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Diagnostic Applications of Simultaneously Acquired Dual-Isotope

Single-Photon Emission CT Scans

Dana Mathews,' Brandy S. Walker,' Beth C. Allen,” Hunt Batjer,? and Phillip D. Purdy®

PURPOSE: To report the development and validation of a technique of dual tracer single-photon
emission CT brain imaging using technetium-99m hexamethyl-propyleneamine oxime and iodine-
123 iodoamphetamine agents and the application of this technique in patients with a variety of
diagnoses. METHODS: Contamination between the two isotopes’ energy windows was calculated
by opening both energy windows while scanning a group of patients using a single isotope. To
compare uniformity of I-123 down-scatter, Tc-99m studies were performed both before and after
the administration of I-123 in five of 24 dual studies. The 24 patients studied with the dual-isotope
technique were evaluated during acetazolamide testing, trial balloon occlusion, or embolization of
an arteriovenous malformation. RESULTS: In a dual acquisition, average count contamination of
an 1-123 study by Tc-99m was less than 1% of the total I-123 counts, and contamination of a Tc-
99m study by I-123 was approximately 12% of the total Tc-99m counts. Tc-99m studies performed
both before and after the administration of I-123 demonstrated that contaminating counts do not
adversely affect scan interpretation. Dual-tracer scans were completed in all 24 patients, 10 of
whom showed changes after intervention. CONCLUSIONS: Dual-tracer single-photon emission
CT brain scans of adequate diagnostic quality are possible using Tc-99m and 1-123.

Index terms: Single-photon emission computed tomography (SPECT); Efficacy studies; Interven-
tional neuroradiology; Brain, radionuclide studies
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It is frequently desirable to perform single-
photon emission computed tomography (SPECT)
regional cerebral blood flow (rCBF) imaging be-
fore and after a therapeutic or diagnostic inter-
vention. Such repeated imaging is necessary
when evaluating patients for vasoreactivity using
acetazolamide (1-3), temporary balloon occlusion
of a carotid or intracerebral artery (4-7), or pre-
and postembolization of an arteriovenous malfor-
mation (AVM). In the past, it has not proved
feasible except with xenon-133 gas to perform
both scans in a single day. Although Xe-133 scans
provide direct quantification of blood flow, the
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spatial resolution is poor relative to the newer
SPECT cameras. Although it is possible to per-
form two scans in 1 day using two different
imaging agents, until recently the energy resolu-
tion of the available gamma cameras did not
allow adequate peak energy separation of tech-
netium-99m and iodine-123 (the most commonly
used isotopes) to allow for simultaneous image
acquisition.

In this paper we report our development and
validation of a technique for dual-tracer SPECT
imaging of the brain. We also demonstrate its
feasibility and clinical usefulness in evaluating
patients with a variety of neurologic diagnoses.

Methods

Patients

Dual-isotope SPECT imaging was performed in 24 pa-
tients (15 women and nine men) ranging in age from 13 to
75 years. Diagnoses and types of studies performed on
each patient are included in Tables 1-3. Studies included
pre- and postacetazolamide administration, pre- and post-
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embolization of an AVM, and during and after trial balloon
occlusion of an internal carotid or intracerebral artery.

Each patient was initially injected intravenously with
740 MBq of Tc-99m hexamethyl-propyleneamine oxime
(HMPAO) followed 45 minutes to several hours later by
injection with 110 MBq of [-123 iodoamphetamine (IMP).
In all cases, scanning began within 10 to 15 minutes of
IMP injection. Patients were pretreated in advance with
Lugol solution to block thyroid uptake of 1-123.

Test Procedures

1) In the case of acetazolamide testing, patients were
injected with Tc-99m HMPAO in the baseline condition.
Fifteen minutes later, these patients received 1 g of acet-
azolamide administered intravenously with blood pressure
monitoring before and after administration of the drug.
Twenty minutes after this, patients were injected with I-
123 IMP. Patients were then imaged.

2) In patients undergoing embolization, Tc-99m HMPAO
was administered as above before embolization, and [-123
IMP was administered after embolization.

3) Patients evaluated with temporary balloon occlusion
were injected with Tc-99m HMPAO while the balloons were
inflated in the arteries to be evaluated, and [-123 IMP was
administered after balloon deflation and completion of the
cerebral arteriogram, approximately 2 to 3 hours after
HMPAO injection.

SPECT Imaging

SPECT imaging of the brain was performed using a
three-headed rotating gamma camera with fan beam colli-
mators (Toshiba, Tustin, Calif, GCA 9300 A camera and
GMS550U computer). Energy resolution with this system
is 9% at full width half-maximum. SPECT data were
obtained in a 256 X 256 matrix at 4° intervals in a 120°
arc for each camera head with 60 seconds of acquisition
per angle. Energy peaking for each isotope was performed
by centering a 10% window around the Tc-99m energy
peak and slightly offsetting a 10% window at 161 keV just
above the 1-123 peak of 159 keV. Image acquisitions were
made simultaneously with each energy channel open.

After acquisition but before reconstruction, the projec-
tion data were fan-beam and uniformity corrected. Images
were then reconstructed by filtered back projection after
preprocessing with an eighth-order Butterworth filter with
a cutoff frequency of 0.11 cycles per pixel for the Tc-99m
HMPAO image set and a 0.09 cycles per pixel for the [-123
IMP image set. A Shepp-Logan emission CT filter was then
applied. Attenuation correction was not made, because the
manufacturer states that it is unnecessary when using fan-
beam collimators. Images were reconstructed in the trans-
axial plane with an angle parallel to the orbitomeatal line.
This angle was set at the time of acquisition by aligning
external landmarks on the patient’s head with a laser beam
from the Toshiba 9300 camera. Coronal and sagittal image
sets were generated from the transaxial image set. Images
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were displayed at a thickness of 4 pixels (~7 mm in this
system). All image sets were examined visually.

Calculation of Count Contamination between Windows

On a total of 10 routine single-isotope scans (five done
with [-123 and five done with Tc-99m), the energy windows
for both isotopes were opened in order to collect spillover
counts of one isotope into the other window. Energy peak
settings were identical to those set for the dual studies.
These patients underwent scanning for a total of 30 minutes
in order to correspond with the time required for a dual
scan. Transaxial images were then created for the dummy
window, and the counts from these were compared with
the transaxial images created for the real scan. Four con-
tiguous sections were counted in their entirety for each of
these image sets, and a proportion was calculated for
spillover into the dummy window. The following equation
describes this calculation:

% spillover = (tot ct in dummy window/tot ct in isotope
window) X 100,

where tot ct equals total counts in the brain region of
interest (ROI). This spillover percentage was then applied
to averaged total counts of each isotope obtained in 11
actual dual-isotope scans. This was done to examine the
contribution of spillover to the total counts for each isotope
scan. The following equation describes this calculation:

% tot ct = (tot ct isotope 1 X % spillover isotope 1/tot ct
isotope 2) X 100,

where tot ct equals total counts and isotope 1 is the
potentially contaminating isotope and isotope 2 the isotope
of interest.

For example, on an [-123 study with a Tc-99m dummy
window, the mean total counts for the Tc-99m window
equaled 33,000 and the mean total counts for the 1-123
window equaled 100,000. This represents a spillover per-
centage of 33% of the [-123 counts into the Tc-99m study.
However, applying this percentage to a hypothetical dual
study in which the mean total counts of Tc-99m equaled
300,000 and the mean total counts of [-123 equaled
100,000, only 10% of the Tc-99m total counts are actually
contributed by I-123.

To evaluate further whether this 10% count contamina-
tion significantly altered the image quality of the Tc-99m
scan, five of the 24 patients underwent a Tc-99m HMPAO
study both before injecting I-123 IMP and during a routine
dual study. The two Tc-99m studies were then compared
visually as well as quantitatively. Quantitative analysis used
four contiguous sections on each of the Tc-99m studies to
calculate ratios of counts per pixel in ROIs to counts per
pixel in the whole section. ROIs were created by dividing
each section into eight wedge-shaped segments. Ratios
rather than counts were used because total counts were
not identical between the two because of such factors as I-
123 contamination, radioactive decay over time, and win-
dow width. Head alignment was made as described previ-
ously, and transaxial sections were constructed using the
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same orbitomeatal angle in both studies. Sections were
aligned as closely as possible to reduce artifact due to
patient movement between studies. Ratio differences be-
tween studies were then calculated for a total of 60 left-
and 60 right-hemisphere regions. A mean percentage dif-
ference for these 120 ROIs was then calculated.

Results
Count Contamination Results

Calculations on Dummy Window Counts. Re-
sults from the dummy window showed that count
spillover by Tc-99m into the [-123 window was,
on the average, 0.20% (= 0.09 SEM) (Fig 1). In
a routine dual-isotope study where the average
ratio of Tc-99m to [-123 is 5:1, this could account
for 0.7% (£ 0.08% SEM) of the total [-123
counts. The count spillover by [-123 into the Tc-
99m window averaged 35.1% (£ 1.2 SEM) (Fig
2). Again, because the dose of Tc-99m used is
approximately five times greater than the 1-123
dose, [-123 contamination averaged only 11.8%
(£ 0.76 SEM) of the total Tc-99m counts on the
11 dual-isotope studies in which we actually ap-

plied this calculation. Potential problems with this
contamination could probably be even further
reduced by making sure the Tc-99m-to-I-123
ratio is at least 3:1. Two studies in this group of
11 had ratios less than this and demonstrated a
larger contribution of I-123 contamination to the
Tc-99m total counts in the study.

Calculations Comparing Tc-99m Studies. Re-
sults comparing the Tc-99m studies done before
[-123 injection with those of the dual acquisition
reveal little change in the ratio of total counts in
a particular ROl to total counts in the whole
section after the administration of [-123. In com-
paring corresponding ROI-to-whole ratios in each
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Tc-99m scan, there was a mean difference of
2.83% (£ 0.29 SEM) in the 60 left-hemisphere
ratios and a mean difference of 2.58% (* 0.25%
SEM) in the 60 right-hemisphere ratios.

Patient Results

Acetazolamide Testing. Thirteen patients
underwent acetazolamide testing (Table 1; refer
to tables for patient numbers). Of these, five
showed significant postacetazolamide changes
(Fig 3). The patients who showed the greatest
change were patients 1, 2, and 3 with bilateral
vascular disease, patient 5, who had previously
undergone sacrifice of a carotid artery for treat-
ment of a cavernous carotid aneurysm, and pa-
tient 12, with a recently resected parietal AVM.
Of the remaining patients, eight had minimal
changes detected by visual inspection.

Based on these findings, patient 3 underwent
right-carotid endarterectomy, and patient 5
underwent a right extracranial-intracranial by-
pass. Patients 2 and 3 were not considered sur-
gical candidates at this time, because the former
was asymptomatic on aspirin and the latter had
poor access to the distal-middle cerebral artery
for bypass purposes. Patient 12’s perfusion defect
in the area where his AVM had recently been
resected was thought to reflect impaired vaso-
reactivity, which was expected to improve with
time.

Balloon-Occlusion Studies. Six patients under-
went temporary balloon occlusion of a carotid
artery in conjunction with baseline and balloon-
inflated SPECT studies (Table 2). These studies
were performed to determine if the patient could
tolerate permanent carotid occlusion as a defini-
tive treatment for either a neoplastic or vascular

28

Fig. 1. Brain SPECT studies comparing
Tc-99m transaxial sections with an [-123
dummy section.

A, Representative transaxial Tc-99m
brain section.

B, Corresponding transaxial 1-123
dummy section. The change in scaling was
necessary because of the extremely low
counts in the dummy windows.

NE
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Fig. 2. Brain SPECT studies comparing
I-123 IMP transaxial brain section with a
corresponding Tc-99m dummy section.

A, Representative transaxial brain sec- a
tion.

B, Corresponding transaxial Tc-99m
dummy section. A change in scaling was
necessary because of the extremely low R
counts in the dummy windows.

A
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TABLE 1: Summary of SPECT findings using dual-isotope technique and acetozolamide

SPECT Findings Before

SPECT Findings

Patient Blngnosis Acetozolamide After Acetozolamide
1 Bilateral carotid occl (fi- Small L frontal dec Marked bilateral dec
bromuscular dysplasia) anterior vs posterior
2 Bilateral MCA occl (Moya Bifrontal dec L > R Marked bifrontal dec
Moya) R=L
3 L carotid occl R carotid L frontal dec Marked R parietal
stenosis dec
4 Bilateral SDH® SDHL >R Minimal change
5 R carotid occl R MCA dec Increased defect
6 L CVA Small L frontal dec Minimal change
& L CVA Small L frontal dec Minimal change
8 R frontal CVA Small R frontal dec Minimal change
9 R cerebellar CVA R cerebellar defect, dec in poste- Minimal change
rior vs anterior circulation
10 Brain stem AVM L parietal inc Minimal change
11 R frontal dural AVM No defect Minimal change
12 R par. AVM, resected R parietal dec Small R parietooc-
cipital dec
13 Dementia Bilateral frontal dec Minimal change

Note—AVM = arteriovenous malformation; SDH = subdural hematoma; occl = occlusion; MCA = middle
cerebral artery; CVA = cerebrovascular accident; dec = decrease; L = left; R = right; inc = increase.
® This patient underwent SPECT scanning before MR results were available. MR revealed bilateral isointense

SDH which had not been evident on CT scan.

lesion of the brain or skull base. Four of these
patients had little or no change from baseline to
balloon-inflated study (patients 14, 15, 19, and
20). Of these, only two underwent permanent
carotid occlusion as a part of their treatment.
Patient 14 tolerated this well; patient 15 devel-
oped a third-nerve palsy when a balloon migrated
within her cavernous sinus during embolization
of her carotid cavernous fistula. She was other-
wise neurologically intact. Patients 17 and 18 had
decrements in perfusion with the balloon inflated;
however, it was not necessary to sacrifice the
former patient’s carotid artery during surgery,
and the latter patient has not yet undergone
surgery. Patient 16 had a large left-parietal arte-

riovenous fistula with mass effect, and this patient
underwent temporary balloon occlusion of the
left middle cerebral artery (the main contributing
vessel to the fistula). In this case, perfusion to the
left-temporal cortical rim as well as the right-
inferior temporal lobe actually improved with the
balloon inflated (Fig 4), perhaps by removing a
steal phenomenon from the posterior circulation.
This patient is undergoing graded embolization of
the multicompartmental fistula so that he can be
surgically treated in the future.

Embolization Studies. Four patients underwent
pre- and postembolization studies (Table 3). At
our institution, it has become standard practice
to embolize large AVMs endovascularly before
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Fig. 3. Brain SPECT studies before and
after administration of acetazolamide in a
patient with bilateral internal carotid artery
occlusion from fibromuscular dysplasia.

A, Representative transaxial sections of
a study obtained in baseline conditions using
Tc-99m HMPAO.

B, The same transaxial sections as above
obtained using I-123 IMP after acetazolamide
administration. There is diminished response
in blood flow bilaterally in the anterior cere-
bral artery distributions and a marked de-
crease in the left middle cerebral artery dis-
tribution when compared with the posterior
circulation. Such relative decreases are con-
sistent with areas of poor vasoreactivity
(small arrows).

TABLE 2: Summary of SPECT findings using dual-isotope technique during and after temporary balloon

occlusion of a cerebral artery

Patient Diagnosis Balloon-inflated Baseline
14 L/CCA Defect associated with aneurysm Minimal change
with mild dec L temporoparietal ctx
15 R CCF Slight L parietal dec Minimal change
16 L AVF® Large L temporoparietal dec due to Bilateral dec in tem-

AVF, improvement in inferior tem- poral lobes
poral and L parietal ctx

17 L mandibular hemangiopericytoma Slight dec L anterior circulation

18 L recurrent meningioma

19 Laryngeal CA
20 Tonsilar CA

Slight inc in L anterior
circulation

Dec in L MCA distribution around Slight improvement in
meningioma

Slight L parietal defect
No defect

defect
Minimal change
Minimal change

Note.—CCA = carotid cavernous aneurysm; AVF = arteriovenous fistula; MCA = middle cerebral artery;
L = left; R = right; CA = cancer; dec = decrease; inc = increase; CCF = carotid avernous fistula; ctx =

cortex.

® This patient underwent occlusion of the L MCA; all other patients underwent internal carotid artery

occlusion.

surgical excision. This is done to minimize bleed-
ing and decrease operating time. After emboliza-
tion of the AVM with either polyvinyl alcohol
particles or platinum coils, three patients (22, 23,
and 24) demonstrated enlarged photopenic areas
surrounding the AVM immediately after emboli-
zation (Fig 5). These changes were thought to
represent diminished perfusion to the region of
the AVM perhaps as a result of inadvertent prox-
imal vessel or loss of vessels en passage. Patient
21 showed very little change from baseline to
postembolization study. All four patients under-
went surgery, with patients 22, 23, and 24 sus-
taining minimal changes in neurologic status.
Patient 21 developed aphasia and hemiparesis as

a result of the surgery, but these conditions now
have cleared substantially.

Discussion

The technique of dual-isotope imaging has
been used in a number of nuclear medicine ap-
plications including parathyroid, bone, and gastric
imaging (8-10). Its use in brain imaging has been
reported (11, 12), but routine clinical use of the
technique has been limited for several reasons.
First, the energy peaks of the two most com-
monly used isotopes for brain imaging, Tc-99m
and [-123, are relatively close at 140 keV and
159 keV, respectively. Many early y-SPECT sys-
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Fig. 4. Brain SPECT studies during and
after trial balloon occlusion of the left middle
cerebral artery feeding a large left temporo-
parietal arteriovenous fistula.

A, Representative coronal sections ob-
tained using I-123 IMP in a baseline condi-
tion. There is a large photopenic defect in
the left temporoparietal region consistent
with location of the AVF (small arrows).

B, The same coronal sections as in A
using Tc-99m HMPAO in the balloon-in-
flated condition. Note the improved flow to
the inferior temporal lobes bilaterally as well
as the left parietal cortical rim with the
balloon inflated (large arrows).
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TABLE 3: Summary of SPECT findings using dual-isotope technique during AVM embolization

Patient Location of AVM Preembolization Postembolization
21 L parietocciptital L parietoccipital AVM Minimal change
22 L frontal L frontal AVM defect Inc photopenic area
surrounding AVM
23 R frontoparietal R frontoparietal AVM Inc photopenic area
defect surrounding AVM®
24 L frontal L frontal AVM defect Inc photopenic area

surrounding AVM®

Note.—AVM = arteriovenous malformation; L = left; R = right; inc = increase.
® These patients underwent repeated SPECT scans 2 days after embolization, demonstrating reduction of

photopenic area back to preembolization size.

tems were unable to separate these peaks and to
acquire images in two channels simultaneously.
In addition, there has been concern that there
would be excessive artifact introduced by scatter
of one isotope’s energy spectrum into the other’s
channel. Characteristics of the imaging agents
themselves also limit their usage. Tc-99m
HMPAO requires preparation with freshly eluted
Tc-99m and administration within 30 minutes to
prevent conversion of the agent to a more hydro-
philic form, which accumulates in the scalp, na-
sopharynx, and salivary glands (13). The advan-
tage of HMPAO, however, is that once injected,
it accumulates in the brain in proportion to CBF

at that time and does not significantly redistribute
(14). This allows SPECT scanning to occur sev-
eral hours after actual injection. On the other
hand, IMP is stable before injection, thus allowing
delay in injection; once injected, however, imag-
ing should be performed within 20 to 30 minutes,
before significant redistribution (15). Finally, there
has been concern over excessive radiation expo-
sure to the patient from the combined use of
both agents at one time.

In this report, we have demonstrated that dual-
isotope SPECT brain imaging with simultaneous
image acquisition is feasible, practical, and relia-
ble, and provides useful information in a variety
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of diagnostic and treatment settings. We are able
to separate the two sets of images, which have
exact section registration, because of the simul-
taneous acquisition. We also have demonstrated
that contamination between the two windows can
be minimized by slightly offsetting the 1-123 en-
ergy window and by narrowing both windows to
10%. This problem could be further handled by
using an image-subtraction algorithm to reduce
the percentage of count contamination from each
study. Increasing the Tc-99m-to-I-123 ratio,
either by increasing the Tc-99m dose or by off-
setting the Tc-99m peak to just below 140 keV
and at the same time increasing window width,
also might decrease the relative contribution of I-
123 to the Tc-99m total counts. However, as we
have demonstrated in our duplicated Tc-99m
studies, this contamination appears to be uni-
formly distributed and does not substantially alter
ROl to whole-section count ratios, which are
presently our main means of measuring altera-
tions in CBF in SPECT imaging of this type. In
addition, simultaneous images of good quality
can be obtained by minimally lengthening total
scan time from 20 to 30 minutes, which most
patients tolerated easily. Finally, the radiation
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Fig. 5. Brain SPECT studies before and
after embolization of a right-frontal AVM.

A, Representative transaxial sections of
a study obtained using Tc-99m HMPAO dur-
ing the baseline state. The photopenic defect
in the right-frontal region corresponds with
the location of the AVM (small arrows).

B, The same transaxial sections as above
in a study obtained using I-123 IMP imme-
diately after embolization of the AVM with
platinum coils and polyvinyl alcohol parti-
cles. The photopenic area surrounding the
AVM increased in size, and the patient de-
veloped a mild right facial palsy consistent
with ischemic changes occurring in the tis-
sue surrounding the AVM (large arrows).

dose to these patients is approximately 0.0052
Gy total body for the doses of isotopes used. The
brain exposure is 0.0085 Gy, and when pretreated
with Lugol solution, the thyroid receives 0.0223
Gy (manufacturer’s recommendations for Ceretec
Tc-99m, Amersham, Arlington Heights, Ill; and
Spectamine [-123, IMP, Houston, Tex). These
doses are easily within tolerable limits and com-
pare with a radiation exposure of 0.02 to 0.05 Gy
during single-head CT.

In this report we also have demonstrated useful
information that may be obtained from simulta-
neous, dual-isotope SPECT rCBF imaging. These
include testing cerebrovascular reserve with ac-
etazolamide, evaluating trial occlusion of a carotid
or intracerebral artery, and examination before
and after endovascular embolization of intracer-
ebral AVMs.

Acetazolamide, a carbonic anhydrase inhibitor,
has been widely used for “stress testing” of cere-
bral vascular reserve (2, 3). In healthy subjects,
intravenous administration of this drug results in
generalized cerebral vasodilation with increased
CBF (1). In patients with vascular disease, base-
line CBF may be symmetric; however, after the
administration of acetazolamide, areas that are
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already maximally vasodilated are unable to in-
crease flow further and thus develop focal per-
fusion defects. Such defects may indicate the
need for surgical intervention, such as carotid
endarterectomy or extracranial-intracranial by-
pass, as the patient has limited vascular reserve
in areas of the perfusion defects and might pro-
ceed on to an ischemic event.

Temporary balloon occlusion of a carotid or
intracerebral artery has proved a useful technique
for evaluating a patient’s tolerance to such occlu-
sion before permanent vessel sacrifice (4-7). At
a number of institutions, including our own,
SPECT rCBF has been routinely incorporated into
the temporary occlusion evaluation. This is done
to detect those patients who may clinically tol-
erate a 30- to 45-minute trial occlusion but who
may develop perfusion abnormalities. Several re-
ports have suggested that these patients may
develop neurologic sequelae after permanent ves-
sel sacrifice (4-7). Patient 18 is just such a case.
To date she has not undergone surgery because
of concern that adequate collateral flow is not
available, because her ipsilateral external carotid
artery was sacrificed during initial resection of the
meningioma.

The technique of endovascular embolization of
AVMs before surgical resection represents a ma-
jor technical advance in the management of these
lesions, allowing progressive rather than abrupt
shunt occlusion and flow redistribution. Our over-
all technique and results have been described
elsewhere (16—-18). Many of these embolizations
are staged over several days, and SPECT rCBF
might provide useful information regarding ade-
quacy of embolization as well as the creation of
new perfusion defects or even hyperemia. Three
of the four patients who underwent embolization
in this study did reveal new perfusion defects,
suggesting good control of AVM feeding vessels.
The patient who showed little postembolization
perfusion change actually had the most difficult
surgical course because of intraoperative bleeding
and the most prolonged postoperative recovery,
although he too ultimately did well.

As we have demonstrated, a variety of diag-
nostic and therapeutic procedures easily can in-
corporate the technique of dual-isotope SPECT
scanning of rCBF. Although performing sequen-
tial scans either on different days or with a second
larger dose of isotope is one approach to obtain-
ing baseline and postintervention studies, we feel
that dual-isotope imaging is more convenient in
that the patient undergoes only a single acquisi-
tion session, and is more accurate in comparing
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section-to-section differences because of exact
registration of the brain images. It is also concep-
tually preferable when performing pre- and
postintervention examinations to have the studies
as temporally contiguous as possible. This is
particularly true with pharmacologic interven-
tions such as acetazolamide administration. The-
oretically, any other situation in which baseline
and postintervention evaluations of rCBF are
needed could benefit from this methodology. As
more CBF agents become available and high-
resolution scanners increase in prevalence, we
believe that dual-isotope brain imaging will be-
come a standard part of clinical nuclear medicine.
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