthy Volunteers and Patients with

Parkinson's Disease (Â±s.d.)

Time postinjection(hr)

16 20 24

Control subjects

PD patients1.8

Â±0.46
p < 0.01

1.14 Â±0.332.76

Â±0.57
p < 0.01

1.75 Â±0.486.82

Â±1.09
p < 0.01

3.36 Â±1.097.37

Â±1.26
p < 0.01

3.44 Â±1.118.71

Â±1.54
p < 0.01

4.49 Â±1.86
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FIGURE 2. lodine-123-/3-CIT SPECT scan obtained 20 hr postinjection in a
healthy volunteer (control), a patient with PD, H/Y Stage I and a patient with
PD, Stage V. All three studies are scaled to the maximum of the control.

hardly be differentiated even in patients with H/Y Stage I (Fig.
2). A separate calculation of the caudate nucleus and putamen
values was not performed in the present study.

Regression analysis of the binding ratio of controls revealed
a highly significant age dependency of [123I]ÃŸ-CITbinding in

the striatum 20 hr postinjection, with an average loss of
[I23I]J3-CIT binding of about 5% per decade (r = -0.71, p <

0.007) (Fig. 3).

Correlation between lodine-123-ÃŸ-CITBinding and Clinical
Data

A correlation was found between disease severity according to
H/Y and the binding ratio 20 hr postinjection (F = 14.5, p <
0.0001) (Fig. 4). In addition, this ratio correlated significantly with
UPDRS values: ratio versus motor score: F = 14.2, p < 0.0005;
ratio versus activities of daily living: F = 6.6, p < 0.013. (Figs. 5
and 6).

The percent deviation from age-expected control values in PD
patients revealed a significant correlation to H/Y stages (F = 10.6,
p < 0.0001), ranging from -36% in H/Y Stage I to -71% in H/Y
Stage V (H/Y Stage II: -50%, H/Y Stage III: -52%, H/Y Stage
IV: -64%).

Patients with H/Y Stage I (n = 16) had significantly lower
striatal-to-cerebellar radioactivity ratios contralateral to clinical
symptoms compared to ipsilateral values (contralateral ratio = 4.05
(Â±0.82); ipsilateral ratio = 4.91 (Â±1.03); t = 8.2, p < 0.0001).
Both ratios were significantly lower than corresponding values of
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FIGURE 4. Correlation between the [123l]/3-CIT binding ratio (striatum/
cerebellum - 1 = specific/nondisplaceable binding) 20 hr postinjection and
the severity of PD (n = 47), classified according to H/Y (r = -0.75, p <

0.0001).

13 controls (ipsilateral: F = 64.1, p < 0.0001, contralateral: F =
27.4, p < 0.0001). The decrease to age-expected control values
was 42% (Â±13%)in the contralateral striatum and 29% (Â±16%) in
the ipsilateral striatum.

DISCUSSION
In vivo studies of the presynaptic dopaminergic function in

the striatum of PD patients are mostly performed with 6-L-
[18F]fiuoro-DOPA ([18F]-FDOPA), which reflects the activity

of the aromatic amino acid decarboxylase and therefore the
ability of nigrostriatal dopaminergic terminals to take up and
metabolize exogenous DOPA (23-26). Recently it has become
possible to visualize dopamine reuptake sites as a measure of
the regional density of dopaminergic nerve endings. For that
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FIGURE 3. Regression analysis of the [123l]/3-CITbinding ratio (striatum/
cerebellum - 1 = specific/nondisplaceable binding) 20 hr postinjection and
age of the healthy volunteers (n = 13) (r = -0.71, p < 0.007).
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FIGURE 5. Correlation between the [123l]ÃŸ-CITbinding ratio (striatum/
cerebellum - 1 = specific/nondisplaceable binding) 20 hr postinjection and
UPDRS motor score in 47 patients with PD (r = -0.49, p < 0.0005).
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FIGURE 6. Correlationbetween the [123l]ÃŸ-CITbindingratio(striatum/cerebel-
lum - 1 = specific/nondisplaceable binding) 20 hr postinjection and UPDRS
activities of daily living scores in 47 patients with PD (r = -0.36, p < 0.013).

purpose, various cocaine analogs with high affinity for DA
reuptake sites have been developed, labeled with 3H (27)
respectively, or positron single-photon emitting isotopes (["C]
WIN 35,428 ["C]CFT (28), [i:"l]/3-CIT <['23I]RTI-55) (2-5),
["C]ÃŸ-CIT (Â«)).

In this study, we used [ I]J8-CIT to visualize DA transport
ers and demonstrated significantly reduced binding in the
striatum of patients with PD, which correlates with disease
severity. Moreover, an age-related decline of striatal [I23l]ÃŸ-

C1T binding in the control due to a loss of dopamine reuptake
sites with age was found. This subject's finding is in line with

previous reports (29-32).
Diminished DA transporters in PD have already been found

with ["CJnomifensine and PET (23,25) and in postmortem
brain tissue using [3H]GBR 12935 (33.34) or [3H]cocaine (35).
The finding of a reduced binding of ['23I]ÃŸ-CITin the striatum

of patients with PD in this investigation is also in accordance
with earlier studies applying f12 I]ÃŸ-CIT (I2-17) or other
cocaine derivatives such as ["C]WIN 35,428 (36).

Iodine-123-ÃŸ-CIT binding in the striatum of PD patients was
reduced by 36% to 71% in normal controls, depending on the
severity of the disease. In patients with PD of H/Y Stage V, the
ratio was reduced by 71% in comparison with age-expected
control values. In a similar study with [123I]ÃŸ-CITand SPECT,
Innis et al. (14) described an uptake reduction of 55%-75% in
PD of H/Y Stage II in comparison control subjects.

These data obtained with [123I]ÃŸ-CITindicate a similar

degree of degeneration of nigrostriatal dopaminergic neurons as
found in studies with ["C]nomifensine (23,25) or [18F]FDOPA
(23-25). In these studies, uptake reduction of both tracers of

about 60% in the putamen has been reported, which is in
accordance with postmortem studies describing a 60% loss of
neurons in the lateral part of the substantia nigra pars compacta
(37-39). In contrast, it has been described that a dopamine loss
of 70%-80% is necessary for the decompensation of dopamine
metabolism (40.41) and the appearance of parkinsonian symp
toms. Kish et al. (42) reported a dopamine loss from 89% to
near-total depletion in the putamen of patients with clinically
severe illness. Therefore, the indicated decreases of dopamine
transporters measured in the cited and present study are lower
than the expected reduction of endogenous dopamine. One

explanation for this finding would be that a subpopulation of
dopaminergic neurons loses its ability to synthesize DA in the
course of the degenerating process but is still morphologically
intact and could thus be visualized with ['23I]ÃŸ-CIT.Terminal

sprouting of dopaminergic nerve endings for compensation of
the degeneration of neighboring axons and/or an upregulation
of DA transporters might be another explanation. Thus, changes
in the amount of DA transporters theoretically might be
influenced not only by the loss of dopaminergic nerve endings
but also by regulatory processes. Unfortunately, there is no way
to objectively measure the degree of degeneration of dopami
nergic nerve endings in the striatum in postmortem brain
samples of PD patients.

Specific binding of [l23I]ÃŸ-CIT,as well as the binding ratio,

was significantly lower in patients with PD in comparison to
normal subjects at any time of the investigation. As discussed
elsewhere (13), the time-activity curve of specific binding in the
volunteers showed a maximum about 20-hr postinjection. Ap
parently, patients with PD showed only a minor increase of
['23I]ÃŸ-ClT binding after 4-hr postinjection. Similar observa

tions were reported by Innis et al. (14) and recently confirmed
by Lamelle et al. (43). This earlier peak uptake in PD patients
can be explained by a diminished number of binding sites due
to nigrostriatal degeneration and, concomitantly, a decreased
number of DA transporters. Due to the lower number of binding
sites, equilibrium of ['23I]ÃŸ-CITacross the blood-brain barrier

is reached more rapidly (14).
In all patients, a clear difference of [l23I]ÃŸ-CIT binding

between the caudate and putamen was evident, indicating a
more severe loss of DA fibers in the putamen. A different effect
on the caudate and putamen, with relative sparing of caudate
function in PD, has been demonstrated in vivo elsewhere
(23-26,36.44) and was recently shown by Seibyl et al. (16) in
a [l23I]ÃŸ-CITstudy. This is in accordance with postmortem

studies in PD, where a more pronounced loss of cells in the
ventrolateral substantia nigra, primarily projecting to the pos
terior putamen, is described and with the finding of a more
pronounced loss of DA in the putamen (37-42).

Iodine-123-ÃŸ-CIT binding in the striatum showed a signifi
cant inverse correlation to the degree of disability as measured
by the H/Y stage and UPDRS scores. Similar results have
recently been reported by Seibyl et al. (16), Rinne et al. (17) and
in preliminary form by our own group (45). These significant
correlations with simple measures of disease severity such as
the H/Y scale and also with the more detailed UPDRS motor
and activities of daily living scores suggest that the loss of
[123I]ÃŸ-CITbinding in the striatum 20-hr postinjection actually

is a robust index for dopaminergic nerve cell loss in PD.
Laruelle et al. (43) compared kinetic and graphical analyses

with the simple ratio method on the second day after injection
of [l23I]ÃŸ-CITin five healthy volunteers and concluded that the

calculation of the specific/nonspecific-bound ratio at the time
when a binding equilibrium is reached (about 16-24-hr postin-
jection) gives the closest estimate of the binding potential
BmaJK-d- Furthermore, the coefficient of variance of repeated
measures was only 6% in their study. These findings underline
the validity of the ratio method of ['23I]ÃŸ-CITbinding at a time

of binding equilibrium.
Patients with unilateral parkinsonian symptoms (H/Y Stage I)

demonstrated diminished ['23I]ÃŸ-CITuptake in the striatum not

only contralateral to the clinical symptoms but also ipsilateral.
Asymmetric [IXF]FDOPA uptake, ["CJnomifensine or [I23l]ÃŸ-

CIT binding in the putamen with a more marked decrease
contralateral to the clinically more affected side has been
described previously (15-17,23,46-48). Kempster et al. (49)
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reported an asymmetric cell loss in the substantia nigra post
mortem in correlation to asymmetrical disease onset. In this
study using [l23I]ÃŸ-CITand SPECT, it was not only possible to

demonstrate different side-to-side affection corresponding to
clinical symptoms but also to show a subclinical lesion of the
nigrostriatal dopaminergic system contralaterally to the clini
cally still intact side. With disease progression, a continuous
decline of striatal ['23I]ÃŸ-CIT binding was evident. Similar
correlations between [18F]FDOPA uptake in the putamen and

the H/Y stage have been described in PET studies (24,25,36).
Iodine-123-ÃŸ-CIT and SPECT now seem to offer the possibility
of early identification of subclinically affected or high-risk
persons and the opportunity of investigating or monitoring the
effect of neuroprotective agents in long-term studies.

The effect of medication should be discussed, as patients in
the recent study were under long-term antiparkinsonian therapy.
Laruelle et al. (7) have shown that acute intravenous infusions
of L-DOPA did not influence [123I]/3-CIT binding to the DA

transporter in the striatum. There is no evidence that dopamine
agonists or amantadine, regarded as a noncompetitive NMDA
(N-methyl-D-aspartate) antagonist, have any effect on DA
reuptake sites. L-(-)-deprenyl is metabolized to 1-amphetamine
and 1-metamphetamine with a half-life of several hours (50).
Patients who had received l-(-)-deprenyl within 18 hr of the first
investigation were not included in this study because these
metabolites might compete with ÃŸ-CITbinding and may dis
place it from the DA transporter as demonstrated by Laruelle et
al. (7) for d-amphetamine. None of the study subjects received
benztropine, which acts as a DA uptake inhibitor and would
influence striatal ÃŸ-CITbinding (57).

CONCLUSION
Iodine-123-ÃŸ-CIT fulfilled the expectations of demonstrating

nigrostriatal dopaminergic neuronal loss in PD. A high signal-to-
noise ratio makes it possible to detect even discrete alterations.
Because SPECT is easily available and comparatively inexpensive,
[I23I]|3-CIT seems to be a promising new ligand for early diagnosis

of PD, for differential diagnosis in clinically unclear cases such as
vascular lesions or essential tremor resembling PD, and for
monitoring the disease progression and evaluating possible neuro
protective agents.
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Regional Stability of Cerebral Blood Flow Measured
by Repeated Technetium-99m-HMPAO SPECT:
Implications for the Study of State-Dependent
Change
Georg Deutsch, James M. Mountz, Charles R. Katholi, Hong-Gang Liu and Lindy E. Harrell

Division oj Nuclear Medicine, Department of Radiology; Department of Biostatistics and Mathematics; and
Department of Neurology, University of Alabama at Birmingham Medical Center, Birmingham, Alabama

The replicability of resting state rCBF has implications for the
analysis of cerebral activation protocols and the interpretation of
rCBF in disease states. This study examined the stability of rCBF as
measured by two resting state 99mTc-HMPAO brain SPECT scans

with an emphasis on examining the contribution of specific cerebral
regions to within and between subjects variance. Methods: Nine
normal, medically healthy subjects underwent two 99rTTc-HMPAO

brain SPECT scans under identical conditions separated by 48 hr. A
reference system and semiautomated computer ROI method was
used to enable accurate alignment and cortical analysis of the two
scans. Results: Mean within-subject difference between Scans 1
and 2 was 2.8% (range 0%-7.8%) for the 36 cortical ROIs. The
mean between-subject coefficient of variation was 10% (range
7%-15%) for these ROIs. Correlation analysis of rCBF pattern
replication for all slice levels yielded a highly significant overall
consistency of pattern within subjects (Pearson r = 0.698, p =
0.0001). Variance component analysis revealed regional heteroge
neity in between-subjects variance, with significantly greater vari
ability found in frontal regions. The within-subject repeated mea
sures variability was not significantly different across regions.
Conclusion: Good within-subject 48-hr replicabilityindicates that
individual resting state rCBF reflects fairly stable, subject-specific
factors. This also justifies comparing state-dependent studies sep
arated by a modest length of time. Although individual patterns of
rCBF replicate well, the larger contribution of frontal regions to
normal between-subjects variance makes evaluating the frontal
effects of disease or activation more difficult.
Key Words: normal cerebral blood flow; activation states; techne-
tium-99m-HMPAO; SPECT; rCBF
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Activation studies of regional cerebral blood flow (rCBF)
during stimulation, motor activity, psychological tasks and
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other state manipulations have become a prominent part of
functional neuroimaging research. Such investigations were
originally conducted using 133Xe cortical blood flow measures
and later using 15O-water rCBF PET, since these methods allow

relatively rapid sequential repeat measures on the same subject.
The ability to study the rCBF effects of several different
conditions in the same session is clearly convenient and
possibly reduces the errors associated with repositioning sub
jects in protocols involving testing sessions separated in time.
Sequential studies are also thought to be best suited for
activation research because it is generally believed that prox
imity in time reduces variability associated with uncontrolled-
for changes in a subject's physiology, mental state and mood,

i.e., state dependent factors not being specifically evaluated by
the experimental protocol.

SPECT tracers such as 99mTc-HMPAO are not readily suited

for immediately repeated studies because clearance of the tracer
from cerebral tissue is essentially dependent on radioactive
decay (based on a 6-hr physical half-life in the case of 99mTc).

The lack of redistribution and clearance is at the same time an
extremely useful property, allowing investigators to capture a
state present at the time of 99rnTc-HMPAO injection and scan

the subject later. This offers advantages for experimental
situations in which the state to be studied is difficult to capture,
achieve or control within a scanner, such as an ictal seizure state
(7), psychiatric research paradigms involving complex state
changes (2) and for situations where anesthesia may be required
to properly scan an uncooperative patient but where the anes
thetic may mask the effects of the disease state under study,
such as in the case of autistic patients (3). Brain SPECT scans
using 99mTc-HMPAO can be used for activation protocols

either by a split dose technique, in which one condition is
evaluated using a low 99mTc-HMPAO dose, and another con

dition is scanned using a much higher dose, or by separating
each study condition by two days, allowing the initially injected
tracer to decay. The former method unfortunately results in the
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